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Abstract
The Moisture Adsorption Isotherm of  three Yellow-fleshed Cassava Root Starches (YfCRS) were 

 o  o o
determined by the static gravimetric method at temperatures of 27 C, 37 C and 42 C and water 
activities level of between 0.10 and 0.80. Data obtained were fitted to four sorption models (Peleg, 

2GAB, Oswin and Langmuir). The model fit was evaluated using the coefficient of determination (R ), 
root mean square error (RMSE) and mean percentage deviation (%E). The results showed that Peleg 

2
model gave the best fit for predicting the moisture adsorption data of the starches (R =0.99, 
RMSE=0.00, %E=0.00). TMS 06/1630 YfCRS had the highest monolayer moisture (M ) while that of o

TMS 01/1368 had the lowest. The high â-carotene content of TMS 01/1368 YfCRS could be 
responsible for its low M  (r = -0.96), irrespective of the storage temperatures. However, all the YfCRS o

might be stored for longer periods at all the temperatures since their M  fall within acceptable limit for o

storage stability.
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Introduction
The yellow flesh colour found in some cassava 
varieties is associated with the density of 
micronutrients, such as â-carotene (Iglesias et al., 
1997; Chávez et al., 2005). Yellow-fleshed cassava 
root (YfCR) has been at the centre-stage in breeding 
for enhanced micronutrients, because of the use of 
cassava as a staple food in most of the poverty-
stricken African countries (Ssemakula et al., 2007). 
Food products such as yellow gari, powdered fufu, 
chips and high quality cassava flour have been 
produced from YfCR (IITA, 2011; Omodamiro et al., 
2012), with no information on the starches.  

Starch is the commonest form of carbohydrate stored 
in plant and the largest source of energy in human diet. 
Its array of functional properties makes it a flexible 
ingredient with compatible attributes for innumerable 

edible and non-edible industrial applications (Singh 
et al., 2010).  Starch finds primary uses in food 
products like soups, sauces and gravies, bakery 
products, dairy, confectionery, snacks, batters, 
coatings and meat products (Davies, 1995). Non-food 
applications of starch are in the field of 
pharmaceuticals, textiles, alcohol-based fuels and 
adhesives (Kaur et al., 2012). Other uses of starch 
include low-calorie substitutes, biodegradable 
packaging materials, thin films and thermoplastic 
materials with improved thermal and mechanical 
properties (Biliaderis, 1998). The storage stability of 
YfCR starches for these uses has not been established.

A fundamental property of biological material, which 
is important for predicting stability and quality 
changes during packaging and storage of dehydrated 
foods and formulations, is the water adsorption 



characteristics (Labuza, 1975). Moisture Adsorption 
Isotherm (MAI) often represents the water adsorption 
characteristic of foods. This isotherm, which 
represent the functional relationship between water 
activity and equilibrium moisture content of a 
foodstuff at a given temperature, characterize the state 
of water in foods and are of primary interest for 
several food science and technology applications. 
From a drying standpoint, adsorption isotherm is 
required to evaluate the driving force and to define the 
end-point of the process, and as well for modelling 
and simulation. In addition, the adsorption of water at 
the surface of a food product may have physical or 
chemical origin and adsorbed water may occupy one 
or several layers (Mathlouthi and Roge, 2003). There 
is dearth of information on the effect of â-carotene on 
the MAI of YfCR starches. The interactions of this 
starch with water need to be studied with regard to 
predicting its stability in order to make it available for 
food and non-food applications in time of raw 
material scarcity.  

Therefore, this work was conducted to study 
the effect of YfCR varieties on the MAI of their 
starches, and as a means of predicting their storage 
stability for food and non-food applications.

Materials and Methods
All the three yellow-fleshed cassava roots used in this 
work are of the Tropical Maniot Selection (TMS), 
obtained from the cassava farm of IITA, Ikenne, Ogun 
State, Nigeria. These are TMS01/1368, TMS01/1371 
and TMS06/1630.

Production of yellow-fleshed cassava root starch 
Yellow-fleshed cassava root (YfCR) starch was 
produced using the traditional method of starch 
extraction as described by Oyewole and Obieze, 
(1995) with some modifications. Freshly harvested 
YfCRs were peeled, washed in water and grated with 
an electric motor powered mechanical grater. The 
resultant pulp was immediately sieved through a 
muslin cloth and suspended in water. This separates 
the fibrous and other coarse root material from the 
starch pulp. The starch pulp was allowed to settle for 
4-6 h before decanting. The supernatant containing a 
mixture of yellow carotenoid and starch was decanted 
into a bowl and the thick sediment is the wet starch. 
The wet starch was reconstituted in water for washing 
twice, allowed to settle, decanted and then mixed with 
the yellow carotenoid/ starch mixture, pressed and  
dried using a convectional cabinet dryer(model, 
manufacturer) at 45±5 °C for 18 h. It was then allowed 
to cool at room temperature, milled, and packed in 
polythene nylon prior to further investigations 
(Figure 1). 
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Figure 1: Flow chart of Yellow-fleshed Cassava Root Starch production (Modified from 1 

Oyewole and Obieze, 1995) 2 
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Determination of the total â-carotene content of 
Yellow-fleshed Cassava Root Starch
The total â-carotene content of Yellow-fleshed 
Cassava Root Starches was determined as reported by 
Rodriguez-Amaya and Kimura (2004).

Determination of equilibrium moisture content 
and moisture adsorption isotherm
Static gravimetric method according to Oyelade et al. 
(2001) and Famurewa et al. (2012) was used to 
determine the equilibrium moisture content (EMC) of 
the starches. For the adsorption process, the samples 
were dehydrated in a hot air oven for 8 h at 105±5°C 
(AOAC, 1990). Triplicate samples, 0.50 ± 0.001g 
each were weighed into moisture pans in the 
desiccators. The concentrated sulphuric acid 
quantities used to make up a 250 ml of desiccant with 

 o  odeionised water was prepared at 27 C, 37 C and 42 
°C, using water activity and temperature tables of 
Perry and Green (1984). The acid was then dispensed 

into the desiccators according to their respective 
water activities (Table 1). The desiccators were 
maintained at water activity values of between 0.1 and 
0.8, and then placed in a Genlab (England) incubator 
(Model M75CPD) to maintain the required 

o
temperature level (27, 37 and 42 C).  Each of the 
samples was weighed every day using a digital 
balance until constant weight was obtained in three 
consecutive recordings, then the sample was assumed 
to be at equilibrium (±0.001g). The time to reach 
equilibrium ranged between 10 to 14 days depending 
on the water activity in each of the desiccators; those 
at higher water activities reaching equilibrium faster 
than those at lower water activities. The EMC were 
calculated from which the MAI were plotted for the 
starches.

 o  o oTable 1: Desiccants preparation for 27 C, 37 C and 42 C 

Water 
activities 

Quantity of Conc. 
H2SO4/250ml water 
for 27oC (ml) 

Quantity of Conc. 
H2SO4/250ml water 
for 37oC (ml) 

Quantity of Conc. 
H2SO4/250ml water 
for 42oC (ml) 

0.80 71.29 71.29 71.13 
0.70 86.28 86.79 86.92 
0.60 99.36 100.71  101.07  
0.50 111.65  112.72  113.15  
0.40 123.30  124.55  125.11  
0.30 135.92  137.30  137.91  
0.20 149.08  150.35  150.94  
0.10 167.61  168.99  169.63  

  
2.3.1 Data analysis and modelling of adsorption 
results 
The experimental data were fitted to four commonly 
used models using linear regression analytical 
procedure. The models were the four parameters such 
as Peleg, three parameters such as Guggenheim, 
Anderson and de Boer (GAB), and two parameters 
such as Oswin and Langmuir equations. These 
models were chosen because of their suitability for 
high carbohydrate foods, simplicity and ease of 
evaluation (Ajisegiri et al., 2007). The linear forms of 
the models are presented in Table 2.  The quality of 
fitness of the models was evaluated by calculating 

2
coefficient of determination (R ), root mean square 
error (RMSE) and mean percentage deviation (%E). 
The RMSE and % E are defined as shown below:

Where M is the experimental equilibrium exp 

moisture content, M  is the predicted moisture pred

content and n is the number of observations.

In addition, all analyses were carried out in triplicates 
and subjected to one way analysis of variance 
(ANOVA) using Statistical Analysis System (SAS) 
package (version 9.1, SAS Institute, Inc., Cary, NC) 
(SAS, 2008). Means was separated using fisher's 
protected least significant difference test.

2                      (M    -   M )     exp predRMSE =
                                n     

                100      M    -   M     exp pred    % E =
                  n                M      exp
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Table 2: Linear forms of the sorption models used to fit the experimental values

Models Equations

GAB = Guggenheim, Anderson and de Boer equation, M = equilibrium moisture content (%, dry basis); a, b, c, 
on = constant parameters; T = temperature ( C), a  = water activity, Mo=monolayer moisture contentw

Results and Discussions
The Moisture Adsorption Isotherm (MAI) of the 

o
YfCRS at 42, 37 and 27 C is as shown in Figures 2, 3 
and 4 respectively. The result reveals that the 
equilibrium moisture content (EMC) of all the 
starches increased with increased water activity (a ), w

with TMS01/1371 YfCRS having the highest and 
TMS01/1368 YfCRS the least. The high EMC of 
TMS01/1371 YfCRS may be attributed to its low total 
â-carotene content. 

o
Figure 2: Moisture Adsorption Isotherm of Yellow-fleshed Cassava Root Starches (YfCRS) at 42 C

E
M

C
, 
%

d
ry

 b
a

si
s

Water activity

16

14

12

10

  8

  6

  4

  2
0             0.2           0.4           0.6           0.8            1

3
Peleg                          M = C a  c + 1

4
C a cw 2 w  

nOswin                         M = C (a /1 - a )w w

M b a0 w

1 - ca    1 - ca   + b aww w

GAB                            M =

2Cm  a w

M  (1 + a ) 0 w

Langmuir                  M = 0 



African Journal of Root and Tuber Crops (June 2014) Vol. 11 No.1: Page 46

o
Figure 3: Moisture Adsorption Isotherm of Yellow-fleshed Cassava Root Starches (YfCRS) at 37 C

oFigure 4: Moisture Adsorption Isotherm of Yellow-fleshed Cassava Root Starches (YfCRS) at 27 C

Food sorption isotherm describes the thermodynamic 
relationship between a  and the EMC of a food w

product at constant temperature and pressure 
(Andrade et al., 2011). The knowledge of the sorption 
isotherm characteristics are needed for shelf-life 
prediction and determination of critical moisture 
content for acceptability and storage of food product 
(Alakali and Satimehin, 2007). The increased EMC of 
the starches with increased a might be due to the fact w 

that the vapour pressure of water present in the 
samples increased with that of the surroundings. This 
observation agrees with the work of Inchuen et al. 
(2009) on moisture sorption of Thai curry powder. 

In addition, the observed differences in the EMC of 
the starches may be attributed to the difference in 
their total b-carotene content (Table 4), and variation 
in physical adsorption of water on polymeric 
molecules (Pezzutti and Crapiste, 1997). Hence, the 
polymeric molecules present in TMS 01/1371 
YfCRS may have more tendencies to adsorb moisture 
than that of TMS 01/1368 YfCRS. Therefore, food 
products such as custard powder made from TMS 
01/1368 YfCRS may keep longer than that of TMS 
01/1371 (Johnson, 1998), if properly packed in an 
hermetically sealed container. It was also observed 
that the MAI of all the YfCRS had a sigmoid shape, 



which is typical of type II isotherm curve going by 
Brunauer et al. (1938) classification. This was also in 
accordance with the work reported by Adebowale et 
al. (2007) on tapioca grits.

Furthermore, the parameters of the various sorption 
models used for the sorption data are as presented in 
Table 3. From the results, the Peleg, GAB and Oswin 

2
models had coefficient of determination (R ) > 90 %, 
and both the mean percentage deviation (% E) and 
root mean square error (RMSE) < 10 %, signifying 

Table 3: Models for the adsorption isotherm of yellow-fleshed cassava root starches (CSs)   1 

                

Samples 

 

Models 

 

A 

 

B 

 

C 

 

D 

 

R
2 

 

RMSE 

 

%E 

 

F-Cal 
F-
Tab(0.05) 

TMS01/1371YfCRS

  

Peleg 

 

10.35

 

7.85

 

0.08

 

3.16

 

0.99

 

0.00

 

0.00
 

3738.09 6.39

 

GAB 

 

8.62

 

1.33E+08

 

0.50

 
 

0.98

 

0.01

 

0.00
 

3575.16 5.41

 

Oswin 

 

11.52

 

0.15

 
  

0.97

 

0.00

 

0.00
 

3890.94 5.14

 

Langmuir 11.34

 

14.25

 
  

0.72

 

0.06

 

0.02
 

450.43 5.14

TMS01/1368YfCRS

  

Peleg 

 

8.69

 

13.22

 

2.30

 

4.51

 

0.99

 

0.01

 

0.00

 
2549.83 6.39

 

GAB 

 

6.64

 

71.7

 

0.56

 
 

0.99

 

0.00

 

0.00

 

2262.16 5.41

 

Oswin 

 

8.81

 

0.22

 
  

0.98

 

0.01

 

0.00

 

3413.60 5.14

 

Langmuir 4.53

 

13.84

 
  

0.86

 

0.14

 

0.07

 

472.57 5.14

TMS06/1630YfCRSPeleg 9.57 10.57 2.38 2.14 0.99 0.00 0.00 2776.45 6.39
GAB 8.75 6.33E+08 0.48 0.97 0.00 0.00 3392.40 5.41
Oswin 11.65 0.13 0.95 0.01 0.00 3044.88 5.14
Langmuir 14.39 13.76 0.65 0.04 0.01 423.00 5.14

GAB-Guggenheim, Anderson and de Boer equation; 
2

A, B, C, D- constant parameters; R - Coefficient of 
determination, RMSE- Root mean square error, % E- 
Mean percentage deviation

The M  is the minimum amount of water bound to o

active sites and guaranties the stability of flour/starch 
during storage (Iglesias et al., 1975). The results of the 
M  of the starches showed a higher value in TMS o

06/1630 YfCRS and a lower value in that of 
TMS01/1368 irrespective of the storage temperatures 
(Table 4). The observed decrease in the M  of TMS o

01/1368 YfCRS as the temperature increased may be 
due to the fact that the absorbed molecules gained 
kinetic energy making the attractive forces loosened 
and this allowed for some water molecules to break 
away from their sorption sites, hence decreasing the 
M  (Arevalo-Pinedo et al., 2004; Labuza et al., 1985). o

This also agrees with the findings of Geankoplis 
(1993). In addition, the high total b-carotene content 
of TMS01/1368 YfCRS may be responsible for its 

low M hence, the negative but not significant o, 

(p>0.05) correlation (r = -0.96) that exist between 
these parameters (Table 5). However, all the M  of the o

YfCRS were within the range for storage stability (< 
10 % dry basis) (Labuza et al., 1985). 
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2good fit, while the Langmuir model had R  < 90 %, 
RMSE < 10 % (except for TMS 01/1368 YfCRS) and 
% E < 10 % (Tables 3). However, the order of fitness 
of the models are; Peleg > GAB > Oswin. This 
implied that Peleg model might be more suitable for 
fitting the moisture adsorption data of the YfCRS 
(Kuye and Ariri, 2005). Additionally, the stability of 
these starches during storage could be predicted using 
their monolayer moisture content (M ) (Iglesias et al., o

1975).  



Table 4: GAB monolayer moisture content (Mo) at different temperatures (T) and total b-carotene content of 
Yellow-fleshed Cassava Root Starches (YfCRS) 

  

Samples T (
o
C)

Mo (g H 2O/100g 
solid)

 

Mean M o (g H 2O/100g 
solid)

 

F -Cal

 

Total â -carotene 

content

TMS01/1371YfCRS 42 8.74

 
 

1973.69

 

0.1700(0.00)c

 

37 8.84

 

8.62

 

3667.64

 

 

27 8.29

 
 

5084.14

  

TMS01/1368 YfCRS 42 5.76

  

1375.45

 

0.2150(0.01)a

 

37 6.74

 

6.64

 

2497.43

  

27 7.41

 
 

2913.60

 
 

TMS06/1630 YfCRS 42 9.60

  

2725.08

 

0.1800(0.00)b

 

37 8.47

 

8.75

 

4621.72

 

 

27 8.17

  

2830.39

  

Means with different superscript are significantly different at p£0.05. Values in bracket represent standard deviation.  F-Tabulated at p<0.05 = 5.41

Conclusion
This study showed that all the YfCRS had a type II 
sigmoidal shape, which is typical for most starchy 
foods, and that the Peleg model gave the best fit for 
predicting the moisture adsorption data of the 
starches. It was also observed that the M  was higher o

in TMS06/1630 YfCRS and lower in that of 
TMS01/1368 irrespective of the storage 
temperatures. There was a negative but not significant 
correlation between â-carotene and the M  of the o

starches. However, all the YfCRS could be stored for 
longer periods at all the temperatures and used for 
food and non-food applications, as their M  falls o

within acceptable range for storage.  
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