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 The understanding of the correlation between equilibrium relative humidity and 

equilibrium moisture content is necessary for drying and storage purposes. The 
objective of this study is to determine the relationship between equilibrium relative 

humidity and equilibrium moisture content of Ficus Deltoidea Jack leaves and to 

compare the experimental results with the developed mathematical model. Moisture 

sorption isotherms of Ficus Deltoidea Jack leaves were determined at 5o C and 30o C. 

Gravimetric static method was used over a range of relative humidity from 11% to 

76%, water activity between 0.11 to 0.76. The experimental data were fitted to Peleg 
model. The coefficient of determination (R2), standard error (SE), and mean relative 

percent error (P)   were evaluated and indicated that the experimental data fitted Peleg 

model satisfactorily. Thus, Peleg model is suitable for describing the correlation 
between equilibrium moisture content and equilibrium relative humidity for Ficus 

Deltoidea Jack leaves at equilibrium relative humidites ranging from 11 to 76% at the 

temperatures of 5o C and 30o C. 
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INTRODUCTION 

 

 Ficus Deltoidea is one of the popular herbs and listed as one of the priority herbs by Malaysian herbal 

industry. Its botanical name is Ficus Deltoidea Jack, a plant of the family Moraceae but well known as Mas 

Cotek in Malaysia.  

 Ficus Deltoidea has been widely used traditionally to treat ailment. The decoctions are commonly used for 

post-natal treatment and antidiabetic treatment. Ficus Deltoidea leaves are also well known as being anti-

inflammatory, anti-bacterial, anti-diarrhoea and anti-ulcer (Mohd Lip, 2005). In a recent study, Ficus Deltoidea 

is believed to possess anti-ageing capabilities. The extract of the leaves showed the evidence of strong anti-

melanogenic activity through the direct inhibition of tyrosinase enzyme activity and the down-regulation of 

genes involved in the melanogenesis pathways (Oh, 2010). In Malaysia, dried Mas Cotek herbal tea is getting 

the attention amongst herbal consumers for its medicinal effects.  

 In the process of drying of Mas Cotek leaves, it is crucial to determine the optimum conditions for drying 

and storage of the dried products. The physical, chemical and microbiological changes usually occur during 

drying and storage due to the influence of moisture content, relative humidity of ambient air and storage 

conditions. Sorption isotherms are used to describe the relationship between relative humidity and equilibrium 

moisture content at constant temperature and pressure.  

 Sorption isotherms data can be used to optimize the drying processes which are drying operations, 

packaging and storage conditions. Adsorption and desorption isotherms analysis will be done at different 

equilibrium relative humidities and temperatures. Numbers of mathematical models have been established to 

describe the sorption behavior. In this research, the experimental data of adsorption and desorption will be fitted 

to the Peleg model.  

 The objectives of this paper were to determine the moisture sorption isotherms of Ficus Deltoidea Jack 

leaves and to evaluate the Peleg model that describe the behaviour of the equilibrium moisture content at 

different equilibrium relative humidities. 

 

Methodology: 

 Ficus Deltoidea Jack leaves used in this experiment are grown at Universiti Malaysia Perlis (UniMAP) 

research plot, Malaysia. The harvested leaves were washed, rinsed and kept at 4
o
 C prior to the experiment. 
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 The static gravimetric method was used to determine the equilibrium moisture contents of Ficus Deltoidea 

Jack leaves at five different relative humidities stored at 5
o
 C and 30

o
 C (±0.1

o
C). Static gravimetric method is 

favorable because the constants conditions are easily maintained. Five different salt solutions namely Lithium 

Chloride, Magnesium Chloride, Pottasium Carbonate, Magnesium Nitrate, and Sodium Chloride were prepared 

to obtain the relative humidities from 11 to 76% or equivalent water activity values of 0.11 to 0.76. The water 

activity values of the salts were obtained from Greenspan, L. (1977). The salt solutions were placed in five 

desiccators. A perforated tray was put in each desiccator at the height of 5 cm from the base to place the leaves 

in order to avoid contact with the salt solution.The desiccators were sealed by applying grease. Triplicate of 

about 2 to 2.5g of fresh leaves were prepared for desorption experiment and triplicates of about 0.3 to 0.4g of 

pre-dried leaves at 60
o
 C for 48 hours were prepared for adsorption experiment. Each sample was placed in a 

petri dish. The desiccators were located at controlled temperatures of 5
o
 C and 30

o
 C (±0.1 _C).The temperature 

of 5
o
 C and 30

o
 C were chosen because most dried foods were stored at these temperatures. The weights of the 

samples were recorded every 2 days by using OHAUS (USA) analytical balance( maximum capacity of 210g 

,readability of 0.001g) The weights were monitored until constant readings were achieved. The dry matter 

content of each sample was determined by a drying oven at fixed temperature of 105
o
 C (±0.1

o
 C). 

 

RESULTS AND DISCUSSION 

 

 The equilibrium moisture content (EMC) were calculated base on dry basis described by equation 1: 

                                                                               

                                                                                                      (1) 

           

 Table 1 shows the experimental equilibrium moisture content data obtained for the adsorption and 

desorption on dry basis at different relative humidities and temperatures.  

 
Table 1: Equilibrium Moisture Content (dry basis) data for desorption and adsorption experiments at 5 different relative humidities and 

temperature of 5o C and 30o C. 

Salt Relative 

Humidity(decimal) 

Temperature 

( C) 

EMC, 

ads 

ᵟ EMC, 

desorp 

ᵟ 

Lithium Chloride 0.113 30 0.054 8.44E-05 0.070 3.19E-04 

Magnesium chloride 0.324 30 0.078 1.75E-05 0.095 1.60E-04 

Pottasium carbonate 0.432 30 0.088 2.45E-05 0.120 1.26E-05 

Magnesium nitrate 0.514 30 0.112 2.99E-04 0.125 4.88E-04 

Sodium chloride 0.751 30 0.181 3.80E-05 0.180 5.06E-05 

Lithium Chloride 0.113 5 0.058 8.12E-06 0.086 4.21E-06 

magnesium chloride 0.336 5 0.083 7.54E-05 0.115 4.24E-05 

Pottasium carbonate 0.431 5 0.111 2.47E-05 0.120 1.72E-07 

Magnesium nitrate 0.539 5 0.123 9.82E-05 0.140 4.76E-06 

Sodium chloride 0.757 5 0.205 1.26E-04 0.223 1.53E-03 

ads, adsorption; des, desorption;  , standard deviation. 

 

 Result in Table 1 describes the correlation between the relative humidity and temperature to the equilibrium 

moisture content. Increasing relative humidity will increase the EMC. In general, EMC is reduced if the 

temperature increased for both adsorption and desorption data. At higher temperature, water molecules will have 

higher excitation state and the attractive force between the water molecules is reduced. This leads to a decrease 

in the degree of water sorption (Mohamed et al. (2005). The similar pattern were reported by other studies such 

as orange leaves (Mohamed et al., 2005), Maytenus ilicifolia Leaves (D.S. Cordeiro et al., 2006) and Mate 

leaves (Zanoelo E F,2005). 

 Peleg model (Peleg, 1993) was chosen to fit the experimental data since the model describes a good 

illustration of Type II (sigmoidal) and III (non-sigmoidal) sorption isotherms (Brunauer, 1945). The Peleg 

equation represents equilibrium moisture content, EMC (d.b.) as a function of equilibrium relative humidity, 

e.r.h, and is expressed as equation 2. 

 

                                                                                                      (2) 

 

where a,b,c,d are model constants. 

 

 The adsorption and desorption isotherms of Ficus Deltoidea Jack leaves at 30
o
 C and 5

o
 C, were illustrated 

in figure 1 to 4. The experimental results were fitted to the Peleg’s model.  
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Fig. 1: Adsorption isotherm at 30

o
C. 

 

 
 

Fig. 2: Adsorption isotherm at 5
o
C. 

 

 
Fig. 3: Desorption isotherm at 30

o
C. 
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Fig. 4: Desorption isotherm at 5
o
C. 

 

 To assess the accuracy of the predicted Peleg model, the coefficient of determination (R
2
), the standard 

error (SE) and the mean relative percent error (P) between the experimental and the predicted data were 

determined using the following equations: 

 

                                                                                                                         (3) 

Where, 

 

                                                                                                                                                          (4) 

 

                                                                                                                        (5) 

 

                                                                                                                                  (6) 

 

where  y is the equilibrium moisture content, yjpre and yjexp  are  predicted and experimental values of y.  

 

 Table 2 summarized the estimated constants for Peleg model, the coefficient of determination (R
2
 ), the 

standard error (SE), and the mean relative percent error (P). 

 
Table 2: Constants estimation of Peleg model (a,b,c,d) , coefficient of determination (R2 ), standard error (SE), and mean relative percent 

error (P) for adsorption and desorption isotherms at 30o C and 5o C 

 Temperature 

(o C) 

a b c d R2 SE P(%) 

Adsorption 30 0.0742 0.1546 0.2252 2.5032 0.9999 0.0001 0.0042 

Adsorption 5 0.1075 0.2909 0.2456 3.0404 0.9929 0.0094 0.5631 

Desorption 30 0.403 12.5447 20.5012 0.1623 0.9853 0.0099 0.5706 

Desorption 5 0.1434 0.2334 0.3981 5.2679 0.9989 0.0038 0.1901 

 

 From Table 2, the analysis of the coefficient of determination (R
2
), standard error (SE), and mean relative 

percent error (P) gave a satisfactory result indicated that the experimental data of the sorption isotherms fitted 

the Peleg model well. The R
2 

 values 
 
ranged from 0.9853 to 0.9999 which are close to 1. In general, the higher 

the R
2
 , the better the model fits the data. The calculation of SE and P yielded small values ranging from 0.0001 

to 0.0099 and 0.0042% to 0.5706% respectively. Small value of SE and P which is close to 0 is favorable. In 

this experiment, a good correlation between the experimental data and Peleg model is obtained. Research on 

other agricultural products done by Bahloul et. al(2008) on Tunisian olive leaves (Olea europaea L.) and Asma 

Kammoun Bejar et. al (2011) on orange (Citrus sinensis) peel and leaves show that Peleg model successfully 

fitted the experimental values.  
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Conclusion: 

 The adsorption-desorption isotherms of Ficus Deltoidea Jack leaves were determined at five different 

equilibrium relative humidites ranging from 11% to 76% (water activity between 0.11 to 0.76) and at two 

temperatures, 30
o
 C and 5

o
 C. The experimental data were fitted to Peleg model to predict the constants values. 

The regression analysis of coefficient of determination (R
2
), standard error (SE), and mean relative percent error 

(P) gave a satisfactory indication with high R
2
, low SE  and low P values. Hence, the estimated constants of  

Peleg model obtained from this research can be used to estimate the adsorption and desorption isotherms of 

Ficus Deltoidea Jack leaves in the relative humidity and temperature ranging from 11% to 76% and 5
o
 C to 30

o
 

C  respectively. 
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