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Abstract: The mucilage extracted from the taro rhizome has interesting characteristics that allow it to be used in the 
food industry as a thickener, stabilizer, emulsifier, and substitute for lipids in bakery products. During the extraction of 
this mucilage, there was the formation of a subproduct still unknown to science in every technique used. The study of 
this residue is interesting even though, at first, there is no application for it. However, it can be produced in high quantity 
if the taro mucilage is extracted at a high scale, adding to the value of the culture of taro rhizomes. The objective of 
this work is to characterize, in a preliminary way, the demucilated taro flour obtained through two different mucilage 
extraction techniques at two different temperatures: room temperature and 80 ℃. The extraction at room temperature 
and high temperature (80 ℃) was followed by filtration in polyester fabric and drying. The yield of each flour was 
calculated, and then, the Biuret and Iodine tests were performed for protein and starch detection, respectively, as well 
as the obtaining of the infrared spectrum. The presence of starch was detected in all the flours studied. Meanwhile, the 
protein was only present in the demucilated flour obtained through the extraction process at high temperatures. The 
infrared spectra indicated the presence of carbohydrates in both flours. The flours have differences in yield and chemical 
composition due to the obtaining techniques. Other analyses of chemical, physical, and technological properties are a 
point of interest for future works.
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1. Introduction
The taro (Colocasia esculenta) is a plant that belongs to the Araceae family. Its rhizome is high in starch and 

mucilage, a product formed, mainly, by carbohydrates (38.96-91.94%), proteins (3.18-47.38%), and minerals (4.05-
13.34%). The amount of these chemical components in the mucilage may change depending on the extraction technique 
[1-5].

The taro rhizome mucilage plays an interesting role in the food industry due to its role as a thickener, stabilizer, 
emulsifier, and substitute for fat in breads and cakes [3-4, 6-8]. In the extraction of this mucilage, the demucilated flour 
is obtained. The characteristics of this flour are not well known to science yet. The demucilated flour might potentially 
work as an ingredient for bakery products due to its high starch content [9-11].

There is not yet a standard for taro mucilage extraction techniques [3-4]. Thus, there are multiple methods found 
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in the literature [3]. There are variations in temperature, such as extraction using cold water [12], water proportion, 
filtration types, precipitation with organic agents, and methods of purification and drying [13-17]. The different 
extraction techniques can change the chemical composition and the properties of the subproduct produced, that is, the 
demucilated flour, after drying.

According to Andrade et al. [9] and Miamoto et al. [10], the demucilated flour from the taro rhizome, extracted at 
room temperature, is formed by the Nitrogen-free extract (NIFEXT) fraction (79.42-81.60%), proteins (2.59-6.59%), 
minerals (3.02-3.21%), lipids (0.23-0.81%), fiber (14.75-19.40%), and starch (50.01-53.40%). Its pH is acidic (5.78-
5.96), with titratable acidity varying between 6.02 and 9.95 mEq NaOH 100 g-1. According to Njintang et al. [18], the 
whole taro flour, without the removal of the mucilage, might have a higher amount of carbohydrates (74.1-90.7%) and 
ashes (3.5-5.7%) and a lower amount of proteins (2.7-5.4%), depending on the variety of the taro rhizome. The data 
aforementioned show that the removal of mucilage changes the chemical composition of the mucilage.

The works of Andrade et al. [9] and Miamoto et al. [11] show that the demucilated taro flour might be used up to 
20% concentration in cakes, with no expressive changes that might harm the final product from the technological and 
sensory point of view. It can also be used in the preparation of cookies, creating products with ideal characteristics to 
industrial production.

There is great potential in the use of residues of fruits and vegetables as a base for the preparation of new products 
[19]. Thus, it is important its chemical characterization. The objective of this work is to characterize, in a preliminary 
way, the demucilated taro flour obtained through two different extraction techniques, using two different temperatures: 
room temperature and 80 ℃.

2. Material and methods
2.1 Obtaining the demucilated taro flour through different mucilage extraction techniques
2.1.1 Feedstock

The taro rhizomes were obtained in the horticultural retail market in Lavras, MG, Brazil. These rhizomes were 
washed in running water to remove superficial dirt, sanitized through immersion in water with sodium hypochlorite (200 
mg L-1) for 15 minutes, and manually peeled.

2.1.2 Demucilated taro flour extracted at room temperature (DTFERT)

A portion of the whole taro mass (almost 1 kg), after peeling and cleaning, was crushed in an industrial blender 
(Lucre, Catanduva, Brasil) with distilled water at room temperature. Then, it was manually filtered in a polyester fabric 
(40 cm × 40 cm). It was obtained a filtrate (mucilage) and a wet residue (retained fraction).

The wet residue obtained from the extraction was taken to an oven with air circulation (Mod. 320-SE, Datamed, 
Brazil) at 65 ℃ for about 72 hours until it reached constant mass. After drying, it was crushed in an industrial blender 
(Lucre, Catanduva, Brasil) for the disintegration of lumps and total homogenization. The demucilated taro flour 
extracted at room temperature (DTFERT) was obtained [9, 11].

2.1.3 Demucilated taro flour extracted at high temperature (DTFEHT)

A portion of the whole tare mass, after peeling and cleaning, was soaked in distilled water for 30 minutes. Later, 
it was left for almost three hours at 80 ℃ in a double boiler. After cooling, the mucilage was extracted through manual 
filtering in polyester fabric (40 cm × 40 cm). A filtrate (mucilage) and a wet residue (retained fraction) were obtained.

The wet residue obtained through the extraction was taken to an oven with air circulation (Mod. 320-SE, Datamed, 
Brazil) at 65 ℃ for almost 72 hours until it reached constant mass. After drying, it was crushed in an industrial blender 
(Lucre, Catanduva, Brasil). The demucilated taro flour extracted at high temperature (DTFEHT) was obtained [3].
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2.2 Yield, qualitative tests, and attenuated total reflectance-fourier transform infrared 
spectroscopy (ATR-FTIR)

Previously, the total taro rhizome mass, used in the extraction, was measured. Thus, the initial mass (mi) was 
known. After obtaining each demucilated flour, the final mass (mf) was measured. The performance (%) of each flour 
was calculated through Equation 1:

( ) ( ) 100
Yield % = i f

i

m m
m

− ×

In order to detect proteins, the Biuret Test was used. The reagent was made of sodium hydroxide, sodium and 
potassium tartrate, copper sulfate, and potassium iodide. The violet color indicated the presence of peptides and proteins.

The Iodine Test was used to detect the presence of starch. It was added 1.0 mL of the iodine solution to 10 mg of 
each flour. The blue color indicated the presence of starch.

The qualitative analyses, that is, the Biuret and Iodine tests, were performed in triplicates.
The ATR-FTIR spectra were collected through a spectrometer (IRAffinity-1) equipped with an attenuated total 

reflectance (ATR) accessory with a zinc selenide crystal (ZnSe). The spectra were acquired with 64 scans and a 
resolution of 4 cm-1 in the range of 4,400 and 600 cm-1.

3. Results and discussion
3.1 Characterization of the obtained flours

In Table 1, the performance values of each flour can be found, as well as the results of the Biuret and Iodine 
qualitative tests.

Table 1. Yield and results of the Biuret and Iodine tests of each demucilated taro flour

Flour Yield (%) Biuret Test Iodine Test

DTFERT 3.38 Negative Positive

DTFEHT 10.10 Positive Positive

                           DTFERT: Demucilated taro flour extracted at room temperature
                           DTFEHT: Demucilated taro flour extracted at high temperature

The yield values obtained were discrepant. That shows that the extraction technique changes the quantity of 
demucilated flour. The percentage of DTFEHT was almost three times higher than DTFERT’s. According to the work 
of Andrade et al. [3], the mucilage obtained through these techniques also obtained different yield percentages. It is 
believed that the mucilage extracted at room temperature has a higher level of impurities, such as starch, due to the 
low DTFERT percentage obtained. The high level of impurities present in the mucilage may significantly change its 
technological properties.

The Biuret test consists in the formation of colored complexes between the copper atom and ammonia or 
substituted ammonia. The peptides and the proteins form more intricate complexes, in which the copper is bonded to 
more than one nitrogen in the polypeptide chain. These complexes are formed, usually, in basic solutions, and present 
a blue color when formed with ammonia or substituted ammonia and a violet color when formed with peptides and 
proteins [20]. The presence of peptides and/or proteins was detected only in DTFEHT. This confirms that the flour 
composition is changed by the extraction method and temperature.

Based on the results obtained, the taro rhizome protein fraction remains in its entirety in the mucilage when 
extracted at room temperature. Such a result may be a positive factor for the mucilage, since it has been proved in 
the work of Andrade et al. [3], the protein fraction might contribute, with its hydrophobic radical amino acids and its 

(1)
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conformation, as a non-polar part for the emulsifying action of the mucilage.
The Iodine Test is used to identify the presence of starch in food since iodine (I2) forms a complex with the amylose 

molecule. In this work, the presence of starch was detected in both flours studied.
According to the works of Miamoto et al. [11] and Andrade et al. [9], DTFERT has a high starch content of almost 

50 g 100 g-1 and 53 g 100 g-1, respectively. For Nip [21], the taro starch is highly digestible due to the small size of its 
granules. Thus, it can be used for the fabrication of special products such as diets for children and elderly people. This is 
also true for the demucilated flour in all the extraction techniques used.

Fourier transform infrared spectroscopy (FTIR) can be used for the identification and characterization of organic, 
inorganic, and polymeric compounds. Basically, this analysis measures the energy fraction transmitted or absorbed in 
relation to the incident fraction in a specific wavelength or wavenumber [22]. Such a technique is extremely useful for 
the characterization of the extracellular polysaccharide from bacteria, a chemical compound also present in the flours 
analyzed. Thus, FTIR is an interesting technique to be applied in the studies of demucilated flours from taro rhizomes 
obtained through different extraction techniques [9, 23, 24] since it can detect differences in chemical composition. In 
the Figure 1, the DTFERT and DTFEHT ATR-FTIR spectra can be found.

Figure 1. ATR-FTIR spectra of the taro demucilated flours DTFERT: Demucilated taro flour extracted at room temperature. DTFEHT: Demucilated 
taro flour extracted at high temperature

The broadband close to 3,300 cm-1 corresponds to the axial deformation of hydroxyl groups in alcohol 
intermolecular hydrogen bonds, commonly found in polysaccharides, and confirms the presence of carbohydrates in 
both samples [25]. When it comes to DTFEHT, this band can also be related to the N-H protein bounds, since the flour 
has this macromolecule according to the Biuret Test. Moisture is also responsible for bands in this region [26]. Miamoto 
et al. [11] found a moisture percentage of 4.38 in the flour from the taro mucilage extraction.

The bands in 2,926 cm-1 and 2,933 cm-1 are attributed to the axial deformation of the C-H bond found in the region 
between 3,000 and 2,840 cm-1 [25].

The bands between 2,354 cm-1 and 2,362 cm-1 are attributed to the CO2 absorbed from the environment.
The infrared spectra prove the structure of a polysaccharide with a C-O-C bond, which is a characteristic of 

carbohydrates, between 1,200 cm-1 and 900 cm-1, confirming the bond between the monomers that form the polymer [27].
According to Resende [28], the FTIR analysis is useful to differentiate between samples. In this work, it can 

be noted that the DTFEHT spectrum has two bands between 800 and 950 cm-1 (921 cm-1 and 842 cm-1). Meanwhile, 
DTFERT has only one band (864 cm-1). This might represent the fingerprint regions of the samples.

3.2 Observations regarding this work and suggestions for future works

The polyester fabric chosen for residue filtration was also used in other works of taro mucilage extractions present 
in the literature [2-4, 6-7]. In future works, for health safety reasons, there is a need of use for filters of natural origin.

The use of temperature at 65 ℃ for flour drying was chosen with the aim of accelerating the processes and 
eliminating the possible presence of oxalate. The taro has oxalate in its pulp, but, usually, there is a higher concentration 
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in the peel [29]. The oxalate content in the residue of acerola cherry can be reduced up to 28.9%, as described in the 
work of Barros [30], after drying at 65 ℃. Thus, the importance of the drying of demucilated taro flours since, according 
to Mandel [31], most bladder stones are the result of two or more components, in particular the mixture of calcium 
oxalate and apatite.

In future works on the taro demucilated flour, there is a need for other chemical (proximate composition, 
monosaccharide, amino acid, mineral and oxalate content), toxicological, physical (thermal analysis and X-ray 
diffraction), and technological characterizations.

4. Conclusion
It is possible to conclude that the flours obtained have differences in yield and chemical composition. The ATR-

FTIR spectra, show the presence of carbohydrates besides the presence of starch observed through the Iodine Test. Other 
analyses of chemical, toxicological, physical, and technological characterization might be interesting for future works.

Acknowledgments
The authors thank the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES), the Conselho 

Nacional de Desenvolvimento Científico e Tecnológico (CNPq), the à Fundação de Amparo à Pesquisa do Estado de 
Minas Gerais (Fapemig) for the financial support and the Central de Análises e Prospecção Química (CAPQ) of the 
Universidade Federal de Lavras (UFLA), Finep, Fapemig, CNPq and CAPES for supplying the equipment and technical 
support for the infrared analyzes.

Conflict of interest
The authors declare no competing financial interest.

References
[1] Andrade LA, Barbosa NA, Pereira J. Extraction and properties of starches from the non traditional vegetables Yam 

and Taro. Polímeros [Polymers: Science and Technology]. 2017; 27(2): 151-157.
[2] Andrade LA, Nunes CA, Pereira J. Relationship between the chemical components of taro rhizome mucilage and 

its emulsifying property. Food Chemistry. 2015; 178(1): 331-338.
[3] Andrade LA, Silva DAO, Nunes CA, Pereira J. Experimental techniques for the extraction of taro mucilage with 

enhanced emulsifier properties using chemical characterization. Food Chemistry. 2020; 327: 127095. Available 
from: doi:10.1016/j.foodchem.2020.127095.

[4] Andrade LA, Nunes CA, Pereira, J. Physical and chemical analysis in crude taro mucilage obtained by simple 
extraction technique. Boletim Centro de Pesquisa de Processamento de Alimentos [Food Processing Research 
Center Bulletin]. 2021; 37(2): 68-82.

[5] Basiony AM, Atta MB, Abd-Elazim EI, Mohamed AS. Chemical composition and functional properties of egyptian 
taro (Colocasia esculenta) mucilage. Al-Azhar Journal of Agricultural Research. 2022; 47(1): 185-190.

[6] Tavares SA, Pereira J, Guerreiro MC, Pimenta CJ, Pereira L, Missagia SV. Caracterização físico-química da 
mucilagem de inhame liofilizada [Physical and chemical characteristics of the mucilage of lyophilized yam]. 
Ciência e Agrotecnologia [Science and Agrotechnology]. 2011; 35(5): 973-979.

[7] Nagata CLP, Andrade LA, Pereira J. Optimization of taro mucilage and fat levels in sliced breads. Journal of Food 
Science and Technology. 2014; 52(9): 5890-5897.

[8] Arafa SG, Badr MR. Preparation untraditional low calorie cake formula by taro (Colocasia esculenta) mucilage. 
Journal of Food and Dairy Sciences. 2023; 14(6): 149-153.

[9] Andrade LA, Nagata CLP, Assumpção GMP, Gonçalves GAS, Pereira J. Farinha desmucilada de taro utilizada na 



 Food Science and EngineeringVolume 5 Issue 1|2024| 85

elaboração de bolos [Demucilated taro corm flour used in cake preparation]. Científica [Scientific]. 2015; 43(3): 
203-214.

[10] Miamoto JBM. Obtenção e caracterização de biscoitos tipo cookie elaborado com farinha de inhame (Colocasia 
esculenta L.) [Obtaining and characterizing cookies made with yam flour (Colocasia esculenta L.)]. Dissertation 
(Master’s in Food Science), Federal University of Lavras; 2008.

[11] Miamoto JBM, Pereira J, Bertolucci SKV. Obtaining and characterization of freeze-dried whole taro root (Colocasia 
esculenta), mucilage and residue as functional food. Nutrição Brasil [Nutrition Brazil]. 2018; 17(1): 9-18.

[12] Jiang G, Ramsdem L. Characterization and yield of the arabinogalactanas-protein mucilage of taro corms. Journal 
of the Science of Food and Agricultural. 1999; 79(5): 671-674.

[13] Lin H, Huang AS. Chemical composition and some physical properties of of a water-soluble gum in taro. Food 
Chemestry. 1993; 48(4): 403-409.

[14] El-Mahdy AR, El-Sebaiy LA. Preliminary studies on the mucilages extracted from okra fruits, taro tubers, jew’s 
mellow leaves and fenugreek seeds. Food Chemistry. 1984; 14(4): 237-249.

[15] Sarkar G, Saha RI, Bhattacharyy A, Bose M, Mishra R, Rana D, et al. Taro corms mucilage/HPMC based 
transdermal patch: An efficient device for delivery of diltiazem hydrochloride. International Journal of Biological 
Macromolecules. 2014; 66: 158-165. Available from: doi:10.1016/j.ijbiomac.2014.02.024.

[16] Alalor CA, Avbunudiogba JA, Augustine K. Isolation and characterization of mucilage obtained from Colocasia 
esculenta. International Journal of Pharmacy and Biological Sciences. 2014; 4(1): 25-29.

[17] Njintang NY, Boudjeko T, Tatsadjieu LN, Nguema-Ona E, Scher J, Nbofoung CMF. Compositional, spectroscopic 
and rheological analyses of mucilage isolated from taro (Colocasia esculenta L. Schott) corms. Journal of Food 
Science and Technology. 2011; 51(5): 900-907. 

[18] Njintang NY, Mbofung CM, Balaam F, Kitissou P, Scher J. Effect of taro (Colocasia esculenta) flour addition 
on the functional and alveographic properties of wheat flour and dough. Journal of the Science of Food and 
Agriculture. 2008; 88(2): 273-279.

[19] Souza Silva S, Hunaldo VKL, Freitas AC, Santos LH, Ferreira DS, Sousa MS, et al. Processamento e 
caracterização de farinha de resíduos de vegetais e biscoitos obtidos com farinha de resíduos de vegetais [Processing 
and characterization of vegetable waste flour and biscuits obtained with vegetable waste flour]. The Journal of 
Engineering and Exact Sciences. 2023; 9(4): 15617-01e.

[20] Santos CD, Abreu CMP, Corrêa AD, Paiva LV. Bioquímica Experimental [Experimental Biochemistry]. Lavras: 
UFLA/FAEP; 2005.

[21] Nip WK. Taro. In: Smith DS, Cash JN, Nip WK, Hui YH. (eds.) Processing Vegetables: Science and Technology. 
Lancaster: Technomic; 1997. p.355-387.

[22] Smith AL. Applied Infrared Spectra. New York: John Wiley & Sons; 1979.
[23] Osiro D, Della Coleta Filho H, Machado MA, Colnago LA. Uso de FTIR para análise de bactérias causadoras do 

cancro cítrico e CVC [Use of FTIR to analyze bacteria that cause citrus canker and CVC]. In: EMBRAPA: Centro 
Nacional de Pesquisa e Desenvolvimento de Instrumentação Agropecuária. Comunicado Técnico [National Center 
for Research and Development of Agricultural Instrumentation. Technical Announcement]. São Carlos, Brazil: 
Embrapa Agricultural Instrumentation; 2000. p.1-5.

[24] Forato LA, Bernardes Filho R, Osiro D, Bicudo TDC, Colnago LAA. Espectroscopia na região do Infravermelho 
e algumas aplicações [Spectroscopy in the Infrared Region and Some Applications]. São Carlos, Brazil: Embrapa 
Agricultural Instrumentation; 2010.

[25] Mothé CG, Correia DZ. Caracterização reológica de blendas de gomas cajueiro e xantana em suco [Rheological 
characterization of blends of cashew gum and xanthan in juice]. Revista Analytica [Analytical Magazine]. 2002; 
1(2): 59-64.

[26] Faccio C, Machado RA, Souza LM, Zoldan SR, Quadri MG. Characterization of the mucilage extracted from 
jaracatiá (Carica quercifolia (A. St. Hil.) Hieron). Carbohydrate Polymers. 2015; 131(20): 370-376.

[27] Dalonso N, Ignowski E, Monteiro CMA, Gelsleichter M, Wagner TM, Silveira MLL, et al. Extração e 
caracterização de carboidratos presentes no alho (Allium sativum L.): proposta de metodologia alternativa 
[Extraction and characterization of carbohydrates present in the garlic (Allium sativum L.): proposal of alternative 
methods]. Ciência e Tecnologia de Alimentos [Food Science and Technology]. 2009; 29(4): 793-797.

[28] Resende LM. Farinhas de casca de jabuticaba: caracterização, avaliação do potencial como fonte de pectina, 
estudo da interação fibras-polifenóis e predição de compostos por espectroscopia FTIR [Jaboticaba peel flours: 
characterization, evaluation of the potential as a source of pectin, study of the fiber-polyphenol interaction and 
prediction of compounds by FTIR spectroscopy]. Federal University of Minas Gerais, Doctoral Theses; 2021.



Food Science and Engineering 86 | Luan Alberto Andrade, et al.

[29] Busch J, Vanhanen LP, Savage GP. Chemical analysis and consumer acceptance of taro. Proceedings of the 
Nutrition Society. 2003; 28: 108-117.

[30] Barros VM. Influência do processamento de secagem nos teores de compostos bioativos e antinutricionais em 
farinha de resíduo de acerola [Influence of drying processing on the levels of bioactive and antinutritional 
compounds in acerola residue flour]. Dissertation (Master’s in Nutrition Sciences), Federal University of Sergipe; 
2019.

[31] Mandel N. Mechanism of stone formation. Seminars in Nephrology. 1996; 16(5): 364-374.


