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Abstract: The study was carried out to investigate the effect of taro starch-hydrocolloids mixture on the physical and 
sensory properties of milk dessert. Four different hydrocolloid i.e. arabic, Carboxymethyl cellulose (CMC), guar and 
xanthan gums were mixed with taro starch in different concentration and their potential use in milk dessert as functional 

ingredients were evaluated. Physical and sensory characteristics were found to be considerably improved in different 
aspects by adding these functional ingredients. Taro starch-arabic gum blend was observed to be an effective additive to 
produce creamy texture of milk dessert. Syneresis from dessert was noted to be diminished and sensory characteristics 

were also found to be improved by adding taro starch-guar gum blend. Similarly, taro starch-xanthan gum blend has 
effectively been stabilized the texture and sensory properties of milk dessert.  
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INTRODUCTION 

Starch has been found widespread application in 

food processing industries. Studies on new sources of 

starches are essential for their use and also to increase 

the exploitation and utilization of starchy crops. There 

are various starch sources such as wheat, corn, rice, 

potato, tapioca and sago by which starches are 

commercially produced and utilized in many ways. 

There is another important source of starch called Taro 

(Colocasia esculenta) which is grown in humid and 

swampy agricultural field of tropical and subtropical 

regions including Pakistan [1, 2]. It has been reported 

that taro starch has some distinct properties such as 

high peak viscosity, high gel strength and high swelling 

power and hard coating layer [3-5]. However it is 

somewhat neglected and did not receive significant 

commercial importance. Besides its advantageous 

properties, raw taro starch exhibits certain undesirable 

characteristics, for example unstable texture, poor 

solubility, instability at high pH and shear during 

processing, poor heating and cooling stabilities [6]. 

Nevertheless, various modification treatments can be 

applied to improve and modify its intrinsic properties 

and impart new desirable properties. 

Addition of hydrocolloids with starch is often use as 

an alternative modification treatment to control the 

functional properties of native starches. Hydrocolloids 

serve as emulsion stabilizer, suspending agents,  
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gelling agents, thickeners, fiber sources, mouth feel 

improvers, fat replacers and processing aids. The 

functional and rheological properties of starch and 

hydrocolloid mixtures have been extensively reported 

in literatures [7-13]. It is well known fact that the 

addition of hydrocolloids increases the viscosity of 

starch dispersion and influences the retrogradation 

rate. Many investigations have been reported so far to 

clarify the role and potential usefulness of hydrocolloids 

in controlling rheology and modifying texture of starch 

based food products [9, 10, 14-16]. Currently, there has 

been received an immense importance in evaluating 

the properties of complex polysaccharides system 

having various hydrocolloids and raw starches and 

resultant mixtures are considered to be potential 

additives for many food products. In this connection, 

the present study was aimed to evaluate the effect of 

taro starch-hydrocolloid mixtures as functional 

ingredients on the quality of milk dessert.  

MATERIALS AND METHODS 

Taro was purchased from local market of Karachi 

and starch was extracted by freeze-thaw method [17]. 

Four different hydrocolloids such as gum arabic, CMC, 

guar and xanthan gums were of food grade, chemicals 

were of analytical grade and purchased from Sigma 

Co. St. Louis, MO., USA.  

Ingredient and Formulation 

Milk dessert was prepared by using 3 % (w/w) taro 

starch, tested hydrocolloids (0.2, 0.4 and 0.6 %, w/w), 8 

% sucrose and 12 % skimmed milk powder (SMP). 
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SMP was dispersed in distilled water and stored 

overnight in a refrigerator to hydrate the milk proteins. 

Taro starch, selected hydrocolloids and sucrose were 

added to the cold milk and stirred gently for 10 min at 

magnetic stirrer to achieve homogenized mixture. The 

flask mixture was then heated at 95 
o
C using shaking 

water bath for 20 min. The evaporated water was 

replaced gravimetrically, after heating process. The 

sample was cooled to 40 
o
C using tap water and then 

vanilla flavor (0.1 %) was added. The sample was 

homogenized, transferred to a capped small plastic cup 

and stored in refrigerator at 4 
o
C for 48 hrs. Milk 

dessert without any hydrocolloid was considered as 

control sample.  

Syneresis 
 

Percent syneresis of dessert was measured by a 

centrifugation test. Dessert mix at 40 
o
C was filled in 

plastic centrifuge tubes and stored in a refrigerator for 7 

days. All the tubes were then kept at room temperature 

for 4 hrs and centrifuged at 8000 x g for 10 min. The 

water released by the dessert gel was separated and 

weighed and expressed as percentage syneresis. 

Gel Strength 

The textural firmness of dessert containing Taro 

starch and different hydrocolloids was investigated by 

using Universal Testing machine (Zwick GmbH & Co., 

Germany). The prepared dessert was poured into 

plastic cylindrical cups of dimension 20 mm x 30 mm 

and stored in a refrigerator at 4 
o
C for 4 hrs. The 

resistance to penetration of the dessert gel was 

determined by the method of Hoover and Senanayake 

(1996) [18].  

Sensory Evaluation  

The sensory evaluation of milk dessert (both control 

and starch-hydrocolloid mixtures) was carried out by 10 

trained judges using 5 points hedonic scale. Five 

sensory attributes were selected namely, visual 

appearance, aroma, taste, mouth feeling and texture. 

Overall acceptability of dessert was evaluated by taking 

weighted arithmetic mean, given the following 

weightage to each attribute: Visual appearance 15 %, 

Aroma 15 %, Taste 25 %, Mouth feeling 20 % and 

Texture 25 %.  

Statistical Analysis 

A one-way analysis of variance (ANOVA) was 

applied to find the significance of differences between 

the mean values at P < 0.05 level of confidence. The 

statistical analyses were performed using SPSS 

version 17.01 for window program (SPSS Inc., 

Chicago, IL, USA).  

RESULTS 

Syneresis  

The results of different dessert samples with and 

without taro starch-hydrocolloid blends are presented in 

Figure 1. It was noted that TSG (taro starch-guar gum 

mixture) and TSX (taro starch-xanthan gum mixture) 

effectively reduced the syneresis at all gum 

concentrations. Although, TSC1 (taro starch-0.2 % 

 

Figure 1: Effect of hydrocolloids and taro starch (3 %) on syneresis of milk dessert. 

Error bars represent standard deviation of triplicate, n = 3. 
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CMC) did not exerted any effect on gel syneresis, 

however syneresis was found to be reduced by 

incorporation of TSC2 (taro starch-0.4 % CMC) and 

TSC3 (taro starch- 0.6 % CMC). TSA (taro starch-

arabic gum) was found to be ineffective on dessert gel. 

Gel Strength of Milk Dessert  

The results of textural firmness of dessert 

containing taro starch-hydrocolloid blends are 

presented in Figures 2a-2c. The addition of both TSX1 

(taro starch-0.2% xanthan gum) and TSG1 (taro starch-

   

     a       b 

 

c 

Figure 2: a: Effect of hydrocolloid (0.2 %) and taro starch (3 %) on gel strength of milk dessert obtained by UTM. TS = Taro 
Starch, TSA1 = Taro starch with 0.2 % gum arabic, TSC1 = Taro starch with 0.2 & CMC. 

TSG1 = Taro starch with 0.2 % guar gum, TSX1 = Taro starch with 0.2 % Xanthan gum. 

b: Effect of hydrocolloid (0.4 %) and Taro starch (3 %) on gel strength of milk dessert obtained by UTM. TS = Taro Starch, TSA2 
= Taro starch with 0.4 % gum arabic, TSC2 = Taro starch with 0.4 & CMC. 

TSG2 = Taro starch with 0.4 % guar gum, TSX2 = Taro starch with 0.4 % Xanthan gum. 

c: Effect of hydrocolloid (0.6%) and Taro starch (3 %) on gel strength of milk dessert obtained by UTM. TS = Taro Starch, TSA3 
= Taro starch with 0.6 % gum arabic, TSC3 = Taro starch with 0.6 & CMC. 

TSG3 = Taro starch with 0.6 % guar gum, TSX3 = Taro starch with 0.6 % Xanthan gum. 
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0.2% gaur gum) in dessert formulation considerably 

increased the firmness of the dessert. The maximum 

gel strength was observed in the case of xanthan which 

formed a very firm gel even at 0.2 %. Conversely, TSA 

and TSC (taro starch-CMC) reduced the strength of the 

dessert as compared to control. However, when the 

hydrocolloid level was increased from 0.2 % to 0.6 %, 

both TSA3 (taro starch-0.6 % arabic gum) and TSC3 

has been found to produce a firm gel similar to control.  

Sensory Evaluation  

The sensory data indicated that mouth feel and 

texture of dessert were greatly affected by all 

hydrocolloids particularly; TSG and TSX were found to 

be effective to improve the overall quality of dessert 

(Table 1a-1c). At 0.4 % gum concentration, mouth feel 

score for TSG2 (taro starch-0.4 % guar gum) and TSX2 

(taro starch-0.4 % xanthan gum) were found to be 4.55 

and 4.38, respectively. Similarly, at the same gum 

Table 1a: Influence of Hydrocolloids (0.2 %) and Taro Starch (3 %) on the Sensory Characteristics of Milk Dessert 

Sample Visual 
Appearance 

Aroma Taste Mouth feel Texture Overall
* 

Acceptability 

TS  4.00 ± 0.1
a
  4.02 ± 0.3

a
  4.12 ± 0.2

a
  4.10 ± 0.2

a
  3.88 ± 0.2

a
  3.98 ± 0.3

a 

TSA1  4.08 ± 0.2a   3.90 ± 0.2
b
   4.15 ± 0.3

a
  4.00 ± 0.2

b
  3.74 ± 0.1

b 
 3.84 ± 0.2

b 

TSC1  4.05 ± 0.3
a
  4.15 ± 0.2

c
   3.96 ± 0.2

b
  4.07 ± 0.3

a
  3.92 ± 0.2

a 
 4.02 ± 0.2

a 

TSG1  4.14 ± 0.1
b
  4.10 ± 0.1

c
   4.16 ± 0.3

a
  4.20 ± 0.2

c
  4.02 ± 0.3

c 
 4.15 ± 0.3

c 

TSX1  4.15 ± 0.4
b
  4.05 ± 0.2

a
  4.18 ± 0.2

a
  4.20 ± 0.1

c
  3.98 ± 0.2

c
  4.08 ± 0.1

c 

Five point hedonic scale ratings: 5 = like extremely and 1 = dislike extremely. 
*
Overall acceptability was calculated by weighted arithmetic mean, given the following weight to each attribute: Visual appearance 15%, Aroma 15%, Taste 25%, 
Mouth feeling 20% and Texture 25%.  
Values are means ± SD of triplicates, n = 3. 
Values in the same column with different superscript are significantly different (P < 0.05). 

 

Table 1b: Influence of Hydrocolloids (0.4 %) and Taro Starch (3 %) on the Sensory Characteristics of Milk Dessert 

Sample Visual 
Appearance 

Aroma Taste Mouth feel Texture Overall
* 

Acceptability 

TS  4.00 ± 0.1
a
  4.02 ± 0.3

a
  4.12 ± 0.2

a
  4.10 ± 0.2

a
  3.88 ± 0.2

a
  4.02 ± 0.3

a 

TSA2  3.98 ± 0.2
a
  3.80 ± 0.3

b
   4.06 ± 0.4

b
  3.82 ± 0.1

b
  3.60 ± 0.1

b
  3.85 ± 0.4

b 

TSC2  4.04 ± 0.4
a
  4.12 ± 0.2

c
  4.14 ± 0.1

a
  4.12 ± 0.1

a
  3.93 ± 0.2

c
  4.08 ± 0.3

a 

TSG1  4.12 ± 0.3
b
  4.02 ± 0.1

a
  4.20 ± 0.2

c
  4.55 ± 0.2

c
  4.44 ± 0.1

d
  4.26 ± 0.1

c
 

TSX2  4.08 ± 0.2
b
  4.15 ± 0.2

c
   4.12 ± 0.2

a
 4.38 ± 0.3

d
  4.34 ± 0.2

d
  4.20 ± 0.3

c 

Five point hedonic scale ratings: 5 = like extremely and 1 = dislike extremely. 
*
Overall acceptability was calculated by weighted arithmetic mean, given the following weight to each attribute: Visual appearance 15%, Aroma 15%, Taste 25%, 
Mouth feeling 20% and Texture 25%.  
Values are means ± SD of triplicates, n = 3.  
Values in the same column with different superscript are significantly different (P < 0.05). 

 

Table 1c: Influence of Hydrocolloids (0.6 %) and Taro Starch (3 %) on the Sensory Characteristics of Milk Dessert 

Sample Visual 
Appearance 

Aroma Taste Mouth feel Texture Overall
* 

Acceptability 

TS  4.00 ± 0.1
a
  4.02 ± 0.3

a
  4.12 ± 0.2

a
  4.10 ± 0.2

a
  3.88 ± 0.2

a
  3.98 ± 0.3

a 

TSA3  4.04 ± 0.2
a
  4.15 ± 0.2

b
   4.10 ± 0.2

a
  3.67 ± 0.3

b
  3.44 ± 0.2

b
  3.89 ± 0.4

a 

TSC3  3.96 ± 0.1
a
  4.02 ± 0.4

a
  4.18 ± 0.3

b
  4.18 ± 0.3

a
  4.06 ± 0.4

c 
 4.06 ± 0.3

b 

TSG3  4.05 ± 0.2
a
   4.00 ± 0.2

a
  4.00 ± 0.2

c
  4.47 ± 0.3

c
  4.34 ± 0.2

d 
 4.21 ± 0.2

c 

TSX3  4.00 ± 0.3
a
  4.13 ± 0.1

b
  4.15 ± 0.3

b
  4.26 ± 0.2

d
  4.12 ± 0.3

c 
 4.13 ± 0.3

b 

Five point hedonic scale ratings: 5 = like extremely and 1 = dislike extremely. 
*
Overall acceptability was calculated by weighted arithmetic mean, given the following weight to each attribute: Visual appearance 15%, Aroma 15%, Taste 25%, 
Mouth feeling 20% and Texture 25%.  
Values are means ± SD of triplicates, n= 3. 
Values in the same column with different superscript are significantly different (P < 0.05). 
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concentration the texture score for both blends were 

4.34 and 4.44. On contrary, TSA received the low 

score of mouth feeling and texture as compared to 

control. TSA3 reduced the mouth feel score upto 3.67 

from 4.10, whereas at the same gum concentration 

texture score was reduced upto 3.44 from 3.88. No 

positive or negative effect was observed by adding 

TSC as it almost maintained the somewhat similar 

sensory scores at all gum concentrations.  

DISCUSSION 

The stability of texture of prepared dessert was 

related to amount of free water released by the dessert 

gel. The released water was separated by 

centrifugation and measured as percent syneresis. It 

was found that syneresis was effectively reduced when 

both TSG and TSX were added with taro starch in the 

formulation of milk dessert. This remarkable reduction 

may be due to the ability of TSG and TSX to hold the 

water molecules and make them immobilized in gel 

network. It was observed that, TSC was found to be 

ineffective at 0.2 % but at high gum concentrations it 

reduced the syneresis to a significant extent. It was 

interesting to note that TSA did not affect dessert gel 

syneresis, in spite of the fact that the TSA decreased 

the syneresis in simple gel-hydrocolloid system. This 

variation could be the result of complex dessert system 

where the other ingredient affected on the overall water 

separation by weakening the polymeric networking. It 

was found that, at 0.2 % hydrocolloid concentration, the 

firmness of milk dessert was found to be significantly 

high when both TSX2 and TSG2 were added in dessert 

formulation with taro starch. It was already discussed 

that xanthan gum possessed better ability to form firm 

gel by promoting the reassociation of amylose chains 

and build-up of continuous network during the cooling 

process. This effective gelling role of xanthan and guar 

has already been reported by various author [19, 20]. 

As a matter of fact, during gelatinization of starch, 

water penetrates into the starch granules and 

consequently amylose is leached out and disperses 

into aqueous phase. When starch paste is cool down 

polymeric chains form three dimensional networking 

and form gel like matrix. Hydrocolloids, particularly 

xanthan gum encouraged the formation of gel matrix 

and this resulted in cross-links between amylose, 

amylopectin and hydrocolloid chains [21]. In another 

report, it was discussed that when hydrocolloids are 

added to starch paste the gel is strengthened because 

the adhesion between the starch granules bonded 

them firmly and subsequently the strength of gel 

increases [22]. On contrary, TSA and TSC decreased 

the firmness and made the texture of dessert soft.  

The sensory evaluation of the dessert with or 

without hydrocolloid blends was conducted by ten 

trained judges and they were asked for scoring 

numbers of sensory attributes including visual 

appearance, aroma, taste, mouth feeling and texture. It 

was observed that both guar and xanthan gums along 

with taro starch gave better performance to improve the 

sensory parameters of milk dessert. Conversely, TSA 

adversely affected the dessert and reduced the score 

of mouth feeling and texture at all gum concentrations. 

It was noteworthy that both TSG2 and TSX2 received 

high score, suggesting that at 0.4 % concentration of 

both guar and xanthan gums is sufficient in order to 

perceive better mouth feel and texture attributes. In 

comparison, TSG is more functional to improve the 

mouth feeling and texture of prepared dessert. The 

improvement in sensory characteristics of dessert by 

xanthan gum was also reported by Sikora et al. (2007) 

[23]. In milk based desserts, mouth feel creaminess is 

an important quality attribute for the acceptance of 

consumer [24]. It has been reported that mouth feel 

palatability and acceptance of dessert can be 

correlated with other texture parameters particularly, 

thickness and smoothness [25]. In our study, however, 

there was a clear relation between perceived variations 

in thickness and in creaminess when guar and xanthan 

gums.  

CONCLUSION 

The study concluded that taro starch-hydrocolloid 

blends particularly arabic, guar and xanthan gums 

blended with taro starch can be utilized as functional 

ingredients to improve the textural and sensory 

characteristics of milk dessert. It was also established 

that addition of various hydrocolloids with native taro 

starch is an alternative modification treatment to 

improve the functional properties of native starches. 
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