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Abstract: Colocasia esculenta represents an alternative non-gluten ingredient due to its healthy 
properties. The objective of this study was to explore the breadmaking potential of Colocasia spp. 
cormel flour combined with hydrocolloids (hydroxypropyl methylcellulose, xanthan gum, guar 
gum). A total of three formulations were tested. Breads were characterized by assessing their 
technological qualities: moisture, specific volume, volume, hardness and weight loss. The quality 
parameters were similar to other gluten-free breads. Overall, Colocasia spp. flour can be used to 
produce gluten-free breads with similar technological quality parameters than those previously 
reported with common gluten-free flours. 
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1. Introduction 

In the field of the development of gluten-free bread, the replacement of the gluten network has 
been largely researched to meet the requirements of people with coeliac disease in order to improve 
the sensory, technological and nutritional quality of gluten-free breads [1]. Traditionally, most 
gluten-free products were made with rice, maize, sorghum, soy, buckwheat flours and starches from 
maize, potato, cassava, rice or beans [2]. Some researchers have used gums, hydrocolloids, enzymes 
and other ingredients to improve their minimal structure-building potential [3]. Thus far, 
hydrocolloids have been blended with GF (gluten-free) flours to improve the technological quality of 
end-products [4]. The Colocasia esculenta (L.) Schott (Colocasia spp.) rhizome is grown largely in Cuba 
[5]. Despite evidence of the positive benefits of this flour, there are few studies about its utilization in 
GF breadmaking [5]. The objective of this investigation was to explore the breadmaking potential of 
Colocasia spp. cormel flour combined with hydrocolloids (Hydroxypropylmethylcellulose: HPMC, 
xanthan gum, guar gum). 

2. Materials and Methods 

2.1. Materials 

Cormels from freshly Colocasia spp. MC-2012, harvested at 9–13 months of maturity, were 
collected from the National Institute of Tropical Food Research Farms in Cuba, and the rhizomes 
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were milled [5]. Hydroxypropylmethylcellulose (HPMC, Methocel™ K4M) was donated by Dow 
Pharma & Food Solutions (La Plaine Saint Denis, France). Guar gum–3500 and food-grade xanthan 
gum were acquired from EPSA (Valencia, Spain) and Jungbunzlauer (Wulzeshofen, Austria), 
respectively. All other ingredients were acquired in the local market and all reagents were of 
analytical grade. 

2.2. Flour Characteristics and Baking Process 

The methods used to determine the flour characteristics—moisture, total nitrogen, fat, ash and 
crude fiber content—were AACC, 1999 [6]; 78 AOAC, 1990; AACCI 79 Method 44-15.02; AACCI 
methods 46-12.01; AACC Method 30- 25.0; AACC Method 08-01.01 and AOAC Method 973.18, 
respectively. Carbohydrate content was estimated by difference. Water binding capacity (WBC) was 
analyzed according to the method described by [2]. Bread recipe was based on those previously 
selected [7,8] (Table 1) but replacing the flour with Colocasia spp. flour. Mixing was carried out in a 
Robot Coupe RM8 (Barcelona, Spain) at speed 3 for 8 min, and the rest of the breadmaking conditions 
were as previously reported, following the method described by [3]. 

Table 1. Gluten-free bread recipes. 

Ingredients F1 F2 F3 
Flour (g) 100 100 100 
Water (g) 227 227 227 
Salt (g) 1.5 1.5 1.5 
Compressed Yeast (g) 3 3 3 
Sugar (g) 2 2 2 
Oil (g) 2 2 2 
HPMC (g) - 2 0.29 
Xanthan gum (g) - - 0.21 
Guar gum (g) - - 0.50 

100% of rhizome flour (F1); 100% of flour blended with hydrocolloids (F2 and F3). 

2.3. Quality Assessment of the GF Breads 

Quality parameters were evaluated as previously described by [9]. Bread moisture content and 
volume were evaluated following [6] and the rapeseed displacement method, respectively. Specific 
volume and weight loss during baking (cm3/g) were calculated as the ratio between the volume of 
the bread and its weight and weighing the pans before and after baking, respectively. These 
measurements were replicated three times. The hardness was evaluated using a Texture Analyzer 
TA-XT2i (Stable Micro Systems, Surrey, UK). 

2.4. Statistical Analysis 

The data were reported as means ± standard deviation of two replicates. The effect of different 
additives was analyzed by ANOVA, using Statgraphics Centurion XVII software (Bitstream, 
Cambridge, MA, USA). 

3. Results 

3.1. Proximate Composition of Raw Flour 

The proximate composition of the Colocasia spp. flour was as follows: moisture: 6.33% ± 0.02%, 
protein: 8.28% ± 0.07%, ash: 5.04% ± 0.00%, fat: 0.53% ± 0.00%, crude fiber: 4.4% ± 0.2% and 
carbohydrate: 75.4% ± 0.3%. Despite Colocasia spp. cormels exhibiting a high carbohydrate content, it 
contained an important amount of minerals and fiber. The protein content was lower than that 
reported for teff and buckwheat flours but higher than maize, rice, cassava or sweet potato flours 
[10–12].  
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3.2. Effect of Additives in Colocasia spp. Cormel Flour-Based Breads 

The moisture content and weight loss were significantly different (p < 0.05) and as the moisture 
content decreased, the weight loss increased (Figure 1). In general, the addition of hydrocolloids 
resulted in higher moisture content than that observed in F1 breads. They also showed lower weight 
loss during baking, likely due to the water retention ability of hydrocolloids to retain water 
molecules. As expected, breads were visually dark, which could be attributed to the natural color of 
raw Colocasia spp. flour, which displayed 81.05 ± 0.36, 1.17 ± 0.07 and 14.63 ± 0.45 for L*, a* and b*, 
respectively. 

 
Figure 1. Weight loss and moisture content: 100% of rhizome flour (F1); 100% of flour blended with 
hydrocolloids (F2 and F3). 

Hardness values ranged from 263 ± 38 to 361 ± 17 g. Overall, F1 breads displayed the highest 
values. In gluten-free breads, hydrocolloids usually led to lower crumb hardness [13]. Nonetheless, 
Sasaki [14] explained that their effect seems to be also dependent on the flour used; thus, it seems 
that, with cormel flour, the strengthening action of the hydrocolloids was not enough to hold the 
carbon dioxide during proofing and baking. In general, the bread without inclusion of hydrocolloids 
showed less hardness and a higher specific volume (1.74 ± 0.03 mL/g). 

4. Conclusions 

In order to develop a bread with a softer breadcrumb structure from Colocasia spp., flour is not 
required to include HPMC in the form of either a blend of HPMC, guar gum and xanthan gum at 
levels included. In this study, it can be concluded that hydrocolloids had a significant effect on the 
moisture content and weight loss of breads, but their effect was dependent on the type of 
hydrocolloids. Overall, Colocasia spp. flour can be used to produce GF breads with similar 
technological quality parameters to those previously reported with common GF flours. 
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