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Abstract

The objective of this work was to study the effects of trehalose and maltodextrin on Chinese 
steamed bread (CSB) prepared from frozen dough. Trehalose (0.1 and 0.2% w/w) and 
maltodextrin (1 and 2% w/w) were added and CSB prepared from the fresh dough and the 
frozen dough was characterized in terms of spread ratio, specific volume, staling index and 
stress relaxation properties. Upon frozen storage, spread ratio and specific volume of CSB, 
and elasticity of the bread crumb were reduced. The extend of deterioration was significantly 
reduced with the addition of 0.1% trehalose and 2% maltodextrin. Excessive addition of 
trehalose and maltodextrin was found to cause detrimental effects to CSB quality.

Introduction

For the last two decades, Chinese steamed 
bread (CSB) has become popular and well accepted 
worldwide. The current market trend of CSB is 
inclining towards convenient preparation and 
nutritious products. According to Asghar et al. (2009) 
and Keeratipibul et al. (2010), shelf- life of fresh 
bread is relatively short due to an increase in bread 
crumb firmness upon staling. In addition, loss of 
aroma or flavour also account for a short shelf-life in 
CSB (Giannou et al., 2003). To cater for a sustainable 
supply of premium quality steamed bread products, 
frozen dough may serve as an alternative remedy that 
allows fresh steamed bread to be prepared on order 
(Asghar et al., 2009). The concept of frozen dough 
has become commonplace because it saves space, 
equipment and labour costs, production of dough can 
be centralized and frozen dough be distributed easily. 
This not only helps to control product quality but also 
enable the supply of the products to a broader retail 
network (Kenny et al., 1999; Yi et al., 2009).

Nevertheless, there are several shortcomings 
shown in frozen dough such as inconsistent dough 
performance, longer proofing time, lower specific 
volume as well as undesired bread crumb texture, 
when compared to products made of freshly prepared 
dough (Kenny et al., 1999; Dodic et al., 2007). 
Quality deterioration of frozen wheat dough has been 
ascribed to the gradual loss of dough strength due to 
the release of reducing substances from dead yeast 
cells, and to the mechanical action of ice crystals. In 

addition, decreased number of viable yeast cells also 
caused decline in gassing power (Lu and Grant 1999; 
Ribotta et al., 2004; Baier-Schenk et al., 2005).

Yeast is needed in dough leavening to generate 
adequate carbon dioxide as well as to obtain a fine 
aerated structure of bread. Destruction of yeast cells 
caused a reduction in gas production and hence 
affected quality of the final bakery products (Kenny 
et al., 1999; Newberry et al., 2002). Prolonged frozen 
storage and freeze-thaw cycles always results in 
damage to yeast cells owing to the intracellular ice 
crystals formation and dehydration that occurred 
during frozen storage. In this case, cryoprotectants are 
able to lessen the formation of ice crystals by causing 
the excretion of water out of the cell (Momose et al., 
2010). Study of Giannou and Tzia (2008) reported that 
cryoprotectant such as trehalose is able to enhance 
the performance of frozen dough and improve the 
specific volume and texture characteristics of bread 
prepared (Giannou and Tzia, 2008).

Trehalose, a non-reducing disaccharide, is 
formed from two glucose units bonded via an α,α-
1,1-glycosidic bond. It is abundant and commonly 
found in bacteria, fungi, insects, invertebrates, plants, 
and yeasts (Giannou and Tzia, 2008). Trehalose is 
essential in enhancing stress-tolerance of yeast. As a 
result, yeast viability and activity is preserved during 
frozen storage. However, improving both yeast cells 
viability as well as gas retention capability of gluten 
network are important to ensure the gas will not lost 
on proofing and baking to affect a high loaf volume 
of bread (Huang et al., 2008).
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Maltodextrins are non-sweet polysaccharides that 
can be derived from various botanical sources such 
as corn, oat, potato, rice, tapioca or wheat starches 
(Oreopoulou, 2006). Maltodextrin is produced by 
partial hydrolysis of starch through enzymatic process 
or acid-conversion. The dextrose equivalent (DE) 
value of maltodextrin is a functionality determinant 
for their applications in food system. Maltodextrin 
with low DE is commonly used as stabilizer, thickener, 
texture modifier, fat or flavour binder or carrier for 
encapsulation (Biliaderis et al., 1999; Oreopoulou, 
2006).

da Silva et al. (2008) reported that maltodextrin 
has freeze stabilization potential in frozen camu-camu 
pulp, wherein Tg’ of the system was increased from 
-58.2oC to -39.6oC with the incorporation of 30% 
(w/w) maltodextrin of 20DE. The work of Carvajal 
et al. (1999) disclosed that maltodextrins may help 
to stabilize fish muscle proteins against denaturation 
during frozen storage. Their results revealed that 
higher molecular weight maltodextrins stabilized the 
protein by means of water immobilization mechanism 
whereas lower molecular weight maltodextrins act as 
cryoprotectant through solute preferential exclusion 
mechanism. On the other hand, Herrera et al. (2000) 
showed that addition of maltodextrins to minced blue 
whiting muscle was able to inhibit formaldehyde 
production throughout frozen storage at temperature 
of -10 and -20°C. The results of this study suggest 
that replacing sucrose with maltodextrins could 
give rise to a restriction on molecular diffusion and 
thus reducing the negative effects of temperature 
fluctuations in distribution chain of frozen food 
(Herrera et al., 2000). In this work, characteristics and 
stability of CSB prepared from frozen dough were 
assessed as a function of trehalose and maltodextrin 
concentration.

Materials and Methods

Materials
Wheat flour with 10% protein (based on 14% 

moisture basis), 0.47% ash and 13.3% moisture in dry 
basis was obtained from United Malayan Flour Mill 
(Butterworth, Malaysia). Psyllium husk (Plantago 
ovata) (Natural psyllium husk, 99.29% purity) was 
procured from Country Farms Sdn. Bhd. (Selangor, 
Malaysia). Maltodextrin (MALTRIN® M100) 
was obtained from Grain Processing Corporation 
(Muscatine, lowa, USA). Sucrose and trehalose were 
supplied by Merck Sdn. Bhd. (Selangor, Malaysia). 
Shortening (Crisco brand) was manufactured by The 
J.M. Smucker Company (Orrville, OH, U.S.A.). 
Sodium chloride (SYSTERM® brand) and calcium 

propionate were purchased from Classic Chemicals 
Sdn. Bhd. (Selangor, Malaysia) and Sim Company 
Sdn. Bhd. (Penang, Malaysia), respectively. Fresh 
yeast was supplied by AB Mauri Malaysia Sdn. 
Bhd. (Selangor, Malaysia) and used within a week 
of receipt.

Preparation of Chinese steamed bread
As stated in Table 1, five formulations designated 

as Control, 0.1Tre1Mal, 0.1Tre2Mal, 0.2Tre1Mal and 
0.2Tre2Mal were used to prepare Chinese steamed 
bread with different addition levels of trehalose and 
maltodextrin mixtures. Formulation Control was 
designated as control. Before mixing the dough, 
fresh yeast was dissolved in warm water (35-40°C) 
containing 5 g sucrose, with or without mixture of 
trehalose and maltodextrin, and left to rest for 10 
min. Sodium chloride, calcium propionate, and the 
remaining sucrose were separately dissolved in 
different portions of warm water. The solutions were 
left to cool before being used. After that, the sucrose 
solution was added slowly to the wheat flour. Mixing 
was carried out in a mixing bowl attached with a 
dough hook. Fresh yeast solution was then added in 
followed by the sodium chloride solution, the calcium 
propionate solution, and finally the remaining cold 
water. After mixing for 2 min, shortening was added 
and mixing was continued for another 8 min.

The dough was divided into 100-g pieces. 
Each piece was molded by using balling unit of 
extensograph. For dough needed for frozen storage 
study, the dough pieces were put in plastic bag, 
vacuum-packed and kept in a freezer at -18°C until 
further analysis. Thawing was carried out by keeping 
samples at 4°C for about 15 hours before proofing 
stage. The dough pieces were then proofed at 30°C 
and 85% relative humidity for 60 min. After proofing, 
the dough was steamed for 15 min in a steamer. The 
samples prepared were tested after cooling for one 
hour.

Spread ratio, specific volume, stress relaxation 
properties and firmness were determined for fresh 
sample and samples prepared from the dough samples 
that have undergone 1 month, 3 months and 5 months 

Table 1. Formulations used to prepared Chinese steamed 
bread

Ingredients Formulations (% w/w)a

Control 0.1Tre1Mal 0.1Tre2Mal 0.2Tre1Mal 0.2Tre2Mal

Wheat flour 100.00 100.00 100.00 100.00 100.00
Psyllium husk powder 0.20 0.20 0.20 0.20 0.20
Water 48.60 48.60 48.60 48.60 48.60
Compressed yeast 3.00 3.00 3.00 3.00 3.00
Sucrose 8.00 8.00 8.00 8.00 8.00
Trehalose 0.00 0.10 0.10 0.20 0.20
Maltodextrin 0.00 1.00 2.00 1.00 2.00
Sodium chloride 1.00 1.00 1.00 1.00 1.00
Shortening 2.00 2.00 2.00 2.00 2.00
Calcium propionate 0.20 0.20 0.20 0.20 0.20

abased on as-is moisture basis of wheat flour
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frozen storage. 

Spread ratio of CSB
Spread ratio was determined using a modification 

of the method stated by Lijuan et al. (2007). The 
height and bottom width of CSB were measured at 
three different locations with a ruler and the average 
was recorded. Spread ratio (width/height) was 
calculated. 

Specific volume of CSB
The weight of CSB was measured to the 

nearest of 0.01 g. The volume of Chinese steamed 
bread was determined using rapeseed displacement 
method according to Plessas et al. (2005) and AACC 
method 10-05 (AACC 2000). Specific volume (ml/g) 
which is the ratio of volume to weight of CSB was 
calculated.

Firmness of CSB
Firmness of CSB was determined using a TA-

XT Plus Texture Analyzer (Stable Micro Systems, 
Surrey, England) equipped with a 30-kg load cell and 
a 1-inch diameter Delrin ball probe.  Parameter was 
set at pre-test speed of 1.0 mm s-1, a test speed of 
1.7 mm s-1, a post-test speed of 10.0 mm s-1, and 5.0 
g trigger force. The deformation level was 75% of 
the sample height and the samples were penetrated 
once. Increase of firmness is calculated as follows 
(Equation 1):

Increase of firmness = Firmness after storage - Initial firmness x 100%
                               Initial firmness                                 

Stress relaxation properties of CSB
Bread crumb of the central part of CSB was cut 

into cube shapes with a dimension of 2×2×2 cm. The 
test samples were subjected to uniaxial compression 
using a TA-XT Plus Texture Analyzer (Stable Micro 
Systems, Surrey, England) attached with a 5-kg load 
cell and 36 mm diameter cylinder probe. The test 
was carried out with a pre-test speed of 1 mm s-1, test 
speed of 0.5 mm s-1, and post-test speed of 10 mm 
s-1. The relaxation test was fixed at 20% strain and 
the test was lasted for 10 min. The force-relaxation 
curve obtained was normalized using the following 
equations (Equation 2):

[Fot/(Fo-Ft)] = k1 + k2t

where Fo is the initial force , Ft is the decaying force 
after t time, k1 and k2 are constants. Percentage of 
stress relaxation (%SR) was calculated from the 
equation of (Ft/Fo) × 100. This test was done according 
to Mandala et al. (2007) and Peleg (1979, 1980).

Statistical analysis
For storage study of CSB, measurements 

were performed on three sub-samples from each 
preparation with a completely randomized design. 
CSB preparation was done in duplicate. Where 
necessary, general linear model was applied in the 
analysis of variance and means were compared by 
the Duncan’s test at 95% significance level using 
SPSS software for Windows Release 15.0 (SPSS 
Inc., Chicago, Illinois, USA).

Results and Discussion

Spread ratio of CSB
Spread ratio values of Chinese steamed bread 

(CSB) prepared is depicted as a function of dough 
frozen storage time in Figure 1A.  It is noticed that 
spread ratio of CSB progressively decreased with 
dough frozen storage period for all sample types (P 
< 0.01) and generally most obvious drop was shown 
after 3 months storage. This may indicate that frozen 
dough is stable in term of spread ratio for only 
3-4 months of frozen storage. From the statistical 
analysis, trehalose and maltodextrin were found to 
show significant interactive effects on spread ratio of 
CSB (P < 0.05). To have a better comparison, relative 
changes in spread ratio was calculated in percentage 
and normalized by the initial spread ratio of the 
respective sample. Results are shown in Figure 1B, 
wherein all samples show a progressive decrease in 
spread ratio with dough frozen storage period. From 
the statistical analysis, it is revealed that only sample 
added with 0.2% trehalose and 1% maltodextrin 
(0.2Tre1Mal) showed significantly higher reduction 
trend in spread ratio when compared to the control 
sample (P < 0.05). 

A high spread ratio is normally related to more 
spreadable wheat dough that could be ascribed to 
the viscous flow of the dough (Dogan et al., 2010). 
According to Hoseney et al. (1979), reduction in 
spread ratio is a consequence of decrease in dough 
elasticity properties. This may be caused by an 
increase in dough rigidity owing to re-arrangement 
and re-association of gluten molecules during frozen 
storage. Besides, physical degradation on gluten 
molecules could be another plausible explanation for 
the trend observed. Apart from these, frozen dough 
may experience loss of water molecules through 
desiccation upon frozen storage. Water molecules are 
generally recognized as a universal plasticizer that 
could facilitate polymer chains mobility. Therefore, 
“desiccated” gluten molecules may not be strained 
easily during proofing and baking processes to affect 
an even rise in the dough. 
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Specific volume of CSB
Figure 2A shows changes in specific volume 

of CSB samples prepared from doughs that have 
been freezer stored for a period of 5 months. From 
the statistical analysis, it is significantly shown that 
specific volume decreased consistently with frozen 
storage (P < 0.01). This observation is in line with those 
reported in Ribotta et al. (2004) and Phimolsiripol et 
al. (2008). From Figure 2B, it can be evident that 
control sample showed a sharp decrease in specific 
volume during the first 3 months of storage, after 
which the relative loss in specific volume was leveled 
off. From the statistical analysis, it is reported that 
there is no significant difference between samples of 
Control, 0.2Tre1Mal and 0.2Tre2Mal. On the other 
hand, samples coded as 0.1Tre1Mal and 0.1Tre2Mal 
show better performance in term of retaining a 
relatively higher specific volume, when compared to 
the other samples.

According to Giannou and Tzia (2007), specific 
volume is an indicator of inflating capability as well as 
oven spring of wheat dough. It is correlated with the 
qualities of flour protein, gluten development, recipe 
and processing conditions (Sahi and Little, 2006). 
Too small a loaf volume can give rise to a closed 
and compact crumb structure, whereas excessively 
large loaf volume may contribute to an open crumb 
structure (Sharadanant and Khan, 2003). Based on 
the statistical analysis, there is significant interactions 
between trehalose and dough storage time on specific 
volume (P < 0.05). Results from both Figure 2A and 

2B indicate that binary mixture of trehalose (0.1%) 
and maltodextrin (1 or 2%) is capable of enhancing 
specific volume of steamed bread prepared from 
frozen dough. Nevertheless, when trehalose content 
was increased to 0.2%, specific volume of CSB 
was decreased to a greater extent as compared to 
the counterparts with 0.1% trehalose. In addition, 
the combination of trehalose, maltodextrin and 
storage period give significant interactive effects on 
specific volume (P < 0.05) according to the statistical 
analysis.

Firmness of CSB
Figure 3 illustrates changes in firmness of CSB 

prepared from frozen dough. Statistical analysis 
showed that dough frozen storage period has 
significant (P < 0.01) effects on firmness for all CSB 
samples. As shown in Figure 3A, CSB firmness 
increased progressively as dough frozen storage 
was prolonged. This result was in agreement with 
those reported by Yi et al. (2009), and Sharadanant 
and Khan (2003). Based on the means pair-wise 
comparison statistical analysis results for each group 
of sample, it is noticed that firmness of control sample 
significantly (P < 0.05) increased with storage time, 
whereas others showed insignificant differences and 
lower values within the first 3 months of storage. This 
shows that trehalose and maltodextrin are capable 
of preserving the frozen dough and maintaining the 
soft texture of CSB. From the statistical analysis, 
trehalose and storage time provide interactive effects 

Figure 1. Effects of trehalose and maltodextrin on spread 
ratio of Chinese steamed bread as a function of frozen 
storage time. (A) Absolute spread ratio values of samples 
prepared. The error bar represents ± standard deviation (n 
= 6). Bars of a specific storage period followed by the same 
letter are not significantly different at 95 % probability. (B) 
Relative changes in spread ratio as a function of frozen 
storage periods. [Typical coefficient of variance is not 

more than 10%]

Figure 2. Effects of trehalose and maltodextrin on specific 
volume of Chinese steamed bread as a function of frozen 
storage time. (A) Absolute specific volume values of 
samples prepared. The error bar represents ± standard 
deviation (n = 6). Bars of a specific storage period followed 
by the same letter are not significantly different at 95 % 
probability. (B) Relative changes in specific volume as a 
function of frozen storage periods. [Typical coefficient of 

variance is not more than 10%]
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on firmness of CSB prepared from frozen dough (P < 
0.05). This indicates that trehalose confers softening 
effect to CSB. As reported by Giannou and Tzia 
(2008), bread with softer texture and smoother crumb 
can be produced from frozen dough added with 
trehalose. Among all the trehalose and maltodextrin 
added samples, sample coded as 0.1Tre2Mal showed 
relatively lower firmness throughout the dough frozen 
storage. This appeared to be the best combination 
among all the others. Nevertheless, as for fresh 
sample per se, trehalose and maltodextrin at 0.2% 
and 2% addition level, respectively seems to produce 
the softest texture CSB.

Figure 3B shows the trend of relative changes in 
firmness for CSB samples as compared to the fresh 
counterpart for all sample types studied. The slope 
of the line shown in Figure 3B indicates the rate of 
changes in firmness, and it is interesting to note that 
control sample shows a linear line. There means to 
say, the degree of increment in firmness as shown 
by CSB control sample was consistent throughout 
the storage. This result was consistent with those 
reported in Yi et al. (2009), Bhattacharya et al. 
(2003), and Ribotta et al. (2004). Statistical analysis 
showed that only sample coded as 0.1Tre2Mal was 
significantly different from the others. The slope 
value of this particular sample was the lowest and the 
highest increment in firmness achieved after 5 months 
storage was only 50%. These show that addition 
of 0.1% trehalose and 2% maltodextrin is able to 
stabilize dough during frozen storage. On the other 
hand, insufficient or excessive amount of trehalose 
and maltodextrin caused destabilization effects. This 
suggests that adequate and optimum amount of low 
molecular weight compounds such as trehalose and 
maltodextrin is essential to control ice melting and 
recrystallization in the dough matrix during frozen 
storage (Phimolsiripol et al., 2008; Yi et al., 2009). 
Excessive amount of trehalose and maltodextrin 
could cause detrimental effects to CSB firmness.

Stress relaxation properties of CSB
According to Peleg and Normand (1983), 

stress relaxation data has been used to quantify the 
viscoelastic behaviour of foods. In this study, stress 
relaxation data of CSB samples were studied as a 
function of dough frozen storage period, and data 
was obtained by means of compressive method to 
simulate how freshness of CSB used to be tested, i.e. 
soft press with finger. Force relaxation curve obtained 
was normalized as described in the Materials and 
Methods section, to resolve the problems where food 
materials exhibit non-linear viscoelastic properties 
under large deformation and its biologically active 

nature (Peleg and Normand, 1983). The viscoelastic 
properties of CSB samples were characterized by 
maximum force which served as initial force for the 
force decay curve, percent of stress relaxation, k1 and 
k2 parameters as obtained from Equation 2. 

As shown in Table 2, initial force (Fo) of all 
sample types was decreased progressively with 
increase in dough frozen storage time (P < 0.01). 
Overall, sample added with 0.1% trehalose and 2% 
maltodextrin showed significantly (P < 0.05) lower 
Fo even after the dough has been freezer stored for 5 
months, when compared to other samples. This result 
trend is in good agreement with our firmness result 
and increase in Fo observed could be attributed to 
bread staling. 

Pertaining to percent stress relaxation (%SR) 
results, it is evident that the values of  %SR decreased 
with dough frozen storage period (P < 0.01). This 
indicates that Ft decreased progressively with dough 
frozen storage period. This shows that CSB sample 
may lose its elasticity if the dough was subjected to 
prolonged frozen storage. Interestingly, CSB samples 
showed a big drop in %SR only after the dough had 
been stored for 1 month and no significant difference 
in %SR was observed for samples subjected to 3 and 
5 months storage. This may suggest that dough gluten 
molecules start experiencing large physical changes 
between second and third month of frozen storage. 
Comparing all sample types, once again sample added 

Figure 3.  Effects of trehalose and maltodextrin on firmness 
of Chinese steamed bread as a function of frozen storage 
time. (A) Absolute firmness values of samples prepared. 
The error bar represents ± standard deviation (n=6). Bars 
of a specific storage period followed by the same letter are 
not significantly different at 95 % probability. (B) Relative 
changes in firmness as a function of frozen storage periods. 

[Typical coefficient of variance is not more than 10%]
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with 0.1% trehalose and 2% maltodextrin shows the 
lowest %SR after a 5 month frozen storage. 

The value of k1 was reported to be corresponded 
to the rate of stress relaxation and k2 represents the 
extent of relaxation (Singh et al., 2006). According 
to Peleg and Normand (1983), solid materials had 
higher values of k2 while the soft or semi-solidlike 
foods showed a value close to unity. However, in the 
same study, the k2 value for clay and sand mix was 
shown to be lower than that of corn grains (Singh et 
al., 2006). Hence, Singh et al. (2006) stated that k2 
is better to be used to characterize the elastic nature 
rather than solid nature of food materials.  The results 
clearly demonstrate that for all sample types k1 and k2 
values decreased with increase in dough frozen storage 
time (P < 0.01) based on the statistical analysis. One 
of the reasons for this is that CSB samples prepared 
from frozen dough showed less elasticity. According 
to Varriano-Marston et al. (1980) and Berglund et al. 
(1991), the abovementioned could be ascribed to the 
degradation and/or dehydration of gluten molecules 
during frozen storage.

In addition, statistical analysis showed that 
addition of maltodextrin and interaction effects 
between trehalose and storage time, maltodextrin 
and storage time, trehalose and maltodextrin as 
well as the combination of these three factors give 
significant impact on %SR, k1 and k2 parameters (P 
< 0.05). An exception was found in the interaction 
effects between trehalose and storage time, which 
showed insignificant effect on k1 parameter (P > 
0.05). This indicates that frozen storage causes 
deterioration in dough matrix and become worse with 
extended freezer storage period. Generally, addition 

of trehalose and maltodextrin affect the viscoelastic 
properties of bread crumb. The sample coded with 
0.1Tre2Mal show better performance among the 
samples studied in which a relatively low %SR was 
revealed with prolonged frozen storage time.

Conclusions

Dough network and yeast viability were found 
to be deteriorated when steamed bread dough was 
subjected to freezing and frozen storage. This 
resulting in poorer spread ratio, specific volume, 
firmness as well as viscoelastic characteristics of 
bread crumb. However, the extent of deterioration 
could be reduced significantly with the addition of 
trehalose and maltodextrin at a level of 0.1% and 2%, 
respectively.
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%SR 48.473 ± 1.490 a 48.944 ± 4.553 a 40.398 ± 4.585 b 39.357 ± 3.890 b
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Mal, Maltodextrin.
Means ± standard deviation (n=20). Values followed by the same letter in the same 
column are not significant different at 95% confidence interval in the comparison between 
frozen storage periods.
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