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1. Introduction

Taro flour is a stable form of developing by-products for healthy food market and for special uses [1-2], due to its
high fibre content [3] and for conferring functional properties to products made from this tuber flour [4]. The carbohy-
drate content of this flour in the form of starch is between 70%-80%, with features indicating very fine grains that give
it a digestibility of 98.8% [5]. Its nutritional composition makes taro a very attractive raw material in the manufacturing
of high nutritional value foods [6]. In this regard, Arici et al. [7], report the existence of proteins (11-16%), crude fibre
(5-9%) and potassium (2,271-4,276 mg/100 g), in addition to other minerals such as iron, calcium, sodium, magnesium,
phosphorus, zinc and copper. Several bioactive compounds such as sapogenin, alkaloids, tannins, glucosides, phenols,
flavonoids and saponins are reported to exist in taro, which give these tuber excellent medicinal and nutritional proper-
ties that can be much further explored [8].

Recently, it has become common to transform taro into flour for the preparation of different types of food and bakery
products such as bread and cakes [9]. Bread is one of the world’s most popular foods, as it is a rich source of calories in
human nutrition, and generally made from wheat flour [10]. Wheat stands out as the most important cereal used in bread
making because of a protein it contains (gluten) with unique characteristics, which gives it viscoelasticity and smooth-
ness [11]. As it is known, wheat is widely consumed in many African countries, coming third after corn and cassava
with respect to calorie intake and supply [12]. Many research studies worldwide point to the increasing concern to re-
place wheat flour in order to reduce import costs, especially in developing countries, where there is a major negative
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implication in the economy [13], not to mention the growing demand and raising prices in the international market.
Taro, because of its energy value due to its high content of carbohydrates and the absence of gluten, constitutes a new
alternative for the development of new bakery products [14]. In Brazil, for example, taro has been used in food indus-
tries because of its nutritional, medicinal and pharmacological properties [15]. In terms of production, countries such as
Nigeria, China and Cameroon stand out [16], but the region of Africa is, by far, the largest producer of this tuber, ac-
counting for 86% of the global production [17].

The objective of this work was to obtain taro flour and produce bread with 100% of this flour and a partial replace-
ment of wheat flour in 50% and 30%.

2. Material and Methods

The work was carried out between May and October 2020 at the Faculty of Veterinary Medicine, more precisely at
the Food Technology Research Centre (CEPTA), where the flours were processed. The taro flour was produced follow-
ing the methodology described by Dias et al. [15]. For this purpose, the taro was purchased near Santo Anténio, from
where it was transported in polyethylene bags and later washed in running water, peeled with sharp stainless steel
knives and cut into pieces approximately 2 mm thick to facilitate drying. Then the taro was put to dry directly in the sun
as described by Cunha et al. [18] with respect to the process of drying tubers and hard plant materials. After a drying
period of seven days, the tubers were ground in a traditional mortar and passed through a 200 um sieve, weighed and
packed in kraft paper bags, and kept refrigerated for later use. The dry matter and moisture were determined by gravim-
etric method, the ash by incineration in a muffle furnace at 550°C. In order to determine the consumption habit and taste
for the tuber, a survey was conducted among 130 potential taro consumers, using the semi-structured questionnaire
proposed by Bernard [19]. In the implementation phase, the product formulation and baking were carried out at the
Shoprite supermarket, followed by attribute analysis and a small-scale market evaluation through a sensory test applied
to 15 untrained tasters made up of supermarket customers. Four formulations were prepared with different proportions
of taro flour: of 100%, 50%, 30% and 100% of wheat flour as a control formulation.

To make the bread, several ingredients were used (flour, chemical yeast, common salt, vegetable oil and water),
which were mixed homogeneously in a 25 kg mixer. Then, the dough was placed in a cutting tin to be divided and
shape the bread, which was taken to a medium preheated oven at a temperature of 180 degrees Celsius and baked for 15
minutes at this temperature. For the sensory evaluation of attributes like odour, colour, softness, flavour and global
shape, an acceptance test with a vertical mixed category scale was administered, using a 5-point structured hedonic
scale, where 5 = | liked it a lot, 4 = | liked it a little, 3 = I didn’t like it or dislike it, 2 = I disliked it a little and 1 = I dis-
liked it a lot [20]. On the same form, consumers were asked to respond to a question about their intention to buy the
bread, using a 5-point scale in which 5 = would certainly buy, 4 = would probably buy, 3 = might buy/might not buy, 2
= would probably not buy, and 1 = certainly would not buy. The acceptability index was calculated from the average of
the responses considering the maximum score [5] equal to 100% [21]. All tasters [15] were untrained and signed an
informed consent form.

Statistical analysis

The statistical analysis was performed using Simple Variance Analysis (ANOVA) and Tukey-HSD test for the
minimum significant difference between the mean values, using the statistical program STATISTICA, version 7.0. The
buying intention was calculated as a percentage.

3. Results and Discussion

The exploratory survey carried out on the knowledge and use of taro demonstrates the regular consumption of the tu-
ber and a liking for it of 100% and 97% respectively by some residents of the municipality of Huambo. It was also
noted that 100% of the respondents had never before seen or eaten bread made from taro flour and in different propor-
tions from a mixture with wheat flour, so 82% expressed their intent to purchase if it was available on the market and
the price was no problem.

The peeling, drying, spraying and sifting process resulted in fine greyish-white flour that had 9% moisture, 2.24% ash
and 90.95% of dry matter. As it can be observed, the humidity is within the acceptable limits, since the pharmacopoeias,
according to Cunha et al. [18], establish a limit of 10% of humidity for dehydrated plant products, what demonstrates
the possibility of being microbiologically safe, and thus there will be no reduction in stability and useful life [22]. The
ash content obtained in this study (2.24) is similar to that found by Sharma et al. [23] and by Miomoto [24], which was
2.2 and 2.42%, respectively, but lower than that observed by S& et al. [25], estimated in 3.14%, whereas the studies by
Arici et al. [7] found values between 1.64%-3.11%. The moisture content obtained by Sa et al. [25] was 9.71%, which
is similar to the result achieved in this study (9%).

As flours are part of the regular consumption of the Angolan population, it becomes essential to find viable, healthy

DOI: 10.26855/ijfsa.2021.09.009 394 International Journal of Food Science and Agriculture



Armindo Paixdo et al.

and sustainable alternatives as a form of consumption and raw material for the production of other products such as
bread. Studies indicate that taro flour can be used as a partial substitute for wheat flour in bakery products, thereby de-
creasing production costs and increasing the nutritional value of food products [26, 27]. The use of taro for flour pro-
duction and manufacturing of various food products and for raw material for food industries is extremely important,
with the additional advantage that this tuber can be found in large quantities in the provinces of Huambo, Cuanza Sul,
Bié, Malanje, Uige, Zaire, Cabinda, Cuando Cubango and Cuanza Norte, where farming is of subsistence and made by
family farmers. These data can stimulate the commercial use of taro with a view to transforming it into flour for various
purposes and increasing the consumption habit.

Studies by Mongi et al. [27] and Ndabikunze et al. [28] refer to the commercial use of taro as a viable alternative to
reducing imports of wheat flour to developing countries. Angola has great potential as regards to the growing of this
tuber due to its arable soils and water resources, in addition to the rusticity and productivity of taro, which can sustain
large-scale flour production and, consequently, meet the market demands in relation to products derived from this flour
and the tuber itself.

The growing of taro was suggested by the FAO (Food and Agriculture Organization) as an alternative to increase the
food basis of developing countries, due to its rusticity characteristics and nutritional value, in order to also reinforce
their food security [29]. Besides the compounds already mentioned, taro contains a high content of unsaturated fatty
acids, such as linoleic acid (omega-6) and linolenic acid (omega-3), in addition to antioxidant compounds, anthocyanins
and phytosterols that make it a functional food since they are bioactive compounds [30].

Bread production from plain taro flour and with different mixtures

After the entire formulation process, different types of bread were obtained, with 100% taro flour and others whose
proportion of mixture with wheat flour was 50 and 30%, as shown in Figure 1.

a b c
Figurel. Appearance of the bread. a) 100% t, b) 50% t, ¢) 30% t.

Table 1. Comparison between the averages (+ds) of the attributes of different formulations

Formulations Odour Taste Smoothness Colour Overall shape
100% tf 453+0.72 4.27+1.0a 3.93+1.2b 4.67 £ 0.6a 4.13+1.5a
50% tf 487 +£0.32 453 +1.0a 493+0.22 493 +0.2a 5+0.0a
30% tf 4.80£0.42 4,73 £0.4a 487 +£0.32 4.67 £1.0a 4.53t1.0a

100% wf 493+0.22 5+0.0a 5+0.0a 5+0.0a 5+0.0a

Equal letters in the same column have no significant differences at p<0.05 level. t (taro), w (wheat).

The sensorial analysis showed a good consumer acceptability of the formulated types of bread, and, as observed, the
three types presented averages higher than 4 scores in all the attributes. Exception goes to the softness attribute in the
formulation of 100% taro, in which the average obtained was 3.93, what means a positive acceptance of the products.
As shown in Table 1, there was no significant difference in attributes (odour, overall shape, flavour, colour and softness)
between the different formulations, even when compared to the control bread made from wheat flour. It is worth noting
that the softness attribute of the 100% taro flour formulation was the only one that presented differences with the other
formulations, including to that of control, as it was tougher, what can be attributed to the absence of gluten, a viscoelas-
tic protein contained in wheat flour that gives the bread its peculiar characteristic.
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The type of bread used as a reference obtained the best average in all the parameters when compared to those made
with taro flour, hence the acceptability index of 99.7% attained. The purchase intention by food evaluators is a market
analysis tool, since 90.6% expressed the intention to buy bread formulated only with taro flour, which may have re-
sulted from the awareness of the nutritional and medicinal characteristics of the tuber and the concern for improving the
quality of health. The bread formulated with 30 and 50% replacement of wheat flour both obtained 94.6% of the pur-
chase intention, and so can be considered a potential product for the bakery market.

Sharma et al. [23] state that the acceptability of taro flour bread decreases as the proportion of mixture increases, and
refer that an inclusion level above 15% of taro flour does not differ significantly in attributes when compared to the
control variant. In this work, the partial replacement of wheat flour was of 30 and 50% of taro flour, having achieved a
positive average in terms of acceptability, which did not affect the degree of sensory acceptability of consumers. Ac-
cording to Njintang et al. [31], in order to guarantee the quality of bread made with partial replacement of taro flour, the
level of inclusion cannot exceed 10%, while Ammar et al. [32] concluded that the 10% substitution does not affect the
organoleptic properties and is similar to wheat flour bread. Interestingly, the data in this study show an acceptability
index of 86% for bread formulated only with taro flour, what is considered good, since it is above 80%. The formulation
made with substitution of taro flour at 30% revealed an acceptability index of 94.4%, against that of 97% of the bread
with an inclusion level of 50%, both considered excellent for presenting values above 90%, as, according to Teixeira
et al. [33], the product is considered accepted for its sensory properties when it obtains an acceptability index of at least
70%. The acceptability obtained in this study is considered satisfactory mainly because it is a new product developed
[34]. A study by Alflen et al. [35] reveals the possibility of increasing the levels of inclusion of taro flour above 30%
without significant differences in its attributes. The data from this study confirm the veracity of what was expressed by
the authors mentioned above because 50% of the taro flour was included without really having a significant difference
between the attributes.

Norhidayah et al. [36] have produced biscuits from green banana flour with an inclusion level above 50% in re-
placement of wheat flour and they considered to have obtained a good quality product. The data of this work indicate
the possibility of using taro to obtain flour to make bread and other bakery products, and, therefore, reduce the costs that
involve the importation of wheat in Angola.

4. Conclusion

Taro has revealed to be an excellent raw material for obtaining flour and making bread of good quality which is ac-
ceptable to consumers. Mixing at different levels of inclusion with wheat flour can be a viable alternative in bread
making.
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