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Yam (Dioscorea alata L.) is an important source of food and energy in many tropical regions.
Processing yam tubers into flour represents a promising approach to improving their shelf life,
diversifying their food applications, and enhancing the utilization of this locally available
resource. This study aimed to evaluate the nutritional composition and functional properties of
purple-fleshed yam flour (Dioscorea alata L.). The study initially involved flour production
using a structured processing procedure. The yam tubers were sliced, blanched at 90 °C for 1
min, and dried in a single layer in a hot-air oven at 60 °C for 48 h. The dried slices were
subsequently ground and sieved through a 250 pm mesh sieve to obtain the flour. The
nutritional composition was then determined using standard analytical methods to assess
moisture, ash, protein, lipid, dietary fibre, carbohydrate, and mineral contents. Finally, the
functional properties of the flour were evaluated in terms of water absorption capacity,
solubility, and swelling power. The results revealed statistically significant differences (P <
0.05) among the mean values of the parameters investigated. The flour exhibited a moisture
content of 6.7%, ash content of 2.6%, protein content of 9.93%, crude fibre content of 16.23%,
and total carbohydrate content of 80.02%, indicating that carbohydrates constituted its
predominant nutritional component. The reported energy value was 362.016; however, the unit
requires clarification. The flour contained relatively low concentrations of minerals, including
calcium, iron, and phosphorus, with reported values below 1. The water absorption capacity was
12.42%, while the soluble fraction was relatively high at 86.515%, indicating substantial
solubilization of the flour constituents during dissolution.
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Introduction

Yam (Dioscorea spp.) is one of the major staple food
crops in tropical and subtropical regions, where it plays a
significant role in ensuring food security, particularly in
Africa, Southeast Asia, and the Caribbean. It is valued
for its contribution to dietary carbohydrate intake, amino
acids, and essential minerals. Among the identified
species, Dioscorea alata L., commonly known as purple
yam or winged yam, is distinguished by its flesh, which
ranges in colour from vivid purple to pale lavender. This
characteristic coloration is associated with the substantial
accumulation of anthocyanins, distinguishing it visually
from other yam species with white or white-and-purple
flesh (Yue Wang et al., 2024).

Due to the high perishability of fresh yam tubers,
processing them into flour represents an effective
approach to preservation and value addition, facilitating
storage, transportation, and incorporation into a wide
range of food preparations (Jittra Singthong, 2018).

In the Republic of the Congo, yam (Dioscorea alata L.)
is cultivated throughout the southern regions of the
country and comprises three cultivars known by their
local names: “Ngumvu,” “Mugenda,” and ‘“Mbungu-
menga” (nkounkou J.S. er al, 1991). However,
processing methods for this crop remain underdeveloped,
and the species has received limited research attention.
Its production remains relatively low, while purple-
fleshed yam tubers are gradually disappearing from
cultivation, partly due to limited consumer demand.

The main objective of this study was to investigate the
nutritional composition and functional properties of
purple-fleshed yam flour produced from tubers blanched
at 90 °C for 1 min.

Materials and Methods
Plant Material

The plant material used for flour production consisted of
purple yam tubers (Dioscorea alata L.) harvested from
fields in Madingou-Gare, Madingou District, Bouenza
Department, Republic of the Congo (Congo-Brazzaville).

Production of Purple Yam Flour (Dioscorea alata
L.)

Purple yam flour was the primary raw material used in

this study. It consists predominantly of starch, the major
component responsible for its functional and
technological properties. The yam tubers (cultivar
‘Mbungu-menga’) were washed with tap water, peeled,
and cut into slices 0.5 cm thick and 4 cm in diameter
using a stainless-steel knife and a manual slicer. The
slices were washed again with clean water to remove the
mucilaginous material and then blanched at 90 °C for 1
min to inactivate enzymes. Subsequently, they were
drained for 2 min and dried in a single layer in a
BIOBASE drying oven (model BIPX-HGZ270) at 60 °C
for 48 h. The dried slices were milled, and the resulting
flour was sieved through a 250-um mesh sieve. Finally,
the flour was packaged in polyethylene bags to prevent
moisture exchange.

Particle-size distribution was determined by sieving in
accordance with ISO 17225-1, using a mechanical
separation technique to classify particles according to
size with calibrated mesh sieves.

The procedure involved passing a 50-g flour sample
through three sieves with mesh sizes of 300, 250, and 63
um, respectively. The sieves were then subjected to
oscillatory motion for 1 min to facilitate particle
separation. Finally, the retained and passing fractions
from each sieve were weighed and recorded.

The various operations involved in producing the flour
are illustrated in the production flow diagram presented
in Flow Chart.1.

Physicochemical Properties of the Flour

The yield of a food matrix was evaluated by weighing the
material before processing, at each stage of processing,
and after treatment. The formula used to calculate the
flour yield was as follows:

R= g x 100
0 (1)
Where:

¢ (P_0) = mass of the initial product;
e (P_1)=mass of the final product;
¢ (R) = production yield.

Moisture content was determined according to the
AOAC (2005) method, which is based on measuring the
mass loss of samples after oven-drying at 105 = 2 °C
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until the free water and volatile matter had been
completely removed. Ash content was determined by
incineration at 550 °C in accordance with ISO 2171.

Total protein content was determined using the Kjeldahl
method (1995), and the protein content was calculated
using a nitrogen-to-protein conversion factor of 6.25.
Lipid content was determined using the Soxhlet
extraction method.

Crude fibre content was determined according to the
AOAC 2011.25 method. Mineral contents, particularly
calcium and iron, were determined using flame atomic
absorption spectrometry (FAAS) with an ICE 3000
instrument. Phosphorus content was measured using a
VWR3000PC spectrophotometer at a wavelength of 700
nm.

Total carbohydrate content was determined by the
difference method using the following equation:

Total carbohydrates (%) = 100 — [Ash (%) + Protein (%)
+ Lipid (%) + Moisture (%)]

The energy value was calculated using the Atwater
conversion factors for lipids, proteins, and carbohydrates,
according to the following formula:

Equation (3): [The equation was not included in the
supplied text.]

Functional Properties of the Flour

Water absorption capacity (WAC) and the solubility
index (SI) were determined using the methods described
by [reference not specified in the original text]. The
swelling capacity (SC) was measured according to
Darvishi et al. (2013) and calculated using the following
equation:

SC = Equation (4)

Note: The equation was not included in the supplied text.
Statistical Analysis of the Data

All measurements were performed in triplicate.
Statistical analyses were conducted using Minitab

version 17. Differences among means were evaluated
using one-way analysis of variance (ANOVA). Where
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appropriate, Tukey’s post hoc test was used for pairwise
comparisons between groups.

ANOVA was used to determine whether the factors had
statistically significant effects on the response variables.

Statistical significance was assessed at a 95% confidence
level (\(\text{CI} = 95\%\)).

A p-value of less than or equal to 0.05 (\(p \leq 0.05\))
was considered indicative of a statistically significant
effect at the 95% confidence level. Conversely, a p-value
greater than 0.05 (\(p > 0.05\)) indicated that the effect
was not statistically significant.

Results and Discussion

Table I presents the flour yield obtained following the
processing of purple yam tubers.

The results of purple yam tuber processing showed that
the initial mass of the tubers was 23 kg. Peeling reduced
the mass to 75% of the initial raw material, resulting in a
loss of 25% (5.75 kg), primarily due to the removal of
the tuber peels. Furthermore, drying considerably
reduced the material mass to 19.13% of its initial value,
indicating substantial water loss and, consequently, a
reduction in mass. The final flour yield was 3.20 kg,
equivalent to 13.91% of the initial raw material mass.
This represents a total mass loss of 86.09% relative to the
starting material. Considerable losses occurred
throughout the processing stages, which may be
attributed to physical changes in the material, particularly
during drying.

Particle-Size Distribution Based on Sieve Weight
Analysis

Mechanical particle separation by sieving is presented in
Figures 2 and 3, which illustrate the retained fractions (in
grams) and passing fractions (as percentages),
respectively, according to sieve aperture sizes of 300,
250, and 63 um.

Particle-size analysis showed that all 50 g of the purple
yam flour sample passed through the 300- and 250-um
sieves, indicating effective milling and a high flour
recovery rate at these sieve sizes. In contrast, only 20 g
of the flour passed through the 63-pum sieve (Figure 2),
corresponding to a passing fraction of 100% for the 300-
and 250-pm sieves and 40% for the 63-um sieve.
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Nutritional Characteristics of the Flour

The nutritional characteristics of the purple yam flour
(Dioscorea alata L.) produced in this study are presented
in Table II.

The results presented in Table II showed that the
moisture content ranged from 6.7% to 11.5%, while the
ash content was 2.6%, the protein content was 9.93%,
and the lipid content was 0.24%. The crude fibre content
was 16.69%, the total carbohydrate content was 80.02%,
and the reported energy value was 362.016 kJ.

Moisture content is a crucial parameter in flour storage.
The moisture content obtained in this study was lower
than the values reported by (Coulibaly S.et al., 2017) et
(André KIMBONGUILA et al., 2019), but higher than
that reported by (Soro. S et al., 2013). Moisture content
above 12% can promote microbial growth. According to
Codex Stan 178-1991 and the Codex Alimentarius, flour
moisture content generally ranges from 10% to 14%. In
the present study, the moisture content was below 10%,
suggesting that the flour was adequately dried and may
be less susceptible to the growth of bacteria, moulds, and
insects. This value is also consistent with the moisture
limits cited by the authors.

Ash content, in contrast, is an indicator of the mineral
residue and can provide information about flour purity.
The value obtained in this study was slightly lower than
that reported by (André Kimbonguila et al., 2019), who
characterised flour produced from the white-fleshed yam
cultivar ‘Ngumvu’ (Dioscorea alata L.). However, it was
comparable to values reported for most tropical tubers
and was below the maximum ash content of 8% cited in
the Codex Alimentarius.

The protein content of flour considerably influences the
viscoelastic properties of dough and the cooking quality
of the final product (Petitot M., 2009 & Feuillet P.
2000a). The protein content obtained in this study was
higher than that reported for the white-fleshed yam
cultivar ‘Ngumvu’ by (André Kimbonguila et al., 2019 et
Coulibaly S.et al, 2017). This finding suggests that
purple-fleshed yam may have a higher protein content
than white-fleshed yam.

Lipid content contributes to the energy value of foods,
accounting for approximately 20—40% of the calories
supplied by complementary foods (Murielle N. et al.,
2018). The low lipid content of the purple yam flour

obtained in this study may be explained by the
predominance of starch, which is the principal energy
reserve in starchy food products. The total carbohydrate
content reflects the nutritional composition of the flour
and is comparable to the values reported by (André
Kimbonguila et al., 2019 et Ganongo-Po et al., 2018).
Regarding crude fibre, purple yam flour exhibited a high
fibre content, particularly insoluble fibre. The energy
value was comparable to that reported by (SORO.S,
2013).

Minerals are important dietary components because of
their physiological and metabolic functions in the body.
Phosphorus plays a role in energy metabolism, including
processes associated with the utilisation of sugars and
amino acids. Calcium contributes to skeletal rigidity and
is essential for bone and dental development. Iron is vital
for normal physiological functioning, particularly oxygen
transport and numerous metabolic processes (Brody, T.
1994). In the present study, the mineral contents were
relatively low. Iron had the lowest concentration,
followed by phosphorus and calcium, at 0.0004 mg/kg,
0.034 mg/kg, and 0.924 mg/kg, respectively. These
values were substantially lower than those reported by
(André Kimbonguila et al., 2019 et Soro. S, 2013).

Functional Properties of Purple Yam Flour

The functional properties of the purple yam flour
produced in this study are presented in Table III.

Water absorption capacity is a useful indicator for
determining whether flour is suitable for incorporation
into aqueous food formulations (Brody T. 1994). The
water absorption capacity observed in this study suggests
a high insoluble fibre content, which may influence the
flour’s water-binding behaviour (Houedougbe N. A.,
2003).

The solubility index, or soluble fraction, reflects the
extent of starch degradation and the release of soluble
components during flour processing. It also indicates the
flour’s ability to disperse in water and form a
homogeneous solution. The solubility index of the purple
yam flour obtained in this study was 86.515%. This high
value may be associated with starch gelatinisation during
processing, which could have promoted water
incorporation and the dispersion of soluble components
in the flour (Brody T. 1994).

the extent of water

Swelling capacity indicates
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absorption by starch granules (Carcea M. et al., 1997).
The swelling capacity of 8.33% obtained in this study
may influence starch gelatinisation and reduce the
mechanical energy required to disrupt the crystalline
regions of starch (Yussof N.S. et al., 2013). Furthermore,

the high content of insoluble fibre and anthocyanins in

Purple yam tubers
(23 kg)

Clean water

purple yam may contribute to limited starch swelling
(Houedougbe, 2003). Overall, the functional property
values obtained in this study were lower than those
reported by Gampoula R. H et al, 2020 et André
Kimbonguila et al., 2019).

Wastewater

Washing

>

(washing)

Slicing
(0.5 cm x 4 cm)

Washing

v

Hot water

\ 4

Blanching thermique
(90 °C/1 min)

Blanching water

\ 4

v
Draining
(2 min)
v

Oven drying
(60 °C/48 h)

Milling and sieving

Purple yam flour
(13.20 kg)

Packaging

Flow Chart.1 Production flow diagram for purple yam flour
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Table.I Yield of purple yam flour obtained after processing.

Table.Il Nutritional parameters of purple yam flour (Dioscorea alata L.).

AshContent(%)  26£060°
Protein Content (%) | 9.93+113%
Crude Fibre Content (%)~ 1623£001"
Phosphorus (mgkg) | 0034+0002

80,02 + 0,96

_Energy Value (k)

Values are expressed as the mean + standard deviation in the same row. Means with the same superscript letters do not differ significantly,
whereas means with different superscript letters differ significantly at the 5% significance level, according to Tukey § test.

Table.III Functional properties of purple yam flour.

12,42 + 0,005° 8,33 £0,02¢

(CAE): Water absorption capacity; (IS): Solubility index; (CG): Swelling capacity. Values are expressed as the mean + standard deviation in the
same row. Means with the same superscript letters within the same column do not differ significantly, whereas means with different superscript
letters differ significantly at the 5% significance level, according to Tukey s test..

Figure.1 Purple yams (Dioscorea alata L.).

224



Int.J.Curr.Microbiol. App.Sci (2026) 15(10): 219-227

Figure.2 Mass of material retained on each sieve as a function of sieve aperture size
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Figure.3 Percentage of material passing through the sieves as a function of sieve aperture size
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This study aims to promote the valorisation of local
resources and strengthen food security in the Republic of
the Congo by reducing post-harvest losses. The main
objective was to produce purple yam flour (Dioscorea
alata L.) and characterise its nutritional and functional
properties.

The results revealed characteristics broadly consistent
with values reported in the literature, although some
slight differences were observed. The moisture content
of 6.7%, being below 10%, suggests that the flour is less
susceptible to the growth of bacteria, moulds, and
insects, thereby potentially improving its storage
stability. The flour exhibited a high crude fibre content
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(16.23%), which may support intestinal transit and
contribute to satiety. Its high total carbohydrate content
(80.02%) indicates that it is a valuable source of dietary
energy and may offer potential for various food-
processing and fermentation applications.

Functional properties are among the most important
indicators of flour quality and its suitability for end-
product formulations. The present study showed a
moderate water absorption capacity (12.42%) and a high
solubility index (80.515%). The latter may reflect starch
degradation during processing and indicates the flour's
ability to disperse in water and form a homogeneous
solution.
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Overall, these findings suggest that flour produced from
purple yam tubers could be used in various food
formulations, including pasta, porridges, soups, and
other food products. Such applications could contribute
to the valorisation of local agricultural resources, the
diversification of food products, and the reduction of
post-harvest losses in the Republic of the Congo.
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