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A characteristic feature of the starch gelatini-
zation process is the solubilization of amylose, ac-
companied by the irreversible swelling of starch 
granules. Cereal starches swell over a wider 
temperature range, compared to potato starch 
granules, which indicates a different distribution 
of amylose fraction in the granules of cereals and 
tubers [1, 2]. All these factors influence biological 
and technological applications of starch. Starch 
can play several distinct roles in the breadmak-
ing process. It may be a substrate for amylases 
which produces fermentable saccharides for yeast 
fermentation and serves as a reservoir for water 
absorption. Further, it may also be a diluent for 
gluten, thereby contributing to the optimal vis-
coelastic properties of dough [3]. The nutritional 
properties of starch in food are to a large extent 
related to its susceptibility to digestion and/or 
absorption in the gastrointestinal tract. Our ear-
lier research, concerning different functional and 
biological properties of starches of different ori-
gin and their modified preparations, showed that 
they could be functional ingredients of food indi-
cating a health-promoting potential like lowering 
pH of caecal digesta and decreasing blood serum 

markers, e.g. glucose, triacylglycerols, total choles-
terol and HDL fraction [4–6].

In this study, we analysed the effect of physi-
cal modification of wheat, potato and pea starch 
on their rheological properties in gels and in non-
yeasted wheat dough.

MATERIAL AND METHODS

Material
Native industrially-isolated commercial 

starches, namely, wheat (WS; Przedsiębiorstwo 
Prze mysłu Ziemniaczanego, Niechlów, Poland), 
potato (PS; Wielkopolskie Przedsiębiorstwo 
Przemysłu Ziemniaczanego, Luboń, Poland) and 
pea (PeaS; Cosucra, Warcoing, Belgium) were 
reference samples and constituted the starting ma-
terial for experimental modification. The native 
starches were modified in a laboratory scale by 
means of some physical processes. Briefly, the sus-
pension of starches in distilled water (1 : 3.5) was 
autoclaved (121 °C, 1 h) and then cooled at 4 °C 
during 12 h. The autoclaving/cooling cycles were 
performed three times. The retrograded gel was 
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(G’) and loss modulus (G’’) were measured as 
a function of time and temperature.

Dough rheology was studied using dough pre-
pared from commercial wheat flour with supple-
mentation of 10% of native or modified starches 
at the optimal volume of water, without yeast. 
After mixing for 3 min in a laboratory mixer 
(MML25; ZBPP, Bydgoszcz, Poland), the dough 
was stored for 15 min in a plastic bag for stress re-
laxation. Viscoelastic properties of the dough were 
measured using a stress-controlled rheometer 
(Bohlin VOR Rheometer) using a parallel-plate 
device (diameter, 25 mm). The dough sample was 
formed to a small ball and placed between two 
plates. The gap was adjusted to 1.5 mm and silicon 
oil was applied around the plate edges to prevent 
the sample from drying. The temperature range 
was 30–100 °C with a heating rate of 2 °C·min-1, 
the frequency was 1 Hz. The storage (G’) and loss 
(G’’) moduli were measured as a function of time 
and temperature.

RESULTS AND DISCUSSION

Chemical characteristics of the native and 
modified starches are presented in Tab. 1. The 
physical processes used for starch modification 
caused an increase in contents of ash and protein 
in comparison with the native starches. In turn, 
a decrease was noticed in amylose content of 
starch preparations. The wheat starch preparation 
was found to have a 2-times higher level of resist-
ant starch than the native wheat starch, whereas 
potato and pea starch preparations to have 10 and 
3-times lower contents of resistant starch, respec-
tively, in comparison with the native starches.

homogenized with distilled water and spray-dried 
at 130 °C inlet temperature and 50 °C outlet tem-
perature [4]. The following abbreviations of starch 
preparations were used in the manuscript: WSP – 
wheat starch preparation, PSP – potato starch 
preparation and PeaSP – pea starch preparation. 
Commercial wheat flour from a local market was 
used for dough preparation.

Methods
Chemical components of native and modified 

starches were determined as follows: nitrogen by 
the Kjeldahl method and ash after mineralization 
in a muffle oven at 900 °C according to the ISO 
methods [7, 8]; amylose content was determined 
according to MORRISON and LAIGNELET [9]; and 
resistant starch (RS) content was determined ac-
cording to CHAMP et al. [10].

The thermal properties of starches were inves-
tigated on a Mettler DSC-30/TC 15/STARe calo-
rimeter (Mettler-Toledo, Greifensee, Switzerland), 
with heating and cooling cycles in a temperature 
range from 20 °C to 180 °C, with a heating rate of 
3 °C·min-1. The samples examined were mixed in 
a ratio of 30 mg of sample per 90 mg of water.

Rheological measurement of starch gels was 
carried out using heating 10% of native or modi-
fied starches at 90 °C for 10 min in a water bath 
with minimal stirring. The temperature of the 
sample was controlled by a thermocouple. The hot 
starch dispersion was transferred to a Bohlin VOR 
Rheometer (Bohlin Instruments, Lund, Sweden) 
with a concentric cylinder C-25 measuring system 
and cooled from 90 °C to 20 °C. The samples were 
measured with a small-amplitude oscillation test. 
The cooling rate was 1 °C·min-1, the frequency 
1 Hz and the strain 0.003. The storage modulus 

Tab. 1. Chemical composition of native and modified starches.

Samples
Ash 
[%]

Protein 
[%]

Amylose 
[%]

Resistant starch 
[%]

Native starches

WS 0.25 ± 0.02 b 0.14 ± 0.04 b 25.10 ± 0.95 e 3.06 ± 0.04 e

PS 0.27 ± 0.02 b 0.09 ± 0.001 bc 26.22 ± 1.06 e 60.82 ± 1.25 a

PeaS 0.11 ± 0.01 d 0.09 ± 0.001 c 36.11 ± 1.42 a 31.53 ± 0.84 b

Starch preparations

WSP 0.44 ± 0.04 a 0.17 ± 0.02 a 22.46 ± 1.24 d 6.73 ± 0.04 d

PSP 0.36 ± 0.01 a 0.16 ± 0.06 b 25.13 ± 1.13 c 6.27 ± 0.08 d

PeaSP 0.21 ± 0.01 c 0.11 ± 0.06 ab 28.68 ± 1.15 b 10.64 ± 0.14 c

Values represent mean ± standard deviation, n = 3. Values are expressed in % of dry matter. Values followed by the same letter 
in the same column are not significantly different at 95% confidence level.
The native starches: WS – wheat, PS – potato, PeaS – pea. Preparations from starches: WSP – wheat, PSP – potato, PeaSP – 
pea.



 Physically modified starch preparations in gels and in dough – rheological properties

 223

Peak temperatures determined for wheat, po-
tato and pea native starches were similar – 61.7 °C, 
64.3 °C and 63.3 °C, respectively. However, the 
enthalpy (H) values were different, the highest 
being found for native potato starch (13 J·g-1), 
whereas in the case of wheat and pea starches, it 
was 9.0 J·g-1 and 9.3 J·g-1, respectively. The results 
obtained correspond with those reported for na-
tive starches of different botanical origin by other 
authors [11–13]. For modified wheat and potato 
starches, it was not possible to determine the peak 
temperatures or enthalpy values. Peak tempera-
ture recorded for the pea starch preparation ac-
counted for 53 °C, which was lower compared to 
the native pea starch. However the enthalpy value  
recorded for that preparation (9.6 J·g-1) was high-
er compared to the native wheat and pea starches. 
Differential scanning calorimeter enabled inves-
tigating the order/disorder transition that occurs 
upon heating an aqueous suspension of starch 
granules. The ordered structure of starch was 
disrupted when native starches were modified by 
using some physical processes such as autoclav-
ing or cooling. Starch retrogradation enthalpies 
are usually 60–70% smaller than the gelatiniza-
tion enthalpies and transition temperatures are by 
10–26 °C lower than those observed for gelatiniza-
tion of starch granules. The amylose content has 
been reported to be one of the factors affecting 
starch retrogradation [13]. In the present study, 
the native and physically-modified pea starches 

had the highest amylose content as compared to 
the other samples (Tab. 1). The retrogradation 
of pea starch was likely to induce the formation 
of amylose complexes, which affected the lower 
temperatures (onset, peak, conclusion) and higher 
enthalpy than those of the native pea starch. The 
peak temperature between 128 °C and 140 °C was 
found by WRONKOWSKA et al. [14] for starch pre-
parations obtained upon physical and biochemi-
cal modifications. MORIKAWA and NISHINARI [15] 
found the peak temperatures of chemically-modi-
fied potato starch (hydroxypropylated phosphate 
cross-linked) to reach around 45 °C and that of na-
tive potato starch to reach 60 °C.

Rheological changes in 10% gel dispersion of 
native or modified starches were measured with 
a small-amplitude oscillation test during cooling of 
a pre-heated dispersion from 90 °C to 20 °C. For 
all native starches, the storage modulus (G’) was 
higher than for all modified preparations (Fig. 1). 
Special attention should be paid to a rapid in-
crease in the G’ value noted after cooling the na-
tive pea starch from 90 °C to 50 °C. This is likely 
to be due to a new hard “structure” of retrograded 
amylose, its remarkable amount being detected 
in this sample (Tab. 1). The lowest G’ values were 
noticed for wheat and pea starch preparations 
(Fig. 1). The amorphous fraction of these samples 
formed a new network, which resulted in the ret-
rogradation phenomenon. The preparation of po-
tato starch was characterized by a higher G’ value, 

Fig. 1. Effect of cooling on the storage modulus (G’) 
of 10% native and modified starches in dispersions 
pre-heated at 90 oC for 10 min.

The native starches: WS – wheat, PS – potato, PeaS – pea. 
Preparations from starches: WSP – wheat, PSP – potato, 
PeaSP – pea.

Fig. 2. Effect of cooling on the loss modulus (G”) 
of 10% native and modified starches in dispersions 
pre-heated at 90 oC for 10 min.

The native starches: WS – wheat, PS – potato, PeaS – pea. 
Preparations from starches: WSP – wheat, PSP – potato, 
PeaSP – pea.
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which was probably affected by the presence of 
retrograded amylose particles in the gel structure. 
Compared to the native starches, the lowest G” 
values were determined for wheat and pea prepa-
rations, whereas the highest one was found for the 
potato preparation (Fig. 2).

The dynamic rheological properties of non-
yeasted wheat dough with 10% supplementation 
of modified starches are shown in Figs. 3 and 4. 
All starch preparations added to the wheat dough 
significantly affected the heat-induced rheological 
properties of dough. The storage and loss modu-
li of doughs increased in a temperature range of 
55 °C to 65 °C. This phenomenon could be con-
nected with the transport of water between two 
biopolymers – from gluten to starch. Then, at 
temperatures from 60 °C to 90 °C, a decrease was 
noticed in G’ and G” values as compared with 
the control wheat dough (Fig. 3, 4). It should be 
emphasized that the addition of wheat and pea 
starch preparations to wheat dough affected the 
measured rheological parameters and thus could 
have the disadvantageous effect on the structure 
of crumb bread.

A study of the heat-induced rheological 
changes of non-yeasted wheat dough made from 
commercial gluten suggested that the changes 
in the moduli between 55 °C and 75 °C were at-
tributable to starch gelatinization [16]. The gluten 
matrix is a major determinant of the rheological 
characteristics of dough. IZYDORCZYK et al. [17] 
presented in general that the addition of starch to 

wheat flour reduced the strength of the respective 
flour-water dough, but this was not unexpected 
since the replacement of wheat flour with starch is 
likely to decrease the concentration of gluten. Also 
affinity of various starches to water could affect 
water distribution among dough components as 
well as different characteristics of starch granules 
(size, amylose content, swelling power) could in-
fluence the rheology of the dough system. As it 
was found in our previous study [5], the physical 
processes used for modification of native wheat, 
potato and pea starches elicited changes in water 
binding capacity. The affinity to water was much 
higher in the case of the wheat and potato prepa-
rations in comparison with the native starches.

CONCLUSION

Storage and loss moduli of 10% gels prepared 
from native starches were higher compared to 
those determined for the physically modified 
starch preparations. The rheological properties 
of non-yeasted wheat doughs were significantly 
affected after 10% supplementation with the in-
vestigated starch preparations. A decrease was 
noticed in G’ and G” values of doughs in the tem-
perature range of 60–90 °C, compared to the con-
trol sample. From the technological point of view, 
the results obtained in this study appear to be of 
importance in the technological process, when 
the components that have a good ability for wa-

Fig. 3. Effect of modified starches on storage 
modulus (G’) of non-yeasted wheat dough.

Preparations from starches: WSP – wheat, PSP – potato, 
PeaSP – pea.

Fig. 4. Effect of modified starches on loss 
modulus (G”) of non-yeasted wheat dough.

Preparations from starches: WSP – wheat, PSP – potato, 
PeaSP – pea.
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ter sorption take part in the homogenous mixture 
as well as in dough. Nevertheless, more extensive 
studies are needed to investigate the application of 
physically modified starch preparations in bread-
making.

REFERENCES

 1. Eliasson, A. C.: Viscoelastic behaviour during the 
gelatinization of starch. II. Effects of emulsifiers. 
Journal of Texture Studies, 17, 1986, pp. 357–375.

 2. Zobel, H. F.: Molecules to granules: A comprehen-
sive starch review. Starch/Stärke, 40, 1988, pp. 44–50.

 3. Kusunose, Ch. – Fujii, T. – Matsumoto, H.: Role 
of starch granules in controlling expansion of 
dough during baking. Cereal Chemistry, 76, 1999, 
pp. 920–924.

 4. Wronkowska, M. – Soral-Śmietana, M.: Pea starch 
as a source of physically modified preparation 
with potential health-promoting activity. Żywność. 
Nauka. Technologia. Jakość, 23, 2000, No. 2 Suppl., 
pp. 223–232.

 5. Wronkowska, M. – Juśkiewicz, J. – Soral-Śmieta-
na, M.: Nutritional and physiological effects of 
native and physically-modified starches of different 
origin on rats. Polish Journal of Food and Nutrition 
Sciences, 11/52, 2002, Special issue 1, pp. 62–67.

 6. Wronkowska, M. – Soral-Śmietana, M. – Krupa-
Kozak U.: Native wheat, potato and pea starches 
and their physically-modified preparations tested in 
vitro as the substrates for selected Bifidobacterium 
strains. International Journal of Food Sciences and 
Nutrition, 60, 2009, Suppl. 4, pp. 191–204.

 7. ISO 3188:1978. Starches and derived products. 
Determination of nitrogen content by the Kjeldahl 
method. Titrimetric method. Geneva : International 
Organization for Standarization, 1978. 5 pp.

 8. ISO 3593:1981. Starch. Determination of ash. Gene-
va : International Organization for Standarization, 
1981. 4 pp.

 9. Morrison, W. R. – Laignelet, B.: An improved colori-
metric procedure for determining apparent and total 

amylose in cereal and other starches. Journal of 
Cereal Science, 1, 1983, pp. 9–20.

 10. Champ, M. – Martin, L. – Noah, L. – Gratas, M.: 
Analytical methods for resistant starch. In: Sungsoo 
Cho, S. – Prosky, L. – Dreher, M. (Ed.): Complex 
carbohydrates in food. New York : Marcel Dekker, 
1999, pp. 184–187.

 11. Biliaderis, C. G. – Maurice, T. J. – Vose, J. R.: Starch 
gelatinization phenomena studied by differential 
scanning calorimetry. Journal of Food Science, 45, 
1980, pp. 1669–1674.

 12. Hoover, R. – Vasanthan, T.: Effect of heat-moisture 
treatment on the structure and physicochemical 
properties of cereal, legume, and tuber starches. 
Carbohydrate Research, 252,1994, pp. 33–53.

 13. Singh, N. – Singh, J. – Kaur, L. – Singh Sodhi, N. – 
Singh Gill, B.: Morphological, thermal and rheologi-
cal properties of starches from different botanical 
sources. Food Chemistry, 81, 2003, pp. 219–231.

 14. Wronkowska, M. – Soral-Śmietana, M. – Komo-
rowska-Czepirska, E. – Lewandowicz G.: Thermal 
and water sorption isotherm characteristics of starch 
preparations with high content of resistant starch. In: 
Yuryev, V. P. – Tomasik, P. – Ruck, H. (Ed.): Starch: 
from polysaccharides to granules, simple and mix-
ture gels. New York : Nova Science Publishers, 2004, 
pp. 105–118.

 15. Morikawa, K. – Nishinari, K.: Rheological and DSC 
studies of gelatinization of chemically modified 
starch heated at various temperatures. Carbohydrate 
Polymers, 43, 2000, pp. 241–247.

 16. Dreese, P. C. – Faubion, J. M. – Hoseney, R. C.: 
Dynamic rheological properties of flour, gluten 
and gluten-starch doughs. I. Temperature-dependent 
changes during heating. Cereal Chemistry, 65, 1988, 
pp. 348–353.

 17. Izydorczyk, M. S. – Hussain, A. – MacGregor, A. W.: 
Effect of barley and barley components on rheo-
logical properties of wheat dough. Journal of Cereal 
Science, 34, 2001, pp. 251–260.

Received 30 June 2010; revised 30 July 2010; accepted 
3 August 2010.


