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Tapioca starch is used in numerous industrial 
and food applications, including thickening and 
gelling. In many applications the properties of na-
tive starch are not optimal, and therefore starch 
is used with different additives and ingredients 
or is modified in order to change and improve its 
functions (ORTEGA-OJEDA & ELIASON 2001). In 
the food production, combinations of starch and 
hydrocolloids have a special importance and a 
wide variety of applications. In general, they are 
used to provide the control of moisture and water 
mobility, improve overall product quality and/or 
stability, reduce cost, and/or facilitate processing 
(SHI & BEMILLER 2002; FUNAMI et al. 2005).

Viscosity of starch dispersions is strongly influ-
enced by the swelling properties of starch granules, 
and primarily depends on the variety and source of 
starch. Rheological behaviour can be also related 

to temperature, observing dilatant behaviour in 
the early stages of gelatinisation (low swelling) of 
corn starch (OKECHUKWU & RAO 1995; RAO et al. 
1997). Earlier studies on the starch-hydrocolloid 
systems have indicated a synergistic effect result-
ing in a much higher viscosity of the mixtures as 
compared to those of starch or hydrocolloid alone 
(ALLONCLE et al. 1989; SUDHAKAR et al. 1995). 

Gelatinisation is a major step to exhibit the fea-
tured characteristics of starch. It induces a number 
of changes in starch granules, such as swelling, 
exudation of amylose and amylopectin, granule 
disruption, loss of birefringence, and increased 
viscosity (ALAVI 2003; KARAPANTSIOS et al. 2002; 
LI et al. 2004). Starch gelatinisation temperature 
(onset, peak and endset temperatures) is not modi-
fied by hydrocolloids (BILIADERIS et al. 1997; LIU 
& ESKIN 1998; ROJAS et al. 1999). However, the 
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swelling of granules can be affected by the addi-
tion of hydrocolloids, suggesting that swelling is 
enhanced in their presence (ROJAS et al. 1999; 
TEACANTE & DOUBLIER 1999). Retrogradation of 
starch involves a time-dependent crystallisation 
process (MORRIS 1990), which in turn leads to the 
increase in the firmness of starch-based products 
upon storage (D’APPOLONIA & MORAD 1981). It 
has been recognised that amylose and amylopectin 
are respectively responsible for short-term and 
long-term recrystallisation and cooperatively form 
dispersed and continuous phases in the starch 
gel composite (MORRIS 1990; SVEGMARK et al. 
1993). Differential scanning calorimetry (DSC) is 
a thermal analysis technique that can be used to 
characterise the phase transition including crys-
tallisation, melting transition, and glass transition 
(KOO et al. 2005). It has been widely used to study 
the starch-water systems, especially kinetics of 
gelatinisation and retrogradation (FUKUOKA et 
al. 2002).

Different parameters have been used to describe 
the swelling of starch. In all methods, starch con-
centration, temperature, heating period, stirring, 
and centrifuging conditions are specified. The 
classical swelling power (SP) is the ratio of the 
wet weight of the sedimented gel to its dry weight. 
KIM and SEIB (1993) reported that wheat starches 
with a high swelling power at 75°C yielded better 
eating quality of instant fried noodles. Swelling 
can also be positively related to the amount of 
soluble solids leached outside the granules during 
heating. However, with some starch types (potato, 
tapioca, and waxy corn starch), SP decreases when 
more solids leach out during cooking at higher 
temperatures (LI & YEH 2001).

Even though information about starch-hydrocol-
loid systems exists, there are still unknown aspects 
because of the complexity of such systems. It is 
generally accepted that each hydrocolloid affects 
pasting properties of starch in a different way (BAH-
NASSEY & BREENE 1994; ROJAS et al. 1999). This 
can be attributed to many factors, mainly to the 
molecular structure of hydrocolloids (SUDHAKAR 
et al. 1995) and/or ionic charges of both starch 
and hydrocolloids (SHI & BEMILLER 2002).

The overall objective of this study was to exam-
ine the effects of hydrocolloids (pectin and car-
rageenan) and their mixtures (in the ratio of 1:1) 
on the gelatinisation, retrogradation, rheological 
characteristics, swelling power, and solubility of 
tapioca starch. 

MATERIAL AND METHODS

Tapioca starch (moisture content 13.6%; 16.91% 
amylose and 83.09% amylopectin) was obtained 
from International Starch Trading, Aarhus, Den-
mark. Carrageenan Aquagel GU 805 (κ-carragee-
nan; moisture content 3.95%;) and pectin Classic 
AU 202 (moisture content 4.08%; degree of este-
rification 68–76%) were products of Herbstreith 
and Fox KG Neuenbürg, Austria.

Rheological evaluations of the starch/hydro-
colloid mixtures were carried out on a computer 
controlled rotational viscometer (Brookfield En-
gineering Laboratories, Model DV-III + Digital 
Rheometer), using spindle SC4-27. Starch disper-
sions (4%) were prepared by mixing starch with 
hydrocolloid solutions (pectin, carrageenan and 
pectin/carrageenan mixtures in the ratio of 1:1) 
to obtain 5 and 12.5% (g/g dry starch) hydrocol-
loids level. A dispersion with no added hydrocol-
loids (control) was also prepared. The dispersions 
were stirred with a magnetic stirrer for 30 min at 
400 rpm before placing in a viscometer, where the 
mixtures were heated from 25°C to 66°C at the rate of 
3.3°C/min, and then from 66°C to 90°C at 1°C/min 
at 220 rpm. Immediately after heating, the gel was 
cooled to 25°C and subjected to a programmed 
shear rate linearly increasing from 0–250 rpm and 
linearly decreasing from 250–0 rpm. All samples 
were done in duplicate.

The power-law model was used to describe the 
flow behaviour of the starch suspensions: 

τ = k γn

where:
τ – shear stress (Pa)
k – consistency coefficient (Pasn)
γ – shear rate (s–1)
n – flow behaviour index

Logarithmic plots of shear stress versus shear 
rate were used to calculate the consistency coef-
ficient and flow behaviour index.

Apparent viscosity, µ (Pas) at 100 s–1, was evalu-
ated using the equation:

µ = k γ n – 1

Gelatinisation and retrogradation properties were 
analysed using an differential scanning calorimeter 
DSC 822e (Mettler Toledo) equipped with STARe 
software. An empty pan was used as a reference. 
Tapioca starch was weighed into standard alu-
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minium pan (40 µl). Either distilled water or an 
appropriate hydrocolloid solution of pectin, car-
rageenan or pectin:carrageenan mixtures (in the 
ratio of 1:1) was added to the starch to give 3:7 
starch:water ratio with hydrocolloids being 0.5% 
or 1.25% (g/g dry starch). The pans were sealed 
and equilibrated for 24 h at room temperature 
before heat treatment in the DSC. The starch 
slurry was gelatinised in the DSC using a heat 
rate of 10°C/min from 25 to 95°C. After the heat 
treatment, the samples were cooled to 25°C and 
removed from DSC. The starch gels were aged at 
4°C and 25°C and monitored for retrogradation 
after 7 and 14 days. The retrogradation experiments 
were conducted at the heating rate of 10°C/min 
from 25 to 95°C. The changes in enthalpy (∆H in 
J/g of dry starch), onset temperature (To), peak 
temperature (Tp), and conclusion temperature 
(Tc) for gelatinisation and retrogradation were 
obtained from the exotherm DSC curves. 

The retrogradation percent (% retr) was defined 
as (∆H retrogradation/∆H gelatinisation) × 100. 
The experiments were run in triplicates.

Swelling power (SP) and solubility (SOL) were 
determined in triplicates, following a modified 
method of LIU et al. (2003) and MANDALA and 
BAYAS (2004). Starch dispersions (1%) were pre-
pared by mixing starch with distilled water or 
hydrocolloid solution (pectin, carrageenan, and 
pectin/carrageenan mixtures in the ratio of 1:1) to 
obtain 5 and 12.5% (g/g dry starch) hydrocolloid 
level. The dispersions were heated at 55, 65, 75, 85, 
and 95°C for 30 min in a temperature controlled 
shaking water bath with constant shaking. After 
heating, the samples were centrifuged at 4000 rpm 
for 30 min. The precipitated paste was separated 
from the supernatant and weighed (Wp). The su-
pernatant was dried at 120°C for 4 h and weighed 
(Ws). The SOL is the percentage of the dry mass 
of solubles in the supernatant to the dry mass of 
the whole starch sample (W0).

SOL = (Ws/W0) × 100  (%)

SP is the ratio of the weight of the swollen starch 
granules after centrifugation (g) to their dry mass 
(g):

SP = Wp/(W0 – Ws)  (g/g)

Statistical analyses. The experimental data were 
analysed by the analysis of variance (ANOVA) 
and Fisher’s least significant difference (LSD) 

with significance defined at P < 0.05. All statisti-
cal analyses were carried out using the software 
program STATISTICA 7 (StatSoft, Inc., USA).

RESULTS AND DISCUSSION

Brookfield viscosity of tapioca starch suspensions 
in water and in 5 and 12.5% solutions of pectin, 
carrageenan, and pectin/carrageenan mixture in 
the ratio of 1:1 during heating from 25 to 90°C 
are plotted in Figure 1. According to the control 
tapioca starch, the addition of hydrocolloids, ex-
cept the addition of 5% of pectin, resulted in a 
significant viscosity increase, similar to the results 
by SHI and BEMILLER (2002); CHAISAWANG and 
SUPHANTHARIKA (2006). These synergistic effects 
on the viscosity of starch-hydrocolloid systems 
were interpreted assuming two-phase systems, 
with the gum located in the continuous phase, 
its concentration being dramatically increased 
as the volume of the phase accessible to the gum 
was reduced on swelling prior to the starch gran-
ule gelatinisation. This resulted in a pronounced 
increase in the mixture viscosity (ALLONCE et al. 
1989). A sharper increase in the viscosity of the 
suspensions with the higher concentration of hy-
drocolloids (12.5%) was detected as the tempera-
ture increased from 70 to 85°C. The addition of 
carrageenan (12.5%) caused a greater increase in 
the viscosity of tapioca starch during heating. The 
effects of other hydrocolloids followed the order: 
carrageenan/pectin mixture (12.5%) > carrageenan 
(5%) > pectin (12.5%) > carrageenan/pectin mixture 
(5%) > pectin (5%).

The parameters obtained from the power-law 
model for starch pastes with and without hydro-
colloids added and the apparent viscosities at 
100 per secunde are summarised in Table 1. The 
addition of hydrocolloids had a significant influ-
ence on the rheological properties of all starch 
pastes. It increased the consistency coefficient and 
the apparent viscosity of all starch pastes, except 
pectin in the low concentration (5%). Upon that, 
carrageenan more efficiently increased these pa-
rameters. Tapioca starch paste with carrageenan 
added (12.5%) had the highest value of the appar-
ent viscosity, while starch paste with pectin added 
(5%) had the lowest value of the apparent viscosity 
and consistency coefficient among all the starch 
pastes investigated. Tapioca starch paste with 5% 
carrageenan addition had the highest value of the 
consistency coefficient. 
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The values of the gelatinisation parameters are 
shown in Table 2. CAMERON et al. (1993), BILIA-
DERIS et al. (1997) and ROJAS et al. (1999) found 
that hydrocolloids had little or no effect on the 
peak gelatinisation temperature of wheat and waxy 
maize starches. Similar results were obtained in this 
study with tapioca starch and pectin, carrageenan 
and pectin/carrageenan mixtures additions. This 
demonstrates that enough water was available 
for both starch and hydrocolloid, regardless of 
the hydrocolloid used. Gelatinisation onset and 
conclusion temperatures only slightly increased 
in the samples with 1.25% carrageenan and 1.25% 
carrageenan/pectin mixture added. Tapioca starch 
with the addition of pectin (1.25%) appeared to 

have the lowest value of the heat of gelatinisation 
(12.84 J/g) among all starch samples. In other 
samples, gelatinisation enthalpies were in the 
range of 14.14–14.95 J/g. Similar results were 
reported for other starch/hydrocolloid systems by 
FERRERO et al. (1996); BILIADERIS et al. (1997); 
ROJAS et al. (1999).

Starch retrogradation has been extensively stud-
ied by DSC. It is well known that the enthalpy of 
melting of recrystallised starch increases on storage 
and lowering temperature. In this work, the ret-
rogradation exotherms were observed after 7 and 
14 days of storage at 4 and 25°C. The retrograda-
tion parameters found are shown in Tables 3 and 
4. All samples with hydrocolloids added, stored 

Table 1. Power-law parameters of 4% tapioca starch (TS) pastes with and without added pectin (Pec) and carrageenan 
(Car) at 25°C

Sample n k (Pasn) µ (at 100 s–1) (Pas) R2

TS 0.393b ± 0.01 2.646c ± 0.19 0.162a ± 0.02 0.961

TS + Pec 5% 0.605e ± 0.02 0.931a ± 0.03 0.152a ± 0.02 0.999

TS + Pec 12.5% 0.590e ± 0.01 2.055b ± 0.15 0.312b ± 0.04 0.999

TS + Car 5% 0.316a ± 0.02 11.620f ± 0.27 0.499c ± 0.03 0.995

TS + Car 12.5% 0.443c ± 0.02 10.930e ± 0.27 0.843e ± 0.09 0.999

TS + Pec + Car 5% 0.544d ± 0.01 2.550c ± 0.14 0.313b ± 0.04 0.999

TS + Pec + Car 12.5% 0.551d ± 0.01 5.055d ± 0.19 0.639d ± 0.01 0.999

Power-law parameters: n – flow behaviour index; k – consistency coefficient; µ – apparent viscosity; R2 – coefficient of
determination. Values are means ± SD of duplicate. Values in the same column with different superscripts (a–f ) are signi-
ficantly different (P < 0.05) 

Table 2. Exothermal gelatinisation characteristic of tapioca starch (TS) suspensions with and without added pectin 
(Pec) and carrageenan (Car)

Sample To (°C) Tp (°C) Tc (°C) ∆H (J/g)

TS 65.0 abc ± 0.03 70.5ab ± 0.03 80.5b ± 0.06 14.74cd ± 0.28

TS + Pec 0.5% 64.8a ± 0.20 70.3a ± 0.19 80.2a ± 0.13 14.69cd ± 0.22

TS + Pec 1.25% 65.0bc ± 0.06 70.4a ± 0.17 80.6c ± 0.13 12.84a ± 0.02

TS + Car 0.5% 65.1cd ± 0.11 70.5ab ± 0.07 81.9e ± 0.07 14.61c ± 0.25

TS + Car 1.25% 65.3e ± 0.08 70.6b ± 0.09 83.5f ± 0.01 14.14b ± 0.04

TS + Pec + Car 0.5% 64.9ab ± 0.09 70.4a ± 0.11 80.8c ± 0.18 14.95d ± 0.12

TS + Pec + Car 1.25% 65.3de ± 0.03 70.5ab ± 0.07 81.1d ± 0.08 14.69cd ± 0.22

Gelatinisation parameters: To – onset temperature; Tp – peak temperature; Tc – conclusion temperature; ∆H – gelatinisation 
enthalpy. Values are means ± SD of triplicate. Values in the same column with different superscripts (a–f ) are significantly
different (P < 0.05) 
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at 25°C, showed low retrogradation after 7 and 
14 days. Hydrocolloids slowed retrogradation of 
all tapioca starch samples at both temperatures, 
in addition, hydrocolloids blends and their indi-
vidual components at the lower concentration 
(0.5%) had a greater effect. After tapioca starch 

retrogradation for 7 and 14 days at 4°C, no sig-
nificant differences in the peak temperature were 
found among samples. The samples stored for 
14 days at 25°C had a higher retrogradation peak 
temperature than those stored for 7 days at the 
same temperature. 

Table 3. Exothermal retrogradation characteristic of 30% tapioca starch gels, with and without added pectin (Pec) 
and carrageenan (Car), after 7 days at 4 and 25°C

Sample To (°C) Tp (°C) Tc (°C) ∆H (J/g) %retr

After 7 days at 4°C

TS 42.4b ± 0.43 53.1ab ± 0.33 62.4bc ± 0.41 4.57d ± 0.07 31.0c ± 0.69

TS + Pec 0.5% 43.4c ± 0.19 53.1ab ± 0.53 61.8a ± 0.05 3.75ab ± 0.14 25.5a ± 1.22

TS + Pec 1.25% 42.6b ± 0.42 53.7bc ± 0.25 62.9c ± 0.52 3.56a ± 0.13 27.7b ± 1.00

TS + Car 0.5% 44.0d ± 0.20 54.6d ± 0.20 62.8c ± 0.17 3.79ab ± 0.03 25.7a ± 0.41

TS + Car 1.25% 41.4a ± 0.23 52.8a ± 0.32 62.2ab ± 0.35 3.73ab ± 0.31 26.4ab ± 1.12

TS + Pec + Car 0.5% 42.8b ± 0.08 53.7bc ± 0.32 62.4bc ± 0.26 3.92bc ± 0.04 26.2ab ± 0.48

TS + Pec + Car 1.25% 43.9d ± 0.09 54.2cd ± 0.35 62.3ab ± 0.08 4.07c ± 0.06 27.7b ± 0.46

After 7 days at 25°C

TS 52.3a ± 0.08 59.8a ± 0.08 69.3a ± 0.12 0.80c ± 0.04 5.5d ± 0.34

TS + Pec 0.5% 54.7d ± 0.11 59.8a ± 0.04 69.6ab ± 0.21 0.58b ± 0.04 3.9bc ± 0.22

TS + Pec 1.25% 53.5b ± 0.08 59.7a ± 0.02 70.7e ± 0.23 0.56ab ± 0.11 4.4c ± 0.86

TS + Car 0.5% 54.5cd ± 0.13 59.8ab ± 0.10 69.4a ± 0.29 0.44a ± 0.06 3.0a ± 0.44

TS + Car 1.25% 54.3c ± 0.13 59.8a ± 0.05 69.9cd ± 0.03 0.49ab ± 0.07 3.5ab ± 0.46

TS + Pec + Car 0.5% 55.4e ± 0.40 59.9b ± 0.19 69.8bc ± 0.30 0.50ab ± 0.08 3.3ab ± 0.52

TS + Pec + Car 1.25% 53.4b ± 0.26 59.8a ± 0.02 70.2d ± 0.15 0.50ab ± 0.06 3.4ab ± 0.42

Retrogradation parameters: To – onset temperature; Tp – peak temperature; Tc – conclusion temperature; ∆H – retrograda-
tion enthalpy; %retr – retrogradation percent. Values are means ± SD of triplicate. Values in the same column with different
superscripts (a-e) are significantly different (P < 0.05)

Figure 1. Brookfield visco-
sity (mPas) of 4% suspen-
sions of tapioca starch in 
water and in hydrocolloid 
solutions heated from 25 to 
90°C
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Figures 2 and 3 show the changes in the swell-
ing power (SP) and solubility (SOL) of tapioca 
starch with and without hydrocolloids added as 
the function of the temperature range from 55 to 

95°C. The influence of the hydrocolloid additions 
on the swelling of starch granules during heating 
as reported in the literature suggests that swell-
ing is enhanced in the presence of hydrocolloids 

Table 4. Exothermal retrogradation characteristic of 30% tapioca starch gels, with and without added pectin (Pec) 
and carrageenan (Car), after 14 days at 4 and 25°C

Sample To (ºC) Tp (ºC) Te (ºC) ∆H (J/g) %retr

After 14 days at 4°C

TS 42.4ab ± 0.07 53.1ab ± 0.18 62.7ab ± 0.11 6.12c ± 0.07 41.6d ± 0.61

TS + Pec 0.5% 43.1c ± 0.31 53.9c ± 0.30 62.6ab ± 0.31 5.40a ± 0.15 36.7ab ± 0.55

TS + Pec 1.25% 42.8bc ± 0.35 53.4b ± 0.45 62.5a ± 0.16 5.34a ± 0.15 41.5d ± 1.16

TS + Car 0.5% 42.6b ± 0.35 52.9a ± 0.10 62.7ab ± 0.20 5.56ab ± 0.16 38.1b ± 0.91

TS + Car 1.25% 42.7b ± 0.07 53.1ab ± 0.30 62.6ab ± 0.15 5.63b ± 0.10 39.8c ± 0.77

TS + Pec + Car 0.5% 42.0a ± 0.15 52.9a ± 0.17 62.9b ± 0.31 5.44ab ± 0.16 36.4a ± 0.84

TS + Pec + Car 1.25% 43.9d ± 0.20 53.3ab ± 0.20 62.8ab ± 0.15 5.37a ± 0.03 36.6a ± 0.52

After 14 days at 25°C

TS 52.2a ± 0.06 63.0ab ± 0.27 70.6c ± 0.34 1.49e ± 0.15 10.1d ± 0.89

TS + Pec 0.5% 54.7c ± 0.19 63.1bc ± 0.21 69.4a ± 0.10 0.88ab ± 0.09 5.9a ± 0.56

TS + Pec 1.25% 55.2d ± 0.16 63.5d ± 0.08 69.7ab ± 0.33 0.79a ± 0.02 6.2a ± 0.14

TS + Car 0.5% 54.6c ± 0.36 63.2bc ± 0.25 70.4c ± 0.19 1.18d ± 0.06 8.1c ± 0.24

TS + Car 1.25% 54.1b ± 0.17 62.8a ± 0.01 69.7ab ± 0.03 1.20d ± 0.06 8.5c ± 0.44

TS + Pec + Car 0.5% 55.1d ± 0.25 63.4cd ± 0.09 69.6ab ± 0.06 0.98bc ± 0.06 6.5ab ± 0.33

TS + Pec + Car 1.25% 54.7c ± 0.08 63.4cd ± 0.17 69.9b ± 0.05 1.03c ± 0.05 6.9b ± 0.26

Retrogradation parameters: To – onset temperature; Tp – peak temperature; Tc – conclusion temperature; ∆H – retrograda-
tion enthalpy; %retr – retrogradation percent. Values are means ± SD of triplicate. Values in the same column with different
superscripts (a–e) are significantly different (P < 0.05) 
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Figure 2. Swelling power 
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(ROJAS et al. 1999; MANDALA & BAYAS 2004). In 
this study, however, the SP of tapioca starch with 
hydrocolloids added was almost unchanged or 
slightly lower when the temperature increased from 
75 to 95°C. The sample with 12.5% carrageenan 
had the lowest SP at 65°C, but the highest at 85 and 
95°C. The addition of pectin in the concentration 
of 5% and 12.5% had no significant effect on SP at 
75 and 85°C, but at 95°C the samples with pectin 
had the lowest SP. By adding pectin, carrageenan, 
and pectin/carrageenan mixture in the concen-
tration of 5%, the amount of soluble solids in the 
continuous phase decreased at all temperatures, 
compared to the respective amount found in the 
samples without hydrocolloids (Figure 3). Pectin, 
carrageenan, and pectin/carrageenan mixture in 
the concentration of 12.5% also decreased SOL of 
tapioca starch at lower temperature but increased 
it at 95°C. The sample with pectin added (12.5%) 
had the highest value of SOL at 85 and 95°C. 

CONCLUSIONS

The addition of hydrocolloids to tapioca starch 
exerts a great effect on the rheological properties 
of the hydrocolloid-starch mixture, and the extent 
of this variation is dependent on the concentration 
and type of the hydrocolloid added. Hydrocolloids 
increase the viscosity of tapioca starch pastes dur-
ing heating, as well as the consistency coefficient 
and the apparent viscosity at 25°C. 

The interaction between hydrocolloids and starch 
produces a slight modification of the DSC gelatini-
sation parameters. The addition of hydrocolloids 

to tapioca starch paste was effective in minimising 
retrogradation at 4 and 25°C. Hydrocolloids at a 
lower concentration (0.5%) had a greater effect.

The swelling power of tapioca starch dispersions 
with added pectin and carrageenan was almost 
unchanged or slightly lower at high temperatures 
(from 75 to 95°C). 
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