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Abstract
Extraction of Grewiaspp biopolymers from barks was studied under various physicochemical conditions.
Experiments were conducted using 10 g of barks of 3 cm length and 0.5 cm width as a porous mediain a
glass column, at different pH [4, 7, 9], salt concentration [NaCl; KCl, CaCl2], and flow rate velocity[0.236
10-6 m3/s, 0.921 10-6 m3/s] Results showed that maximum extraction rate (35%) was obtained at pH 4, ionic
strength 10-1M, and polymer concentration of 0.375 mg/L.
1. Introduction
Biopolymers extracted from plants of different families are widely used in different processing fields,
including chemical (production of biofloculant), pharmaceutical (drug production) and agro industries
(thickener product). They can be found in leaves, roots and barks and may have very interesting properties
for environmental processes like capability of coagulating suspended particles due to their high molecular
mass. Some plants, commonly used for their coagulation potential are Moringaoleifera,
Strychnospotatorum, C.angustifolia (Pritchard et al., 2010), Phaseolus vulgaris (AntovMirjana et al., 2010),
and Grewiaspp (Ndi et al., 2013).Grewiaspp. biopolymers contain polysaccharides and are locally used for
clarification of water from wells and local beer (bilibili). As other plants, release of organic material using
those polymers is the main inconvenient for their use, as they may react with chloride compounds to form
toxic products (Kebreab et al., 2005).Previous studies on coagulation efficiency of Grewia spp. on clay and
yeast particles have shown that itis dependent on the type of salt and the pH used, both factors affecting
significantly their extraction process(Kameni, 2012; Ngnie, 2010).The coagulation process could be carried
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out with bark, powder or pure extracted polymer. Pure extracted polymers are simple to use, does not release
any particle in the suspension but are more expensive than bark or powder. Extraction techniques usually
consist of reducing particle size prior to the extraction step. The reduction of particle size into powder
requires energy as the plant has to be first cut onto small size and then crushed. During this crushing
process, fine powder particles are produced, increasing the specific surface area of the particles and
therefore the extraction efficiency of the biopolymers. Unfortunately, pure quality of biopolymer cannot be
recovered after this step, leading to the implementation of a purification test which would increase the
overall extraction cost (Kebreab et al., 2005).Most of the time for laboratory purposes extraction is carried
out in batch mode. As this process is not continuous and is limited by the diffusion equilibrium stages,
continuous column extraction could be experimented. When such continuous process is used an amount of
particles is require to form a packed bed. The particles sizes involved are of high size, then it is expected that
less amount of fine particles will be released in the system. For rural water treatment plants, injection of
extracted biopolymers may be difficult to handle, and using the barks directly could be of great interest.
These experiments have already been carried out in batch mode (Kameni, 2012), and there’s a need to find
out the efficiency of this extraction in a continuous mode as for flocculation purpose, using a controlled
system of injection of flocculants in the system could be suitable. In this study, column extraction of
Grewiaspp. is carried out under various physicochemical conditions (pH; salt concentration) and flow
velocity.
2. Materials and methods
2.1. Chemicals
Chemical used for the experiments were of analytical grade and distilled water was used as the main solvent.
Sodium chloride, potassium chloride and calcium chloride solutions were prepared using CaCl2(99%), NaCl
(99.9%) and KCl (98%) reagents.
2.2. Biological material
Grewiaspp Barks (Picture 1) were collected from Maroua, in the Far North Region of Cameroon. Barks
were cut into small sizes of 3 cm long and 0.5 cm wide (Picture 2). This dimension was found in previous
studies as suitable for extraction process as it could release fewer amounts of fine particles in the
supernatant. The barks were introduced in a dryer (CK2000 AUF) at 45°C for 48h; then removed, cooled in
a desiccators and kept at a temperature of 25± 2°C in sealed plastic bags.
Picture 1 and 2 here
2.3. Experimental set up
The extraction plant (Fig.1) consists of one supply tank, stirred with an impeller propeller. A centrifuge
pump allows the transfer of the fluid through the glass filtration column, of internal diameter 2.83cmand
height 34cm. At the exit of the column, the filtration flow rate is monitored with a flow meter (SERV
INSTRUMENTATION), and samples are collected for turbidity and biopolymers measurements
respectively with a turbidimeter (HACH Instruments) and a spectrophotometer (Jenway model, 7310) at a
wave length of 250 nm.
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Picture 2: Raw materiall (3cm
length) ofGrewiaspp

Picture1 : Grewiasppbarks
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Fig.1 Schematic diagram of apparatus
2.4. Biopolymer extraction
com
design. For
Biopolymer extraction was performedd in a continuous mode using the central composite
polymer extraction, 5g of barks was packed
pa
into the column and extraction was carri
rried out with distilled
-6
3
water at a fixed pH (4.9), ionic streng
ngth (0 – 0.01M), flow rate (0.236.10 m /s,, 00.921.10-6 m3/s) and
temperature (25± 2°C).
3. Results and discussion
3.1. Influence of pH and flow velocity
The effect of pH was investigated and results
re
are presented in Fig. 2 and 3, which repre
present the biopolymer
concentration upon the number of bed volume,
v
respectively at flow rates of 0.236 .10-66 m3/s and 0.921.10-6
3
m /s. When flushing the bed with less
ss than 20 bed volume, a maximum of biopoly
lymer concentration is
found whatever the flow rate. At low flow
flo rates, for bed volume flushed respectively from
fr
20 to 70 at pH 4
and 20 to 80 at pH 9 the biopolymer con
oncentration extracted increases, and decreases fur
further. For high flow
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rates, a continuous decrease of the amount of extracts with the increase of number of bed volume is
observed. Whatever the flow rate used, pH 4 enhances biopolymer extraction. This is relevant to the
structure of polysaccharide and the isoelectric point of protein. The high concentration of hydrogen ions in
the solvent (at low pH) stimulated the hydrolysis of an insoluble polysaccharide constituent (Shiyu et al.,
2011). The amount of biopolymer extracted increased. This can be explained by the fact that at low pH,
carboxylic and amine groups are protonised by hydrogen (H+), which helps to increase repulsion between
polymer chains, giving them the possibility to be individualized, thus increasing the solubility of the
polymers. As non-favorable interaction of biopolymer is observed within these conditions, the transport
mechanism involved at low pH will be faster than at high ones (Merveille, 2011; Collins, 1997). When pH is
higher, dissolution of protein is promoted and dissolution of polysaccharide inhibited. Within the first stage
of extraction, the amount of biopolymers increases because of the effective extraction which occurs very
rapidly as soon as water is introduced into the column. Thus, as the column needs some time to be full of
water before opening the valves for the monitoring of extracted biopolymers, a peak of biopolymers will be
found. Using low flow rates increases contact time of the water with barks. As a result, there exists an
increase of biopolymers extracted followed by a decrease, resulting from a reduction of biopolymers
available in the barks during the extraction. Diffusion mechanism is found to be important in these operating
conditions. At high flow rates, convection is very important and with the renewal of barks surfaces the
extraction is more regular. The extraction amount decreases rapidly at the beginning because the external
surface of barks contains those biopolymers readily available and easily dissolved in contact with water.
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Fig.2 Effect of solution pH on biopolymer extraction. Q = 0.236 10-6 m3/s, without salt.

114

European International Journal of Science and Technology

Vol. 4 No. 4

April, 2015

6
pH 4 ± 0,05
pH 9 ± 0,05

Extracted polymer (g/L)

5

4

3

2

1

0
0

50

100

150

200

250

300

350

400

Number of bed volume

Fig.3 Effect of solution pH on biopolymer extraction. Q = 0.921 10-6 m3/s, without salt.
3.2. Influence of type of salt
Fig 4, 5, 6 and 7 present biopolymer extraction amount versus the number of bed volume at different pH
and type of salts. The trends observed above are also respected, except at low flow rate, where no increase in
the biopolymer amount released was observed. Moreover, the amount of biopolymer extracted depends on
the type of salt used whatever the pH and the flow rate; NaCl gave best results, followed by KCl and CaCl2.
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Fig.4 Effect of type of salt on polymer extraction. pH = 4 ± 0.05 ; Q = 0.236 10-6 m3/s.

115

European International Journal of Science and Technology

ISSN: 2304-9693

8
NaCl
KCl
CaCl2

Extracted polymer (g/L)

7
6
5
4
3
2
1
0
0

10

20

30

40

50

60

70

80

90

100

Number of bed volume

Fig.5 Effect of type of salt on polymer extraction. pH = 9 ± 0.05 ; Q = 0.236 10-6 m3/s.
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Fig.6 Effect of type of salt on polymer extraction. pH = 4 ± 0.05 ; Q = 0.921 10-6 m3/s.
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Fig.7 Effect of type of salt on polymer extraction. pH = 9 ± 0.05 ; Q = 0.921 10-6 m3/s.

All these figures show that the released amount of polymer increases with the type of salt and the
concentration. As ionic strength increases, the solubility of the polymers increases as predicted by the salting
in theory (Merveille, 2011; Collins, 1997). The solubilisation will induce a rapid diffusion of the polymer in
the medium. In this particular case, traction is more pronounced with NaCl than CaCl2 salts.
4. Conclusion
Grewiaspp. biopolymers extraction was studied in this paper. Results show that the amount of biopolymer
extracted increase with the decrease of the pH of the solution and depend of the type of the salt used. The
amount of biopolymer extracted depends also of flow rate velocity.
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