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ABSTRACT

Aims: The study examined the physicochemical, pasting and organoleptic properties of fufu flour
produced from three varieties (TMS 01/1368 (UMUCASS 36), TMS 01/1371 (UMUCASS 37), TMS
01/1412 (UMUCASS 38) and TMS 30570 (control)) of yellow root cassava (Manihot esculenta
Crantz).

Study Design: Completely Randomized Design was used to achieve this study.

Place and Duration of Study: The study took place at the Department of Food Science and
Technology, Michael Okpara University of Agriculture, Umudike between January and September
2017.

Methodology: The freshly harvested roots of the experimented cultivars, were obtained from
Cassava Programme of National Root Crops Research Institute, Umudike, Abia State, Nigeria.
These freshly harvested roots of the experimented cultivars, TMS 01/1368 (UMUCASS 36), TMS
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01/1371 (UMUCASS 37), TMS 01/1412 (UMUCASS 38) and TMS 30570 (control) were obtained
from Cassava Programme of National Root Crops Research Institute, Umudike, Abia State,
Nigeria. Roots of each variety were processed into fufu flour, which was subsequently made into
fufu dough. The determinations of functional and pasting properties were carried out on the fufu
flour and proximate, vitamin and sensory analyses were carried out on the fufu dough.

Results: Values of functional properties of the fufu flour ranged from 0.66 g/ml to 0.73 g/ml (Bulk
density), 2.21 g/gsample to 3.42 g/gsample (Oil absorption capacity), 1.61 g/g sample to 4.01 g/g
sample (Water absorption capacity), 42.6% to 47.6 % (Emulsion capacity), 55.67°C to 68.67°C
(Gelation temperature),1.13s to 1.24 s (Gelation time). The proximate composition values ranged
from 74.54% to 75.47% (Dry matter), 24.53% to 25.46% (Moisture content), 1.83% to 2.37%
(Crude protein), 0.74% to 1.02% (Crude fat), 1.52% to 1.81% (Crude fibre), 0.53% to 0.99% (Ash),
68.94% to 70.20% (Carbohydrate) and 291.73 kCal to 295.97 kCal (Energy value). The beta
carotene and ascorbic acid values in the fufu ranged from 0.26 mg/100 g to 2.92 mg/100g and 8.8
mg/100 g to 22.01 mg/100 g, respectively. The range of scores for the degree of likings for the fufu
dough were 6.28 - 6.40 for colour, 6.08 - 7.28 for hand feel, 6.16 - 7.16 for mouth feel, 5.68 - 6.84
for mouldability, 6.32 - 7.64 for swallowability, 6.32 - 7.32 for odour, 6.64 — 6.92 for flavour and
6.88 - 7.76 for general acceptability. Pasting properties ranged from 92.00 RVU to 2426 RVU
(peak viscosity), 76.01 RVU to 2084 RVU (trough), 16.01 RVU to 342.00 RVU (breakdown), 95.01
RVU to 2384 RVU (final viscosity), 19.01 RVU to 300 RVU (setback viscosity), 5.67 min to 6.88
min (peak time) and 50.21°C to 84.81°C pasting temperature.

Conclusion: All the samples analyzed in this work were all generally accepted by the 25 panellists
that carried out the sensory evaluation, and sample 103 (Umucass 38) can be used in place of the
control sample to prepare a fufu with a more acceptable sensory characteristics than the control
sample.

Keywords: Physicochemical; pasting; organoleptic properties; fufu flour; yellow root cassava.

1. INTRODUCTION

Cassava (Manihot esculenta Crantz) is a
staple food crop in tropical Africa and a vital
source of calories to about 500 million to 1
billion people in tropical countries [1]. The edible
part of flesh cassava root is low in other
nutrients but high in carbohydrate and small
amounts of calcium, phosphorus and vitamin C
[2. It has been reported to contain
32-35% carbohydrate, 2-3% protein, 75-80%
moisture, 0.1% fat, fibre, 1.5%- 4% and
0.70-2.50% ash [2]. In Nigeria, Cassava is used
mainly for food, especially in the form of garri,
lafun, fufu and starch. Its derivatives are
applicable in many types of products such as
foods, confectionary, sweeteners, glues,
plywood, textiles, papers, biodegradable
products, monosodium glutamate, ethanol, raw
materials in livestock feed and drugs. However,
these products are tradable in the international
market.

Factors which affect the processing of
cassava roots into different products like garri,
lafun and fufu, which are consumed widely in
Nigeria and other West African countries include
custom, local preference and available
technology [3].

Fufu is a fermented wet— a paste made from
cassava. It ranks next to garri as an indigenous
food of most Southern Nigerians [4].

The persistent rise in the population of Nigeria
and the world at large will definitely increase
demand of Cassava, hence the introduction of
high breeds of cassava by National Root Crops
Research  Institute, Umudike and the
International Institute for Tropical Agriculture
(IITA), Ibadan. Among the high breeds of
Cassava is the yellow root cassava, which is
yellow fleshed. Three vyellow root cassava
varieties [ITA-TMS-IBA011368 (UMUCASS 36),
[ITA-TMS-IBA1371 (UMUCASS 37) and IITA-
TMS-IBAO11412 (UMUCASS 38) are grown
under the Harvest Plus Project [5,6] in Nigeria
because of their high concentrations of Beta-
carotene.

Yellow cassava is similar to ordinary varieties of
cassava (Manihot esculentum), but it has a
yellow flesh inside the root, which is generally
white in ordinary varieties [6].

A major challenge common with cassava is the
post-harvest reduction in quality, which renders it
unacceptable as food. Deterioration causes the
quick consumption or processing of cassava
shortly after harvest.



Vitamin A deficiency is a major problem, in
Africa. Nigeria sees a prevalence of vitamin A
deficiency in about 20% of pregnant women and
30% of children under five [7]. This problem can
be overcome if cassava that naturally contains
high quantity of vitamin A is introduced into their
diet. Since cassava is a major food staple and
commonly consumed as fufu, yellow cassava
when used to produce fufu shows great potential
to alleviate Vitamin A deficiency in Africa.
Moreover, the new yellow varieties have high
yields and are resistant to many pests and
diseases.

Fufu is processed by steeping whole or cut and
peeled cassava roots in water for fermentation to
take place for a maximum of three days. This
depends on ambient temperature. It is stirred in
boiling water to form a dough and eaten with
flavoured sauces.

However, one major challenge associated with
processed fufu is its odour which may be
undesirable to many people and has reduced the
potential of the product. Furthermore, the
beneficial food and pharmaceutical uses of flours
from plants directly depend on their functional
and pasting properties [8]. Functional properties
affect the physical behaviour of food or its
ingredient during processing, preparation and
storage, thus changing the texture, consumption
importance, appropriateness and sensory
qualities of the food [9]. The objective of this
study was therefore to study the physicochemical
and pasting properties of fufu flour and the
vitamin A content and organoleptic properties of
the fufu dough produced from three varieties of
yellow root cassava, compared to a popular
white variety.

2. MATERIALS AND METHODS
2.1 Sources of Raw Materials

Freshly harvested roots of the four experimental
cassava cultivars, TMS/01/1368 (UMUCASS 36),
TMS/01/1371 (UMUCASS 37) and TMS/01/1412
(UMUCASS 38) and the control, TMS 30570
were gotten from the Cassava Programme of
National Root Crops Research Institute (NRCRI),
Umudike, Abia State, Nigeria.

2.2 Production of Fufu Flour

The method of Aniedu and Oti [10] was
employed (see Fig. 1) to process the cassava
roots into fufu flour. A quantity of 10 kg fresh
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roots from each of the cassava varieties was
used for the production of the fufu. Roots of each
variety were peeled, cut into small sizes of about
7 cm average size and washed. The roots were
soaked in clean water for 48 h. The fermented
roots were grated into cassava mash. The mash
was covered for 24 h for fermentation to take
place. The mash was pressed in a clean bag to
remove water. The cake mash was disintegrated
and dried in an oven (Shellab Model
VWR=1370G) at 77°C. The dried cassava
granules were milled with a hammer mill (Tiger
extruder, 6.5 horse power) and sieved using a
250 um mesh size sieve into the fine flour,
packaged in a transparent polyethene bag and
stored for further use.

2.3 Functional Properties Analysis

2.3.1 Water/ Oil absorption capacity

This was determined as described by Onwuka
[11].

2.3.2 Bulk density
The method of Matil [12] was used.

2.3.3 Emulsion capacity

The method described by Okezie and Bello [13]
was used.

2.3.4 Gelatinization temperature and time

The method described by Onimawo and
Egbekun [14] was adopted.

2.3.5 Gelatinization temperature

The method described by Onimawo and
Egbekun [14] was adopted.

2.4 Proximate Analysis

Proximate compositions of the fufu samples were
determined in duplicate using standard methods.

2.4.1 Moisture Content Determination

Moisture content of the samples was determined
according to the gravimetric method of AOAC
[15].

2.4.2 Fat Content Determination

Fat content of the test samples was determined
by the continuous solvent extraction method
using a Soxhlet extractor's method of James
[16].
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Fig. 1. Flow chart for the production of fufu flour [10]

2.4.3 Crude fibre determination

AOAC [15] method was used in the crude fibre
determination.

2.4.4 Ash content determination

Ash content of the test samples was determined
by the method of AOAC [15].

2.4.5 Crude protein determination

The crude protein content of the test sample was
determined by the Kjeldahl method reported by
Pearson [17].

2.5 Vitamin Analysis

2.5.1 Vitamin A determination

This was determined using the method described
by Delia et al. [18].

2.5.2 Determination of ascorbic acid (Vitamin
93]

The method described by AOAC [15] was used.

2.6 Pasting Properties Analysis

Pasting properties of the fufu flour samples was
determined with the aid of a Rapid Visco
Amylograph (RVA Model 3C, Newport Scientific
PTY Ltd, Sydney) as described by Sanni et al.
[4]. Parameters that were determined include
peak viscosity, final viscosity, trough, peak time
(min) and pasting temperature,while set back
viscosity (RVU) and breakdown (RVU) were
calculated.

2.7 Sensory Evaluation

Twenty-five panellists were randomly selected
from the staff and students (between the ages of
seventeen and fifty years) of Michael Okpara
University of Agriculture, Umudike. The panellists
were trained on how to go about the exercise.
Quality attributes such as colour, hand feel,
mouldability, odour, flavour and general
acceptability of the products were scored on a 9-
point hedonic scale. The degree of likeness was
expressed as follows; Like extremely 9, like very



much 8, like moderately 7, like slightly 6, neither
like nor dislike 5, dislike slightly 4, dislike
moderately 3, dislike very much 2, dislike
extremely 1.

2.8 Statistical Analysis

Data got from the analyses was subjected to
statistical analysis of variance (ANOVA) of a
completely randomized design, using SPSS
(statistical package for social sciences) version
20 for personal computers. While treatment
means was separated using Duncan multiple
range test at 95% confidence level (P<0.05).

3. RESULTS AND DISCUSSION

3.1 Functional properties of the fufu

flour samples from TMS/01/1368
(UMUCASS 36), TMS/01/1371
(UMUCASS 37), TMS/01/1412

(UMUCASS 38) and TMS 30570
3.1.1 Bulk density

The bulk density values ranged from 0.67 g/ml to
0.73 g/ml in which Umucass 37 had the lowest
bulk density value (Table 1) but was not
significantly different (P=0.05) from Umucass 36.
The control sample (TMS 30570) had the highest
bulk density value of 0.73 g/ml. The value range
compares favourably with result of Etudaiye et al.
[19] on fufu processed from cassava mosaic
disease-resistant varieties.

3.1.2 Water absorption capacity

The highest value of water absorption capacity
(Table 1) was observed in Umucass 38, while
Umucass 36 had the lowest water absorption
value. The result is similar with the observation of
Sanni et al. [20] on standard for cassava
products and guideline for export.

3.1.3 Oil absorption capacity

The oil absorption capacity values ranged from
221 to 3.43 g/ml. The lowest value was
observed in the sample Umucass 37 while the
sample Umucass 36 had the highest oil
absorption value.

3.1.4 Emulsion capacity

The values of the emulsion capacity of the
various samples ranged from 42.60 to 47.60% in
which the control sample had the lowest
emulsion capacity but was not significantly
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different (P=0.05) from the sample Umucass 38.
The sample Umucass 37 had the highest
emulsion capacity value.

3.1.5 Gelatinization temperature and time

The gelatinization temperature values ranged
from 63.10°C to 68.67°C. The highest
gelatinization temperature value was observed in
the sample Umucass 38 but with lowest
gelatinization time (1.13s). While the sample
Umucass 37 had the lowest value of 55.67 g/ml,
hence took the longest duration to form gel
(1.24s). This may be attributed to the
compositional differences especially with regards
to their starch content. High gelation gives a
good formulation to food.

3.2 Proximate Composition of the Fufu
Samples

The result of the proximate composition of the
fufu samples produced from different varieties of
cassava roots is presented in Table 2.

3.2.1 Moisture content

The highest moisture level was observed in the
sample Umucass 36 with 25.46% moisture level.
The lowest moisture level was observed in the
control sample, TMS 30570 with a moisture of
24.53%. Generally, the low moisture level is an
indication of a good stable shelf life if packaged
and stored [21].

3.2.2 Crude protein

The highest protein value was observed in the
sample Umucass 38. This shows that Umucass
38 variety could be a rich protein source probably
due to the presence of higher amino acids in the
variety and therefore can help to reduce protein-
energy malnutrition, especially among women
and children. The lowest protein value (1.83%)
was observed in the control sample.

3.2.3 Crude fat and fibre

The fat content values ranged from 0.82 to
0.74% in which the control sample (TMS 30570)
had the lowest fat value (0.74%) while the
sample Umucass 38 had the highest fat value
but with lowest fibre value of 1.52%. The highest
fibre value was observed in the sample Umucass
37 with 1.18%. Diet low in crude fibre is
undesirable and may cause constipation and that
such diet has been associated with disease of



colon like piles, appendicitis and cancer [22]. It is
recommended that an average adult should
consume about 18-32 g percentage fibre daily
[23]. Therefore the sample Umucass 37 having
the highest fibre value is recommended because
it shows tendencies of facilitating bowel
movement.

3.2.4 Ash content

The ash level shown in Table 2 ranged from 0.53
to 0.99% in which the sample Umucass 38 had
the lowest ash value while the sample Umucass
37 had the highest ash value.

3.3 Vitamin Composition of the Fufu
Samples

The result of the vitamin contents determination
on the various fufu samples is presented in Table
3. The result showed that significant differences
(P=0.05) exist in the vitamins A and C contents
of the samples. The carotenoids and vitamin C
contents of Umucass 36, Umucass 37 and
Umucass 38, were all observed to be higher than
the control sample (TMS 30570). The highest
concentration of vitamins A and C was observed
in the sample Umucass 38. The mean values
ranged from 0.26 to 2.92 mg/100g (vitamin A)
and 8.81 to 22.01 g/mg (Vitamin C). Abiodun et
al. [24] reported that losses of vitamins occur
during processing operations such as soaking
and fermentation due to leaching. The result
indicated that Umucass 38 could be a rich source
of vitamin A and ascorbic acid. The high content
of vitamins could be as a result of high
carotenoid content in the variety as carotenoid is
a precursor to vitamin A [24].

3.4 Pasting Properties of the Fufu Flour

The result of the pasting properties of the various
fufu flour samples is shown in Table 5. The result
showed the peak viscosity to range from 92 to
2426 RVU in which the sample Umucass 38 was
noticed to have the lowest peak value of 92 RVU,
while the control (TMS 30570) had the highest
peak viscosity value of 2426 RVU. The
differences observed in the peak viscosity could
be due to different rates of water absorption and
swelling of starch granules of these flours during
heating [25]. Significant difference (P=0.05)
existed in trough property of the various varieties
of cassava investigated. The trough mean values
ranged from 76 to 2084 RVU in which the sample
Umucass 38 was noticed to have the lowest
trough value while the sample TMS 30570 had
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the highest trough value of 2084 RVU. The
trough mean value range observed in the present
study was lower than 1477 to 4405 RVU earlier
reported by Olapade et al. [26] on fufu flour
supplemented with Bambara flour. There were
significant differences (P=0.05) in the breakdown
property of the different flour samples of fufu.
The control sample (TMS 30570) was seen to
have highest breakdown mean value (342RVU)
while the sample Umucass 38 had the least
value of 16 RVU. The breakdown viscosity is
reported to be a measure of the degree of starch
granules disintegration or paste stability during
heat application [26]. Hence, the higher the
breakdown in viscosity, the lower the ability of
the sample to withstand heating and shear stress
during cooling. Final viscosity is the parameter
most often used to determine a particular starch-
based sample quality. It gives an idea of the
ability of a material to gel after cooking [26]. The
control sample (TMS 30570) was observed to
have the highest final viscosity mean value
(2384RVU) followed by the sample Umucass 36
(1492RVU) while the sample Umucass 38 had
the lowest value of 95 RVU final viscosity. The
final viscosity values got in the present study
were greater than those earlier reported by
Nwabueze and Anirudh [27] on cassava flours
from mosaic disease-resistant varieties. Fufu
flours with high viscosities showed that the
associative forces between the starch molecules
are relatively weak. The water molecules have
the ability to penetrate their starch granules
much easier, and the granular swell enormously
leading to weakening of associated forces which
in turn makes them susceptible to breakdown.
The long cohesive nature of the cassava paste
[26] is attributed to breakdown.

There are significant differences in the setback
property of the various samples. The control
sample (TMS 30570) was observed to have the
highest set back value (300 RVU), while the
sample Umucass 38 had the least value.

Low set back of fufu paste indicates high
stability. The values obtained were quite high
except for fufu paste obtained from Umucass 38.
Hence, fufu paste obtained from the sample
Umucass 38 with set back value of 19.01 RVU
will be most stable after cooking. Peak time is the
time at which the viscosity peaks. It measures
the time it takes for the fufu pastes to gel during
cooking. Peak time of the fufu paste obtained
from the various varieties ranged from 5.67 to
6.88 min, which was obtained at a temperature
range of 50.21 to 84.81°C.
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Table 1. Functional properties of the fufu flour samples

Sample Bulk density Oil absorption Water absorption Emulsion capacity Gelatinization Gelatinization
(g/ml) capacity (g/ml) capacity (g/ml) (g/ml) temperature (°C) time (s)

Umucass 36 0.68°+0.01 3.42°+0.03 1.619+0.01 44.19°+0.01 63.10°+0.10 1.21°+.02

Umucass 37 0.67°+0.01 2.219£0.02 3.62°+0.02 47.60°+0.01 55.67°+0.58 1.24°+0.01

Umucass 38 0.66°+0.01 2.81°+0.01 4.01%+0.01 42.62°+0.04 68.67°+0.58 1.13°+0.01

TMS 30570 0.73%+0.01 2.29°+0.01 1.76°+0.01 42.60°+0.17 66.67°+0.58 1.15°+0.01

Means in the same column with different superscript are significantly different (P<0.05)
Table 2. Proximate composition of the fufu samples
Sample Dry matter (%) Moisture (%) Protein (%) Fat (%) Crude Fiber (%) Ash (%) Carbohydrate (%) Energy value (%)
Umucass 36  74.54°+0.04 25.46°+0.04  2.14°+0.02 0.82°+0.01  1.73°+0.03 0.91°+0.01  68.94°+0.02 291.73°+0.03
Umucass 37  75.13°+0.03 24.87°+0.03 2.37%+0.02 0.76°+0.01  1.81%+0.01 0.99°+0.01  69.20°°+0.01 293.15°°+0.11
Umucass 38  74.76°+.05 25.24°+0.05 2.01°+0.02 1.02°£0.01  1.52°+0.02 0.53°+0.02  69.68%°+0.03 295.97%+0.25
TMS 30570  75.47°+0.06 24.53°+0.06 1.83%+0.02 0.74°+0.03  1.67°+0.01 0.70°40.02  70.20°+0.57 294.77%°+2.69
Means in the same column with different superscript are significantly different (P<0.05)
Table 3. Vitamin contents of the fufu samples

Sample Vitamin A (mg/100 g) Vitamin C (mg/100 g)

Umucass 36 2.07°+0.02 17.62°+0.01

Umucass 37 2.21°+0.02 19.85°+0.05

Umucass 38 2.92%+0.02 22.01%+0.02

TMS 30570 0.26°+0.01 8.81°+0.01

Means in the same column with different superscript are significantly different (P<0.05)
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Table 4. Sensory evaluation of the fufu samples

Sample Colour Hand feel Mouth feel Mouldability Swallowability Odour Flavour Acceptability
Umucass 36 6.28%°+1.79 6.88%°+1.64 7.16%+1.21 6.84%+1.07 7.08%°+1.87 7.24%+1.76 6.88%+1.72 7.44%+1.26
Umucass 37 6.40%+1.73 7.24%+1.23 6.92°+1.66 6.68%+1.62 6.92+%°1.47 6.32°+1.97 6.64%+1.58 7.20%+1.61
Umucass 38 7.16%+1.46 7.28%+1.46 7.12%+1.79 6.76%+1.76 7.64%+1.35 7.32%+1.49 6.84°+1.68 7.76%+1.36
TMS 30570 6.32°+1.84 6.08°+1.85 6.16°+2.01 5.68°+1.89 6.32°+1.91 6.88%+1.62 6.92°+1.53 6.88%+1.59
Means in the same column with different superscript are significantly different (P<0.05)
Table 5. Pasting properties of the fufu flour samples
Sample Peak 1 Trough 1 Break down Final Viscosity Setback(RVU) Peak Pasting
(RVU) (RVU) (RVU) (RVU) time(min) temperature (°C)

Umucass 36 1190.01°+0.01 997.01°+0.01 193.01°+0.01 1075.02°+0.02 78.01°+0.01 6.08°+0.01 82.24°+0.01
Umucass 37  1546.01°+0.01  1400.00°#0.01  146.01°+0.01 1492.01°+0.01 92.01°+0.01 6.14°+0.01 82.25°+0.01
Umucass 38 92.00°+0.01 76.01%40.01 16.01°+0.01 95.01°+0.01 19.01%+0.01 6.88°+0.01 50.21°40.01
TMS 30570 2426.02°+0.02 2084.01%+0.01 342.00%+0.00 2384.0°+10.01 300.01%+0.01 5.67°+0.01 84.81%+0.01

Means in the same column with different superscript are significantly different (P<0.05)



3.5 Sensory Evaluation of the Fufu
Samples

The result of the sensory evaluation of the
various fufu samples is presented in Table 4. The
result showed that, there were no significant
difference (P=0.05) in the colour, mouth feel,
odour, and flavor of the various samples
investigated. Also all the samples studied were
generally accepted by the 25 panelists who
carried out the sensory evaluation as there was
no observed significant difference in the general
acceptability of the samples. The mean values
ranged from 6.28 to 6.40 (Colour), 6.16 to 7.16
(Mouth feel), 6.88 to 7.32 (Odour), 6.64 to 6.92
(Flavour) and 6.88 to 7.20 (General
acceptability). However, there were slight
significant differences (P=0.05) in the hand feel,
mouldability and swallowability. The hand feel
mean values ranged from 6.08 to 7.28 in which
the control sample (TMS 30570) had the lowest
hand feel value, while the sample Umucass 38
had the highest value of 7.28. The sample
Umucass 38 was seen to have the highest
mouldability and swallowability values, while the
control sample (TMS 30570) had the least
values. The mean values ranged from 5.68 to
6.84 (mouldability) and 6.32 to 7.64
(Swallowability). This observation suggests that
Umucass 38 can be used in place of the control
sample to prepare a fufu with a more acceptable
sensory characteristic than the control sample.
The sample Umucass 38 was also observed to
have higher vitamins A and C, higher fat, energy
value and protein value therefore making it a
perfect replacement for the control sample.

4. CONCLUSION AND RECOMMENDA-
TION

All the samples analyzed in this work were all
generally accepted by the 25 panellists that
carried out the sensory evaluation. The
significant difference did not exist in the mouth
feel, odour and flavour. There were significant
differences  (P<0.05) in the proximate
composition of the various samples. The result
showed that the control sample had the highest
dry matter level with lowest moisture content
giving a more storage advantage. However,
Umucass 38 was observed to have the highest
protein, fat, and energy level among the samples
analyzed. It also showed higher mouldability and
swallowability as judged by the 25 panellists.
Umucass 38 was also observed to have to the
highest vitamins A and C level. Vitamin A helps
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proper vision, while Vitamin C is thought to help
protect the oesophagus, oral cavity, stomach and
pancreases and possibly the cervix, rectum and
breast from cancer and also acts as an anti-
oxidant. This observation suggests that sample
103 (Umucass 38) can replace the control
sample to prepare a fufu with a more acceptable
sensory characteristics than the control sample.
Sample 103 (Umucass 38) also had higher
vitamins A and C, higher fat, energy value and
protein value, therefore, is recommended to be a
perfect replacement for the control sample.
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