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Abstract: Rosmarinus  officinalis  L.  is  an important medicinal plant. Isotherms curve provide information
useful for storage and drying processes. Isotherms show the relationship between air relative humidity and
moisture content of the plant at constant temperature. In this study, moisture equilibrium data of Rosmarinus
officinalis L. flowers by adsorption and desorption were determined at 30, 40 and 50°C and water activities
ranging from 11 to 84% using the gravimetric static method. Five mathematical models (modified Henderson,
modified Oswin, modified Halsey, modified Chung – Pfost and GAB equations) were used to compare the
experimental data. The modified Halsey and GAB models were determined to be the best models for describing
rosemary desorption and adsorption isotherms curves, respectively on the other hand the hysteresis
phenomenon was observed.
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INTRODUCTION storing, mixing and packaging operations. Having

One of the very well known medicinal herbs is crops demonstrate different EMCs under similar
Rosmarinus officinalis L. belonging to the Labiatae conditions [3]. The moisture desorption isotherm is one of
family. The important property of the Iranian species is the basic parameters of drying process and the adsorption
high levels of Borneol, Campher, Bornyl acetate, á-pinene isotherm is important for storage. Medicinal and aromatic
and â-pinene. These chemicals plays role in many plants are used extensively in food, cosmetic and
diseases treatment. During drying and storage, physical pharmaceutical industries for the production of spice,
and chemical properties of agricultural products can essential oils and drugs [4]. Due to their high moisture
change. The main reason for these changes is moisture content and vulnerability to microorganisms, it is very
content of materials, relative humidity of the surrounding important to provide optimum drying and storage
air, drying and storage conditions. The relationship conditions in order to loss of prevent quality. The
between Equilibrium  Relative  Humidity  (ERH)  and common technique for measuring sorption properties is
Equilibrium Moisture Content (EMC) is normally defined the static method. This method benefits from the ability to
by Moisture sorption isotherms [1]. In practice, the result maintain constant conditions [5]. Temperature and relative
of moisture exchange between the product and the humidity of the environment in which samples are placed,
surrounding air yields a relative humidity which is known are adjusted. When sample mass attains a constant level,
as the Equilibrium Relative Humidity (ERH) [2]. EMC is sample moisture content is  measured  and  adopted as
defined as the moisture content of hygroscopic material the Equilibrium Moisture Content (EMC) value. Several
in equilibrium with a particular environment in terms of empirical  and semi-empirical equations have been
temperature and relative humidity [1]. Since agricultural reported to provide a correlation for the sorption isotherm
products are generally hygroscopic, it is important to values of agricultural and food products, including
determine their equilibrium moisture content for drying, aromatic  and  medicinal  plants  [6].   However, no  single

different physical and chemical structures, agricultural
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equation is comprehensive enough to predict the fresh flowers were weighed and placed into the glass jars
relationship between the EMC of agricultural and food for adsorption experiments. The equilibrium moisture
products and the relative humidity over a wide range of content of Rosmarinus officinalis L. flowers were
temperatures [6,7]. determined using the static gravimetric method [8]. To

The objective of this study is to determine the implement this, seven saturated salt solutions (LiCl, CH
moisture sorption isotherms of Rosmarinus officinalis L. COOK, Mg Cl , K  CO , NaNO , NaCl and KCl) for relative
flowers at relative humidity and temperature levels humidity ranging from 11 to 85% were used to create the
ranging from 11 to 85% and from 30 to 50ºC, respectively. desired relative humidity in the jars. Table 1 gives the

MATERIALS AND METHODS at three temperatures.

Experimental Procedure: The Rosmarinus officinalis L. constant weight was reached. Crystalline thymol was
fresh  flowers  used  in  the  sorption  isotherm used in the jars to prevent microbial spoilage. Constant
experiments have been grown in the Institute of Medicinal weight was reached after about 20 days for desorption
Plant of Iran in 2010. After harvesting, the flowers were and after about 25 days for adsorption tests at different
immediately cut from stems. One gram (±0.0001) samples levels of temperature and relative humidity. The moisture
of fresh flowers for desorption experiments were weighed content of each sample was determined gravimetrically by
and placed into glass jars while for adsorption tests50g of drying in a 105°C oven for 24 hours [9,10]. 
fresh flowers were used. First, the flowers were stored in Data analysis: Five popular models (modified
room  condition  to  reach  low  moisture  content.  Then Henderson, modified Oswin, modified Halsey, modified
the dry  materials were dehydrated in a desiccators Chung – Pfost and GAB equations) in the literature were
containing blue silicagel at room temperature for two fitted to the experimental data in order to verify their
weeks. Moisture content of the samples was less than 4% adequacy to describe the EMC of the Rosmarinus
at the end of this period. One gram  (±0.0001)  samples  of officinalis L. flowers (Table 2) [11,12].

3

2 2 3 2

equivalent relative humidity for the selected salt solutions

Samples were weighed every three days until

Table 1: Saturated Salt solutions and Equilibrium Relative Humidities at different temperatures [16]
Equilibrium Relative Humidity (ERH)
--------------------------------------------------------------------------------------------------------------------------------------------

Salt type T=30°C T=40°C T=50°C
LiCl 0.113 0.112 0.111
CH COOK 0.216 0.204 0.1923

MgCl 0.324 0.316 0.3052

K CO 0.432 0.432 0.4332 3

NaNO 0.643 0.616 0.5972

NaCl 0.751 0.747 0.744
KCl 0.836 0.823 0.812

Table 2: Mathematical relationships applied for adsorption modeling of Rosmarinus officinalis L.
Model name Model expression Reference
Modified Henderson [13]

Modified Halsey [14]

Modified Oswin [15]

Modified Chung-Pfost [3, 16]

GAB equation [16]
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C  and C  in the GAB equation were determined using2 3

the following equations [16].

(1)

(2)

A nonlinear regression estimation package,
STATISTICA 5.0, was used to find the constants of
models in the desorption experiment. Mean relative
deviation  (MRD),  determination  coefficient  (R ),2

residual sum of squares (RSS) and standard error
estimation (SEE) were used to evaluate the fitting quality Fig. 1: Desorption and adsorption isotherms of
of models [16]. Rosmarinus officinalis L. flowers at 30ºC 

(3)

(4)

(5)

RESULTS AND DISCUSSION

Experimental Results: Figure1- 3 illustrate experimental Rosmarinus officinalis L. flowers at 40ºC 
data of sorption isotherms of Rosmarinus officinalis L.
flowers obtained at various water activities for three
temperature levels of 30, 40 and 50ºC. As shown, S-
shaped curves were found for all three temperatures
similar to most biological materials [17, 18]. On the other
hand, the full range of water activities and temperatures
had a significant effect on EMC which increased with
decreasing temperature at any given relative humidity.
Such behavior may be explained by considering the
excitation state of molecules. At high temperatures,
molecules are in an increased state of excitation, leading
to weaker attractive forces. This in turn, results in a
decrease in the degree of water sorption at a given relative Fig. 3: Desorption and adsorption isotherms of
humidity with increasing temperature [18]. Based on Rosmarinus officinalis L. flowers at 50ºC 
figures, a hysteresis effect was observed in the range of
temperature tested. EMC was higher for desorption data He explains that, during adsorption, by increasing relative
than for adsorption data. Similar effects have been humidity, the capillary begins to fill but the pore is empty.
obtained in other studies such as tarragon steams and When the partial pressure of vapor in the air is higher
leaves, Moroccan Eucalyptus globulus [16, 18]. This than of the vapor pressure of liquid pressure in the
phenomenon  has been discussed by different capillary, the moisture will move into the pore. In
researchers. Based on study, a  rigid  structure  pore desorption, this liquid can escape when the vapor
connected  to  its  air  surrounding  by  a  small   capillary. pressure of liquid in the capillary more than the pressure

Fig. 2: Desorption and adsorption isotherms of



Am-Euras. J. Agric. & Environ. Sci., 12 (9): 1209-1214, 2012

1212

of the air surrounding. As the pore have different range of (MRD)  and  the  residual  plots.  As inferred from the
capillary diameters, difference  between  desorption  and tables, parameters were found to be temperature,
adsorption curves are observed [19]. dependent for  all  the  models.  Based  on  Tables  3-6,

Fitting of the adsorption models to equilibrium the  modified  Halsey   equation   provided   the   best  fit
moisture data: The experimental adsorption and to  the  experimental  data  of  desorption   isotherms with
desorption EMC data of Rosmarinus officinalis L. flowers the  maximum  R²  =  0.99  and  the lowest MRD = 0.13,
were fitted to the five models presented in Table 2. The SEE=  0.022  and  RSS=  0.011  while  modified  GAB  had
results of nonlinear regression analysis are shown in the  best  fit  to the  adsorption  data  with  the  maximum
Tables 3-6 along with residual sum of squares (RSS), R² = 0.99 and the minimum MRD = 0.011, SEE=0.010 and
standard error of estimation (SEE), mean relative deviation RSS= 0.012.

Table 3: Coefficients  and  error  parameters  for  Henderson,  Oswin, Halsey and Chung-Pfost models fitted to desorption isotherms data of Rosmarinus

officinalis L. flowers at three temperatures

Estimated values and the variance of the models and statistical parameters

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

Parameters Henderson Halsey Oswin Chung-pfost

C 21.405 ± 0.123 7.37 ±0.28  23.11 ± 0.245 11.37± 0.26 1

C 53.13 ± 7.32 14.32 ± 0.69 × 10 6.72 ± 1.21 × 10 19.47 ± 2.332
-4 -3

C 20.425±0.135 26.73 ± 10.18 7.184 ± 0.523 40.23± 6.203

RSS 0.087 0.011 0.114 0.163

MRD 0.167 0.130 0.259 0.192

SEE 0.087 0.022 0.183 0.251

Residual Systematic Random Systematic Systematic

Table 4: Coefficients and error parameters of the GAB model fitted to desorption isotherms at three temperatures

Estimated values and the variance of the model and statistical parameters

Parameters GAB

C 8.31 ± 0.7311

C 11.021 ± 0.8474

C 8.27 ± 2.28 × 105
-4

C 367 ± 116

C 267

RSS 0.098

MRD 0.267

SEE 0.121

Residual Systematic

Table 5: Coefficients and error parameters for Henderson, Oswin, Halsey and Chung-Pfost models fitted to adsorption isotherms data of Rosmarinus officinalis

L. flowers at three temperatures

Estimated values and the variance of the models and statistical parameters

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

Parameters Henderson Halsey Oswin Chung–Pfost

C 2.53 ± 0.12 11.56 ±1.02 20.225 ± 0.23 19.456± 0.631

C 45.25 ± 9.01 5.05 ± 0.7 × 10 -11.42 ± 2.3 × 10 41.21 ± 7.212
-4 -3

C 6.24±0.12 3.22 ± 0.71 9.56 ± 0.31 31.01± 11.003

RSS 0.089 0.024 0.115 0.096

MRD 0.123 0.073 0.167 0.183

SEE 0.135 0.063 0.097 0.126

Residual Systematic Random Systematic Systematic
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Table 6: Coefficients and error parameters of the GAB model fitted to adsorption isotherms at three temperatures

Parameters Estimated values and the variance of the model and statistical parameters

GAB

C 13.441 ± 0.1271

C 18.647 ± 0.184

C 4.36 ± 6.11 × 105
-4

C 289 ± 316

C 3677

RSS 0.012

MRD 0.011

SEE 0.010

Residual Systematic

CONCLUSIONS 2. Silakul,  T.  and  V.K.  Jindal,  2002.  Equilibrium

Study about the final moisture content will prevent International Journal of Food Properties, 5(1): 25-35.
over-drying and thus decrease drying time, energy cost, 3. Ahmadi  Chenarbon,   H.,  S.  Minaei,  A.R.  Bassiri,
mass losses and the risk of quality deterioration [16]. M.   Almassi   and   A.   Arabhosseini,  2010.

The moisture sorption curves of Rosmarinus Moisture desorption isotherms of St. John’s wort
officinalis L. flowers were obtained at 30, 40 and 50 ºC and (Hypericum perforatum L.) leaves at three
water activity ranging from 0.11-0.85. The curves had a temperatures. International Journal of Food,
sigmoid shape as reported for other plant materials. Agriculture and Environment, 8(3&4): 132-135. 
Equilibrium Moisture Content for desorption data was 4. Soysal, Y. and S. Öztekin, 2001. Sorption isosteric
higher than that for adsorption data. Halsey and GAB heat  for  some  medicinal  and  aromatic  plants.
models provided the best fit for desorption and Journal   of    Agricultural    Engineering   Research,
adsorption isotherms, respectively. 78: 159-166. 
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