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Abstract The present study explored the applicability of

tamarind gum in making gluten-free rice bread. Hydration

properties of gums and pasting properties of rice flour with

the gums were analyzed with Rapid ViscoAnalyzer. Batter

properties and bread quality characteristics of rice bread

containing gums were analyzed. Except for guar and xan-

than gum, the final viscosity after hydration of other gums

and the pasting properties of rice flour with the gums were

similar. The batter properties and the quality of rice bread

containing tamarind gum were equivalent or superior to

those containing other gums. Cross-sections of rice bread

showed that addition of tamarind gum and pectin resulted

in a fine appearance, but pectin may not be preferred due to

its lower pH causing unpleasant sour taste and smell of the

rice bread containing the gum. Therefore, tamarind gum

can be a useful gum for applying to make gluten-free rice

bread.

Keywords Gluten-free � Rice bread � Tamarind gum �
Batter property � Bread quality

Introduction

Recently, the demand for gluten-free foods has been

increasing not only by people with a gluten allergy, but

also due to the influence of the media that healthy people

can lose weight, reduce susceptibility to infections and

depression, and improve their health by reducing gluten

consumption. The global gluten-free food market amassed

$3.284 billion in 2015, and the average annual growth rate

of gluten-free foods from 2014 to 2019 is expected to be

6.2% (Euromonitor International, 2016).

Gluten-free foods must contain less than 20 ppm of

gluten (US Food and Drug Administration, 2013). Celiac

disease, an allergy to gluten protein, is an autoimmune

disease caused by ingesting gluten as a component of

wheat, and its main symptoms include chronic diarrhea,

vomiting, and abdominal distension in young infants

(Green and Jabri, 2003). Patients with celiac disease should

absolutely intake gluten-free foods to avoid the pain caused

by this allergy.

Rice is a staple food for Koreans. Since the self-suffi-

ciency rate of rice was 100% in the early 1980s, con-

sumption has been steadily decreasing. Consequently, the

annual consumption of rice in 2016 (61.9 kg/person)

decreased by almost half compared to that in 1986

(127.7 kg/person) (Statistic Korea, 2016). As a strategy for

revitalizing the rice processing industry, many attempts

have been made to produce commercial rice flour and

promote its application in baking (Choi et al., 2015; Kim,

2016; Lee and Lee, 2006; Song and Shin, 2007).

Numerous studies have been performed to develop

bread using rice flour (Choi et al., 2015; Han et al., 2012;

Kang et al., 2013; Kang et al., 2014; Lee and Lee, 2006;

Mancebo et al., 2015; Mohammadi et al., 2014; Nishita

et al., 1976; Song and Shin, 2007) and gums have been

used extensively as gluten substitutes in rice bread to

provide the viscoelastic properties of gluten protein in

wheat flour. The impact of different gums on dough char-

acteristics and bread quality is known to be highly

dependent on raw materials used and the nature and

quantity of the gum (Mir et al., 2016). Until now, gums like
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carrageenan, xanthan gum, guar gum, pectin, hydrox-

ypropyl methylcellulose (HPMC), and methyl cellulose

(MC) have been commonly used in gluten-free bread

baking (Anton and Artified, 2008; Hager and Arendt, 2013;

Hwang et al., 2017; Joung et al., 2017; Lazaridou et al.,

2007; Mir et al., 2016; Mohammadi et al., 2014; Nishita

et al., 1976; Sabanis and Tzia, 2010; Sciarini et al., 2010),

but tamarind gum, which was recently approved as gen-

erally recognized as safe (GRAS), has not been used much

yet (Angalet and Kweon, 2017a; 2017b).

Tamarind gum is a xyloglucan present in the seed of

black Tamarindus indica, and has a b-(1,4) linked D-glu-

can backbone that is partially substituted at the O-6 posi-

tion of its glucopyranosyl residues with a-D-xylopyranose.
Tamarind seed xyloglucan (TSX) is used as a food additive

for a thickener, stabilizer, gelling agent, ice crystal stabi-

lizer, and starch improving agent in Japan (Nishinari et al.,

2009). Maeda et al. (2007) reported that bread dough

containing xyloglucan treated with cellulase exhibited

improved stability by strengthening the gluten film, com-

pared with the xyloglucan without cellulase treatment, and

improved the bread volume, appearance, pore size, and

texture. Angalet and Kweon (2017a; 2017b) and Angalet

et al. (2017) showed that tamarind gum could be success-

fully applied for making gluten-free pan bread, steam bread

baked in an electrical resistance oven (ERO) for producing

bread crumbs through uniform heating of dough, cakes, and

pancakes made of wheat starch, compared with xanthan

gum application. No study has yet reported the application

of tamarind gum to manufacture of rice bread. Therefore, it

is worthwhile to evaluate the suitability of tamarind gum

for making gluten-free rice bread.

In order to explore the applicability of tamarind gum in

rice bread, five gums (HPMC, pectin, guar, tamarind, and

xanthan) were selected, and their hydration curve and

viscosity as well as pasting properties of rice flour con-

taining gums were analyzed using a Rapid ViscoAnalyzer

(RVA). The baking performance of rice bread formulated

with the gums was also evaluated.

Materials and methods

Materials

Commercial wet milled rice flour (Nongshim, Asan, Korea)

was purchased from a local market and had moisture and

ash contents of 12.2, and 0.27%, respectively. Hydrox-

ypropyl methylcellulose (Methocel F4M, Dow Chemical

Co., USA), guar gum (MSC, Gyeongnam, Korea), pectin

(GENU pectin type 105, Namyoung, Seoul, Korea), xan-

than gum (CJ CheilJedang Corp., Seoul, Korea), tamarind

gum (Glyloid 3S, Socius Ingredients LLC, Evanston, IL,

USA) were supplied by the respective manufacturers.

Based on manufacturer’s data, Methocel F4M has a spec-

ified viscosity range of 3800–4800 mPa s at 2% solution at

20 �C, and its average degree of polymerization and

number average molecular weight (Mn) are 460 and

86,000, respectively. Soymilk powder (non-defatted) (Be-

nesoy, Rock City, IL, USA), salt (Haepyo, Seoul, Korea),

and dry yeast (Lesaffre, Marcqen-Baroeul, France) were

purchased from a local market.

Measurement of gum hydration properties

Hydration curve and viscosity of gums were measured

using a RVA (RVA 4, Newport Scientific, Warriewood,

Australia). Each gum sample (0.5 g) was added to a 25-mL

water to make 2% gum solution and mixed with a RVA

plastic paddle to obtain a good suspension. The RVA of the

gum solution was run at 160 rpm for 30 min at 25 �C and

calculated a final viscosity with a RVA software program

(Thermocline for Windows, ver.2.5, Newport Scientific,

Warriewood, Australia).

Measurement of pasting properties of rice flour

containing various gums

The pasting properties of the rice flour were measured

using the RVA (RVA 4, Newport Scientific, Warriewood,

Australia) with minor modifications to the methods of Song

and Shin (2007) and Hwang et al. (2017). Rice flour (3.5 g)

mixed with 0.14 g gum to make 4% gum based on flour

weight was added to 25 mL of water in a RVA canister and

mixed well with a RVA plastic paddle. RVA was run with

the Standard 1 method. Pasting temperature and viscosity

were calculated by the software program (Thermocline for

Windows, ver. 205, Newport Scientific, Warriewood,

Australia).

Preparation of rice bread

The ingredients used and the formulation for the rice bread

were slightly modified from the method of Hera et al.

(2013): 100 g of rice flour, 5 g of soybean oil, 7 g of sugar,

3 g of soy milk powder, 2 g of salt, 3 g of yeast, 100 g of

water, and 4 g of gum. Table 1 shows the bread-making

process.

The dried ingredients, including rice flour, were

weighed and placed in a transparent jar with a lid, and the

mixture was shaken 30 times. The homogenously mixed

mixture was placed in a 100 g pin mixer bowl (National

Mfg. Co., Lincoln, NE, USA), and soybean oil and water

were added. After mixing for five minutes, 210 g of batter

was placed in a baking pan (Non-stick mini loaf pan,

14.6 cm 9 8.3 cm 9 5.7 cm, Chicago Metallic, Lake
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Zurich, IL, USA) and the photo of each batter formulated

with each gum was taken with a digital camera (Canon,

Tokyo, Japan). The batter contained in the baking pan was

placed in a fermentation cabinet (Phantom M301 Combi,

Samjung, Gyeonggi, Korea) at 30 �C and 85% RH for

40 min. After fermentation, it was baked for 20 min in an

oven (Phantom M301 Combi, Samjung, Gyeonggi, Korea)

at 215�C and cooled for 20 min at room temperature. Then,

the bread was taken out of the baking pan and cooled for

30 min to analyze bread volume, color, and texture. The

bread baking for each gum was repeated in triplicate.

Before and after fermentation, 5 g of batter was mixed

well with 50 mL of distilled water and its pH value was

measured before and after fermentation using a pH meter

(SevenEasy pH meter S20, Mettler Toledo, Columbus, OH,

USA). Batter height was also measured by inserting metal

bars in the center of the baking pan. The specific gravity of

the batter was measured by adding 5 g of batter to 30 mL

of distilled water in a 50-mL graduate cylinder. Each

measurement was performed in duplicate.

Evaluation of rice bread quality

Bread height and volume were measured by the method of

Jung et al. (2016). For a seed replacement method for bread

volume, millet seeds were used. A 1.5-L plastic container

was filled with millet to determine the density (mL/g) of

millet used for converting a weight into a volume. After a

loaf of bread was placed in a container full of millet, the

weight of the millet pushed out of the container was

measured, and the volume (mL) of the bread was calcu-

lated based on the calculated density. Each measurement

was performed in duplicate.

The color of the crumb of bread was measured as L*

(lightness), a* (redness), b* (yellowness) values using a

colorimeter (CR-20, Minolta, Co., Tokyo, Japan). Mea-

surements were performed in five replicates.

The bread firmness was measured using a Texture

Analyzer (Brookfield CT3, Middleboro, MA, USA)

according to the AACC Approved Method 74-09.01

(2010). The measurement conditions were set as follows:

Mode: Measure force in compression, Pretest speed:

2.0 mm/s, Test speed: 2.0 mm/s, Posttest speed: 5.0 mm/s,

Probe: 1.27 cm ball, Penetration distance: 15 mm. One loaf

of bread was cut from the center into 3 pieces with 2 cm

thickness. One piece was used for a fresh sample (0 day),

the remaining 2 pieces were sealed in an aluminum foil

package capable of avoiding moisture loss during storage,

and placed in a refrigerator. Measurement of firmness

during storage was performed on days 1 and 4 of storage

after baking. Three loaves were used for the firmness

measurement.

The moisture content of the bread samples was mea-

sured using the AACC Approved Method 44-15.02 (2010).

About 2 g of pre-weighed bread crumb in a weighing

container was placed in a hot-air drying oven (FO 600-M,

Jeio Tech, Daejeon, Korea) at 130 �C for exactly 1 h, and

cooled at room temperature for 30 min. The moisture

content of the bread was calculated from the reduction in

weight during drying.

Statistical analysis

All results were evaluated by two or more repeated

experiments. The SPSS statistical program (ver. 22.0, IBM

Corp., Armonk, NY, USA) was used for the analysis of

variance and the Tukey–Kramer’s test at a significance

threshold of P\ 0.05.

Table 1 Specific gravity of batter, and height, weight, volume, and crumb color of rice breads formulated with various gums at 4%

Gum type1 Specific gravity of batter (g/mL) Bread Color of bread crumb

Weight (g) Height (cm) Volume (mL) L* a* b*

No gum 1.3 ± 0.0c1 173 ± 0a 4.1 ± 0.0a 351 ± 1b 70.8 ± 0.1a - 0.3 ± 0.0a 12.4 ± 0.3a

HPMC 0.9 ± 0.4a 174 ± 0a 9.7 ± 0.4c 752 ± 7d 85.4 ± 0.8d 0.1 ± 0.1ab 11.3 ± 0.8a

Guar 1.1 ± 0.1b 180 ± 0b 4.0 ± 0.1a 277 ± 11a 77.3 ± 0.1c - 0.1 ± 0.1ab 12.7 ± 0.2a

Pectin 1.1 ± 0.0b 181 ± 0b 5.5 ± 0.0b 386 ± 1c 73.8 ± 0.1b 0.2 ± 0.1ab 12.4 ± 0.1a

Xanthan 1.1 ± 0.0b 182 ± 0b 5.5 ± 0.0b 342 ± 8b 73.0 ± 0.0b 0.2 ± 0.0ab 14.0 ± 0.3a

Tamarind 1.1 ± 0.1b 182 ± 0b 5.0 ± 0.0b 355 ± 2b 77.6 ± 0.3c 0.3 ± 0.3b 13.2 ± 1.6a

Values with the same letter within the same column are not significantly different (P\ 0.05) according to Tukey–Kramer’s test
1Results are expressed as Mean ± SD values
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Results and discussion

Comparison of gum hydration properties

The hydration curves of various gums measured by RVA

are shown in Fig. 1. When each gum was hydrated at 2% in

water at 25 �C for 30 min, guar gum showed the fastest

increase in viscosity, and its final viscosity was 2481 cP, a

much larger value than those of the other gums. Guar gum

has good solubility in cold water owing to its high degree

of branching that could contribute to high viscosity solu-

tions at low concentrations (Wüstenberg, 2015). The final

viscosity of xanthan gum was 1117.5 cP, which was lower

than that of guar gum but higher than those of HPMC,

pectin, and tamarind gum. The final viscosities of tamarind

gum and HPMC were 679.5 and 754 cP, respectively, and

their hydration curves were similar. Pectin showed the

lowest final viscosity (93 cP) among all samples, and no

significant change was observed in viscosity during 30 min

of hydration. Thickening effect of pectin is usually low and

occurs only after gelation. Pectin used in the study was

high methyl ester pectin that could only gel in the presence

of sugars or other co-solutes (Endreß et al., 2009;

Wüstenberg, 2015). Viscosity of tamarind gum in aqueous

solution could be expected by its behavior as flexible

random coil polymers as well as its strong tendency of self-

aggregation (Nishinari et al., 2009). It is anticipated that

the different hydration properties of the various gums could

affect the physical properties of the rice bread batter for-

mulated with these gums. Therefore, it is predicted that the

batter of rice bread containing guar gum would be the most

viscous and that containing pectin would be the least

viscous.

Sabanis and Tzia (2010) reported that various gums,

such as HPMC, xanthan, kappa-carrageenan, and guar gum

had different effects on the rheology of gluten-free bread

made from corn starch and rice flour. However, the amount

of the gums used, the amount of added water, and the

sources of the gums in their study were different from those

used in our experiment, making it difficult to compare their

results with ours. In addition, the ratio of the amount of

added gum to the amount of added water in the above study

was not constant and resulted in an inconsistent pattern in

the viscosity change by increasing the amount of added

gum.

Pasting characteristics of rice flour containing gums

The RVA results of the pasting characteristics of rice flour

containing 4% of each gum that was the same concentra-

tion used in bread baking are shown in Fig. 1. The initial

pasting temperature of all samples was 66.4–69.9 �C.
Among the samples, the rice flour containing guar, xanthan

and tamarind gum showed relatively lower pasting tem-

peratures than that containing HPMC and pectin. The ini-

tial pasting temperatures of the rice flour containing HPMC

and pectin were similar to that not containing gum. The

peak viscosity of the rice flour containing guar gum was

significantly higher than those of the rice flour containing

other gums, and a noticeably different pasting pattern was

observed. Shi and BeMiller (2002) suggested interactions

between specific gums and specific molecules leached from

granules that are responsible for early stage viscosity

increases of starches cooked in gum solutions by mainly

amylose-gum interactions. Xanthan and guar gum

increased greatly pasting viscosity of rice starch that indi-

cated interactions. Rosell et al. (2011) also reported inter-

actions of three different gums with rice starch that guar

and xanthan gum gave much greater effects on the pasting

properties than HPMC. Our result showed a good agree-

ment with the above finding. It is expected that such a high

pasting viscosity of the rice flour containing guar gum

might increase the viscosity of rice bread batter during the

baking process and suppress bread volume expansion. A

study of rice bread formulated with HPMC and different

amounts of water by Nishita et al. (1976) showed that an
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Fig. 1 Hydration curve and final viscosity of various gums (2%) at 25 �C for 30 min with Rapid ViscoAnalyzer (RVA) (A) and pasting curves

of rice flour containing various gums (4%) (B)

1642 K. Jang et al.

123



insufficient amount of water made the dough too thick to

expand during fermentation and resulted in bread with a

much smaller volume.

In contrast, the final viscosity of pasting of rice flour

containing HPMC was relatively high, which could lead to

a relatively large bread volume by avoiding the collapse of

bread by gravity during cooling. Rice flour samples con-

taining tamarind gum and pectin showed similar pasting

patterns, which could be a potential link to similar bread

baking qualities.

Characteristics of batter of rice bread

The batter appearances are shown in Fig. 2, and the

specific gravities of rice bread batter formulated with the

various gums are shown in Table 1. From the appearance

of mixed batter, the batter became thinner in the following

order: guar gum[ xanthan gum[HPMC[ tamarind

gum[ pectin[ no gum addition. Gum addition made the

batter thicker, and the batter of rice bread devoid of any

gum looked very thin and watery compared to the

appearance of batters containing gum. The result confirmed

the major function of the gums tested in the study as a

thickening agent.

The appearance of batter was similar to the ranking of

the final viscosity of hydrated gums and might be linked to

bread volume. Sciarini et al. (2010) reported the effect of

hydrocolloids on gluten-free batter properties and bread

quality and showed increased batter consistencies upon

adding hydrocolloids, and a positive correlation between

bread specific volume and batter consistency. For gluten-

free bread added gums, the viscoelastic properties of the

Fig. 2 Appearance of batter

formulated with rice flour

containing the indicated gums at

4%

Applicability of tamarind gum to rice bread 1643
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rice flour-gum mixtures assessed often to determine their

network stability although some studies did show little or

no relationship of the dynamic rheological parameters of

dough with the functionality during processing and end-use

performance (Lazaridou et al., 2007). Yoshimura et al.

(1999) and Tempsiripong et al. (2005) reported the

increased storage and loss Young’s moduli for mixed gels

of corn and tapioca starch, respectively, with increasing

xyloglucan (tamarind gum) concentration. For confirming

the viscoelastic property of tamarind gum in rice bread

batter, it will be worth to measure the dynamic rheological

parameters in a future study.

The specific gravity of rice bread batter containing gums

was 0.9–1.1 g/mL, and that without gum addition was

1.3 g/mL, indicating that specific gravity of the batter

significantly decreased upon gum addition (P\ 0.05). The

specific gravity of rice bread batter containing HPMC

(0.9 g/mL) was significantly lower (P\ 0.05) indicating a

much lighter and airier batter compared with those con-

taining other gums (1.1 g/mL for the four other gums),

which would affect the batter and bread volume. In par-

ticular, HPMC might act as a very high, excellent foam

generator by reduction of surface tension (Wüstenberg,

2015) that would link to such lower specific gravity of the

batter containing HPMC. In a study performed by Turabi

et al. (2008), cake batter containing gums and emulsifiers

exhibited lower specific gravity than the control batter

without gums, resulting in a much larger cake volume.

The batter pH and height before and after fermentation

are shown in Fig. 3. Except for the batter containing pectin,

the pH of the batters was between 6.0 and 6.2. Regardless

of gum addition, a decrease in pH of rice bread batter was

observed after fermentation. The pH change in all batters

upon fermentation was about 0.2–0.4, indicating no sig-

nificant difference in acid formation by yeast during fer-

mentation. The observed decrease in pH by fermentation

was similar to that reported by Blanco et al. (2011) who

showed a pH change from 5.8 to 5.6 in rice bread

containing HPMC after 50 min of fermentation. Only the

pH of the rice bread batter containing pectin was relatively

low (pH 5.1) because the pH of the pectin itself (pH 3.2)

was much lower than that of other gums (pH 6.0–7.0).

Therefore, a future study should elucidate how this dif-

ference in pH affects the bread baking performance.

The height of rice bread batter containing HMPC before

fermentation (2.5 cm) was significantly higher (P\ 0.05)

because of its relatively airy, fluffy, and light batter caused

by its lower specific gravity. Except for the batter con-

taining HPMC, the height of rice bread batter was not

significantly different with and without gum addition

(1.9–2.0 cm) (P\ 0.05), although the specific gravity of

the batter without gum addition was a slightly high. After

fermentation, the batter height for all samples increased

almost 1.75–2.10 times compared to levels before fer-

mentation. The batter without gum addition increased the

smallest amount and that containing guar gum increased

the most. The final height of batter after fermentation was

increased in the following order: no gum addi-

tion\ pectin & xanthan gum & tamarind gum\ guar

gum\HPMC.

Quality characteristics of rice bread

The quality characteristics of rice bread formulated with

various gums are shown in Table 1. The side views and

cross sections of the bread samples are shown in Fig. 4.

The bread loaves weighed 173–182 g, and those containing

HPMC and devoid of gum were little lighter. This differ-

ence could be caused by the differences in batter weight

before baking.

The height of the rice bread samples to which gums had

not been added and those with guar gum were almost

similar, and they were relatively lower than those con-

taining other gums. The height of rice bread containing

HPMC was twice as high as those containing pectin, xan-

than, and tamarind gum. There were no significant

Fig. 3 Change in batter height and pH of gluten-free rice breads

formulated with various gums at 4% by fermentation (BF–before

fermentation; AF–after fermentation): NG, no gum addition; H,

HPMC; G, guar gum: P, pectin; X, xanthan gum; T, tamarind gum.

Bars with different letters are significantly different (P\ 0.05) as

determined by Tukey–Kramer’s test
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differences in the height of the bread samples containing

pectin, xanthan gum, and tamarind gum. The height of the

bread samples decreased in the following order:

HPMC[ pectin & xanthan gum[ tamarind[ guar gum

& no gum addition. Although the height of bread con-

taining guar gum was similar to that without gum, the

shapes of breads were different; the former had a dome

shape but the latter had a collapsed center (Fig. 4). In this

study, there was no link bread height with batter height

because the height of batter containing guar gum was

similar to those containing other gums, but the resulting

bread height was much lower.

The data of the volume of rice bread in Table 1 show

that adding HPMC resulted in significantly larger bread,

whereas addition of guar gum resulted in significantly

smaller bread, compared to the volume obtained on the

addition of other gums (P\ 0.05). Even the volume of the

bread without gum was larger than that of the bread con-

taining guar gum. As explained previously, two bread

samples showed similar bread height (measured center

height), but the bread, to which gum was not added,

showed higher edge height, compared to bread containing

guar gum. This result could be because the thin batter

without gum addition may expand easily during baking, but

Fig. 4 Side views and cross-

sections of rice breads

formulated with the indicated

gums at 4%

Applicability of tamarind gum to rice bread 1645
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the baked bread may collapse by gravity after removing out

of oven due to no firm network formation. The ability of

HPMC to improve bread volume explained by the fact that

its hydrated chains release the water molecules at high

temperature and allow stronger interaction among HPMC

chains. Consequently created a temporal network gives

strength to the gas cells of the dough, which expand during

baking and reduce the gas losses (Bárcenas and Rosell,

2005).

As shown the bread crumb color in Table 1, the bread

containing HPMC had a significantly higher L * value than

the other breads because of the presence of more air cells.

In contrast, the bread devoid of gum showed a significantly

lower L * value, indicating the existence of fewer air cells

and greater density, compared bread containing gum.

As shown in Fig. 4, among the bread samples, the bread

containing HPMC was remarkably large and asymmetrical,

and that lacking gum addition was not dome-shaped. The

cross-section of the rice bread containing HPMC was

shrunken and irregularly shaped because the bread expan-

ded too much, resulting in an airy and weak crumb cell

structure, weak crust walls, and difficulty in obtaining a

clean cut after cooling. This relatively large volume of rice

bread containing HPMC compared to that in breads con-

taining other gums was similar to the results of a study by

Nishita et al. (1976). Authors of this study baked rice

breads with several gums (HPMC, CMC, xanthan gum,

carrageenan, locust gum, and guar gum) at levels to give

the same consistency and found that except for HPMC,

none of the breads was able to retain gases during fer-

mentation, resulted in a very low bread volume. In addi-

tion, the specific volume of the bread loaf containing

HPMC in the study was about 5.0 mL/g and those con-

taining other gums were 1.2–1.4 mL/g. Our baking results

also showed a similar trend in specific volume: about

4.3 mL/g was observed for the loaf containing HPMC and

about 1.5–2.1 mL/g for those containing other gums. The

side view and cross-section of the bread containing xanthan

gum showed a rough crust and relatively large air cells in

the bread crumb. Overall, rice breads containing pectin and

tamarind gum were superior in appearance to those con-

taining HPMC, guar gum, and xanthan gum, but bread

containing pectin has too strong of a sour taste that could

be a deterring factor for consumers. The results demon-

strated tamarind gum as a useful gum enable to apply for

producing gluten-free rice bread. For a successful appli-

cation of tamarind gum commercially, a future study needs

for optimizing formula of rice bread with respect to gum

concentration, water addition, mixing time and

fermentation.

Changes in moisture content and firmness of rice

bread during storage

The changes in moisture content and firmness of rice bread

containing gums during storage at a refrigerator are shown

in Fig. 5. The moisture content of all bread samples was

around 50% (51–49%) and kept well during storage. The

firmness analysis of bread samples showed that the bread

without gum was the softest, whereas that with guar gum

was the firmest. The firmness of the bread samples was

increased in the following order: no gum addi-

tion\ pectin\ xanthan gum & tamarind gum\
HPMC\ guar gum. Changes in the firmness during stor-

age showed the highest slope for the bread containing guar

gum and showed the most rapid increase in firmness, and

the breads containing tamarind gum and HPMC showed

relatively low firmness compared to those containing guar

gum. However, on the fourth day of storage, the bread

samples containing tamarind gum, HPMC, and guar gum

were too hard to measure the firmness using a texture

analyzer with a 4.5 kg load cell capacity. The bread sam-

ples containing pectin and xanthan gum showed a rela-

tively slow change in firmness and the bread without gum

showed a mild slope in the change of firmness during

storage. Although firming rate of rice bread during storage

depends on types of added gums, fast retrogradation of rice

bread is anticipated because the higher amount of starch

contained in rice flour than in wheat flour and the moisture

content of rice bread is the most favorable condition for
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starch retrogradation (Zeleznak and Hoseney, 1986).

Therefore, it is necessary to carry out an antistaling

experiment of rice bread containing tamarind gum in a

future study. Nishita et al. (1976) showed that bread con-

taining HPMC was satisfactory when fresh, but became

stale fairly quickly. Sciarini et al. (2012) also reported the

increased enthalpy of gluten free bread formulated with

rice flour and cassava starch containing gums measured by

DSC, indicating increased amylopectin recrystallization

during storage. However, they showed reduced initial

crumb firmness and firming rate upon gum incorporation

due to the higher water content of bread samples containing

gums, which differed from results of the present study.
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