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Abstract: The study investigated the combined effects of different processing methods of pigeon pea on the functional and
pasting properties. Soaked pigeon pea seeds (control) were subjected to sprouting, boiling, fermentation and combinations of
these operations and the seeds were dried and milled into flour. The functional and pasting properties of the flour samples were
analyzed using standard methods. The result of the functional properties showed that combined sprouting/fermentation reduced
bulk density (0.647 — 0.599g/cm3), increased water absorption capacity (1.683 — 1.803%), increased oil absorption capacity
(1.623 — 1.634%), increased swelling capacity (2.077 -2.1625) and decreased foam capacity (13.213 — 12.232%). The pasting
results recorded low values for sprouted and combined processes and high values for fermented processes in peak viscosity,

trough viscosity, pasting temperature and peak time.
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1. Introduction

Pigeon pea is a legume commonly known as “fio fio” in
the South-eastern part of Nigeria [11]. The seeds are cooked
whole until tender then mixed with yam, vegetables, palm
oil, pepper and other spices [11]. Attempts have been made to
fortify protein-deficient foods with protein concentrate or to
improve the limiting amino acids by the use of protein or
protein concentrate of vegetable origin [29]. Due the dense
nutritional profile of pigeon pea, new food products derived
from it can be formulated to serve as supplementary food for
the nutritionally vulnerable groups and communities.
Functional properties connote the physical and chemical
characteristics which govern the behaviour of nutrients in
food during processing and serve as the basis for product
performance. Functional properties affect food quality,
storage and acceptability and include bulk density, foam
stability, oil absorption capacity, water absorption capacity,
etc.

Functional properties can also be defined as those intrinsic

physico-chemical characteristics which may affect the
behaviour of food systems during processing, storage and
consumption such as solubility, foamability, gelation and
emulsification properties [29]. The ultimate success of
utilizing plant protein as ingredients depend largely upon the
beneficial qualities they impart to food which depend largely
on their functional properties [4]. Therefore, in order to
successfully introduce a new supplementation into any food
item, it is imperative to find out if the supplementation
possesses suitable functional properties for food applications
and consumer acceptability. Foods can be classified
according to their rheological states as solids, gel, liquid,
emulsion with associated rheological behaviour and its
rheological properties can be measured [32]. These properties
will affect the design of food processing plant as well as shelf
life and other important factors including sensory properties
that appeal to consumers. Food rheology is what we
experience everyday with our perception of food texture.

The rheology of food involves the study of deformation
and flow properties [18]. According to [18], food rheology is
the study of the consistency and flow of food under tightly
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specified conditions. Most rheological tests involve applying
a force to a material and measuring its flow or change in
shape. The complex pattern of food composition often makes
rheological measurements and interpretations more difficult.
The rheological properties of foods vary widely from thin
liquids such as water, wine, and whisky to hard solid
products such as biscuits and candies and viscoelastic
materials.

To be able to successfully introduce a new
supplementation into any food item, it is necessary to know
whether it possesses suitable functional and pasting
properties for food applications and consumer acceptability.
The use of flour that is produced from combination of
different processing methods as ingredient for food
processing is dependent on its functional and pasting
properties. Therefore this study aimed to evaluate the
combined effects of different processing methods of pigeon
pea on the functional and pasting properties.

2. Materials and Methods
2.1. Materials Collection

The pigeon pea (Cajanus cajan) seeds for this research
were purchased from a market (Ahia ohuu) in Aba, Abia
State. The chemicals used were obtained from Food Science
and Technology laboratory, Imo State University, Owerri and
National Root Crops Research Institute, Umudike, Umuahia.

2.2. Sample Preparation

Sixteen kilograms of pigeon pea seeds were sorted to
remove dirt and other foreign particles after which they were
washed. The grains were then soaked in water for 3 hours
using a large container and the water drained.

2.2.1. Production of Soaked Pigeon Pea Flour (Control)

Two (2) kg of the soaked grains were dehulled and dried in
an oven at 60°C for 7 hours. The dried seeds were milled into
flour using disc attrition mill (Asiko All, Addis Nigeria). The
flour was then sieved with standard sieve (1.0mm mesh) and
packaged in polyethylene bag for further studies.

2.2.2. Production of Soaked and Boiled Pigeon Pea Flour

Two (2) kg of the soaked grains were dehulled and boiled
in water for lhour at 100°C. The water was drained and the
seeds dried in an oven at 60°C for 7 hours. The dried seeds
were milled into flour using disc attrition mill (Asiko All,
Addis Nigeria). The flour was then sieved with standard
sieve (1.0mm mesh) and packaged in polyethylene bag for
further studies.

2.2.3. Production of Soaked and Fermented Pigeon Pea
Flour
Two (2) kg of the soaked grains were dehulled, crushed,
wrapped in plantain leaves and allowed to ferment for 4 days.
After fermentation, the grains were dried in an oven at 60° C
for 7 hours. The fermented dried cotyledons were milled into
flour with disc attrition mill (Asiko All, Addis Nigeria) and

standard 1.0mm mesh sieved before
polyethylene bag for further studies.

packaging in

2.2.4. Production of Soaked, Boiled and Fermented Pigeon
Pea Flour

Two (2) kg of the soaked grains were boiled with water for
1 hour and the water drained. The grains were wrapped in
plantain leaves and allowed to ferment for 4 days as
described by [14]. After fermentation, the seeds were
dehulled and dried in an oven at 60C for 7 hours. The dried
seeds were milled into flour using disc attrition mill (Asiko
All, Addis Nigeria). The legume flour were sieved with
standard sieve (1.0mm mesh) and packaged in polyethylene
bag for further studies.

2.2.5. Production of Soaked and Sprouted Pigeon Pea
Flour

Sprouting was carried out according to the method
described by [6]. Eight (8) kg of the soaked grains were
spread in a single layer on a moistened jute bag and allowed
to germinate (sprout) at room temperature for 3 days. During
this time, the grains were sprayed with water at intervals of
12 hours until the last day of sprouting. After sprouting, the
seeds were dehulled and rootlets removed. Then the
cotyledons were divided into four portions of 2kg each. Then
the portion (2kg) for the production of soaked and sprouted
pigeon pea flour were dried in an oven at 60°C for 7 hours
and milled into flour using a disc attrition mill (Asiko All,
Addis Nigeria) and 1.0 mm mesh sieved before packaging
into polyethylene bag for further studies.

2.2.6. Production of Soaked, Sprouted and Boiled Pigeon
Pea Flour

Two (2) kg of the sprouted pigeon pea seeds were boiled
for 1 hour with water at 100°C, drained and dried in an oven
at 60° C for 7 hours. The dried sprouted boiled cotyledons
were milled with disc attrition mill (Asiko All, Addis
Nigeria), sieved with standard sieve (1.0mm mesh) and
packaged in polyethylene bag for further studies.

2.2.7. Production of Soaked, Sprouted and Fermented
Pigeon Pea Flour

Two (2) kg of the sprouted dehulled grains were wrapped
in plantain leaves and allowed to ferment for 4 days as
described by [14]. After fermentation, the cotyledons were
dried in an oven at 60°C for 7 hours and milled into flour with
disc attrition mill (Asiko All, Addis Nigeria) and standard
1.0mm mesh sieved before packaging in polyethylene bag for
further studies.

2.2.8. Production of Soaked, Sprouted, Boiled and
Fermented Pigeon Pea Flour

Two (2) kg of the sprouted dehulled grains were boiled in
water for 1 hour at 100°C and the water drained. The
sprouted, dehulled and boiled cotyledons were wrapped in
plantain leaves and allowed to ferment for 4 days as
described by [14]. After fermentation, the cotyledons were
dried in an oven at 60°C for 7 hours. The dried sprouted-
boiled-fermented grains were milled into flour with disc
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attrition mill (Asiko All, Addis Nigeria) and standard 1.0mm
mesh sieved before packaging in polyethylene bag for further
studies.

2.3. Determinations of Functional Properties

2.3.1 Determination of Water Absorption Capacity

The modified method of [15] described by [27] was
employed. Water absorption capacity is expressed as the
amount of water absorbed and held by a unit weight of the
sample. One gram (1g) of the sample was dispersed into a
weighed centrifuge tube. Ten milliliters (10ml) of distilled
water was added to sample and mixed very well. The mixture
was allowed to stand for 1 hour before being centrifuged at
3500rpm for 30 minutes. The excess water (unabsorbed) was
decanted and the tube was inverted over an absorbent paper
to drain dry. The weight of water absorbed was determined
by difference. This experiment was carried out in triplicates
and the mean value taken.

w2-w1i 100

x (1)

1

WAC =

Where: W, = weight of sample
W, = weight of empty tube + sample used
W3 = weight of empty tube + sample + water absorbed

2.3.2. Determination of Oil Absorption Capacity

The method described by [1] was adopted. One gram (1g)
of the sample was mixed in 10ml of oil in a weighed
centrifuge tube. The mixture was allowed to stand for I hour.
Then it was centrifuged at 3500rpm using spectra scientific
centrifuge (Model: Merlin, SN 976137) for 30minutes before
the excess oil was decanted and the tube was inverted over an
absorbance paper to drain dry. This experiment was carried
out in triplicates. The weight of the oil absorbed was
calculated as shown below.

w3-w2 100

X— @

w1 1

OAC=

Where: W, = weight of sample used
W, = weight of sample + tube
W3 = weight sample + tube + oil absorbed

2.3.3. Determination of Swelling Index

This was determined using the method of [23]. One gram
(1g) of the sample was dispensed into a calibrated 100 mls
flask. Ten millilitres (10 mls) of distilled water was added to
the sample and the volume noted. The flask was left to stand
undisturbed for 1 hour and the new volume which the sample
occupied was recorded. The experiment was carried out three
times and the swelling index determined as:

100

Swelling Index (%) = % x =

€)

Where: V; = Initial volume occupied by the sample
V,= Volume occupied by sample after swelling

2.3.4. Determination of Foam Capacity and Stability
The method of [20] was used. One gram (1g) of the sample

was blended with 50ml of distilled water in a Warring
blender for Smins at room temperature to foam. The mixture
was quickly but carefully transferred to the measuring
cylinder and the foam volume was measured and recorded
after 30seconds in the first instance, then the foam volume
was recorded at 15 minutes interval for 1 hour. The
experiment was carried out in triplicates. The foam capacity
was calculated from the volume of foam after the first 30
seconds as given by the formula:

Va-Vb X & (4)

1

% FC=

Where: Va = volume after blending

Vb = volume before blending

Foam stability was calculated as the volume of foam
retained after one hour and was given by the formula:

0 Tity = YL 100
% foam stability va X (5)
Where; V; = foam volume after 1 hour blending

Va = initial foam volume after blending (30 seconds)

2.3.5. Determination of Gelation Property

The method of [8] as modified by [35] was used. A
suspension of 5g of a flour sample in 50ml of distilled water
was prepared in a small beaker at room temperature. The
beaker containing the suspension was heated in a hot water
bath for 1 hour and cooled rapidly under tap water at room
temperature. The suspension was further cooled in a
refrigerator at 5-10°C for 2 hours. The gelation capacity is
the least gelation concentration, taken as the concentration at
which the test tube content will not fall or slip when inverted.
The experiment was carried out in triplicates.

2.3.6. Determination of Bulk Density

Bulk density was determined by using the method
described by [21]. Ten grams (10g) of the sample was
weighed into a 25ml graduated measuring cylinder. The
sample was gently tapped continuously on a laboratory table
to eliminate spaces between the flour particles until a
constant volume is obtained. The experiment was carried out
in triplicates and the mean value taken. Bulk density was
calculated as:

Weight
Volume of sample after tapping

Bulk density (g/ml) = 6)

2.4. Measurement of Rheological Properties

Pasting Properties

Pasting characteristics was determined with a Rapid Visco
Analyzer (RVA) (Model RVA 3DH, Newport Scientific
Australia). Twenty Five grams (25g) of the sample was
weighed into a dried empty canister, and then 25ml of
distilled water was dispensed into the canister containing the
sample. The slurry was thoroughly mixed and the canister
was well fitted into the RVA as recommended. The slurry was
heated from 50°C to 95°C with a holding time of 2 min
followed by cooling to 50°C with 2min holding time. The
rate of heating and cooling was at a constant rate of 22.5°C
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per min. Peak viscosity, trough viscosity, breakdown
viscosity, final viscosity, setback viscosity, peak time and
pasting temperature were read from the pasting profile with
the aid of a thermocline for windows software connected to a
computer [22].

3. Results and Discussion

3.1. Functional Properties of Pigeon Pea Flour Samples
Processed by Different Methods

3.1.1. Bulk Density

There were significant differences (p<0.05) in the bulk
densities of all the pigeon pea flour samples studied (Table
1). The highest bulk density (0.647g/cm’) was recorded for
the control sample (SoPPF) and was significantly higher
(p<0.05) than the bulk densities of samples SoBPPF
(0.0625g/cm’) and SoFPPF (0.618g/cm®). The lowest bulk
density (0.592g/cm’) was recorded for sample SoSpBFPPF.
Bulk density is dependent upon the particle size of the
sample. The reduction in bulk density as observed in this

study agrees with the work of [26] who reported that
germination and fermentation lead to decrease in bulk density
of foods. [2] also reported a decrease in bulk density of
pigeon pea seed flour due to fermentation.

3.1.2. Water Absorption Capacity

There were significant differences (p <0.05) in water
absorption capaciies of all the samples of the pigeon pea
flours studied. The highest water absorption capacity
(1.982%) was recorded for sample S,S,BFPPF and the
lowest water absorption capacity (1.683%) was recorded for
the control sample S,PPF. The water absorption capacity
increased with increase in the number processing methods
combined to process it. This is in agreement with result of
[12] who reported increase in water absorption capacity of
sprouted, fermented and combined sprouted/fermented
sorghum, cowpea and groundnut seeds. Also, it has been
reported that boiling increases water absorption capacities of
legumes [28]. Water absorption capacity describes flour
water association ability under limited water supply.

Table 1. Functional properties of pigeon pea flour samples processed by different methods.

Flour sample Bulk density g/lem®  WAC % OAC % Swelling capacity % Foam capacity % Gelation capacity %
S.PPF 0.647+0.002° 1.683+0.002"  1.623+0.001¢  2.077+0.002" 13.213+0.004° 9.220+0.02°

S.BPPF 0.625+0.001° 1.69140.0018  1.633+0.0027  2.406+0.001° 12.677+0.002° 10.317+0.002"
S.FPPF 0.618+0.002° 1.72240.001°  1.666+0.0% 2.196+0.001° 13.027+0.002° 10.192+0.002°
S.BFPPF 0.603+0.003f 1.73440.002¢  1.688+0.001°  2.337+0.002° 12.121+0.001¢ 11.427+0.002°
SS,PPF 0.612+0.001¢ 1.716+0.003" 1.649+0.002°  2.307-+0.002¢ 12.574+0.005¢ 8.767+0.0028
S.S,BPPF 0.606+0.0° 1.74240.003°  1.673+0.0° 2.377+0.003" 12.437+0.002° 9.637+-0.0d
S.S,FPPF 0.599+0.02 1.803+0.004°  1.634+0.001°  2.162+0.002° 12.232+0.002° 8.127+0.003"
S.S,BFPPF 0.592+0.002" 1.982+0.001°  1.692+0.001°  2.251+0.001% 12.011+0.001" 9.016+0.001"

LSD (p<0.05)  0.0017 0.0023 0.0015 0.020 0.0027 0.012

Values are means. + Standard deviations from the means. Means with different letter within a column are significantly different (p<0.05). LSD= Least

significant difference

Key: S,PPF = soaked pigeon pea flour (control), S,BPPF= soaked and boiled pigeon pea flour, S,FPPF = soaked and fermented pigeon pea flour, S.BFPPF =
soaked, boiled and fermented pigeon pea flour, S,S,PPF = soaked and sprouted pigeon pea flour, S;S,BPPF = soaked, sprouted and boiled pigeon pea flour,
SoSyFPPF = soaked, sprouted and fermented pigeon pea flour, S,S,BFPPF = soaked, sprouted, boiled and fermented pigeon pea flour.

3.1.3. Oil Absorption Capacity

There were significant differences (p<0.05) in the oil
absorption capacities among the samples of the pigeon pea
flour samples. The control sample (S,PPF) had the lowest
oil absorption capacity (1.623%) while the highest oil
absorption capacity (1.692%) was recorded for sample
SoS,BFPPF. The oil absorption capacity like water
absorption capacity was increased by all the processing
methods employed in this study. The increase was more on
the pigeon pea flours which were processed using combined
processing methods. The result however does not
correspond with that reported by [2] who stated that
fermentation decreases the oil absorption capacity of pigeon
pea flour. However, the result agrees with the report of [12]
who reported an increase in oil absorption capacity of
cereal and legume seeds as a result of sprouting,
fermentation and combination of sprouting and
fermentation.

3.1.4. Swelling Capacity

There were significant differences (p<0.05) between the
swelling capacities of S,S,BPPF, S,S,FPPF and S,S,BFPPF
with the values of 2.377%, 2.162% and 2.251% respectively.
The highest swelling capacity (2.406%) was recorded for
sample S,BPPF. The result showed that swelling capacity
increased for the fermented, sprouted, and combined
sprouted/fermented and was highest for the pigeon pea flour
processed using combination of three processing methods
(sprouting/boiling/fermentation). And the increase in
swelling capacity of the pigeon pea flour processed with
these processing methods might be due to modifications of
the starch granules during fermentation, sprouting and
boiling, resulting in higher water uptake by the granules. This
result is in agreement with the reports by [12] who stated that
sprouting, fermentation and combined sprouting/fermentation
of legumes and cereals increase their swelling capacities.
This result is also in agreement with the report of [24] who
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indicated increase in the swelling index of boiled /rvingia
gabonesis flour.

3.1.5. Foam Capacity

There were significant differences (p<0.05) in the foam
capacities of the pigeon pea flour samples. The highest foam
capacity (13.213%) was recorded for the control sample
(S,PPF) and that was significantly different from the foam
capacity value (12.677%) of sample S,BPPF. Sample S,FPPF
had a value of 13.027% which was reduced to 12.121% in
the boiled/fermented flour sample (S,BFPPF). There were
significant differences (p<0.05) in the foam capacity values
of samples S,S,PPF (12.574%) and S,S,BPPF (12.437%).
The least value foam capacity (12.011%) was recorded for
sample S,S,BFPPF followed by sample S,S,FPPF
(12.232%). The foam capacity values obtained in this study
were close to that reported for pumpkin (13.2%) by [30] but
higher than that reported for germinated tiger nut varieties
(4.00 to 11.33%) by [7].

3.1.6. Gelation Capacity

There were significant differences (p < 0.05) in the
gelation capacity values of the pigeon pea flour samples.
The highest gelation capacity (11.427%) was recorded in
sample S,BFPPF and that was significantly (p<0.05) higher
than that of unboiled soaked fermented sample S,FPPF
(10.192%). The control sample had a gelation capacity of
9.220% which was significantly (p<0.05) increased by
10.317% by boiling in sample S,BPPF. Also, sample
SoS,PPF had a gelation capacity of 8.767%. This was
significantly (p<0.05) increased in the
soaked/sprouted/boiled pigeon pea flour (S,S,BPPF) to
9.637%. The lowest gelation capacity (8.127%) was
recorded in S,S,FPPF which was significantly (p<0.05)
increased in the boiled sample (S,S,BFPPF) to a value of
9.016%. This is an index of gelling tendency (ability to
form gel) of the flour samples and it is very important in
food preparations. The low gelation capacity values
recorded for the combined sprouted/fermented flour sample
and the sprouted and fermented flour samples respectively
may be due to their high protein contents. This result is in
agreement with the report of [10] who indicated decrease in
gelation capacity of germinated African oil bean seed flour.
The gelation capacity of some of the pigeon pea flours are
near that of soybean flour (10%) as reported by [3] and fall
between (10-14%) recorded for cocoyam flour by [29].

3.2. Pasting Properties of Pigeon Pea Flour Samples
Processed By Different Methods

The pasting properties for all the processed pigeon pea
flour samples are shown in Table 2.

3.2.1. Peak Viscosity
The peak viscosity ranged from 53.0 — 526.20RVU. There

were significant differences (p<0.05) in the peak viscosities
of the flour samples. The control sample (S,PPF) had a peak
viscosity value of 124.25 RVU which was significantly
different (p<0.05) from those of samples S,BPPF
(208.65RVU) and S,S,BFPPF (143.40RVU). Peak viscosity
indicates the water holding capacity of starch and is often
correlated with the final product quality. This result agrees
with the report of [31] who indicated a low peak viscosity for
sprouted pigeon pea and high peak viscosities for fermented
and boiled pigeon pea flours. [13] opined that the low peak
viscosities observed in the sprouted and combined
sprouted/fermented samples are nutritionally beneficial in
infant food formulation.

3.2.2. Trough Viscosity

The trough viscosity ranged between 47.55 — 468.30RVU.
The least trough viscosity (47.55RVU) was recorded in the
flour sample S,S,PPF. The trough viscosity values varied
significantly (p<0.05) among all the flour samples. During
the holding period of a typical pasting test, the sample is
subjected to a period of constant temperature (usually 95°C)
and mechanical shear for a certain period of time. This
further disrupts the starch granule and amylose molecules
generally leach out into the solution and align in the direction
of the shear [16]. The period is sometimes called shear
thinning, hot paste viscosity, holding strength, paste stability
or trough due to the accompanied breakdown in viscosity. It
is the minimum viscosity value in the constant temperature
phase of the RVA profile. It measures the ability of paste to
withstand breakdown during cooling [22]. Sprouting reduced
the trough viscosity drastically while fermentation increased
it tremendously. Again boiling was found to increase the
trough and peak viscosity of pigeon pea flour. Trough
viscosity is regarded as the measure of paste stability [9]. It
gives an indication of hot paste stability and the smaller the
value, the higher the stability. Therefore to produce pigeon
pea flours with low trough viscosity or hot paste stability, any
of these processes  (sprouting,  sprouting/boiling,
sprouting/fermentation and sprouting/boiling/fermentation)
can be used to process the flour. Hence these pigeon pea flour
samples, S,S,PPF (47.55RVU), S,S,FPPF (68.83RVU),
SoS,BPPF (101.0RVU) and S,S,BFPPF (121.53RVU) with
low trough viscosity values could be said to have hot paste
stability and could be useful in processes that require stable
paste and low retrogradation, such as filler in meat canning
industry.

3.2.3. Break down Viscosity

There were significant differences (p< 0.05) in the
breakdown viscosities of the pigeon pea flour samples
studied. The highest breakdown viscosity (56.35RVU) was
recorded in the flour sample S,BFPPF and this was
significantly higher (p<0.05) than the value (48.30 RVU) for
the flour sample S,FPPF.



28 Arukwe Dorothy C. et al.: Effect of Different Combined Processing Methods on the Functional and
Pasting Properties of Pigeon Pea (Cajanus Cajan) Flour

Table 2. Pasting Properties of Pigeon Pea Flour Processed Using Different Methods.

T G Peak viscosity Trough Break down Final viscosity Set-back Peak time Pasting
RVU viscosity RVU viscosity RVU RVU viscosity RVU Min temperature °C

S.PPF 124.25+0.3¢ 110.54+0.05° 13.54+0.05° 236.30+0.4° 125.76+0.05¢ 7.03+0.02* 98.81+0.02°
S.BPPF 208.65+0.2° 125.20+0.3° 23.54+0.05° 262.45+0.07° 137.25+0.3° 6.98+0.04 89.13+0.03°
S.FPPF 511.15+0.02° 455.40+0.5° 48.30+0.4° 851.25+0.06° 395.85+0.04° 6.95+0.01° 89.66+0.04°
S.BFPPF 526.20+0.3° 468.30+0.4° 56.35+0.4° 871.55+0.35° 403.25+0.2° 6.93+0.04¢ 88.87+0.02¢
SoSpPPF 53.0+0.0" 47.55+0.06" 5.54+0.05" 140.25+0.35" 92.70+0.2" 6.70+0.02" 85.73+0.03°
S.S,BPPF 115.25+0.7° 101.0+0.03¢ 21.54+0.06° 220.54+0.06 119.54+0.3° 6.90+0.03° 83.19+0.02¢
S.S,FPPF 76.55+0.062 68.83+0.032 9.25+0.028 180.45+0.0¢ 111.62+0.3 6.73+0.028 84.17+0.02°
SS,BFPPF 143.40+0.2° 121.53+0.3° 25.55+0.4" 422.55+0.06° 301.02+0.5° 6.75+0.02° 82.94+0.03"
LSD (p<0.05) 0.031 0.109 0.020 0.024 0.023 0.015 0.015

Values are means+ Standard deviations from the means. Means with different letter within a column are significantly different (p<0.05). LSD= Least

significant difference.

Key: S,PPF = soaked pigeon pea flour (control), S,BPPF= soaked and boiled pigeon pea flour prouting, S,FPPF = soaked and fermented pigeon pea flour,
SoBFPPF = soaked, boiled and fermented pigeon pea flour, S,S,PPF = soaked and sprouted pigeon pea flour, S,S,BPPF = soaked, sprouted and boiled pigeon
pea flour, S,S,FPPF = soaked, sprouted and fermented pigeon pea flour, S,S,BFPPF = soaked, sprouted, boiled and fermented pigeon pea flour

At breakdown, the swollen starch granules disrupt further
and amylose molecules generally leach out into the solution
[39]. Higher values of breakdown viscosities are associated
with higher peak viscosities which in turn are related to the
degree of swelling of starch granules

3.2.4. Final Viscosity

The final viscosities for the flour samples ranged from
140.25 to 871.55RVU with sample S,S,PPF having the
lowest value (140.25 RVU) followed by samples S,S,FPPF
(180.45RVU), S,S,BPPF (220.54 RVU) and S,S,BFPPF
(422.55RVU). The final viscosity is an indication of the
ability of the starch based food to form a viscous paste or gel
after cooking and cooling [37]. The result showed that the
highest values of final viscosities were obtained from the
pigeon pea flour samples that were processed by
boiling/fermentation (S,BFPPF) and fermentation (S,FPPF)
while the pigeon pea flours with lowest final viscosity values
were  processed by  sprouting  (S,S,PPF)  and
sprouting/fermentation process (S,S,FPPF). This implied that
these two flour samples S,BFPPF and S,FPPF with the
highest final viscosity values will be less stable after cooling
while the flour samples S,S,PPF and S,S,FPPF with the
lowest final viscosity values will be more stable after
cooling.

3.2.5. Setback Viscosity

The setback viscosity values of the pigeon pea flour
samples ranged from 92.70-403.25 RVU with sample
SoS,PPF having the lowest value (92.70 RVU) followed by
samples S,S,FPPF (111.62 RVU), S,S,BPPF (119.54 RVU)
and S,S,BFPPF (301.20 RVU). There were significant
differences (p<0.05) in the setback viscosities among all the
pigeon pea flour samples. The highest setback viscosity
(403.25 RVU) was recorded in sample S,BFPPF which was
significantly different (p<0.05) from the setback viscosity of
sample S,FPPF (395.85RVU) with second highest setback
viscosity. Higher setback viscosity value is synonymous to
reduced dough digestibility [38] while lower setback during
the cooling of the paste indicates lower tendency to

retrogradation [33, 34] and hence enhanced dough
digestibility Setback value has been correlated with the
texture of the food products [19].

3.2.6. Peak Time

The peak time values for the flour samples ranged from
6.70 — 7.03min with sample S,S,PPF recording the lowest
(6.70mins) and control sample (S,PPF) having the highest
(7.03min) value of peak time. There were significant
differences (p<0.05) in the peak time values among the
pigeon pea flour samples. Sample S,S,BFPPF had a peak
time of 6.75mins while sample S,S,FPPF had a peak time of
6.73mins. Samples S,S,BPPF, S,BFPPF and S,FPPF
recorded peak times of 6.90mins, 6.93mins and 6.95mins
respectively. Sample SoBPPF recorded peak time of
6.98mins. This is a measure of the cooking time [1] The
results showed that samples S,S,PPF, S,S,FPPF and
SoS,BFPPF with peak times of 6.70mins, 6.73mins and 6.75
minutes respectively took less time to form paste. This means
that they cooked faster and required less heating to form
paste. This is in agreement with the report of [25] on the
pasting time of soy-melon enriched semolina.

3.2.7. Pasting Temperature

This was recorded as 98.81°C for the control sample
(S,PPF) followed by sample S,BPPF with value of 89.13°C.
The least pasting temperature (82.94°C) was obtained for
sample S,S,BFPPF followed by samples S,S,BPPF and
SoS,FPPF with pasting temperatures of 83.19°C and 84.17°C
respectively. Sample S,FPPF had a pasting temperature of
89.66°C which was reduced to 88.77°C in the boiled sample
SoBFPPF. Also sample S,S,PPF recorded pasting temperature
of 85.73°C which reduced to 83.19°C in the boiled sample
SoS,BPPF. There were significant differences (p<0.05) in the
pasting temperatures of all the samples.

4. Conclusion

This  study has  established that combined
sprouted/fermented pigeon pea flour has increased water



absorption capacity,
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oil absorption capacity, swelling

capacity and decreased bulk density and foam capacity. This
implies that this flour has good functional properties and can
be used in food systems like bread, cake and biscuit products.
The good pasting properties of combined sprouted/fermented
pigeon pea flour, i.e., low peak, trough, set back, breakdown
and final viscosities are beneficial in infant food formulations
and as filler in meat canning industry. Also, the low pasting
temperature obtained for the combined sprouted/fermented
pigeon pea flour sample implies that they cook faster and
save fuel.
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