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ABSTRACT

Breadfruit (Artocarpus altilis) and tiger nuts are valuable crops with little or insignificant utilisation. In
this work, the compositional and sensory qualities of pupuru produced from the composite flour of
breadfruit and tiger nuts are characterised and reported. The substitution ratio of pupuru and tiger
nut flour was 0, 10, 20, 30, 40 and 50% substitution. The composite flour was analysed for some
chemical and physicochemical properties. The flour was added in boiling water and stirred
continuously to form a thick paste of pupuru meal. The prepared pupuru meal was evaluated for
sensory properties. The compositional analysis of the flour samples showed an increase in protein
(2.75-3.73%), fat (3.25-11.48%), ash (1.07-1.43%) and fibre (3.31-5.11%) contents with increasing
level of tiger nut flour. No significant change in bulk density and less water absorption capacity were
observed for composite flour.  Sensory evaluation of produced pupuru meal concludes that the
samples with 10% substitution had a highest sensory score.
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1. INTRODUCTION

Breadfruit (Artocarpus altilis) is a crop native to
Malaysia and countries of the South Pacific and
the Caribbean [1,2]. It is widely cultivated to an
appreciable extent in the South-West States of
Nigeria. The present level of breadfruit
production in South-Western Nigeria has been
estimated at about 10 million tonnes dry weight
per year with potentials for exceeding 100 million
tonnes every year [3-6]. Breadfruit has also been
reported to be rich in fat, ash, fibre, protein and
starch [7,8] and is therefore economically
important [9,10]. The breadfruit pulps are
processed into various dishes and flour used in
bread and biscuit making [4]

Tiger Nuts Chufa is not a “nut” but a “tuber". This
tuber was discovered more than 4000 years ago
and has been cultivated ever since in more or
fewer quantities. It is believed to help to prevent
heart attacks, thrombosis and cancer especially
of the colon [11-13], relieve indigestion especially
when accompanied by halitosis. Approximately
100 g of tiger nuts contains 386 kcal (1635kj) as
7% proteins, 26% fats (oils), 31% starch, 21%
glucose with 26% fibre of which 14% is non-
soluble and 12% soluble [12].

Pupuru is a fermented cassava-based food
product [14-16]. It is commonly consumed by the
people living in the riverine areas of the western,
southern, eastern and the middle belts of Nigeria,
where it is also known as “Ikwurikwu” [17,18].
Pupuru and other cassava products are widely
accepted and consumed in Nigeria. It is an
important food, the consumption of which is
steady and increasing in Nigeria. It has been
produced from cassava as the raw material. It
has been reported [19,20] that pupuru is a major
profitable venture which serves as a source of
earning income and plays a significant role in
ensuring food security for some people in
Nigeria. In Nigeria, pupuru production from
breadfruit is limited, and cassava is used to meet
the needs of the product and others such as fufu
and garri starch which leads to scarcity of
cassava. The effort has been made to promote
the use of breadfruit by processing breadfruit into
pupuru flour, thereby decreasing the demand for
cassava and producing an enriched product. The
use of breadfruit for pupuru will help to reduce
over-dependence on cassava in Nigeria and also
reduce underutilisation of breadfruit. The work,
therefore, aims to produce pupuru from

composite flour made from breadfruit and to
characterise the compositional and sensory
qualities of pupuru produced from the composite
flour of breadfruit and tiger nuts.

2. MATERIALS AND METHODS

2.1 Production of Breadfruit Pupuru
Flour

Matured fresh breadfruit and tiger nut were
procured from a local market in Ogbomoso, Oyo
State, Nigeria. Breadfruit was weighed, manually
peeled, washed and steeped in water for four
days till it becomes soft.  After the fourth day the
water was decanted, the soft wet mash was
packed into a sack and was dewatered in a
mechanical press. Fibres were manually
removed from the mash and it was moulded into
balls or circular shape.  The moulded ball was
smoked till a golden brown colour appears [21].
The soot colour of the smoked balls was scraped
off and pulverised and lightly toasted and sieved
with 60 mesh size to obtain dried breadfruit
pupuru flour.

2.2 Production of Tiger Nut Flour

Tiger nut was weighed and washed to remove
dirt or extraneous material, and it was sundried
for four days and was milled using a hammer
mill, and it was sieved to produce flour.

2.3 Analyses

Prepared breadfruit flour and tiger nut flour were
mixed in the percentage of 10,20,30,40 and 50 to
make the composite flour. The composite flour
samples were analysed chemically as described
by the Association of Official Analytical Chemist
[22] for moisture, ash, crude fibre, crude protein,
crude fat and carbohydrate. Ten grams (10 g) of
the samples were taken into sterile bottles, mixed
with 100 ml of distilled water and pH was
determined using the pin electrode of pH meter
(JENWAY Instrument, model 3505). Titratable
acidity was determined by allowing the mixture to
stand for 15 minutes, with shaking at 5 minutes
intervals and filtered with Whatman No. 4 filter
paper. Ten-milliliter aliquots (triplicates) were
pipette from the filtrate into a conical flask and
then titrated against 0.1N NaOH using 1%
phenolphthalein as the indicator to determine the
amount of acid (as lactic acid) in the sample. The
percentage of titratable acidity was calculated by
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multiplying the titre value by 0.09 [23]. All
samples were tested for functional properties
such as bulk density [24], water absorption
capacity [25] and swelling index [26]. The mineral
content was determined by the method described
by AOAC [22]. The ash obtained was boiled with
10 mL of 20% hydrochloric acid in a beaker and
then filtered into a 100 mL standard flask.
Potassium (K) was determined from the solution
using the standard flame emission photometer.
NaCl and KCl were used as the standards [22].
Calcium (Ca) and magnesium (Mg) and Zinc (Zn)
were determined using an atomic absorption
spectrophotometer (AAS, Model SP9, Pye
Unicam Ltd, Cambridge, UK). All values were
expressed in mg/100 g.

The pupuru flour was made into a meal
traditionally by stirring in hot water to make the
gelatinised ball that could be eaten or swallowed.
The pupuru meal samples produced from pupuru
flour were subjected to a sensory test using 20
panellists. The products were rated in terms of
taste, colour, texture, aroma, and overall
acceptability on a 9-point hedonic scale ranging
from 9 (dislike extremely) to 1 (like extremely)
and the results generated were analysed using
Analysis of Variance (ANOVA).

3. RESULTS AND DISCUSSIONS

3.1 Proximate Composition of Pupuru
Analogue from Breadfruit Enriched
with Tiger Nut

The results of the proximate composition of
breadfruit pupuru analogue are as shown in
Table 1. The protein content was significantly
different (p < 0.05) and ranged from 2.75 to
3.73%, with 100% breadfruit having the lowest
value while breadfruit with 50% tiger nut
substitution had the highest value. The pupuru
made from cassava mash (control) had a protein
content of 1.70% which is lower to that of the
composite flours. The protein content increased
with increased tiger nut substitution. The protein
content of the 100% bread fruit pupuru flour was
higher than the value of 0.56% reported by
Akanbi et al. [3] for breadfruit starch. The
difference in the protein content can be attributed
to the climatic conditions and the processing
method employed [3,27]. The protein content of
tiger nut was reported by to be 7.15%, hence
when added to pupuru made from breadfruit; it
increased the protein content considerably.
Moisture content of the composite flour
(breadfruit and tiger nut) sample was within the

ranges of 6.94 to 9.57%. The moisture content of
13% has been reported for breadfruit starch [4],
while Akanbi et al. [3] also reported a moisture
content of 10.83%.  The moisture content of
3.5% has been reported for tiger nut [28]. The
moisture content of the composite flour
(breadfruit and tiger) samples ranged between
that of tiger nut and breadfruit. The lower initial
moisture content of a product to be stored
triggers better storage stability of the product [29,
30].  The ash content of breadfruit samples
ranged between 1.07 and 1.43% where pupuru
made from 100% breadfruit had the least value
of 1.07% and breadfruit: tiger nut (50:50) flour
samples had the highest value of 1.43%.
However, the ash content of breadfruit pupuru
(1.06%) was lower than that of the composite
flour samples indicating lower minerals content.
The ash content of the samples did not show any
significant difference (p < 0.05) from one
another.

The fat content varied significantly, and it
increased from pupuru (0.86%) made from 100%
cassava (control) to (11.48%) for pupuru made
from breadfruit substituted with 50% tiger nuts. A
sharp increase in fat content value was observed
from composite flour ratio 70:30 to 50:50.  The
work of Oladele and Aina [28] reported a fat
content value of 32.13% for tiger nut, hence the
addition of it to low-fat breadfruit will increase the
fat content of the composite flour formed.
Effective mixing of the two flours will also affect
the fat content of the mixture.  There was no
significant difference in the crude fibre content of
the composite flour samples except that of
composite flour sample of 50% and the pupuru
made with cassava mash. The crude fibre
content value ranges from 1.38% for pupuru
made from cassava mash to 5.11% for
breadfruit-tiger nut composite flour with 50%
substitution. Processing techniques like milling
might likely affect the crude fibre content of the
composite flour.

The carbohydrate content value of the composite
flour samples varied significantly. The
carbohydrate content of the composite flour with
a ratio of 90:10 had the highest value of 81.90%,
though not higher than that of pupuru made from
cassava mash that had a value of 85.58% and
composite flour with 50% tiger nut substitution
having the least value of 70.85%. Oladele and
Aina [28] reported a carbohydrate content of
46.99% for tiger nut flour and Famurewa et al.,
[21] also reported a carbohydrate content of
85.64% for breadfruit flour. The carbohydrate
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content of the composite flour ranged between
these values.

3.2 Physiochemical Properties of Pupuru
Analogue from Breadfruit Enriched
with Tiger Nut and Pupuru Flour from
Cassava

The results of the physicochemical properties of
breadfruit pupuru flours are shown in Table 2.
The pH of flour samples increased significantly
(p<0.05) from 4.64 - 6.12 with the 50:50
composite (breadfruit: tiger nut) flour having the
highest value.  While the pupuru produced from
cassava mash had the least (4.64).  A pH of 6.51
for breadfruit flour has been reported previously
[4]. However, because of fermentation that might
have taken place during the processing of the
breadfruit mash to pupuru, there was a slight
decrease in the pH content of 100% breadfruit
pupuru.  The increase in pH values could be as a
result of the addition of tiger nut flour to
fermented breadfruit flour resulting in decreased
acidity. Acidic products are more shelf stable
than their non-acidic counterpart [31,32]. The
total titratable acidity varied significantly with
100% breadfruit pupuru flour having the least
value of 0.25%, followed by 50:50 composite
flour with 0.32% and the highest value of 0.48
was recorded for pupuru made with cassava
mash.

The water absorption capacity decreased
significantly with increase in tiger nut flour
substitution. The values ranged from 1.90-
3.70g/mL with the pupuru made from cassava
mash sample having the highest value and the
flour with 40% tiger nut substitution the least.
Oladele and Aina [28] reported a value of 1.37
ml/g for tiger nut flour. Hence, the addition of
tiger nut flour might have caused the reduction in
the value of water absorption capacity as the
substitution increased.  The bulk density does
not show the much significant difference (p<0.05)
in value with an increase in the tiger nut flour
substitution levels. The values for the samples
ranged from 0.79- 0.87 g/ml. Bulk density is
generally affected by the particle size and density
of the flour and it is very important in determining
the packaging requirement, material handling
and application in the wet processing in the food
industry [33,34]. The lower the bulk density, the
higher the amount of flour particles that can bind
together leading to higher energy values [35,36].
Swelling capacity is an indication of the water
absorption index of the granules during heating
[37,38]. The swelling capacity value shows a

significantly unstable pattern of increase and
decreased in value with an increase in tiger nut
flour substitution ranging from 2.03 - 3.77 with
pupuru made from cassava mash recording the
lowest value. The swelling capacity of flours
depends on the size of particles, types of variety
and types of processing methods or unit
operations. The vitamin C content increased
significantly (p<0.05) with an increase in tiger nut
flour substitution ranging from 0.20 to 0.410
mg/100 g.

3.3 Mineral Composition

The mineral contents of 100% bread fruit pupuru,
cassava pupuru and composite flour made from
a mixture of breadfruit pupuru and tiger nut flour
are presented in Table 3. The analysis revealed
the presence of sizeable amounts of several
minerals. Some of them were affected
significantly (p<0.05) by the degree of
substitution. Indeed, mineral contents increased
with the substitution for some of the minerals up
to the 30% substitution level. There was an initial
decrease in minerals content for potassium, zinc
and calcium before they increased again up to
30% substitution level. For magnesium, there
was a steady increase up to 30% substitution.
Substitution did not affect the calcium content of
the composite flour significantly (p<0.05). A
report by Anigo et al. [39] indicated that some
anti-nutrients interfered with the availability of
minerals by compelling with them. Similarly,
Appiah et al. [40] also reported that fermentation
affects the mineral composition of foods.
Processing techniques like drying, milling which
produced heat, fermentation and proper mixing
of the flour blend might also have an effect on
the mineral composition. Potassium was found to
be the predominant mineral in the composite
flour. Its content in the 100% breadfruit and
cassava pupuru and the composite flour ranged
from 0.154 to 1.771 mg/kg. Generally, the
potassium contents of both the breadfruit pupuru
and the composite flours were higher than in
cassava (0.154 mg/kg). It has been reported to
be an important mineral maintaining electrolyte
balance in humans [5,41] and its presence in the
flours is very useful. From the results of this
study, the composite flour blend could constitute
a rich source of potassium.

3.4 Sensory Evaluation

The mean sensory scores of the meal made from
composite flour samples are summarised in
Table 4. The result showed that flour produced
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from 100% breadfruit pupuru was the most
preferred in terms of taste and flavour. However,
pure cassava pupuru flour which acted as the
control was best preferred in terms of aroma,
texture, appearance and overall acceptability.
The panellists rated the taste of the control
sample better than the rest, followed by the
100% breadfruit pupuru flour, while the flour
produced from breadfruit pupuru substituted with
10% tiger nut was least rated. There were no
significant differences (p<0.05) in the taste
ratings for the control sample, breadfruit pupuru
flour containing 20%, 30%, 40% and 50% tiger
nut four. The texture of pupuru flour produced
from 100% cassava had the best rating, while the
flour from breadfruit pupuru substituted with 40%
and 50% tiger nut pupuru flour was least
preferred by the panellists. Statistical analysis of
the data showed that all the breadfruit samples
containing tiger nut at varying proportions except
the one with 10% and 20% tiger nut had texture
attribute similar to the pure cassava pupuru flour.

In terms of flavour, 100% breadfruit pupuru flour
sample had the best rating while breadfruit
pupuru with 10% tiger nut flour substitution was
least preferred by the panelists. The panellists
preferred the aroma of pupuru flour produced
from 100% cassava, while the pupuru flour from
breadfruit pupuru substituted with 20% tiger nut
flour was least preferred. The panellists preferred
the appearance of pupuru produced from 100%
cassava mash to the rest, while the flour
produced from breadfruit mash substituted with
40% tiger nut had the lowest score. A control
sample was best preferred in terms of overall
acceptability, followed by the flour produced from
breadfruit flour substituted with 20% and 50%
tiger nut, while the flour from breadfruit mash
substituted with 10% tiger nut flour had the
least rating. Statistical analysis of the data
indicated that there were no significant
differences (p<0.05) in the ratings for aroma,
appearance and overall acceptability of the flour
samples.

Table 1. Proximate composition (%) of the bread of fruit pupuru flour, cassava pupuru flour
and tiger nut flour blends

Sample Moisture content Protein Fat Ash Fibre Carbohydrate
BFP 9.57c 2.75b 3.25b 1.07a 3.79b 79.59c

BTP 1 7.18a 2.88b 3.55b 1.17a 3.31b 81.90d

BTP 2 8.34b 3.17bc 4.17c 1.34a 3.52b 79.47c

BTP 3 7.53ab 3.43cd 10.48d 1.35a 3.54b| 73.79b

BTP 4 6.94a 3.45d 11.22e 1.39a 3.57b 73.45b

BTP 5 7.41ab 3.73d 11.48e 1.43a 5.11c 70.85a

CSP 9.29c 1.70a 0.86a 1.19a 1.38a 85.58e

Means with different superscript within the same column are significantly different (P≤0.05).
BFP= 100% Breadfruit pupuru flour analogue; BTP1= 90:10(breadfruit: tigenut ) pupuru flour analogue

BTP2 = 80:20 (breadfruit:tigernut pupuru) flour analogue; BTP3 = 70:30 (breadfruit:tigernut) pupuru flour
analogue; BTP4= 60:40 (breadfruit : tigernut ) pupuru flour analogue; BTP5= 50:50 (pupuru:tigernut) pupuru flour

analogue; CSP = 100% Cassava pupuru flour

Table 2. Physicochemical properties of bread fruit pupuru flour, Cassava pupuru flour and
tiger nut flour blends

Samples Water absorption
capacity

Swelling
capacity (g/ml)

Bulk
density

pH Titratable
acidity

Vitamin A

BFP 2.77e 3.77e 0.87b 5.44b 0.25a 0.200a

BTP 1 2.47d 2.40c 0.79a 5.62c 0.34ab 0.310b

BTP 2 2.30c 2.74d 0.79a 5.76d 0.34ab 0.370bc

BTP 3 2.17bc 2.20b 0.79a 5.99e 0.39b 0.390c

BTP 4 1.90a 2.40c 0.79a 5.44b 0.36b 0.400c

BTP 5 2.40c 2.20b 0.80b 6.12f 0.32ab 0.410c

CSP 3.70f 2.03a 0.80b 4.64a 0.48c ND
Means with different superscript within the same column are significantly different (P≤0.05).

BFP= 100% Breadfruit pupuru flour analogue; BTP1= 90:10(breadfruit: tigenut ) pupuru flour analogue
BTP2 = 80:20 (breadfruit:tigernut pupuru) flour analogue; BTP3 = 70:30 (breadfruit:tigernut) pupuru flour

analogue; BTP4= 60:40 (breadfruit : tigernut ) pupuru flour analogue; BTP5= 50:50 (pupuru:tigernut) pupuru flour
analogue; CSP = 100% Cassava pupuru flour
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Table 3. Mean values of mineral composition of bread fruit pupuru flour, cassava pupuru flour
and tiger nut flour blends (mg/100 g)

Sample Mg K Zn Ca
BFP 0.165b 1.771f 0.081c 0.081a

BTP 0.199c 1.192c 0.071b 0.074a

BTP 0.204d 1.093a 0.083d 0.092a

BTP 0.231f 1.280d 0.098d 0.093a

BTP 0.188a 1.600e 0.066a 0.075a

BTP 0.222e 1.129b 0.064a 0.088a

CSP 0.176c 0.154a 0.074d Not detected
Means with different superscript within the same column are significantly different (P≤0.05).

BFP= 100% Breadfruit pupuru flour analogue; BTP1= 90:10(breadfruit: tigenut ) pupuru flour analogue
BTP2 = 80:20 (breadfruit:tigernut pupuru) flour analogue; BTP3 = 70:30 (breadfruit:tigernut) pupuru flour

analogue; BTP4= 60:40 (breadfruit : tigernut ) pupuru flour analogue; BTP5= 50:50 (pupuru:tigernut) pupuru flour
analogue; CSP = 100% Cassava pupuru flour

Table 4. Mean sensory scores of breadfruit pupuru meal from cassava pupuru flour and tiger
nut flour blends

Sample Taste Aroma Flavour Texture Appearance Overall acceptability
BFP 2.90a 3.80a 2.40a 4.20b 3.80a 3.80a

BTP 1 3.80b 3.80a 4.90b 3.10ab 3.10a 4.70a

BTP 2 4.00ab 4.80a 3.70ab 3.60ab 3.40a 3.40a

BTP 3 4.20ab 3.70a 3.20ab 4.00b 3.70a 4.40a

BTP 4 3.50ab 4.60a 3.30ab 4.40b 4.10a 4.00a

BTP 5 3.90ab 3.80a 4.00ab 4.40b 3.70a 3.40a

CSP 3.20ab 3.60a 4.00ab 2.00a 2.70a 2.80a

Means with different superscript within the same column are significantly different (P≤0.05).
BFP= 100% Breadfruit pupuru flour analogue; BTP1= 90:10(breadfruit: tigenut ) pupuru flour analogue

BTP2 = 80:20 (breadfruit:tigernut pupuru) flour analogue; BTP3 = 70:30 (breadfruit:tigernut) pupuru flour
analogue; BTP4= 60:40 (breadfruit : tigernut ) pupuru flour analogue; BTP5= 50:50 (pupuru:tigernut) pupuru flour

analogue; CSP = 100% Cassava pupuru flour analogue; CSP = 100% Cassava pupuru flour

4. CONCLUSION

The study reveals the potential of breadfruit and
tiger nut in food formulation in the food industry.
Pupuru analogue produced from breadfruit with
10% tiger nut substitution brought a significant
highest overall acceptability while sample with
50% tiger nut substitution had the highest
nutritional content in terms of protein (3.73%), fat
(11.48%), and fibre (5.11%) contents. The
control sample of pupuru from 100% cassava
had a protein content of 1.70% while that of
100% breadfruit was 2.75% protein.
Conclusively, breadfruit substituted with tiger nut
has the potential of producing an enriched and
more acceptable pupuru analogue than from
cassava alone.
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