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ABSTRACT:

Drying of 'Kitchiner', 'Alphonse’' and 'Dibsha’ mango (Mangifera indica, L.) cultivars grown in
Darfur, into mango cereal flakes was conducted to enhance durability, utilization of mango fruits
and to reduce the cost of transportation and storage. Hot plate (140-170 C) was used for the
preparation of mango cereal flakes. Wheat flour, 'Geeria' (fermented millet extract) flour and
sorghum flour were used as additive materials to improve the quality and keeping quality of the
dried mango product. Quality factors of dried mango cereal flakes including moisture content,
ascorbic acid, titratable acidity, pH and total soluble solids were measured initially and every
three months intervals to report on the degree of product deterioration as the storage period
advanced. Wheat, 'Geeria' and sorghum flour were found to produce good quality mango cereal
flakes with stable constituents and retain 90-98% of their initial ascorbic acid after six months of

storage at room temperature (30 ‘C).

Keywords: Mango, Mangifera indica, cereal flakes, dehydration, wheat flour, 'Geeria' flour,

sorghum flour.

INTRODUCTION

Mangoes are important fruits in tropical and
subtropical regions with India leading world
production. Further, the fruit is considered the king of
all fruits. In Sudan, mangoes are both popular and
valuable fruits. The fruiting season, in Sudan,
extends over eleven months and in some areas like
Darfur mangoes bear fruits twice a year (Saeed et al.,
1975; ElI Mahdi and ElI Awad, 1984). However,
tremendous losses are encountered in mangoes
produced in remote areas of Darfur due to poor
transportation and lack of storage facilities.
Postharvest losses in mangoes in Sub-Saharan
Africa and South Asia is great (Affognon, et al., 2015;
Kitinoja and AlHassan, 2012). Kitinoja and AlHassan
(2012) related the high losses (40-50%) to high
temperatures, poor quality packages, poor field
sanitation and time required to reach the market.
While considerable attention is directed toward
increasing production it is often forgotten to reduce
food losses and waste (Affognon, et al., 2015). In

Darfur losses in mangoes are mainly because of high

rates of bruising, water loss and subsequent decay
during postharvest handling. Solutions to this
situation could be by harvesting the fruits at optimum
maturity, to extend the shelf-life, or through
preservation into products acceptable in urban
communities. Ahmed and Ahmed (2014) studied
optimum harvest maturity of mangoes in Darfur, and

indicated that optimum harvesting dates for
‘Kitchiner', 'Alphonse’ and 'Dibsha’ cultivars were 15
and 16, 16 and 17 weeks after flowering,
respectively.

Dehydration of mango fruits into fruit slices, mango
cereal flakes and mango leather could be conducted
to enhance durability, utilization and reduce the cost
of transportation and storage of mangoes in Darfur.
Ahmed and Ahmed (2012) explored dehydration of
mango into fruit slices and reported that sugar and
lime-juice were good soaking solutions for mango
slices. Panel test showed that cane treated slices
gave higher scores based on color, flavor, taste and
texture and is suggested as preservative material for
mango slices. Treated slices retained 53-78% of their
original ascorbic acid after six months of storage
(Ahmed and Ahmed, 2012). In the present study
dehydration of mango into cereal flakes is explored to
reduce losses and produce a new breakfast food.

Mango cereal flakes were developed earlier in India
(Jain et al., 1957). Further studies on preparation and
uses of cereal flakes were reported in several fruits
e.g. mango (Stephane, et al., 1997; Gujral and
Khanna, 2002), papaya (Rai and Chauhan, 2008),
potato (Young et al., 2002; Lamberti et al., 2004) and
cassava (Muzanila et al., 1998). Only fully ripe
mangoes are required for good quality flakes. Bashir
and Hassan (1970) studied the possibility of
producing mango flakes from "Alphonse" and
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"Dibsha" cultivars using drum driers and different
additives.

Padmini et al. (1963) studied the packaging problems
and storage of mango cereal flakes. They found that
both triple laminate aluminum foil and waxdipped
posterpaper gave one year of shelflife. However,
difficulties with packaging might arise because of the
hygroscopic nature of the product. Gonza'lez-Aguilar
et al. (2000) indicated that combinations of
antibrowning agents and modified atmosphere
packaging (MAP) resulted in reduction of browning
and deterioration of fresh-cut mangoes stored at 10
°C.

Food additives were defined as substrates or
mixtures of substances other than the basic foodstuff
present in food as a result of any aspect of
production, processing, storage or packaging
(Desrosier and Desrosier, 1977). Food additives are
added to improve nutritional value, enhance quality
and consumer acceptance, improve keeping quality,
assure availability of the food or facilitate its
preparation for table use (Taylor, 1980). Several
additives were used for preservation of mango slices
(Pott, et al., 2005; Madamba and Lopez, 2006; Moy,
et al., 2007; Abdelgader and Ismail, 2011; Ahmed
and Ahmed, 2012). For preservation of mango
leather Gujral and Khanna (2002) used skim milk,
soy protein and sucrose. Mango cereal flakes as a
new breakfast food containing 49% mango solids,
23% wheat flour and 28% added sugar is a growing
industry and had been competing in the breakfast
cereal market in developing countries (Rai and
Chauhan, 2008).

In the present study wheat flour, 'Geeria’ flour and
sorghum flour were added to mango cereal flakes to
improve the quality and keeping quality of the dried
mango product. It is also explored to reduce losses,
improve income and produce a new breakfast food.

MATERIALS AND METHODS

Plant Material: Fruit samples were taken from the
same mango cultivars (‘Kitchiner', 'Alphonse' and
'Dibsha’) grown in the same orchard as described
before (Ahmed and Ahmed, 2012).

Preparation of Mango cereal flakes for Drying: For
preparation of pure mango juice, a sample size
consisting of 100 uniform and ripe fruits were
handpicked from each cultivar. Selected fruits were
cleaned with tap water. The fruits were squeezed by
hand to soften the flesh. A small cut was then made
into the fruit skin through which the juice was
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extracted manually. The weight of collected juice,
skin and seed (stone) were determined using a top
loading balance, to establish the overall drying ratio
and the drying ratio of each cultivar. The collected
juice was strained through a plastic wiremesh to
remove as much fiber as possible. Sodium
metabisulphite at concentration of 750 ppm was
added to the pure juice to prevent oxidation of
ascorbic acid, browning and contamination by micro-
organisms during preparation of the samples while
drying.

Additives for Preserving Mango Cereal Flakes:
Three types of flour (wheat, sorghum and millet
extract) were used. The millet extract flour is locally
known as 'Geeria’. For each preparation, 200 g of
flour was mixed with 1 kg of pure mango juice to
produce mango paste. The paste was baked on a hot
plate (140-170 C) for 20-30 sec to produce flakes
with 0.5 mm thickness (Plate 1).

Plate 1

Plate 1:

Drying of mango pulp

200 g of wheat flour, sorghum flour and 'Geeria’ flour
were mixed with 1 kg of pure mango juice to produce
mango paste.

The paste was baked on a hot plate (140-170 -C) for
20-30 sec to produce flakes with 0.5 mm thickness.
Packaging and Storage of Dried Mango Cereal
Flakes: After drying, processed samples of mango
cereal flakes (Plate 2: a, b and c¢) were packed.
Packaging and storage of the processed mango
cereal flakes was done as described before (Ahmed
and Ahmed, 2012). Processed samples were packed
in thin polyethylene bags and kept in a Styrofoam
container (30X40X50 cm), and then stored at room
temperature of 30 C for 0, 3 and 6 months prior to
analysis.



Analytical Procedure:

Moisture Content (%): The toluene distillation

method of Ranganna (1979) was used to determine
the percentage moisture content of mango cereal
flakes.

Plate 2 a: ‘Kitchiner' cereal flakes

Plate 2 b: 'Alphonse’ cereal flakes

Plate 2 c: 'Dibsha’ cereal flakes

pH Determination: The pH value of processed
samples was measured using a rehydration ratio of
1:10 (Ranganna, 1979). Hundred ml of distilled water
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was added to 10 g of dried mango sample and then
blended. The pH of this mixture was measured by a
Griffin pH meter model 40.

Titratable Acidity (% citric acid): The acidity as %
citric acid of rehydrated mango cereal flakes was
determined by titrating to pH 8,2 with 0,1 N sodium
hydroxide (NaOH) as described by Ranganna (1979).

Total Soluble Solids-TSS (Brix): TSS was
measured as described before (Ahmed and Ahmed,
2012) using a Kruss hand refractometer model HRN-
32.

Ascorbic  Acid Determination:  The  2,6-
dichlorophenalindophenol titration method of Ruck
(1963) was used for determination of ascorbic acid
content of all dried samples.

All physical and chemical analyses of processed
samples were done at the beginning of the
experiment, after three and then after six months of
storage to evaluate the keeping quality of the mango
cereal flakes.

Experimental Design: The experiments were
designed as split-split-plots. The three cultivars
formed the main treatment and additive materials
formed the sub-plots. Additive concentrations and
storage periods formed the sub-sub-plot treatment.

RESULTS AND DISCUSSION

Moisture Content: Table 1 shows that at the
beginning of the storage period, the moisture content
of mango cereal flakes prepared from the three
cultivars and treated with various additives was
significantly higher than that of mango cereal flakes
stored for 3 or 6 months. The moisture content of
cereal flakes stored for 3 months remained constant
till the end of the storage period after 6 months
regardless of the additive materials used or the type
of cultivar. The range of moisture content in mango
cereal flakes obtained in this study, was similar to
that reported by Girdhari et al. (1960) and Muzanila
et al. (1998) on mango and cassava cereal flakes,
respectively. Likewise, Seely and Jackson (1988)
reported a range of 0.0 — 3.0 % moisture in apple
cereal flakes.
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Table 1: Effects of additive materials and storage period on moisture content (%) of mango cereal flakes

of different mango cultivars.

% Moisture Content at Different
Mango Additive Storage Periods (months) Cultivar
cultivar Material 0 3 6 mean
200g/kg
Kitchiner Wheat flour 2.20 2.13 2.13
"Geeria" 2.20 2.15 2.15
Sorghum 2.28 2.17 2.17
mean 2.23 2.14 2.14 2.16
Alphonse Wheat flour 2.23 2.10 2.10
"Geeria" 2.18 2.10 2.10
Sorghum 2.25 2.13 2.13
mean 2.22 2.10 2.10 2.11
Dibsha Wheat flour 2.33 2.24 2.24
"Geeria" 2.33 2.25 2.25
Sorghum 2.34 2.25 2.25
mean 2.34 2.25 2.25 2.28
Cultivar factor : LSDg o5 = 0.03
LSD0,01 =0.04
Storage period factor  : LSDggs = 0.05
LSD0A01 =0.06

Pott et al. (2005) achieved stable dried mango slices
at a moisture content of 17% and suggested simple
drying methods instead of more expensive
technologies. In the present study, mango cereal
flakes were simply dried under the sun which is
plenty in Darfur.

Ascorbic Acid Content: Ascorbic acid content of
mango cereal flakes prepared from 'Kitchiner' and
'‘Alphonse’ cultivars tended to decrease as storage
period increased regardless of additive materials
used (Table 2). On the other hand, the ascorbic acid
content of mango cereal flakes from 'Dibsha’ cultivar
remained almost constant with increase in storage
period (Table 2). This is in agreement with
Abdelgader and Ismail (2011) where storage of
mango slices c.v. 'Kitchiner' at room temperature
resulted in marked loss in ascorbic acid. It is known
that drying causes great losses in vitamin C. The
decrease in ascorbic acid in this study may be
attributed to heat and light sensitivity of ascorbic acid.
It could also be due to prolonged storage (six
months). Similarly, Rai and Chauhan (2008)
attributed the loss in ascorbic acid to its sensitivity to
light and heat, or to its oxidation at high temperature
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(Njoku et al., 2011). Further, Rai and Chauhan (2008)
reported that prolonged drum drying increased
vitamin C loss in papaya cereal flakes.

Mango cereal flakes prepared from 'Kitchiner' cultivar
and treated with 'Geeria’ flour maintained higher level
of ascorbic acid than those treated with sorghum or
wheat flour. 'Alphonse’ cereal flakes treated with
'‘Geeria' or wheat flour resulted in higher levels of
ascorbic acid compared to those treated with
sorghum flour regardless of the storage period. No
differences in ascorbic acid contents of mango cereal
flakes prepared from 'Dibsha’ were recorded,
irrespective of the additive materials used (Table 2).
However, mango cereal flakes retained 90-98 % of
their initial ascorbic acid after six months of storage
at room temperature (30 ‘C). This is in agreement
with Gil et al. (2006) on mango cubes c.v. ‘Ataulfo’.
Further, Gil et al. (2006) indicated that total
carotenoids increased in mango cubes in response to
light exposure. Stephane et al. (1997) found that
drum drying preserve more ascorbic acid and B-
carotene than freeze dried or spray dried mango
custard. This would support the high retention of
ascorbic acid in mango cereal flakes in the present
investigation.



Agric. Biol. J. N. Am., 2015, 6(6): 160-167

Table 2: Effects of additive material and storage period on ascorbic acid content (mg/100g) of mango cereal flakes

of different mango cultivars.

Ascorbic acid (mg/100g) at Different
Mango Additive Storage Periods (months) Retention
cultivar Material 200g/kg 0 3 6 (%)
Kitchiner Wheat flour 43.6 42.2 41.6 95.6
"Geeria" 46.2 44.3 44.3 95.9
Sorghum 44.9 42.8 40.5 90.2
mean 44.9 43.1 42.1 93.9
Alphonse Wheat flour 58.9 58.0 55.7 94.5
"Geeria" 57.1 56.6 55.4 97.0
Sorghum 49.1 49.1 48.6 98.9
mean 55.0 51.6 53.2 96.7
Dibsha Wheat flour 11.0 13.7 13.7 98.2
"Geeria" 11.2 13.2 13.2 92.9
Sorghum 13.6 13.1 13.1 96.3
mean 13.6 13.3 13.3 95.8
Cultivar factor 1 LSDoos5 = 6.0
LSD0,01 = 81

Titratable Acidity (citric acid %): Data presented in
Table 3 show that citric acid content of mango cereal
flakes prepared from the three cultivars and treated
with various additive materials tended to remain
constant as storage period increased. However,
'‘Dibsha’ cereal flakes treated with sorghum flour
resulted in the highest citric content followed by
Geeria flour and then wheat flour. Significantly higher
levels of citric acid were found in 'Dibsha' cereal
flakes compared to the two other -cultivars.
Measurement of titratable acidity of mango cereal
flakes indicates the stability of the product throughout

the storage period. Variations in these measurements
were found to be a cultivar characteristic (Table 3).
This is consistent with results of Dabhade and
Khedkar (1980) on mango powder and with
Ngamchuachit et al. (2014) on fresh-cut mangoes.
However, titratable acidity in dried tomatoes
decreased compared to fresh fruits (Ringeisen et al.,
2014). Rai and Chauhan (2008) reported that total
acid content (as % anhydrous citric acid) in the
papaya-cereal flakes did not change significantly
throughout the storage period.

Table 3: Effects of additive material and storage period on titratable acidity (citric acid %) of mango cereal flakes of

different mango cultivars.

Titratable  at acidity (citric acid %)
Mango Additive Different Storage Periods(months) Cultivar
cultivar Material 200g/kg 0 3 6 Mean
Kitchiner Wheat flour 0.84 0.84 0.84
"Geeria" 0.80 0.80 0.80
Sorghum 0.90 0.90 0.90
mean 0.85 0.85 0.85 0.85
Alphonse Wheat flour 0.91 0.91 0.91
"Geeria" 0.84 0.84 0.84
Sorghum 0.91 0.91 0.91
mean 0.89 0.89 0.89 0.89
Dibsha Wheat flour 0.91 0.91 0.91
"Geeria" 1.35 1.35 1.35
Sorghum 1.46 1.46 1.46
mean 1.21 1.21 1.21 1.24
Cultivar factor 1 LSDoos5 = 0.27
LSDgo1 = 0.34
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pH Measurements: Values of pH recorded in mango
cereal flakes prepared from the three cultivars and
treated with various additive materials were higher at
the first stage of the storage period (Table 4). A
reduction in pH values was found at the end of the
storage period regardless of the cultivar or the
additive material used. This is similar to findings by
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Abdelgader and Ismail (2011) and Bernardi et al.
(2009). But solar drying of tomatoes increased pH
compared to fresh fruits (Ringeisen et al., 2014). In
this study, significant differences in pH values were
only observed between the different cultivars
irrespective of the additives used or the storage
period.

Table 4: Effects of additive material and storage period on pH value of mango cereal flakes of different mango

cultivars.
pH Value Periods at Different
Mango Additive Storage (months) Cultivar
cultivar Material 200g/kg 0 3 6 Mean
Kitchiner Wheat flour 5.2 4.8 4.8
"Geeria" 49 4.1 4.1
Sorghum 5.2 4.8 4.8
mean 5.1 4.6 4.6 4.7
Alphonse Wheat flour 5.1 4.7 4.7
"Geeria" 4.9 4.5 4.5
Sorghum 5.0 4.5 4.5
mean 5.0 4.6 4.6 4.7
Dibsha Wheat flour 4.7 4.3 4.3
"Geeria" 4.6 4.2 4.2
Sorghum 4.7 4.5 4.5
mean 4.7 4.3 4.3 4.4
Cultivar factor :LSDgos = 0.56 LSDgo1 = 0.75

Total Soluble Solids TSS (°Brix): The total soluble
solids found in mango cereal flakes prepared from
the three cultivars and treated with various additive

materials remained constant throughout the whole
storage period (Table 5).

Table 5: Effects of additive material and storage period on total soluble solids (TSS) of mango cereal

flakes of different mango cultivars.

TSS (Brix) at Different
Mango Additive Storage Periods (months) Cultivar
cultivar Material 200g/kg 0 3 6 Mean
Kitchiner Wheat flour 12.0 12.0 12.0
"Geeria" 11.5 11.5 11.5
Sorghum 13.0 13.0 13.0
mean 12.2 12.2 12.2 12.2
Alphonse Wheat flour 13.0 13.0 13.0
"Geeria" 12.0 12.0 12.0
Sorghum 135 135 135
mean 12.8 12.8 12.8 12.8
Dibsha Wheat flour 11.0 11.0 11.0
"Geeria" 11.0 11.0 11.0
Sorghum 11.0 11.0 11.0
mean 11.0 11.0 11.0 11.0
Cultivar factor 1 LSDg o5 = 0.62
LSDO.Ol =0.84

However, a significant higher TSS content was
recorded in mango cereal flakes prepared from
'‘Alphonse' compared to the other two cultivars. These
results confirm findings by Beaulieu and Lea (2003)
and Abdelgader and Ismail (2011). Similarly,
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Ngamchuachit et al. (2014) reported higher TSS in
'Kent' mangoes compared with 'Tommy Atkins'
mangoes and attributed that to continued ripening
during storage at 5 °C. In the present study, however,
the mango cereal flakes were stored at high



temperatures (30 °C). The condensation of reducing
sugars with amino acids (maillard reaction) is
accelerated at higher temperatures. This is attributed
to increased loss in total sugars during storage
(Thakur et al., 2000).

CONCLUSION:

Additive materials of wheat flour, 'Geeria' flour and
sorghum flour used in the present study were found
to produce high quality mango cereal flakes with
stable constituents. Measurement of moisture
content, titratable acidity, pH and total soluble solids
of mango cereal flakes indicate the stability of the
product throughout the storage period. Variations in
these measurements were found to be a cultivar
characteristic.

However, ascorbic acid content of mango cereal
flakes prepared from ‘Kitchiner', 'Alphonse' and
'Dibsha’ cultivars tended to decrease as storage
period advanced. Yet, the mango cereal flakes
retained 90-98 % of their initial ascorbic acid after six
months of storage at room temperature (30 C).
Hence, the product is recommended as a new
breakfast food in Darfur.
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