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ABSTRACT 

Triumfetta cordifolia and Bridelia thermifolia are two shrubs from tropical region of Africa. Their gums are tradition- 
ally extracted from fresh barks and used in traditional recipes (thickening and aromatization of sauces, improvement of 
the swelling of maize and bean cakes) and in the process of decantation of traditional beer. In order to valorize these 
barks in dried form, study of the effect of drying temperature on the rheological properties of their gums was carried out. 
In this respect, the fresh barks were dried at 40˚C, 50˚C, 60˚C, 70˚C and 80˚C and the viscosity of their extracts was 
measured. The drying kinetic of the barks showed two falling rate periods represented by two drying constants k1 and k2. 
The absolute viscosity of the extracts decreased beyond drying temperatures higher than 70˚C and 80˚C respectively for 
T cordifolia and B. Thermifolia. The decreasing viscosity is attributed mainly to a reorganization of polysaccharide 
chains. The temperatures range lower than 70˚C could be retained to dry the barks and to extract gums without deterio- 
rating their properties. 
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1. Introduction 

Triumfetta cordifolia and Bridelia thermifolia are two shrubs 
from tropical regions of Africa. Their barks are locally 
used for different purposes: thickening of sauces, impro- 
vement of the swelling of maize and bean cakes, floccu- 
lation and decantation agent in traditional beer prepara- 
tion. Previous studies have evidenced that these func-
tional properties are due to high molecular weight poly- 
saccharides contained in the barks. These polysaccha- 
rides are rich in galactose residue (31% - 62%), suggest- 
ing a galactan backbone for the polysaccharides structure. 
The others sugar residue of the polysaccharides are arabi- 
nose (22% - 30%) in the two gums and glucose (22% - 
36%) in B. thermifolia [1]. 

The barks are sold on local markets either fresh or 
dried. Though the dried presentation seems more to be 
the result of long stay of barks in free atmosphere, when ex-  

posed for marketing, than a real will to dry them, this 
presentation allows distribution of barks for extended 
periods, and even in non producing areas. In this respect, 
a question raises whether drying of barks influences their 
functional properties and consequently those of their 
gums. 

The present paper aims at answering the above ques- 
tion through the characterization of drying behavior of 
Triumfetta cordifolia and Bridelia thermifolia, coupled to 
extraction and evaluation of rheological properties of the 
bark gums during the air drying process. The hypothesis 
supporting the above objective is based on a probable ef- 
fect of air drying temperature on gum rheology. 

2. Material and Methods 

2.1. Source and Preparation of Barks 

The plants (Triumfetta cordifolia and Bridelia thermifo- 
lia) were harvested from local farms in the northern re- *Corresponding author. 
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gion of Cameroon. Their barks were removed using 
stainless steel knife, water cleaned, wiped using a cotton 
tissue, then cut in rectangular pieces (5 cm × 1 cm for T. 
cordifolia; 5 cm × 0.5 cm for B. thermifolia barks). 

2.2. Drying of Barks 

The barks were displayed in monolayer on a pre-weighed 
tray and dried at 40˚C, 50˚C, 60˚C, 70˚C and 80˚C, in a 
ventilated dryer (INCUCELL, France) with an air flow 
rate of 0.5 ms−1. The tray containing the samples was 
periodically weighed all along the drying process until 
mass stabilization indicating the end of drying. For each 
run, drying experiment was conducted in triplicate, and 
from the three values of tray weight, average of sample 
moisture was determined as a function of time. The val- 
ues obtained were then used to build the drying curves 
and to calculate the drying parameters. These parameters, 
consisting in the equilibrium moisture (He) and the dry- 
ing constant (k), were determined from the simplified 
equation (1) of Henderson and Perry [2] and Perry et al. 
[3] expressing the removable moisture ratio (Hr) of sam- 
ples during drying. The equation assumes the Fickian dif- 
fusion model and the analytical solution proposed by 
Crank [4], taking into consideration that the evaporation 
surface is infinitely larger than the thickness of barks and 
that water repartition is uniform in the barks slices. 


2
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r 2 2
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H H 8 π D.t
H exp A.ex

H H π 4L

 
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p kt      (1) 

where: Hr (gH2O·g−1 DM) is the removable moisture ratio 
of samples during drying; Ht (gH2O·g−1 DM) is the time 
dependent moisture content of the sample during drying; 
Ho (gH2O·g−1 DM) is the initial moisture content of the 
sample; He (gH2O·g−1 DM) is the equilibrium moisture 
content (at the end of the drying process); Lo (m)is the 
half thickness of bark slice; D (m2·h−1)is the apparent 
moisture diffusivity; t (h) is the drying time; and k (h−1) 
is the drying constant, obtained from the plot of lnHrvs t. 
Assuming that at equilibrium, the drying rate is zero (2), 
i.e. 

At t
t e

dH
H H

dt
   0             (2) 

Therefore, from plots of near equilibrium final values 
of dH/dtvs. Ht, and through regression analyses, He val- 
ues were determined as the point where the graph cuts 
the Ht axis. The values obtained were included in Equa- 
tion (1) for the determination of drying constant (k). 

2.3. Gum Extraction 

Gums were extracted through mixing and agitation of 
fresh or dried bark slices in distilled water at 50˚C for 

one hour, using a bark/water ratio of 4 g/150 ml and 4 
g/100 ml, respectively for dried and fresh bark slices. Ex- 
tracts were recuperated and centrifuged (5000 rpm) for 
15 min. to remove fine particles in suspension and the 
homogenous solution obtained was considered as raw 
gum solutions [5]. 

2.4. Analysis 

2.4.1. Water Content 
Water content of fresh and dried barks was determined 
through drying at 105˚C, using an infra red dryer (Precisa, 
Germany). 

2.4.2. Chemical Analysis 
Free sugar content of gum extracts was analyzed using 
the method of Fischer and Stain [6]. This analysis was di- 
rected by the hypothesis that drying conditions may cause 
hydrolysis of polysaccharides gums, with subsequent ef- 
fects on their rheology. 

2.4.3. Rheological Analysis 
Rheological analysis were undergone on raw gum ex- 
tracts, considered as concentrated solutions, and on dilut- 
ed extracts obtained by mixing the raw extract with 5 
parts of distilled water. Rheology of diluted solutions of 
gums was conducted at 25˚C using an Ostwald capillary 
viscosimeter according to the method of Vandana et al. 
[7], while rheology of concentrated solutions was under- 
gone using a type of ARG2 rheometer (distributed by TA) 
working under imposed constraint, with cup and bob ge- 
ometry with inner and outer radii of 22 mm and 24 mm 
respectively. 

2.5. Statistical Analysis 

Three replicates were carried out for each parameter and 
means were obtained from replicate. These mean were 
compared by analysis of variance (ANOVA) [8] and 
where significant differences existed, values were classi- 
fied by Duncan Multiple Range Test [9]. 

3. Results and Discussion 

3.1. Behavior of T. cordifolia and  
B. thermifolia Barks on Drying 

The drying rate curves of bark slices under all drying 
conditions, calculated from the drying data for each dry- 
ing run, i.e. from the moisture content change that oc- 
curred in each time interval of weighing, are shown on 
Figure 1. In general, drying rates are highest at the be- 
ginning of drying, when moisture content of bark slices 
are thegreatest, then decline rapidly and linearly towards 
equilibrium conditions. The slope of the drying curve  
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(a) 

 
(b) 

Figure 1. Drying rate curves for T. cordifolia (a) and B. 
thermifolia (b) barks at different drying temperatures. 
 
increase with drying temperature, indicating that the rate 
of water removal from barks increase with temperature. 

From the regression analysis of near equilibrium dry- 
ing rates data, considering that when Ht = He, dHt/dt = 0, 
predicted values of equilibrium moisture contents (He) 
obtained for all drying conditions (Table 1) confirm the 
predominant effect of temperature: the equilibrium mois- 
ture attained at the end of drying is as low as the drying 
temperature is high. The drying temperature is thus the 
factor which significantly influences (P ≤ 0.05) the equi- 
librium moisture content. 

By including He values in (1), and undergoing regres- 
sion analysis of lnHrvst, considering transient moisture 
content values all along the falling rate period, the falling 
rate drying curves (Figure 2) and the corresponding dry- 
ing constants k (Table 2), established for all drying con- 
ditions show that the air drying of T. cordifolia and B. 
thermifolia barks, in our working conditions, occurs in 
two falling rate, influenced by drying temperature. The  

 
(a) 

 
(b) 

Figure 2. Viscosity curves of native extracts of T. cordifolia 
(a) and B. thermifolia (b) barks as a function of drying tem- 
perature of barks. 
 
Table 1. Equilibrium moisture contents (He) of air dried 
barks of T. cordifolia and B. thermifolia, predicted from the 
transient drying data. 

He (gH2O·g−1 DM) Drying  
temperature T. cordifolia B. thermifolia 

40˚C 0.124 ± 0.003a 0.115 ± 0.002a 

50˚C 0.108 ± 0.013a 0.083 ± 0.003b 

60˚C 0.093 ± 0.001a 0.072 ± 0.002b 

70˚C 0.062 ± 0.026b 0.067 ± 0.010c 

80˚C 0.033 ± 0.001c 0.057 ± 0.003c 

a,b,cThe He values on the same column with the same letter as superscripts 
are not significantly different at P ≤ 0.05 Results are mean ± SD. 

 
corresponding drying constants obtained conditions, oc- 
curs in two falling rate, influenced by drying temperature. 
The corresponding drying constants obtained from the 
slope of each falling rate period (Table 2) indicate that 
these constants increase with drying temperature, par-  
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Table 2. Drying constants (k) during the air drying of T. cordifolia and B. thermifolia barks at different temperatures. 

T. cordifolia B. thermifolia Drying  
temperature (˚C) 

K1 (h
−1) K2 (h

−1) K1 (h
−1) K2 (h

−1 ) 

40˚C 2.05 ± 0.04d 1.46 ± 0.01b 3.96 ± 0.00d 1.88 ± 0.05b 

50˚C 3.45 ± 0.12c 2.30 ± 0.000a 4.65 ± 0.01c 2.092 ± 0.048b 

60˚C 4.42 ± 0.009c 2.183 ± 0.005a 5.39 ± 0.003c 2.350 ± 0.028a 

70˚C 5.99 ± 0.049b 2.29 ± 0.009a 6.35 ± 0.02b 2.460 ± 0.026a 

80˚C 8.00 ± 0.790a 2.64 ± 0.340a 8.71 ± 0.18a 2.135 ± 0.330a 

a, b, c,dValues on the same column with the same letter as superscripts are not significantly different at P ≤ 0.05. Results are mean ± SD. 

 

3.2. Influence of Drying Temperature on the 
Rheological Properties of Aqueous Gum  
Extracts from Barks 

ticularly in the first falling period (k1), which means that 
water dehydration of barks is as high as the drying tem- 
perature is high, and that the phenomenon occurs more 
rapidly in the first falling rate period. By comparing the 
behavior of T. cordifolia and B. thermifolia barks, it is 
observed that, at lower drying temperatures (40˚C and 
50˚C), k constants in the first falling rate period is higher 
for B. thermifolia bark than for T. cordifolia bark, while 
at higher drying temperatures (70˚C and 80˚C), these 
drying constants are comparable. On the contrary, in the 
second falling rate period, the drying constants of the two 
bark species are comparable for a given drying tempera- 
ture. 

Figures 4 and 5 show respectively the viscosity graphs 
of diluted and concentrated aqueous extracts of barks at 
various drying temperatures. Extracts from fresh barks 
are considered as reference solutions, since these barks 
have not been submitted to any drying treatment before 
gum extraction. Viscosity of diluted extracts (Figure 4) 
from barks dried between 40˚C and 70˚C is not signifi- 
cantly different (P ≥ 0.05) from that of fresh bark extracts. 
Meanwhile, a significant decline (P < 0.05) of viscosity 
is observed beyond 70˚C, which indicates a modification 
of gum properties. The same phenomenon is observed in 
concentrated solution (Figure 5) where viscosity curves 
of gum extracts from barks dried below 50˚C overlap vis- 
cosity curve of fresh bark extracts, while beyond that 
temperature, the viscosity feature of dried bark extracts is 
low. The decline of gum viscosity at higher temperature 
seems to indicate, either molecular destabilization of po- 
lysaccharides, possibly by acetates hydrolysis if they 
would exist on these polysaccharides, or a consequence 
of the presence of impurities in extracts. In this second 
hypothesis, it could be considered that drying at high 
temperatures weakens bark tissues which are released in 
extracts during extraction constituting thus impurities 
responsible for the decline of viscosity. 

In order to define whether the temperature dependence 
of k is related to a structural or molecular modification, 
the activation energy of the drying process during the 
first falling rate period for the two barks was calculated 
through the Arrhenius plot of the phenomenon, using (3): 

a
1 0

g

E 1
ln k ln

R T
y                 (3) 

where y0 is a constant (h−1), Ea is activation energy or 
enthalpy (kJ·mol−1), Rg is universal gas constant (8.314 
kJ·mol−1·K−1) and T (˚K) is the drying temperature. 

Although the Arrhenius plot (Figure 3) exhibits an 
apparent discontinuity around 70˚C, the significant de- 
termination coefficients (R2) of the points (R2 = 0.98 and 
0.96, respectively for B. thermifolia and T. cordifolia) in- 
dicate that this graphical deviation is not significant. 

In fact, the above results indicate that the environ- 
mental temperature at which T. cordifolia and B. thermi- 
folia are distributed on local market does not affect the 
properties of their gums, since these temperature are low. 

In addition, the activation energy (Ae) calculated from 
the slope of the graph is 0.031 kJ·mol−1 for B. thermifolia 
and 0.016 kJ·mol−1 for T. cordifolia. These values are 
relatively low, compared generally to the minimum acti- 
vation energy needed to induce molecular modification 
(10 kj·mol−1). In this respect, it can be admitted that tem- 
perature does not produce structural modifications of 
molecules contained in barks, but it does not exclude that 
physical modifications could be observed on barks dur- 
ing the drying. 

3.3. Changes in Free Sugar Content as  
Influenced by Drying Temperature 

If the drop in viscosity above 70˚C is due to the hydroly- 
sis of polysaccharides, this should result in an increase in 
free sugars in the extracts. The observation in Figure 6 
does not show a significant difference (P > 0.05) between 
the free sugar content of extracts regardless of the drying  
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Figure 3. Arrhenius plot of drying constants (k1) for T. cor- 
difolia and B. thermifolia barks. 
 

 

Figure 4. Viscosity of diluted extract of T. cordifolia and B. 
thermifolia as a function of drying temperature of barks. 
 
temperature. We can therefore assume that the decrease 
in viscosity of the extracts is rather due more to a change 
in conformation of polysaccharides during the drying of 
the bark than to their hydrolysis. This behaviour of gums 
during drying confirms the results of the Arrhenius plot 
(Figure 3). 

4. Conclusion 

The above results suggest that free drying of T. Cordifo- 
lia and B. Thermifolia barks does not significantly affect 
the properties of their gums, except a possible change in 
conformation of polysaccharides if the drying is carried 
out beyond 70˚C. This implies that the functional use of 
the bark is still valid whether they are fresh or dried. 
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Figure 5. Viscosity curves of native extracts of T. cordifolia 
and B. thermifolia barks as a function of drying tempera- 
ture of barks. 
 

 

Figure 6. Free sugar content of gum extracts as a function 
of drying temperature of the barks. 
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