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African palmyra palm (Borassus aethiopum Mart.) fruits are underutilized in Sub-Saharan
Africa. The objective of this study was to produce flour from the African palmyra palm
(APP) fruit pulp and evaluate the effect of different drying methods on the quality
characteristics of the flour. The fresh pulp was oven, solar, and freeze-dried. Proximate,
physicochemical and functional properties of the flours were determined. The flours had
high amount of crude fibre (14.04-19.52%), carbohydrates (64.56-73.60%), energy
(281.92 - 73.60 kCal/ 100g), relatively high water absorption capacity (307.18-517.66%),
swelling power (433.0-556.92%), oil absorption capacity (83.48-164.38%) and good
flowability (Hausner Ratios below 1.4 and Carr’s Indices below 23%). The present
findings show that APP flour could be used as a potential ingredient in various food
products such as pasta, puddings, cakes, biscuits, bread, crackers and doughnuts.

1. Introduction

African palmyra palm (Borassus aethiopum) is a
member of the family Arecaceae and grows in the wild
across Africa. The palmyra palm bears fruits massively
(between 50-150 fruits per tree) in every 8 months (Ali et
al., 2010; Ouinsavi et al., 2011). However, only about 30
-40% of these available nutritious fruits are utilized as
food (Ali et al., 2010; Siaw et al., 2014). The remaining
60 to 70% undergo losses via microbial decomposition.
Losses of the African palmyra palm fruits greatly results
from limited diversification of utilization as well as poor
storage conditions. The fresh fruit pulp is hand mashed,
filtered and eaten raw or boiled with corn or porridge
mostly in the rural areas of Africa (Sambou et al., 1992;
Ali et al., 2010; Siaw et al., 2014; Adzinyo et al., 2015).
African palmyra palm fruit pulp as an accompaniment to
foods is known to impart natural sweetness, aroma, and
color (Adzinyo et al., 2015). Fresh African palmyra palm
fruit pulp is a rich source of minerals, fiber, sugars,
vitamin A, vitamin C and moisture (Ali et al., 2010).
This nutritious nature coupled with the high moisture of
the palmyra palm fruits limits the postharvest life via
microbial spoilage which eventually leads to its wastage
in season. Drying which is one of the oldest and most
suitable methods of food preservation in tropical Africa
could be employed as a preservation method to reduce
the moisture content of African palmyra palm fruit pulp
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to levels least likely to support the growth of spoilage
microorganisms. Although drying affects the nutritional
composition and bioactive compounds of fruits
(Rahman, 2005; Di Scala and Crapiste, 2008), it has been
successfully employed in the production of flour from
plantain, banana, pumpkin, tomato, and pepper. This was
achieved through appropriate selection of drying
temperature, time and methods. Oven drying and freeze-
drying have been successfully employed to produce flour
with sufficient nutrient composition and quality from
ackee arils and soursop (Dossou et al., 2014; Lombor,
2014).

The appropriate and successful incorporation of flour
into food systems is dependent on the physicochemical,
functional and nutritional composition. Hence the
proximate composition, functional properties such as
water binding capacity, foaming properties and swelling
power of flours are usually analyzed to predict their
appropriate incorporations and explorable applications in
food systems. This research was aimed at producing
African palmyra palm fruit flour and evaluating the
effect of different drying methods on the quality
characteristics of the flour.
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2. Materials and methods

2.1 Materials and sample preparation

Fresh African palmyra palm (Borassus aethiopum)
fruits were obtained from Adaklu in the Volta region of
Ghana. The fruits were washed and weighed after calyx
removal. The epicarp of the fruits was carefully peeled
off, pulp (mesocarp) separated and weighed using the
electronic balance (Mettler Toledo, Switzerland). The
obtained pulp (1.64 kg) was divided into four portions. A
portion was solar dried for 14 h at temperatures between
30-36°C using the tunnel solar drier. The second and
third portions were freeze-dried (at -47°C to -55°C,
0.002 to 2.7 Torr) for 72 h using the vacuum freeze dryer
(model: YK-118-50, Taiwan) and oven dried at 60°C for
6 h using the hot air oven (Binder Heating and Drying
Oven, Tuttlingen, Germany) respectively. Drying
continued until the moisture content of the samples
reduced to values below 10%. The fourth portion was
used as the experimental control in the proximate
analysis. The dried samples were milled to particle sizes
of 450 um, packaged in zip-lock bags and stored at -20°
C in a freezer (Protech PRCF-500, China) for further
analysis. Between 150- 230 g of dried flour was obtained
with an estimated quantity of 50 g used for the various
analysis.

2.2 Proximate composition of flour samples

Proximate analysis was done on the different African
palmyra palm (Borassus aethiopum) fruit flour samples.
Moisture, protein, ash, crude fat and crude fibre were
determined according to AOAC (1990). Protein was
calculated from total nitrogen using the conversion factor
6.25. Carbohydrate was determined by difference.
Calculated Metabolic Energy (CME) was determined for
the different flour samples.

2.3 Functional and physicochemical properties of the
flour samples

2.3.1 Water and oil absorption capacities

Water and oil absorption capacities of the flour
samples were determined (Chandra and Samsher, 2013)
and calculated using the equations:

Weight of absorbed water
Weight of flour
Weight of absorbed oil
Weight of flour

WAC% = x 100%

0AC% = X 100%

2.3.2 Swelling power and solubility

The swelling power and solubility of the flours were
determined according to Dossou et al. (2014) with
modifications. The swelling power and the solubility of
the flour samples were calculated as follows:

eISSN: 2550-2166
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) Weight of paste
% Swelling Power = x 100%

Weight of sample

Weight of soluble fraction
x 100%

%Solubility =
YoSolubility Weight of sample

2.3.3 Foaming capacity

The foaming capacity of the flour samples was
determined (Yellavila et al., 2015) and calculated using
the equation:

Volume of foam

% Foaming Capacity = X 100%

Volume of initial mixture

2.3.4 Determination of pH and total soluble solids

The pH and the total soluble solids (TSS) of the flour
samples were determined using 10% aqueous solution of
each flour. The pH was measured using a calibrated pH
meter (Seven Compact pH/ion S220, Mettler Toledo AG,
Switzerland) whilst the total soluble solids (TSS) content
was determined using a refractometer.

2.4 Determination of bulk properties
2.4.1 Bulk density

Bulk density was determined according to the
method of Dossou et al. (2014). The Hausner ratios and
Carr’s Indices of the flour samples were calculated
according to Wijesinghe et al. (2015). Hausner ratio was
determined as a ratio of the tapped bulk density to the
loose bulk density of the flour.

2.5 Statistical analysis

Data were reported as averages of triplicate and
analyzed using one-way analysis of variance (ANOVA)
to compare the means of all determined parameters.
Tukey’s test at 5% level of significance was used to
determine significant differences among samples.

3. Results and discussion

The African palmyra palm fruit flours appeared as
shown in Figure 1. A high degree of browning occurred
in the solar dried flour, whereas virtually no browning
occurred in the freeze-dried flour. The rate of both
enzymatic and non-enzymatic browning reactions
increase during drying especially under favourable
conditions of adequate moisture, temperature and the
presence of air (Wiriya et al., 2009). These reactions
eventually lead to oxidative bleaching via the formation
of brown pigments (melanoidins) and degradation of the
original pigments of the food materials. The brown color
of the solar dried flour could, therefore, be associated
with these changes.

3.1 Proximate composition of African palmyra palm

Sflour

© 2018 The Authors. Published by Rynnye Lyan Resources
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Oven dried flour

Solar dried flour

Freeze dried flour

Figure 1. Images of differently dried flour products

The moisture content of the flour samples ranged
from 4.01 to 7.61% with freeze-dried flour recording the
lowest moisture whilst the solar dried flour recorded the
highest (Table 1). The moisture content of flour samples
was lower than values reported in the literature for
cassava flour (8-11%) and wheat flour (12-13%)
(Dziedzoave et al., 2006; Eriksson, 2013; Chandra and
Shamsher, 2013). Food products with high moisture
content are susceptible to microbial attack as well as
spoilage and therefore have limited shelf life (Hassan
and Umar, 2004). Hence the low moisture content of the
flour samples indicates their stability against microbial
attack and potential longer shelf life.

The ash content of a food product is an indication of
its mineral content, safety, and quality. The ash content
of the African palmyra palm fruit flour ranged from
2.51% (freeze-dried flour) to 4.14 % (oven-dried flour)
(Table 1). However, all the flour samples had higher ash
than the fresh fruit pulp (0.90%). The fresh pulp ash
content was slightly higher than the value (0.73 - 0.74%)
reported for the palmyra palm fruit obtained from
Cameroon (Ali et al., 2010). The oven and solar dried
flour samples contained higher ash than the young
germinating shoots of the palmyra palm (1.17%), yam
flour (1.66 - 3.28%), refined wheat flour (1.40%) and
maize flour (1.09%) (Leach et al., 1959; Udensi et al.,
2008; Ezeocha and Ojimelukwe, 2012; Senanayake et
al., 2012; Oppong et al., 2015; Umar et al., 2015;
Ezeokeke and Onuoha, 2016). The African palmyra palm
fruit flour can, therefore, be used to improve the mineral
content of both wheat and maize flours as well as their
products.

Fat contributes to the total energy content of a food
product. Hence its value is important in estimating the
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caloric value of a food product. The fat content of the
flour samples ranged from 1.15 to 3.44% (Table 1). The
solar dried flour sample recorded the least crude fat
content (1.15%) whilst the oven dried flour sample
recorded the highest crude fat content (3.44%). The fresh
fruit pulp recorded a crude fat content of 0.15%. The low
crude fat content recorded for the fresh sample could be
due to the high moisture (69%) of the fresh pulp.
Moisture which is polar in nature might have interfered
with the solvent extraction process. The crude fat
contents of the freeze-dried and oven dried flours were
higher than the edible hypocotyls of palmyra palm
(0.01%) and wheat flour (Leach et al., 1959; Akpapunam
and Sefa-Dedeh, 1997; Oppong et al., 2015; Umar ef al.,
2015). The low fat content of the flours indicates their
stability against rancidity via lipolytic reactions hence an
enhanced shelf stability.

The crude protein content of the flour samples
ranged from 2.54 to 3.33% (Table 1), with the freeze-
dried sample recording the least value (2.54%) whilst the
solar dried flour sample recorded the highest protein
content (3.33%). However, all the three flour samples
had higher protein content than the fresh pulp (0.83%).
The crude protein of the palmyra palm fruit flour studied
was lower than values reported in literature for wheat
flour (10.23-14.70%), yellow maize flour (4.99%), white
maize flour (5.56%) and millet flour (6.44%) (Motris et
al., 1999; Adams et al., 2002; N’guessan et al., 2014;
Oppong et al., 2015). However, the crude protein of the
African palmyra palm flours was comparable to values
obtained for banana flour (2.78%) (Ezeokeke and
Onuoha, 2016), and higher than values obtained in
cassava flour (0.56-1.26%) (Maziya-Dixon et al., 2015).
The African Palmyra palm fruit flour is generally low in
protein content.

The freeze-dried flour samples had the lowest crude
fibre content (14.00%) whilst the solar dried flour had
the highest value (19.52%) (Table 1). The flour samples,
however, had a lower fibre content in comparison to the
fresh pulp (20.21%). The fruit flour contains higher
fibre than maize flour (0.20-0.85%), banana flour (0.11-

Table 1. Proximate composition of African palmyra palm (APP) fruit flour

Parameter Freeze-dried flour Oven dried flour Solar dried flour Fresh fruit pulp
Moisture (%) 4.01 +0.06° 4.68 + 0.09 7.61+£0.14° 69.00 = 0.34°
Ash (%) 2.51+0.05° 4.14+0.11° 3.83+£0.01° 0.90 +0.13°
Crude Fat (%) 3.30 £ 0.38° 3.44 +0.95° 1.15+0.00° 0.15+0.01°
Crude Protein (%) 2.54+0.07° 3.13+0.06° 3.33 +0.00° 0.83 + 0.06°
Crude Fibre (%) 14.04 £ 0.06 18.02 + 0.46° 19.52+0.97° 20.21+0.01°
CHO (%) 73.60 + 0.28° 66.59+£0.45" 64.56+ 1.11° 8.91+0.15°
CME (kCal /100g) 334.25 £2.58° 309.79 + 6.50° 281.92 +4.38° 40.31 + 0.74¢

Values represent mean + SD of at least three replicates. Means in the same row with the same superscript are not
significantly different (p>0.05). CHO = Available Carbohydrate; CME = Calculated Metabolic Energy

eISSN: 2550-2166
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3.50%), soybean flour (0.88%), millet flour (0.27-
2.70%), ackee fruit aril flour (3.83-4.08%), wheat flour
(0.36-0.82%) and cassava flour (1.48-1.54%)
(Adebowale et al., 2011; N’guessan et al., 2014; Dossou
et al., 2014; Oppong et al., 2015; Heshe et al., 2015;
Ezeokeke and Onuoha, 2016). Dietary fibre is good for
preventing or controlling diabetes, cardiovascular
diseases, obesity, and cholesterol levels. Dietary fibre
lowers cholesterol levels in the body by interfering with
its absorption (Mehta and Kaur, 1992; Pereira, 2004). As
a prebiotic, dietary fibre also helps maintain the
intestinal microflora hence contributes to keeping a
healthy gut system. The intestinal bacteria convert
dietary fibre into short chain fatty acids such as acetate,
propionate, and butyrate via their catabolic activities
(Wong et al., 2006). The intestinal microflora utilizes
these short chain fatty acids for chemical energy to carry
out their biological processes. The RDA for dietary fibre
intake is 18-35 g per day depending on the age and
gender of the individual (Mohammed et al., 2011). The
palmyra palm flour samples may meet this
recommendation when consumed appropriately. Dietary
fibre also gives a feeling of satiety, therefore, the flours
could be applied in the production of lower glycaemic
index foods for Type-II diabetics.

The available carbohydrates of the flour samples
ranged from 64.56 to 73.60% and are higher than the
fresh fruit pulp (8.91%) (Table 1). The freeze-dried
samples recorded the highest value whilst the solar dried
samples recorded the least available carbohydrate value.
The available carbohydrate contents of the African
Palmyra palm fruit flours were lower compared to
banana flour (76.68%), maize flour (71.87-85.64%),
cassava flour (75.50-75.90%) and millet flour (89.19%)
but higher than the available carbohydrate content of
soya bean flour (26.14%), cowpea flour (57.35%) and
defatted ackee aril flour (39.58-42.48%) (Adebowale et
al., 2011; Dossou et al., 2014; N’guessan et al., 2014;
Oppong et al., 2015; Ezeokeke and Onuoha, 2016). The
relatively higher carbohydrate content indicate that the
flour samples are a good source of energy for the body.
Hence, dieticians could recommend the application of
the flours in energy foods. Carbohydrates also play a role
in the functional properties of the flour samples by
associating with water molecules via hydrogen bonding
which results in water absorption and swelling
(Fennema, 1996). Hence the flours could serve as
humectants and thickeners in food products.

3.2 Calculated metabolic energy

The metabolic energy of the African palmyra palm
fruit flours ranged from 334.25 to 281.93 kCal/100 g
whilst the fresh fruit pulp recorded a comparatively
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lower value of 40.31 kCal/100 g (Table 1). The lower
energy content of the fresh pulp could be attributed to its
high moisture (69.00%) and crude fibre (20.21%)
contents. The caloric values of all the flours were lower
as compared to soya bean flour (458.58-473.62 kCal)
(Eshun, 2012). The CME value of the freeze-dried flour
was comparable to ackee aril flour (327.61-645.43 kCal)
(Dossou et al., 2014).

3.3 Functional and physicochemical properties of
African palmyra palm fruit flour

3.3.1 Water absorption capacity, swelling capacity
and solubility index

The water absorption capacity (WAC) of the APP
fruit flour ranged from 307.18% in the solar dried flour
to 517.66% in the freeze-dried flour (Table 2). The WAC
of the freeze-dried flour was significantly higher (p <
0.05) than the WAC of the oven and solar dried flours.
Water absorption capacity is reported to be a function of
hydrophilic  molecules  (mainly  proteins  and
carbohydrates) hence correlates positively with the
amount of these molecules in the food material
(Fennema, 1996; Dossou et al., 2014). Therefore, the
high WAC (517.66%) for the freeze-dried APP fruit
flour in this study could be attributed to its high
carbohydrate content (73.60%). A similar trend was
observed for the solar dried and oven dried flours.

The water absorption capacity of the APP flours
were higher than values obtained for plantain (284%),
cassava flour (170-175%) and wheat flour (65-170%)
(Mepba et al., 2007; Eleazu et al., 2014), but lower than
the WAC in defatted ackee aril flour (565.53 - 982.88%)
(Dossou et al., 2014). Flours with high water absorption
capacities can be recommended as a humectant in food
products such as cakes, bread, and pastries.

Table 2. Functional properties of African palmyra palm fruit
flour

Parameter Freeze- Ovendried Solar dried
dried flour flour flour
Swelling 556.92 + 433.06 £ 433.00 £
capacity (%) 2.81° 5.81° 11.02°
Solubility Index 14.08 = 3341+ 33.02+
(%) 0.63° 0.29° 2.48°
517.66 + 32462+  307.18 +
WAC (%) 1.48° 5.72° 2.63¢
164.38 + 83.48 + 109.10 +
OAC (%) 0.06 0.66 0.77°
Foaming 235+ 2.00 £ 2.04 £
capacity (%) 2.12° 0.06" 0.06

Values represent mean + SD of at least three replicates of
replicates. Means in the same row with the same superscript
are not significantly different (p > 0.05). WAC = Water
Absorption Capacity; OAC = Oil Absorption Capacity
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Water absorption capacity is associated with
swelling capacity since they both are functions of
proteins and carbohydrates. The proteins and
carbohydrates associate with water molecules via the
formation of hydrophilic bonds (Dossou et al., 2014).
This accounts for the swelling power trend in the APP
flours in this study. The freeze-dried flour had a
significantly (p < 0.05) higher swelling power (556.92%)
than the oven-dried flour (433.06%) and solar dried flour
(433.00%). The high swelling powers of the APP flours
could be attributed to their relatively high carbohydrate
and crude fibre content which have the ability to absorb
water molecules and swell. The presence of strong
attractive forces within the structures of these molecules
results in swelling as water is absorbed leading to an
increased viscosity of the medium.

Flours with high swelling capacity as well as water
absorption capacity are recommended as functional
ingredients in the production of viscous foods like baked
products, dough, pasta and food gels (Fennema, 1996).
Flours that are suitable for good quality functional
ingredients have low solubility and high swelling
capacity. The freeze-dried flour samples with the highest
swelling capacity (556.92%) recorded the least solubility
index (14.08%) whilst the oven dried flour recorded the
highest solubility index (33.41%). The high solubility of
the oven dried and solar dried flours could be due to
increased hydrophilicity caused by an increase in the
polar components (sugars, organic acids, and soluble
proteins) as a result of processing methods. High
solubility could also be attributed to weak forces of
attraction between the molecules of food material
leading to an increased dissolution of the food material
in water (Dossou et al., 2014).

3.3.2 Oil absorption capacity

The oil absorption capacity (OAC) of food
ingredients could be used as a measure of the flavor
retention ability of the flours. It is also a measure of the
amount of oil absorbed by the food material during
cooking (Adebowale et al., 2011). The oil absorption
capacity (OAC) of the APP fruit flours ranged from
83.48% in the oven dried flour to 164.38% in the freeze-
dried flour (Table 2). There was a significant difference
(p<0.05) among all the three flours. The freeze-dried
APP fruit flour had higher OAC than plantain flour
(130%), wheat flour (110%) and cassava flour (61.50-
72.50%) (Mepba et al., 2007; Adebowale et al., 2011).

Fats and oils are important in food systems since
they contribute to the organoleptic properties (mouthfeel,
aroma, appearance, smoothness, creaminess) of food
products (Borja ef al., 2013). Food ingredients with high
oil absorption capacities are therefore suitable as lipid-
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based functional ingredients in food products such as
doughnuts, cookies, crackers and meat products
(Fennema, 1996; Chandra and Shamsher, 2013). The
African palmyra palm fruit flours especially the freeze-
dried and oven-dried flours could, therefore, be
applicable in these food products.

3.3.3 Foaming capacity

The foaming capacity of the APP flours ranged from
2.00% in the oven dried flour to 23.5% in the freeze-
dried flour (Table 2). The trend is similar to that of OAC
in this study. The foaming capacity of freeze-dried flour
is higher than the foamability of cassava flour (1.48-
3.73%) but lower than wheat flour (28.89%) (Adebowale
et al., 2011; Borja et al., 2013). Foaming capacity is
important for assessing the suitability of incorporating a
food ingredient into a food system. Food products such
as cakes, sponges, ice creams, marshmallows, whipped
creams, and bread require food ingredients with high
foaming capacity (Fennema, 1996; Atuonwu and
Akobundu, 2010). However, food ingredients with low
foaming capacity are suitably applied in biscuits,
crackers, and cookies (Borja et al., 2013). The APP
flours could, therefore, be utilized in biscuits, crackers
and cookies production due to their relatively low
foaming capacity.

3.4 Physicochemical properties of African palmyra palm
fruit flour

3.4.1 pH and Titratable acidity

The pH is a measure of active acidity whilst
titratable acidity is an estimate of the total acid
concentration in a food sample (Nielsen, 2010). The pH
of the APP flours ranged from 4.11 to 4.26 (Table 3).
The oven dried flours had the lowest pH whilst the solar
dried flour had the highest pH. The lower pH and
moisture content of the African palmyra palm fruit flours
could be an indication of shelf stability against microbial
contamination.

The low pH also correlates with the titratable acidity
of the flour samples which ranged from 1.59% in the
solar dried flour to 2.11% in the oven dried flour (Table
3). These values for the APP flours are significantly
higher than the titratable acidity for cassava flour and
wheat flour (0.36-0.45%) (Eriksson, 2013).

3.4.2 Total soluble solids

The total soluble solids of the APP fruit flours were
found to be statistically similar. The values ranged from
4.46% in the solar dried flour to 4.66% in the freeze-
dried flour (Table 3). The total soluble solids, which is
an indication of the total sugar concentration in the flour,
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coupled with the pH and titratable acidity are important
for the processing, storage, and quality of food produced
with the APP flour. These parameters also play a
significant role in the functional properties and
application of the food ingredient (Apea-Bah, 2011).

Table 3. Physicochemical properties of African palmyra palm
fruit flour

Freeze-dried Oven dried Solar dried
Parameter
flour flour flour
pH 412+0.01*° 4.11+£0.01* 426+0.01°
TTA (%) 1.84+0.04* 2.11£0.02° 1.59+0.00°
TSS (°Brix) 4.66+0.15* 4.60+0.00° 4.46=+0.06

Values represent mean = SD of at least three replicates.
Means in the same row with the same superscript are not
significantly different (p > 0.05). TTA = Titratable Acidity;
TSS= Total Soluble Solids.

3.4.3 Bulk densities of African palmyra palm fruit
Sflour

The loose bulk density of the APP flours ranged
from 0.36 g ml™" in the freeze-dried flour to 0.63 g ml™ in
the oven dried flour. The trend of the loose bulk density
was similar to the trend of the tapped bulk densities
which also ranged from 0.46-0.77 g ml" (Table 4).
However, the tapped bulk densities were higher than
their corresponding loose bulk densities. The bulk
densities of the APP flours are lower than that of cowpea
flour (0.82 g ml™") (Oppong et al., 2015) and soya bean
flour (1.56-2.09 g ml™") (Eshun, 2012). However, values
in this study are comparable to values obtained for ackee
aril flour and wheat flour (Dossou et al., 2014; Oppong
etal., 2015).

An increase in the bulk densities after tapping could
be attributed to the porosity of the flour samples which
causes a decrease in the sample volume after tapping.
Therefore, the higher bulk densities in the oven dried
flours are advantageous since larger flour quantities can
be contained in smaller packages. A factor that
contributes to variation in the bulk densities of flours has
been observed to be particle size and shape (Appiah et
al., 2011). The porosity of the flour also causes variation
in bulk density where highly porous flours usually have
lower bulk densities. Freeze-dried flour has a relatively
higher porosity hence have lower bulk density compared
to flours produced from other drying methods (Krokida
and Maroulis, 1997). Low bulk density flours are
suitably applied in complementary foods (Akpata and
Akubor, 1999).

3.4.4 Hausner ratio and Carr’s index

Hausner ratios of APP flours ranged from 1.19 in the
solar dried flour to 1.27 in the freeze-dried flour (Table
4). The Carr’s Indices also ranged from 15.79-21.43%
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and followed a similar trend (Table 4). Hausner ratio and
Carr’s Index are measures of the flowability and
compressibility (porosity) of flours (Muazu et al., 2011).
Flours with Hausner Ratio below 1.4 and Carr’s Index
below 23% are said to have good flow properties
(Barbosa-Canovas et al., 2005; Ogunsina et al., 2010;
Wigesinghe et al., 2015). This implies the APP flours
had good flow properties and compressibility. The
Hausner ratios and Carr’s Index values in this study were
comparable to that of ackee aril flour and Kithul flour
(Dossou et al., 2014; Wigesinghe et al., 2015). Flours
with good flowability are suitable for easier mixing,
transport, and other manufacturing processes. Therefore,
APP flours have potential applications in a number of
industrial food processing.

Table 4. Bulk properties of African palmyra palm fruit flour

Parameter Freeze- Oven dried Solar dried
dried flour flour flour
0.36 + 0.63 + 054+
EBD (gml) 0.00° 0.00° 0.00°
0.46 + 0.77 + 0.64 +
10D (g/ml) 0.00* 0.00° 0.00°
Hausner Ratio 1.27+ 1.23 + 1.19=
0.00° 0.00° 0.00°
Carr’s Index 21.43 + 18.75 + 15.79 +
(%) 0.00° 0.00" 0.00°

Values represent mean = SD of at least three replicates.
Means in the same row with the same superscript are not
significantly different (p > 0.05). TBD = Tapped Bulk
Density; LBD = Loose Bulk Density

4. Conclusion

The African palmyra palm (Borassus aethiopum)
fruit flour (APP) had considerably high amounts of
crude fibre, available carbohydrate, and metabolic
energy. The high fibre content of APP can be explored in
the production of lower glycaemic index, hypolipidemic
and prebiotic foods. The relatively high swelling power,
water and oil absorption capacities (WAC/OAC) also
implies the APP flour could be widely applied in the
pastry industry as a thickener, binder, stabilizer,
humectant and flavor-retaining agent. The flour can be
applied in the production of bread, cookies, cakes, pasta
and food gels due to its high swelling power and water
absorption capacity. The low foaming capacity also
makes the APP flour a potential ingredient in the biscuit
industry as well as in the production of crackers. Drying
had a significant effect on the APP flour samples
especially on the energy content, WAC, OAC, bulk
densities and Carr’s Index (compressibility index). There
was, however, less variation among the ash, crude fibre,
crude protein, non-fibre carbohydrates, swelling power,
solubility, foaming capacity and Hausner Ratio of the
oven dried and solar dried flours. The drying method had
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no significant effect on the total soluble solid content of
the African palmyra palm (Borassus aethiopum) fruit
flours. Overall, oven drying method presents the best
option considering the drying time, quality and cost
factors.
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