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Abstract: In this study three baobab fruit pulp samples were obtained from three different locations (Kordofan,

Blue Nile and Darfur) and subjected to physicochemical analysis. In addition, Kordofan baobab which is

available and highly acceptable by consumers was used to produce different types of spray dried powders. The

three baobab samples showed the same protein, fat, Ca, P and color levels, but significantly (p# 0.05) different

fiber, total sugars, ascorbic acid, K and Fe contents. Spray drying significantly (p# 0.05) elevated fat, total

sugars, K and P contents as well as bulk density and pH, while significantly (p# 0.05) reduced moisture,

protein, fiber, ash, ascorbic acid, Na, Ca and Fe contents. On the other hand color, reducing and non reducing

sugars were not affected. Solubility of the sprayed powder was significantly (p# 0.05) reduced as a result of

treatment with gum Arabic, sugar and Carboxy Methyl Cellulose (CMC). The spray dried powder obtained

from the pure extract of the pulp showed significantly (p# 0.05) better reconstitution properties (wetability,

dispersibility and solubility) in comparison to those prepared by addition of CMC or gum Arabic. The overall

quality of the reconstituted drink prepared from the sprayed powder that produced from the pure 12% TSS

extract (Ext pure) proved to be significantly (p#0.05) better than that of the other products.

Key words: Adansonia digitata , ascorbic acid, minerals, organoleptic quality, proximate composition, spray

drying

INTRODUCTION

Baobab (Adansonia digitata L.) is a deciduous tree

belongs to the plant family Bombacaceae found in the

savannas of Africa and India, mostly around the equator.

Fruit of the tree differ in shape among the varieties from

baloney and cylinder to ovoid, measuring 12-40 cm

length, 7-17 cm in diameter, filled with a white to roseate,

floury acidic pulp (Von M aydell, 1990).

The dry pulp often chewed, sucked and can be eaten

raw together with milk and porridge or milk alone. Also

the pulp is served as a refreshing drink or can be made

into light porridge (nesha). In N igeria the  fruit pulp is

used as sweetener for many local foods and as curding

agent for milk (Fleuret, 1980). In Sudan, especially

western  people  traditionally  depended  on  the  pulp of

A. digitata  for treatment of dysentery, diarrhea, gastro-

enteritis and colic’s.

The baobab dry fruit pulp was reported (Manfredini

et al., 2002) to contain 2.3% protein, 0.27% lipids, 5.2%

soluble and insoluble fiber, 75.6% carbohydrates.

Concerning minerals, Baobab Fruit Company (2002)

reported high Ca, Mg and P contents (4310, 2090 and 733

mg/100g, respectively) and moderate Fe, Zn and Na

contents (17, 10.4 and 54.6 mg/100g, respectively). Fruit

pulp proved to be rich in pectin, most of it being water

soluble with a  low content of propectin, low degree of

esterification and intrinsic viscosity values of about one

fifth of those of commercial apple pectin (Nour et al.,

1980).

Special attention has been given to measuring

vitamin C (ascorbic acid), a powerful antioxidant and

extremely important in human nutrition, in baobab fruit

pulp due to occasional reports of high content (Nour et al.

1980), Ighodalo et al. (1991), Saka et al. (1994), Dos-

Santos and Damon (1996) and Manfredini et al. (2002)).

Sidibe and Williams (2002) stated that the daily

recommended dose of vitamin C (65 mg per day) can be

obtained from 23 g of baobab powder, the daily saturation

of the vitamin C pool in the body (140 mg per day)

requires 50 g of baobab powder; the special dosage for

convalescents is 90 g.

The water-soluble fraction of the fruit pulp showed

stimulating effects on the proliferation of Bifido bacteria

in vitro. In fact, soluble dietary fibers, such as those in the

pulp (about 25%), are known to have prebiotic effects,

which means they stimulate the growth and the metabolic

activity of beneficial organisms (Milza, 2002). In recent
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years in Europe, a market has developed for food and

beverages products that provide a specific positive impact

on health. These products are called functional foods and

functional drinks. Food and beverages w ith a prebiotic

function has always been around, but the claim was not

previously promoted. Due to new clinical studies, which

show positive health effects from these substances, and

the consumer interest that followed, today these health

claims have a strong influence on marketing. Another

important health claim for functional food is anti-

oxidation. Baobab fruit pulp, due to the combination of

health claims (such as prebiotic and anti-oxidation

properties, high calcium content, and anti-inflammatory

effect) and food technological functions (due to its high

pectin and fiber content, baobab fruit pulp gives

beverages a thicker consistency and can be also used as

filler), is a very interesting candidate for a new generation

of functional foods and drinks. Hence the objectives of

this study were to determine the difference in the

physicochemical properties of baobab pulp from different

parts of Sudan, to prepare instant spray dried product from

baobab pulp and to investigate the effect of processing on

the proximate compositional, minerals content, vitamin C

level and some physical properties of the final product.

MATERIALS AND METHODS

The present study was conducted during 2007-2009

at the laboratories of the Industrial Research and

Consultancy Centre, Khartoum, Sudan.

Materials: Baobab fruit was obtained from three different

locations: North Kordofan State (central Sudan), South

Darfur State (western Sudan) and Blue Nile State (eastern

Sudan). 

Gum Arabic and CMC powder (Carboxy Methyl

Cellulose) were kindly supplied by the Gum A rabic

Company and Elnasir Factory, respectively.

Sam ple preparation: Edible portion of the baobab (pulp)

was collected after removal of the inedible portion (bark,

fiber and seeds), then hand pounded to pass through sieve

40 mesh size, and kept for analysis and preparation of

reconstitution drinks.

Analytical methods:

Proximate composition: Moisture, crude protein, fat,

crude fiber and ash were determined according to the

standard methods of AOAC (1990). The total

carbohydrate was calculated  by difference. 

pH determination: Thirty grams of each sample were

dissolved in 70 ml distilled water. The pH was then

measured using Philips PW  9418 pH meter. 

Ascorbic acid determination: Ascorbic acid (vitamin C)

was determined according to the indophenols method

(AOAC, 1990).

Minerals determination: Sodium (Na), potassium (K)

and calcium (Ca) were determined according to AOAC

(1990) using flame photometer (Coring 400). Iron and

phosphorus were determined according to the methods of

Hanson (1973), Chapman and Pratt (1982), respectively

using spectrophotometer (Jenway 6305 vis/uv) at

wavelengths 508 and 440 nm, sequentially.

Sugars: Total and reducing sugars were determined

according to Lane and Eynon titrometric method (AOAC,

1990). Non-reducing Sugars were calculated as follows:

None reducing sugars = Total sugars – Reducing sugars.

Physical properties of baobab pulp:

Color: Two grams of powder were weighed into 25 ml

beaker with 50 ml distilled water. Then the pH was

adjusted to 7 by adding acid (0.2 N HCl) or alkali (40%).

After that the solution was filtrated by Whattman filter

paper no.1. The color of the liquid was measured in

lovibond type colorimeter.

Viscosity: Viscosity was determined by the method of

Quinn and Beuchat (1975), using Brookfield viscometer

(VII), Spindle No. 2 of speed of 60 rpm at room

temperature (25ºC) and viscosity was expressed in

centipoises (cps).

Bulk density: The bulk density (BD) was determined by

the method described by Wang and Kinsella (1976). Ten

grams of the sample were placed in graduated cylinder

(50 ml) and packed by gently tapping the cylinder on the

bench top (10 times) to form reasonable height. The

volume of sample was recorded. Bulk density was

expressed as grams per milliliter.

Wettability and sinkability: The test involves spreading

of a definite weight of the powder on the surface of a

given mass of water, and measuring the time, which

elapses between the spreading of the powder and the

disappearance of the last particles from the surface of the

water. To obtain reproducible results, the powder particles

must make contact with the water at the same time and in

a homogeneous fashion.

The wettability was measured according to the

procedure described by Abdel Kareem and Brennan

(1975). Five grams of powder were placed and spread

evenly on the surface of filter paper (Whattman N o. 5).

The filter paper was previously held tightly between the

gap of two baby food cans, opened at both end .The

assembly  of  the two cans and filter paper, was mounted
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on the glass beaker (500 ml) containing 500 ml distilled
water at room temperature. The experiment was started by
pulling the filter paper to drop the powder as quickly as
possible. The immersion of the powder was watched and
the time taken for the powder to be wetted was noted
down.

Dispersibility: Five grams of the powder were added at
room temperature to 500 ml distilled water, which was
agitated using magnetic stirrer at 1100 rpm. After 5
minutes, a sample from the powder dispersion was taken
by mean of syringe (5 ml). The sample was centrifuged at
1000 rpm for 5 minutes to remove undispersed lumps and
the optical density at wave length 760 nm was then
measured using Unican 600 Spectrophotometer.
Dispersibility was expressed in terms of optical density
units (Abdel Kareem and Brennan, 1975).

Solubility: The solubility test was carried out by adding
10 g material to 250 ml distilled water at room
temperature (Abdel Kareem and Brennan, 1975). The
mixture was agitated with a magnetic stirrer (fisher, 50-60
HZ, 0.2 A) at position 5. The time required for the
material to dissolve completely was recorded.

Particle Size of spray dried powder: Laboratory sieve
analysis using a series of standard sieves (150, 125, 95,
90, 65, 45 micron) was used to determine the particle size
(BSI, 1976).

Spray drying of baobab pulp:
General considerations: Preliminary attempts to produce
acceptable high density concentrates from baobab fruit
pulp, which is known to contain substantial amounts of
pectin or pectic compounds, by evaporation, were faced
by problems of jellification and high viscosity. Such
problems can be practically solved by just extracting the
pulp by warm water. The ability of concentrated pulp
extract to form instant powder will depend, of course,
upon the nature of the product itself but in addition will
depend upon the spray drying conditions; the temperature,
flow rate of feed and drying air. If the initial total
mois ture content of the baobab concentrate was low
enough (high concentrates), the spraying will take place
rapidly with best particles size through controlling the
above three main effective factors, to maintain the
optimum conditions for spray drying without danger that
the product become liquefied, gummy, or caked.

Injection of  the  fresh  baobab  fruit  pulp  extracts
(of about 12-15 %TSS), at temperatures ranging from
100-150 ºC was employed. It is quite obvious that an
incoming air at this temperature will evaporate or
completely spray dries the feed in powdery form in a part
of seconds. In this type of processing the concentrates are
transformed to pow der by  injection of gas into liquid
through the nozzle.

Preparation of the fresh baobab fruit pulp
concentrates: Kordofan sample, was chosen because it is
available and highly acceptable by consumers. Seeds
together with pulp were collected from the crushed fruits
after removal of the inedible portions. Hereinafter the
collected material will be referred to as the raw material.

12% (TSS) concentration: Three liter of distilled water
were added to each 2 kg of raw  material in plastic
container, after 15 minutes stirred sufficiently and sieved
through test sieve No (52) mesh to remove seeds and
fiber. Filtrate was then passed through another test sieve
(N0.0118 inches) to get rid of smaller particles .The
concentration of the clear filtrate (12% TSS) was then
measured using hand refractometer (Ermo, Tokyo, No
5317, WSRO-50), and fed to the spray drier (Ext pure).
To decrease the amounts of the precipitated powder
during the preparation of the soft drink, spray dried gum
Arabic (10 g/l) or CMC (1g/l) was added to two other
batches of the 12% TSS filtrate before spray drying (Ext
gum and Ext CMC, respectively).

15% (TSS) concentration: Refined sugar was added to
another batch of the above clear filtrated juice to obtain a
juice with concentration of 15% TSS, and fed to the spray
drier (Ext sugar).

Processing: Four spray dried products (Ext pure, Ext
gum, Ext CMC and Ext sugar) were produced using
ANHYDRO LABORATORY SPRAY DRYER No. 1
(Copenhagen , Denmark)  wi th  the  follow ing
specifications: Evaporation capacity at inlet/outlet
temperature of 300/90ºC of 7.5 kg/h, Power supply of
0.736 kw, Compressed air consumption of 120 l/min,
Netto weight of 250 kg.

In order to start the process, the circular cover was
placed above the air distributor, the long plastic feed pipe
was fitted one end on the sight glass under the feed bowl,
and the other end on the nozzle feed nipple.

The powder duct and the cyclone were attached
tightly with unions and hook spanner so that all joints are
tightly connected, a powder bucket was fixed under the
cyclone and a thermometer over it and the air filter on the
fan was cleaned and positioned correctly. After removing
the cap of the nozzle the drying chamber door, with door
gasket free from impurities, was closed. The reducing
valve was closed by unscrewing the spindle and
compressed air was connected to the regulating valve.

The main switch was turned to the first position to
start the fan and then the electrical air heater was turned
on by turning the main switch to the kilowattage
corresponding to the required inlet air temperature
(250ºC).

While the plant is being heated, the compressed  air
was turned on. The reduction valve was adjusted to a
pressure of approximately 1 kg/cm2 applied to the nozzle.
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Tab le 1: C hem ical co mp osition of  bao bab  pulp

Sam ple M oisture Fiber Ash Pro tein Oil Ca rbohyd rate

Kordofan 8.24 ± 0.10 b 4.46 ± 0.25 a 5.05 ± 0.03 b 5.50 ± 0.39 a 1.50 ± 0.35 a 75.15

Blu e N ile 7.87 ± 0.19 b 1.48 ± 0.07 c 5.02 ± 0.02 b 5.57 ± 0.05 a 1.66 ± 0.20 a 78.37

Darfur 8.59 ± 0.10 a 3.20 ± 0.10 b 5.51 ± 0.04 a 5.15 ± 0.39 a 1.14 ± 0.00 a 76.41

spray dried Product 7.78 ± 0.06 * 0.00* 4.25 ± 0.01 * 4.20 ± 0.05 * 1.90 ± 0.32 * 81.82

Each va lue is an average of three replicates expressed on  dry matter basis.

Values are mean ± standard deviation.

M eans n ot sharing  a similar sup erscript letter(s) in a co lumn  are significa ntly differen t at (p#0.05 ) as as sesse d by  Du ncan’s m ultiple  Range  test.

*: Spra y dried p roduct was  significan tly (p#  0.05) different compared to Kordofan sample.

The pinchcock was closed completely, and the feed bowl
was filled with distilled water (to avoid calcareous
deposits in the drying chamber). W hen the outlet air
temperature reached 90ºC, water was fed to the nozzle.
The water quantity was regulated so as to keep the
temperature constant. After 20 minutes, the in and outlet
temperature were stable, and then the operation switched
from water to product.

Material to be dried (at initial temperature of 25ºC)
was introduced into the feed bowl, the reducing valve for
the compressed air was adjusted at 4 kg/cm2 and the
pinchcock was regulated so that the outlet temperature
remains constant. Material was then drip fed at rate of 200
ml/min, using the adjustable clamp, through the sight
glass to the nozzle atomizer. The drying air was drawn
through the air filter by mean of fan, blown through the
electrical air heater and through the air distributor, which
admits the air into the drying chamber with slightly
rotating motion. The drying air temperature was regulated
stepwise using the main switch to temperature range of
100-150ºC by selecting the corresponding kilowattage
heating element.

The material was dispersed into a mist in the two
fluids nozzle by mean of the compressed air. The nozzle,
which is situated in the middle of the drying chamber, was
spraying upwards, thus giving the particles the longest
trajectory obtainable in the compact plant and permitting
the production of coarser particles.

Hot drying air, which was simultaneously introduced
through an annular opening in the drying chamber ceiling,
mixed continuously with the mist of the atomized material
and instantaneously evaporates the volatiles of the
material. The non-volatile part was left in form of small
dry particles of pow der. On account of the rapid
evaporation, the heat in the air was absorbed so quickly
that the temperature in the drying zone was very low
throughout the entire period of drying. It was only when
the particles are drying that their temperature gradually
rose towards the temperature of the outlet air (60-70ºC).

Product obtained follows the air stream down towards
the outlet aperture on the conical bottom of the drying
chamber and pass out with the outlet air through the
powder duct to the dynamic cyclone separator where it
was separated from the drying air and falls down the
cyclone sides into the powder bucket. The moist drying
air was discharged from the top of the cyclone through the
exhaust duct.  When replacing full powder buckets by

empty ones, the flap valve was temporarily closed to
prevent the powder from leaving cyclone.

When the feed bowl was almost empty, some
distilled water was fed to the nozzle, in order to clean the
feed pipe and nozzle, and to avoid overheating. The
current for the heating elements was then switched off and
supply of water was gradually decreased to maintain the
outlet air temperature at constant level (90ºC). When the
temperature of the inlet air reached about 130ºC the water
supply was completely cut off. When the inlet
temperature decreased to 80oC the dryer was stopped by
turning the atomizer regulator and the master switch to
their zero position. Finally the feed system, cyclone and
the powder duct were removed.

Organoleptic test: In this investigation, six different
types of reconstituted drinks were prepared from the three
unprocessed baobab pulp (Kordofan, Blue Nile and
Darfur) together with three other spray-dried products
(Ext pure, Ext gum and Ext CMC). Reconstituted drinks
were prepared as follows: To ten gram powder 10 g sugar
and 150 ml water were added in a plastic jug then stirred
for a few  seconds (5% TSS). 

Samples were subjected to panel test which was
carried out at the labs of Food Science and Technology
Department, Faculty of Agriculture, University of
Khartoum, using ranking test as described by Ihekoronye
and Ngoddy (1985). Panelists were asked to exanimate
the samples according to quality attributes and then rank
the samples from the best (rank 1) to the least in quality
(last rank). Results were statistically analyzed by tables
provided by Ihekoronye and Ngoddy (1985) at 5% level
of significance.

Statistical analysis: Data assessed by analysis of variance
(ANOVA) (Snedecor and Cochran, 1987) using CRD
with three replicates. Means were compared using
Duncan's Multiple-Range Test (Duncan, 1955) with
probability (P# 0.05).

RESULTS AND DISCUSSION

Chemical composition: The chemical composition of
raw baobab fruit pulp obtained from three different
locations (Kordofan, Blue Nile and Darfur States) as well
as the spray dried product processed from Kordofan raw
material is shown in Table 1.
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Proximate composition: Moisture content was found to
be 8.24, 7.86 and 8.59% for Kordofan, Blue Nile and
Darfur raw pulp, respectively. Darfur sample showed
significantly (p# 0.05) higher moisture content, while
those from Kordofan and Blue Nile were found to contain
the same level of moisture. These values were higher than
the value of 6.7% reported by Nour et al. (1980), but
lower if compared to the range of 11.1-13.6% given by
Gaydou et al. (1982). The spray-dried product obtained
from Kordofan raw pulp, showed a significantly (p# 0.05)
reduced moisture content compared to Kordofan sample.

Ash content was 5.05% for Kordofan sample and
5.02% for that from Blue Nile. Results showed no
significant difference (p# 0.05) between the two raw
materials. Present findings were lower than the value of
7% stated by Okoho (1984). Spray drying significantly
(p# 0.05) lowered ash content to 4.25%, which could be
related to volatization of some elements during the
process.

As shown in Table 1, pulp collected from baobab
procured from K ordofan, Blue Nile and Darfur was found
to contain sequentially 4.46, 1.48 and 3.20%  fiber. Data
indicated that the three materials were significantly (P#
0.05) different. Results obtained were markedly lower
compared to the values varying from 5.4 to 9% earlier
mentioned in the literature (Nour et al., 1980; Okoho,
1984; Arnold et al., 1985). The reduced fiber content
could be ascribed to the variations in methods of crushing
of the fruit, removal of the inedible portions and sieving.
Interestingly, the spray dried product showed nil fiber
content. The extensive sieving and filtration before spray
drying, in order to prevent clogging of the nozzle during
the process, may be the probable reason for diminishing
fiber in the final product.

Protein content of baobab fruit pulp was found to
range from 5.15 to 5.57% with overall mean of 5.24%
without significant difference (p# 0.05) among the three
samples. Results reported here were slightly lower than
the value of 6.2% mentioned by Nour et al. (1980) for
Sudanese baobab, but higher than the 2.3% concentration
given by Manfredini et al. (2002). Protein content of the
sprayed  powder  (4.20%)  proved  to  be  significantly
(p# 0.05) lower compared to its starting raw material.
This might be due to the effect of the thermal process on
protein structure.

As indicated in Table 1, chemical analysis revealed
that the three samples of baobab pulp contained the same
level of crude fat. Values were ranged from 1.14% (for
Darfur) to 1.66% (for Blue Nile) with average value of
1.43%. No significant (p# 0.05) differences w ere
observed among the three locations. In contrast, the fat
content of the spray-dried powder (1.9%) was found to be
significantly (p# 0.05) higher if compared to its respective
raw pulp.

The three unprocessed samples of baobab pulp were
found  to  contain 75.15-78.37% available carbohydrates

Tab le 2: To tal, reduc ing an d no n redu cing su gars o f baob ab pu lp

Sam ple Total sugars Redu cing sugars Non  reducing su gars

Kordofan 31.24 ± 0.34 a 8.80 ± 0.21 a 22.54 ± 0.12 a

Blue  Nile 28.70 ± 0.02 c 8.91 ± 0.03 a 19.73 ± 0.04 b

Darfur 29.36 ± 0.04 b 7.40 ± 0.20 b 22.57 ± 0.22 a

spray dried 32.50 ± 0.01 * 8.90 ± 0.03 a 20.53 ± 5.15 a

product

Each value is an average of three replicates expressed on dry matter basis.

Values are mean ± standard deviation

Means not sharing a similar superscript letter in a column are significantly different

at p#  0.05 a s assess ed by  Du ncan ’s M ultiple R ange  Test.

*: Spray dried product was sign ificantly (P#  0.05) different compared  to Kordofan

sample.

with a mean value of 76.64%. The manufactured powder

recorded markedly higher content of 81.82%. Data

obtained were in a good agreement with values ranging

from 73.7 to 81% previously reported by Gaydou et al.

(1982), Okoho (1984) and Arnold et al. (1985).

Sugars: Concerning total sugars, Table 2, values obtained

were 31.24, 28.70 and 29.36% for Kordofan, Blue Nile

and Darfur samples, respectively, which w ere slightly

higher than the range of 16.9-25.3% (Gaydou et al.,

1982). Significant differences (p# 0.05) were observed

among the three raw materials. Processing significantly

(p# 0.05) e levated the total sugars content from 31.24%

(Kordofan) to 32.50%  (sprayed powder).

In this study, pulp of Kordofan and Blue Nile baobab

were found to be similar in their reducing sugars content

with mean value of 8.85%. On the other hand Darfur

baobab pulp show ed significantly (p# 0.05) lower content

(7.4%) compared to the rest of samples. Processing

insignificantly (p# 0.05) increased  reducing sugars from

8.80% in the raw  material to 8.90% in the final product.

It is clear that spray drying have no effect on the reducing

sugars level.

Interestingly, Kordofan and Darfur samples contained

the same non-reducing sugars concentration (22.54% and

22.57%, respectively). Pulp collected  from Blue Nile

baobab fruit demonstrated a significantly (p# 0.05) lower

value of 19.73%. In respect of their non reducing sugars

contents, statistical analysis revealed no significant

difference between the spray dried product and its

corresponding raw material.

Minerals: Minerals of the three samples and the sprayed
powder are viewed in Table 3.

Chemical analysis revealed significant (p# 0.05)
variation in Na contents of the three samples. Values
obtained were found to range from 19.07 mg/100 g (for
Kordofan) to 46.10 mg/100 g (for Darfur). Data indicated
that spray drying significantly (P# 0.05) reduced Na
content of baobab pulp to 18.20 mg/100 g in comparison
with the unprocessed material.

With respect to K, values obtained were 12.47, 38.35
and 35.12 mg/100 g for Kordofan, Blue Nile and Darfur
samples, respectively. The three commodities were
significantly  (p#  0.05)   different    in    their  K content.
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Tab le 3: M ineral co ntent o f baob ab pu lp

Sam ple Na (mg/100g) K (mg/100g) Ca (mg/100g) Fe (mg/100g) P (mg/100g)

Kordofan 19.07 ± 0.11 c 12.47 ± 0.49 c 399.46 ± 8.76 a 6.69 ± 0.04 a 90 ± 0.10 a

Blu e N ile 33.20 ± 0.10 b 38.35 ± 0.04 a 394.66 ± 1.52 a 6.00 ± 0.12 c 92 ± 0.10 a

Darfur 46.10 ± 1.00 a 35.12 ± 0.08 b 386.53 ± 1.52 a 6.49 ± 0.04 b 91 ± 0.00 a

Spray dried product 18.20 ± 0.11 * 17.77 ± 0.66 * 288.80 ± 7.04 * 2.86 ± 0.28 * 97 ± 0.10 a

Each va lue is an average of three replicates expressed on  dry matter basis.

Values are mean ± standard deviation

Means not sharing a similar superscript letter in a column are significantly different at p #  0.05  as as sesse d by  Du ncan’s M ultiple  Range  Tes t.

*: Spray dried product was significantly (p #  0.05) different compared to Kordofan sample.

Significant increase (p# 0.05) to 17.77 mg/100g in K

content was noticed due to spray drying process.

As demonstrated in table 3, calcium content of

baobab fruit pulp ranged from 386.53 to 399.46 mg/100g

with average value of 393.55 mg/100g, without

significant differences among the three locations.

Previously, Nour et al. (1980) and Manfredini et al.

(2002) reported higher values of 655 and 670 mg/100g,

respectively. Relevant to the spray dried product it was

found to contain significantly (p# 0.05) reduced Ca

content of 288.8o mg/100 g.

Investigation showed that the Fe content was 6.69

mg/100 g for Kordofan sample, 6.00 mg/100 g for Blue

Nile baobab and 6.49 mg/100 g for that from Darfur. Iron

content was found to be significantly different among the

three locations. These results were slightly lower

compared with the findings of Nour et al. (1980) who

reported 8.6 mg/100 g Fe. Processing drastically reduced

Fe content of the spray dried powder to 2.86 mg/100 g.

In this study the three samples were found to have the

same level of P (90-92 mg/100 g) with a mean value of 91

mg/100 g. Values reported were higher than the value of

50.8 mg/100 g mentioned by Nour et al. (1980), but

marginally lower than the range of 96-118 mg/100 g

(Baobab Fruit Company, 2002). Phosphorus content of

the  sprayed  powder  (97  mg/100 g),  was  significantly

(p# 0.05) higher in comparison with the original sample.

Ascorbic acid (vitamin C) content: As presented in

Table (4), raw pulp collected  from baobab fruit procured

from Blue Nile State had the highest ascorbic acid content

(370.66 mg/100 g) followed by Kordofan sample (357.33

mg/100 g), while that from Darfur showed the lowest

vitamin level (347.33 mg/100 g). In this research, the

mean separation showed significant (P# 0.05) differences

in ascorbic acid content among the three samples. Spray

drying brought about a significant (p# 0.05) reduction in

vitamin C content.

pH: Values of pH for baobab fruit pulp from different

locations are depicted in Table 4. Pulp obtained from

Darfur sample, in water suspension, had a pH value of

3.2, which significantly (p# 0.05) higher compared to the

value of 3.0 demonstrated by both Kordofan and Blue

Nile samples. Similarly the spray-dried powder produced

from   Kordofan   raw    material    was    found   to  have

Tab le 4: A scorb ic acid co ntent (m g/100 g) and  pH  of bao bab p ulp

Sam ple Asc orbic a cid pH

Kordofan 357.33 ± 2.51 b 3.03 ± 0.02 b

Blue  Nile 370.66 ± 4.04 a 3.04 ± 0.02 b

Darfur 347.33 ± 2.51 c 3.20 ± 0.01

Spray dried product 308.33 ± 7.63 * 3.26 ± 0.01 *

Each value is an average of three replicates expressed on dry matter basis.

Values are mean ± standard deviation

Means not sh aring a  similar su perscr ipt letter in  a column are significantly different

at p#  0.05 a s assess ed by  Du ncan ’s M ultiple R ange  Test.

*: Spray dried product wa s significa ntly (p#  0.05) different compared to Ko rdofan

sample.

Tab le 5: Ph ysical pr operties  of bao bab p ulp

Sam ple Color Visc osity Bulk  dens ity

Kordofan 1.30 ± 0.95 a 44.66  ± 0.57 b 0.47 ± 0.05 a

Blue  Nile 1.76 ± 0.51 a 55.00 ± 1.00 a 0.42 ± 0.04 a

Darfur 1.36 ± 0.51 a 44.66 ± 0.57 b 0.32 ± 0.01 b

Spray dried product 1.30 ± 0.56 a 0.00* 0.52 ± 0.01 a

Each value is an average of three replicates expressed on dry matter basis.

Values are mean ± standard deviation

Means not sharing a similar superscript letter in a column are  significantly different

at p#  0.05 a s assess ed by  Du ncan ’s M ultiple R ange  Test.

*: Spray d ried produc t was significantly (p#  0.05) different compared to Ko rdofan

sample.

significantly (P# 0.05) higher pH value of 3.3. The higher

pH values of Darfur sample as well as the sprayed powder

possibly can be due to their respective lower ascorbic acid

contents.

Physical properties of baobab pulp: Table 5, shows

some physical properties (color, viscosity and bulk

density) of the raw and spray dried pulp.

Interestingly, raw materials obtained from three

different locations (Kordofan, Blue Nile and Darfur

States) together with the sprayed product showed

significantly (p# 0.05) the same level of color with

average value of 1.46. The high temperature short time

(HTST) treatment during the drying of Kordofan sample,

insignificantly (p# 0.05) improved color from 1.30 to 1.43

in the final product.

Viscosity was found to be 45, 55 and 44 centipoises

(cps) sequentially for Kordofan, Blue Nile and Darfur raw

materials. Statistical analysis revealed no significant

difference between K ordofan and Darfur samples, while

that from Blue Nile acquired significantly (p# 0.05)

higher viscosity compared to the other samples.

Table 5, indicates that the bulk density of the

powdered pulp of Kordofan and Blue Nile samples were

0.47 and 0.42 g/ml, respectively. The separation showed

that there was no significant (p#0.05) difference in bulk

density  for  the  two  samples, whereas that from Darfur
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Tab le 6: P hys ical p roperties o f a sp ray d ried p roducts

Size (micron)

---------------------------------------------------------------------

(% ) (% ) (% )

Sam ple So lubility W et ab ility and sin k ab ility Op tical de nsity >125 45-125 <45

Ext. pu re 48.66 ± 3.21 c 32.33 ± 2.52 d 0.434 ± 0.01 b 15 .2 70 .6 14 .2

Ext.  sugar 58.66 ± 2.65 b 43.33 ± 3.79 c 0.944 ± 0.05 a 4.4 66 .6 19 .0

E xt.  C M C 64.67 ± 4.31 b 62.33 ± 2.52 b 0.335 ± 0.00 c 16 .4 47 .0 36 .6

Ext.  gum 75.00 ± 5.00 a 72.33 ± 2.52 a 0.382 ± 0.04 b 28 .2 29 .6 42 .2

Eac h va lue is a n av erage of th ree rep licates  exp ressed on  dry m atter basis

Values are mean ± standard deviation

Means not sharing a similar superscript letter in a column are significantly different at p #  0.05 as assessed b y Dun can’s M ultiple Range Te st

showed a significantly (p# 0.05) lower value of 0.32 g/ml

compared to the above materials. Concerning the effect of

spray drying on the bulk density, statistical analysis

revealed a highly significant (p# 0.05) difference between

the final product and its starting raw material.

Spray dried products: In this study, the raw material

from Kordofan sample was used to prepare four different

spray dried products from the following extracts: 12%

TSS pure extract (Ext pure), 12% TSS extract with CMC,

1 g/l (Ext CMC), 12% TSS extract with gum Arabic, 10

g/l (Ext gum) and 12% TSS extract concentrated to 15%

TSS by addition of sugar (Ext sugar).

Physical properties of the spray dried products: The

physical properties (solubility, dispersibility, wetability

and size) of the above mentioned products are shown in

Table 6.

Results indicated that the solubility of Ext pure

powder was the best (48.66 sec) compared to the rest

products. There was no significant (p# 0.05) variation in

solubility between Ext sugar (58.66 sec) and Ext CMC

(64.67 sec) products, while Ext gum showed a

significantly lower solubility (75 sec). It was obvious that

treatment with both CMC and sugar negatively affected

the solubility of the sprayed powder. Addition of gum

Arabic tremendously prolonged the solubility time of the

spry dried product.

As indicated in Table 6, Ext sugar product showed

significantly (p# 0.05) improved dispersibility of 0.944

OD compared to all other products. On the other hand,

dispersibility of Ext pure was 0.434 OD, while that of Ext

gum was 0.382 OD without significant difference

between the two products. Ext CMC show ed significantly

(p# 0.05) lower value of 0.335 OD compared to all other

product except Ext gum. It is clear that concentration to

15% TSS by addition of sugar greatly enhances the

dispersibility of the sprayed powder. In contrast treatment

with CM C and gum A rabic reduced dispersibility in

comparison with the product prepared from the pure

12% TSS extract (Ext pure).  

Both Ext pure and Ext sugar products showed

significantly the fastest wetability time (32 and 43 sec,

respectively), without significant difference between the

Tab le 7: O rgano leptic qu ality of rec onstitutin g drin ks pre pared  from  baob ab pu lp

Sam ple Color flavor Body ness Over all control

Ext pure 31" 28a 50b 31a

Ext gum 45" 60b 45a 53b

E xt C M C 53b 64b 47a 70b

Kordofan 73b 52b 75b 51b

Blue  Nile 94c 99c 94c 100c

Darfur 106c

97c 98c 95c

a < 49; b = 49-84; c > 84

Sum  of Ranks havin g differ ent sup erscript letter  in each  colum n differ  significa ntly

at p#  0.05.

two products. Whereas Ext CMC and Ext gum required

significantly (p# 0.05) longer time to get wet (62 and 72

sec, respectively). It seems that treatment with CMC and

gum A rabic defect wetability of the sprayed powder.

Concerning the particle size only 15% of Ext pure,

Ext sugar and Ext CMC granules were found to be >125

micron. Most particles (47-71%) of the same products

showed a diameter range of 45-125 micron, while the size

of 14-37% of the granules was <45 micron. On the other

hand the majority of Ext gum granules (42%) gave a

diameter  of  <45  micron,  about  30%  ranged between

45- 125 micron and 28% particles were >125 micron.

Organoleptic quality: Table 7, shows the organoleptic

quality of the reconstituted drinks prepared from the spray

dried products together with three other unprocessed pulp

powders.

Reconstituted drinks prepared from the unprocessed

powder of Blue Nile and Darfur samples acquired the

same lowest levels of quality attributes studied (color,

flavor, bodyness and overall quality) compared to the rest

products.

Color of drinks obtained by reconstitution of the

spray-dried powder was obviously superior to that of the

raw materials. The reconstituted Ext CMC showed

insignificantly (p# 0.05) improved color compared to its

corresponding raw pulp. The best color was shown by the

reconstituted drinks of Ext pure and Ext gum, which can

be attributed to sieving and filtration before spray drying.

Addition of gum Arabic insignificantly (p# 0.05) reduced

the color quality of the powder compared to that of Ext

pure. In contrast addition of CM C significantly (p# 0.05)

reduced it.

Interestingly, Ext gum and Ext CMC upon

reconstitution retained the original flavour of the starting



Adv. J. Food Sci. Technol., 2(2): 125-133, 2010

132

material,  while   that   of   Ext  pure  was  significantly

(p# 0.05) enhanced compared to the rest of the products.

Concerning the bodyness, reconstituted drink made

from Ext pure was similar to that from Kordofan raw pulp

powder. In contrast, reconstituted Ext gum and Ext CMC

showed a significantly (p#0.05) better characteristics. It

was clear that addition of both gum Arabic  and CMC

greatly enhance the bodyness of the spray dried products.

With respect to overall quality, Ext pure was the best.

This can be ascribed to its excellent wetability,

dispersibility and solubility characteristics Table 6. Ext

gum demonstrated almost the same overall quality as its

respective unprocessed powder, whereas treatment with

CMC (Ext CMC) insignificantly (p# 0.05) lowered the

overall quality of the product.

CONCLUSION

Sudanese baobab fruit pulp from different regions of

the country proved to be rich in ascorbic acid (vitamin C),

Ca and P  (average values were 358.44, 393.55 and 91

mg/100g, respectively), it also showed relatively higher

protein content (5.2%) compared to the literature.

Extraction, filtration and spray drying methods adopted in

this study significantly (p# 0.05) reduced the above

mentioned nutrients, except P.

Solubility of the sprayed powder was significantly

(p# 0.05) reduced as a result of treatment with gum

Arabic, sugar and Carboxy Methyl Cellulose (CMC).

Dispersibility was significantly (p# 0.05) improved by

concentration with sugar, significantly (p# 0.05)

deteriorated as a result of CMC treatment and not affected

by addition of gum Arabic. Wetability was significantly

(p# 0.05) reduced due to addition of both CMC and gum

Arabic.

RECOMMENDATIONS

The spray dried product obtained from the 12% TSS

pure extract of baobab pulp proved to be organoleptically

acceptable and of good reconstitution characteristics,

therefore, development of such novel product should be

encouraged. Further research efforts should be directed to

improve the extraction method of baobab pulp (under

vacuum) to obtain high concentration in order to minimize

the time in the zone of action in the spray dryer, hence

prevent deterioration of the pulp nutritive value.
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