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ABSTRACT

Fufu is one of the major fermented cassava food
product widely consumed in Nigeria. Due to several
unhygienic methods of preparation and objectionable
odour, this study was carried out to investigate the
nutritional, cyanide, rheological and microbial properties
of odourless fufu flours produced from white and yellow
flesh cassava using Nigerian Stored Products Research
Institute (NSPRI) Technology and sensory properties of
smooth dough prepared from the reconstituted flours. The
results showed that both white and yellow odourless fufu
has safe moisture content (4.34 to 7.21%). It was also
observed that white and yellow odourless fufu had an
improved pasting properties with pasting temperature
and viscosity of (71.85°C to 75.23°C and 3088cp - 3797cP),
The Cyanide content and microbial analysis of both flours
were within the safe range with no coliform bacterial
present. The sensory evaluation from panelists showed
that white odourless fufu had a better overall acceptability
despite yellow flesh having higher ascorbic acid and T.
carotenoid content. From the study, it can be concluded
that the cyanide content, microbial load of the processed
flour samples using NSPRI technology were at a safe level.
Which makes it safe for consumption and the level of
moisture content of the flours would make the flours
suitable for long term storage.

Keywords: cassava, dryer, food safety, quality, fufu-
flours.

INTRODUCTION

Cassava (Manihot esculenta crantz) is cultivated
solely for its storage roots (Nweke, 1996). It is a staple
food for over 500 million people in the developing
countries of the world (Vimala, Thushara and
Nambisan, 2010). The cassava plant gives the third-
highest yield of carbohydrates per cultivated area
among crop plants, after sugarcane and sugar beets,
which makes it a major food crop. In Nigeria, cassava is
an important food crop cultivated in large quantity. The
nation is the leading producer of cassava in the world
with a yearly production of above 40 million tonnes
(Owolarafe et al., 2018; Eguono, 2015). As a result of
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large production and its susceptibility to rapid post-
harvest physiological deterioration, thus, reducing
postharvest loss, several crops are either dried and
stored before usage as seen in Ogungbemi et al., (2017)
where leafy vegetable are dried stored or processed into
other food items like cassava being converted into fufu,
gari, lafun among others (Ayetigbo et al., 2019). In the
areas where cassava is cultivated, the flesh color is
traditionally white (Vimala et al., 2010). This is
typically significant to produce “white” starch or high
quality flour. However, other colored-flesh cassava
variants (yellow, orange, cream, and red) have emerged
to refute this supposition (Ayetigbo et al., 2018). White-
flesh (and other dull colored) cassava have negligible
carotenoid content compared to yellow-flesh cassava
(Montagnac, Davis and Tanumihardjo, 2009; Gegios et
al., 2010). Cassavas with deeper colour intensity have
higher carotene content (Chavez et al., 2000; Ceballos
et al., 2013). Visual differences also exist between root
and flour of white-flesh and yellow-flesh variants, but
not for the starch (Gu et al., 2013; Ayetigbho et al.,
2018). Conversely, challenges have arisen from poor
knowledge of nutritional benefits of the colored-flesh
cassava, misinformation about the nature of
development of the cassava as genetically modified
crops, unwillingness of farmers to change cultivation
pattern and consumers to accept the end-products, this
could be as a result of inadequate dissemination of
information about the variant. Fufu (also known as
utara akpu) is wholly carbohydrate based food item
obtained from peeled soaked fermented cassava roots.
Traditionally, it is produced in wet form with moisture
content of 40-50%. This makes the product highly
perishable compared with ‘gari’ and ‘lafun’, which are
in granular form with moisture content below 10%.,
which is reconstituted by stirring in boiling water to
form dough and eaten with flavoured sauces (Owolarafe
et al., 2018). In some areas, low cyanide cassava roots
can be boiled or steamed and pounded into fufu (Hahn,
1988; Bamidele et al., 2015). In addition, one of the


https://en.wikipedia.org/wiki/Carbohydrates
https://en.wikipedia.org/wiki/Sugarcane
https://en.wikipedia.org/wiki/Sugar_beet

468 ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 42, No.2. APRIL- JUNE 2021

major problems in processed fufu is the odour of the
product, which may be undesirable to a lot of people.
Another problem with fufu production is that the quality
of the product differs with processors and from one
processing batch to the other by the same processor.
Factors that could be responsible for the difference in
quality of fufu include; the size to which the roots are
cut prior to soaking (Okafor et al., 1984), variety
differences in dry matter content and the quality of roots
or water used for soaking and at large, the technologies
adopted.

Due to these challenges, the Nigerian Stored
Products Research Institute (NSPRI) has been
intervening in promotion of its improved multi-crop
dryer for hygienic, clean and effective drying of
agricultural produce. It is also developed to preserve the
nutritional qualities of the produces, as well as
extending their shelf lives.

MATERIALS AND METHODS

1. Materials

The freshly harvested white flesh and yellow flesh
cassava roots used were procured from Tropical
Agricultural, Nigeria with a batch number IWDC2SYN
and Nigeria. All chemicals used were of analytical
grade.

1.1. Preparation of odourless fufu flour

Cassava roots (both white and yellow flesh) were
sorted, cleaned, peeled and washed in running portable
water to remove extraneous materials, sliced into pieces
before further processing in to flours. Odourless flours
preparation was carried out according to the procedure
of Achi and Akomas (2006). The cassava was sliced to
reduce its surface area and initial soaking and part-
fermentation for the samples was carried out for 48
hours, before pulping and final fermentation for 24
hours. After which, the white flesh cassava and yellow
flesh cassava were dried separately using NSPRI-multi-
crop dryer. The two samples were then homogenized
into powdered form to produced odourless fufu flour.

2. Methods
2.1. Determination of proximate composition

The proximate of composition of the samples
includes the moisture, crude protein, crude fat, crude
fibre, ash and carbohydrate contents, which were
determined according to the standard analytical method
by the Association of Official Analytical Chemists
(AOAC 2005). The total carbohydrate was determined
by difference, according to the equation:

Total carbohydrate
= 100 - (% moisture + % fat
+ U protein + Y% fibre + % ash)

2.2. Determination of cyanide content

100 g samples of cassava products were added to a
small plastic bottle, a buffer/enzyme paper was added,
followed by 1 L of 1 M pH 6 phosphate buffer, a picrate
paper and a screw cap lid. The bottles were allowed to
stand overnight at 30 °C, the picrate papers were
removed from the plastic support and 5.0 L of water
added to elute the colour. The absorbance was measured
in a spectrophotometer at 510 nm and the total cyanide
content in mg HCN equivalents/ 100g fresh weight was
evaluated and values were reported in triplicate.

2.3. Determination of vitamin C

The concentration of vitamin C was determined by
redox titration using standardized iodine solution,
according to a slightly modified method described by
Galani et al., (2017). Vitamin C in sample reacts with
iodine to produce dehydroascorbic acid and iodide ions.
Excess iodine then reacts with the starch indicator to
produce violet color and indicate the end point of
titration. Ascorbic acid C¢HsOs + 12 — Dehydroascorbic
acid (CeHgOg) + 2I

2.4. Determination of total carotenoids

Total carotenoid (TC) content was determined
according to De Carvalho et al., 2012 modified. 5 mg of
the sample was ground with the aid of hyflo super-cel
(3.0 g) in 50ml of cold acetone and vacuum filtered. The
filtrate was extracted using 40 ml petroleum ether (PE).
Saturated sodium chloride was used to prevent the
formation of emulsion. The lower aqueous phase was
discarded while the upper phase was collected and
filtered through 15g of anhydrous sodium sulfate to
eliminate residual water. The separating funnel was
washed with PE and the flask was made up to 50 ml.
The absorbance of the solution was measured at 450 nm
and the total carotenoid content was calculated using the
Beer-Lambert law (Equation 1).

A % V(mL) x 104
TC(ug/8) = % { o %P (g

Where A = is the absorbance, V = Total extract volume
after second extraction, P = Sample weight, A1 cm
= 2592 (beta carotene extinction coefficient in
petroleum ether).

2.5. Determination of pasting properties:

Pasting Properties of Flour and Starch The pasting
properties of cassava flour and starch were examined
using a Rapid Visco-Analyzer (Newport Scientific,
Australia) as previously reported (Oyeyinka,et al.,
2016). Briefly, samples (2.8 g) were weighed into the
test canister containing 25 ml of distilled water. The
mixture was agitated by mixing manually before
inserting the canister into the instrument. Starch was
stirred at 960 rpm for 10 s before the shear input was
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decreased and held constant at 160 rpm during the
subsequent heating and cooling cycles.

2.6. Determination of functional properties

Bulk density of the sample was determined using the
method described by Ekunseitan et al., (2017). Water
absorption capacity of the sample was determined using
the method described by Harouna, et al., (2019). The
water absorption capacity was expressed as volume of
water absorbed per gram of flour. The solubility index
of the flour blend was determined using the method
described by Singh et al., (2005). Dispersibility was
determined by the method described by Kulkarni et
al.,(1991). Swelling power was determined using the
method described by Oyeyinka et al.,(2015), with slight
modifications.

2.7. Microbial Count

The microbial count was determined using the
methods of Giingér and Gokoglu 2010 modified). The
isolation of the constituting fungal colonies in the
odourless fufu flour samples were carried by doing a
10-fold serial dilution of the sample. 10 g each of both
white flesh and yellow flesh sample were put into a
90ml of sterile distilled water, from this mixture 1ml of
the aliquot was then taken and poured into a 9ml of
sterile distilled water held in a test-tube, this process
was then repeated for 6 dilution, then 1 ml of the 107,
10 and 10 were plated on Potatoes Dextrose Agar
(PDA), Nutrient Agar (NA) and Eosin Methylene Blue
(EMB) for the enumeration of the fungal, bacterial and
coliform constituent respectively using the pour plate
method, the plates were then incubated at 27% for 72-96
hours for fungal growth, at 35°c for 24 hours for
bacterial and coliform growth, however, 25pg of
chloramphenicol was added to the PDA before
autoclaving to prevent bacterial growth.

2.8. Sensory evaluation

The method as described by Saadoudi et al., (2017)
was used for the sensory evaluation. Thirty panelists
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were selected to evaluate the reconstituted doughs for
appearance, colour, aroma, taste and overall
acceptability using a 9-point hedonic scale (from 1 =
extremely dislike to 9 = extremely like). The white flesh
odourless fufu flour (WOF) and yellow flesh odourless
fufu flour (YOF) samples were prepared separately by
reconstituting the flours into fufu. This was done by
cooking and stiring the already mixed flour in water on
medium heat until a smooth dough was obtained. The
white flesh odourless fufu (WOF) and yellow flesh
odourless fufu (YOF) were coded with random digits
were randomly presented to the panelists in clear plates.
Each panelist was provided with a glass of water to
rinse their mouths at intervals during the evaluation
period.

2.3. Statistical analysis

Analyses were carried out in triplicates and the data
obtained were subjected to one way analysis of variance
(ANOVA), using Statistical Package for Social Sciences
(SPSS version 20.0 Inc.). Values were represented as
Mean * Standard Deviation (SD), statistical differences
among means were (P<0.05).

RESULTS

1. Proximate composition of white and yellow flesh
odourless fufu flours produced using NSPRI flour

Table 1 shows the proximate composition of white
and yellow flesh odourless fufu flours produced using
NSPRI multi-crop dryer. The moisture content WOF
turned out to be 4.34 %, but YOF had a significantly
higher (P<0.05) moisture content of 7.21 %. For lipids,
WOF (2.71 %) and YOF (2.33 %) were not significantly
different (P<0.05). The crude protein, crude fibre, ash
and carbohydrate contents of WOF were 2.22 %, 3.12
%, 3.10 % and 84.51 %. But for YOF, the values 2.21
%, 2.84 %, 3.11% and 82.30 % for crude protein, crude
fibre, ash and carbohydrate contents respectively.

Table 1. Proximate composition of white and yellow flesh odourless fufu flours

PROCESSING MOISTURE LIPIDS ASH FIBRE PROTEIN CHO
METHODS (%) (%) (%) (%) (%) (%)
WOF 434+1322 271+012° 310+012° 312+021° 222+007° 8451+ 2.12°
YOF 721+1.12°  233+002° 311+011%8 284+026° 221+002°  82.30 + 3.672

Values are analyzed in triplicated and represented as (Means + SD) with different superscript down the column being significantly

different (P<0.05).
White flesh odourless fufu flour (WOF)
Yellow flesh odourless fufu flour (YOF)
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2. Cyanide, vitamin C and Total carotenoid
concentration of white and yellow flesh odourless
fufu flours produced using NSPRI technolgoy

Fig. 1 shows the results of the cyanide, vitamin c
and total carotenoid concentrations. Significant
differences (P<0.05) were observed in samples WOF
and YOF. The cyanide concentration of WOF was
slightly higher than that of YOF. For vitamin c
concentration, it was observed that the YOF had a
significantly higher (P<0.05) concentration than WOF.
This same trend was observed in the concentration of
total carotenoid.

0.8m

0.6+ -|-

0.4+

conc (mg/100g)

0.2 L

0.0-

3. Pasting properties of white and yellow flesh
odourless fufu flours produced using NSPRI
technology

The pasting properties of the flours Table 2 revealed
significant differences (P<0.05) in the peak viscosity of
WOF and YOF, with WOF (5389 cP) having a
significantly higher (P<0.05) peak viscosity than YOF
(5012 cP). A similar trend was observed in trough, final
viscosity and setback, with WOF having 2817 cP, 3797
cP and 990 cP respectively while YOF had 2218 cP,
3088 cP and 765 cP) for trough, final viscosity and
setback. But there were no significant differences
observed in the pasting temperatures of the flour
samples.

Hm \White flesh fufu flour
= Yellow flesh fufu flour

1
Cyanide VIT C

alln I
T. carotenoid

chemical constituent

Figure 1. Cyanide, vitamin C and Total carotenoid concentration of white and yellow flesh odourless fufu

flours

Table 2. Pasting properties of white and yellow flesh odourless fufu flours

Sample Peak Trough Breakdown Final Setback Peak Time Pasting
viscosity (cP) (cP) (cP) viscosity (cP) (cP) (minth) Temp (°C)

WOF 5389 + 47° 2817 +82% 2582 + 65° 3797 + 762 990 +65% 5.07+0.92 71.85+6?

YOF 5012 + 31° 2218 £ 67° 2699 + 21° 3088 + 72° 765+54° 524+0.6° 7523+9°

Values are analyzed in triplicated and represented as (Means + SD) with different superscript down the column being significantly

different (P<0.05).
White flesh odourless fufu flour (WOF)
Yellow flesh odourless fufu flour (YOF)
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4. Functional properties of white and yellow flesh
odourless fufu flours produced using NSPRI
technology

Table 3 shows the functional properties of the white
and yellow flesh odourless fufu flours. The loose bulk
densities of the flours are 0.39 and 0.42g/cm?® for WOF
and YOF respectively. A similar trend was observed in
the water absorption index and swelling power of the
flours. The water absorption indexes of the flours are
217.97 % (WOF) and 301.11 % (YOF) while swelling
power turned out to be 4.31 % (WOF) and 5.13 %
(YOF). From the results obtained, the values were
higher in YOF than in WOF for loose bulk density,
water absorption index and swelling power of the flours.
While a dissimilar trend was observed in dispersibility,
starch solubility and packed bulk density, with WOF
having low values than YOF.
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5. Microbial load of white and yellow flesh odourless
fufu flours produced using NSPRI technology

From the results shown above, it was observed that
the dried processed had a lowered microbial load which
is at safe level and no coliform bacteria was observed on
the agar plates after inoculation of the serially diluted
flour samples. Also the result indicates that the total
plate count and mold count of sample YOF is a bit
higher than those of WOF with all sample having very
less microbial load, less than 100,000 cfu/g (5Log).

6. Sensory evaluation of white and yellow flesh
odourless fufu flours produced using NSPRI
technology

Table 5 shows sensory evaluation scores for the
cooked samples -WOF and YOF. There were significant
differences (P<0.05) in the ratings given by the panelists
for all the indexes evaluated.

Table 3. Functional properties of white and yellow flesh odourless fufu flours

Parameters Loose Bulk Packed Bulk Water Dispersibility Swelling Starch
Density Density Absorption (%) Power (%) Solubility
(g/cm?®) (g/cm?®) Index (%0) Index (%)

WOF 0.39+£0.02 0.49 +0.02 21797+472 69.00+141 431+462 850+0.49

YOF 0.42 +0.03 0.48 £ 0.02 301.11+512 59.00+2.94 513+021 6.18+0.15

Values are analyzed in triplicated and represented as (Means = SD) with different superscript down the column being significantly

different (P<0.05).
White flesh odourless fufu flour (WOF)
Yellow flesh odourless fufu flour (YOF)

Table 4. Microbial load of Odourless fufu flours in WOF and YOF

Flour Samples

Total Plate Count (cfu/g) Total Mold Count Total Coliform Count
WOF 4.6log 3.3log 0
YOF 4.82log 3.30log 0

*Samples were taken and analyzed in triplicates and results are given as a mean of these triplicates.

White flesh odourless fufu flour (WOF)
Yellow flesh odourless fufu flour (YOF)

Table 5. Sensory evaluation of white and yellow flesh odourless fufu flours

Sensory Properties WOF YOF

Appearance 7.85+0.152 5.91 +0.20°
Colour 7.62+0.08% 6.52+0.19°
Aroma 7.44+0.142 7.46 £1.052
Taste 6.32+ 1.15° 6.35+ 0.84°
Overall acceptability 7.85+0.342 6.58 + 0.26°

Values are analyzed in triplicated and represented as (Means + SD) with different superscript down the column being significantly

different (P<0.05).
White flesh odourless fufu flour (WOF)
Yellow flesh odourless fufu flour (YOF)
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The mean score were WOF (7.85, 7.62, 7.44, 6.32, 7.85)
and YOF (5.61, 6.52, 7.46, 6.35, 6.58) for appearance,
colour, aroma, taste and overall acceptability
respectively. It was observed that the panelists liked
both samples. However, the appearance and colour of
WOF was preferred, while the aroma and taste of YOF
was preferred to that of WOF. In terms of overall
acceptability, white flesh odourless fufu flour (WOF)
was rated higher and therefore most preferred by the
panelists.

DISCUSSION

Cassava is generally known to be a calorie-rich food
that contains carbohydrates and other key minerals and
vitamins. Uchechukwu et al., (2015) similarly reported
83.63 % carbohydrate content of some cassava variety.
This makes cassavas suitable for starch production and
the values reported in this study are within the range of
values also reported by Alamu et al.,, 2017. The
moisture content, which is the amount of residual water
in the sample were low and the lower the initial
moisture content of a product, the better the storage
stability of the product. The moisture content of the
odourless fufu flours were below the recommended
limits of 14 % required for storage and stability even at
ambient temperature (Simsek, 2015). The lower the
initial moisture content, the higher the efficiency of the
drying method (Sanni et al., 2006). Furthermore, the
crude fibre content values range between 1.5 -3.5 %
which agrees with the findings of Gil and Buitrago,
(2002).

The cyanide concentration of WOF was slightly
higher than that of YOF. Although, the cyanide
concentrations of both samples were less than 50-100
mg HCN/kg in fresh root to Eleazu and Eleazu (2012)
and FAO (2019), and is therefore regarded as safe for
consumption. For vitamin ¢ concentration, it was
observed that the YOF had a significantly higher
(P<0.05) concentration than WOF. This same trend was
observed in the concentration of total carotenoid. It was
obvious that the yellow flesh cassava specie
investigated had significantly higher vitamin ¢ and total
carotenoid quantities than the white flesh, thus this may
confer antioxidant potential. Several factors including
starch chain length distribution, granule size, of
amylopectin chain and amylose content usually
influence the peak viscosity of starch rich substances.
Generally, low amylose starch displays high peak
viscosity. Breakdown viscosity a measure of paste
stability (Maziya et al., 2004), measures the
susceptibility of the starch granule to disintegrate during
heating. The results obtained were similar to the reports
by Sanni et al., (2006) for peak viscosity. Final
viscosity; the most commonly used parameter to

determine the quality of a starch-based sample. It
indicates the ability of the material to form gel after
cooking. From the study, it was highest for WOF and
was also within the range of values reported by Sanni et
al., (2006), Nkououdou and Essia (2017) and Oyeyinka
et al., (2019) for final viscosity of dried varieties of
cassava samples. However, for pasting temperature, the
values previously reported by Sanni et al., (2006) were
lower than the wvalues obtained in this study.
Furthermore, the pasting temperature which represents
the temperature at which the sample will cook were
7185 °C (WOF) and 75.23 °C (YOF). These
temperatures were within the range of values (60-80 °C)
previously reported by (Ezeocha and Okafor, 2016;
Nkououdou and Essia (2017); Oyeyinka et al., 2019).
Previous studies have indicated that a high water
absorption capacity is attributed to a loose structure of
starch polymers however low value indicates the
compactness of the molecular structure (Adebowale, et
al., 2005). This therefore implies that YOF with a
higher water absorption capacity that WOF possesses a
loose structure of starch polymers. On the otherhand,
the higher the dispersibility the better the flour
reconstitutes in water as dispersibility which is a
measure of the reconstitutability of the flour in water
(Sanni et al., 2006). This ability is therefore favourable
in WOF with a higher dispersibility than YOF.
Although, the values obtained in this study were close to
the range of values reported by Sanni et al., (2006).

It was observed that drying of processed fufu kept
the microbial load to a safe level and no coliform
bacteria was observed on the agar plates after
inoculation of the serially diluted flour samples, this
indicates good processing practice and handling down
the processing line. The result above indicates that the
total plate count and mold count of sample YOF is a bit
higher than those of WOF, this maybe be linked to a
higher nutritional content present in the YOF flour.
From the result, it can be observed that all the flour
samples contain very less microbial load, less than
100,000 cfu/g (5Log), which is in line with the report
given by Prabhakar and Mallika (2014) on dried foods.

On acceptability of the WOF and YOF, It was
observed that the panelists liked both samples.
However, the appearance and colour of WOF was
preferred, while the aroma and taste of YOF was
preferred to that of WOF. In terms of overall
acceptability, white flesh odourless fufu flour (WOF)
was rated higher and therefore most preferred by the
panelists.

In conclusion, drying is mostly used to preserve
cassava, in other to reduce post-harvest loss and in the
processing of cassavas; the drying technique usually has
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an effect on the chemical and sensorial properties of the
resultant fufu dough. The results obtained in this study
proved that the NSPRI Multi-crop dryer was quite
efficient in reducing the moisture content of the white
and yellow flesh odourless fufu flours to a minimum
that would be favourable for a long storage period.
Also, the drying process of the flour samples kept the
microbial load to a safe level and free from coliform
bacteria. This thus indicates good processing and
handling practices. in addition, the sensory evaluation
showed that the white and yellow flesh odourless fufu
samples were generally liked by the panelists, but for
overall acceptability, the white flesh odourless fufu was
highly rated and most preferred.
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