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The Adsorption-Desorption Hysteresis Effect on 
 Pistachio Nuts 

A. A. Zomorodian1* and R. A. Tavakoli1 

ABSTRACT 

The equilibrium moisture content is an important parameter for several post-
harvesting operations for pistachio nuts, such as drying processes and storage. In this re-
search the adsorption and desorption equilibrium moisture content were determined for 
two major varieties of Iranian pistachios at 11 to 85 percent relative humidities and a con-
stant temperature of 50°C. A significant hysteresis effect between the adsorption and de-
sorption processes was observed statistically. For predicting the adsorption and desorp-
tion EMC, the Halsey model was found the most proper equation for adsorption processes 
for two varieties (Ohadi and Kalehghochi), whereas the Oswin and Smith models were 
most appropriate for Ohadi and Kalehghochi for desorption processes, respectively, at 
constant a temperature of 50°C.  
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INTRODUCTION  

The name ‘Pistachio’ derives from the Per-
sian name ‘pisteh’ or ‘pesteh’. Existing 
documents show that pistachio (Pistacia 
vera L.) has been cultivated in Iran since 
3,000-4,000 years ago and was introduced 
into Mediterranean Europe at approximately 
the beginning of the Common Era (12). 

Drying pistachio nuts is one of the most 
important unit operations in any pistachio 
processing plant. The improper operation of 
pistachio drying may cause severe damage 
to the whole nut product both qualitatively 
and quantitatively. 

For any hygroscopic material, Equilibrium 
Moisture Content (EMC) may be defined as 
the moisture content of the material in equi-
librium with a particular environment (tem-
perature and relative humidity) (7). Knowl-
edge of the equilibrium moisture content of 
agricultural products at various temperatures 
would allow us to specify the progress of the 
drying process (desorption) and the storage 

conditions (adsorption) for that product (10). 
The plot of the equilibrium moisture content 
of a material versus the relative humidity of 
the environment at a given temperature is 
referred to as the adsorption or desorption 
isotherm, depending on whether the material 
is being made wet or dried. It has been es-
tablished that in hygroscopic materials the 
adsorption-desorption isotherms are sigmoid 
in shape and show a marked hysteresis. In 
these curves, at any given relative humidity, 
the moisture content reached from a drier 
state (on the desorption isotherm) is higher 
than that reached from a wetter one (on the 
adsorption isotherm). In other words, the 
amount of water held by these materials is 
not only dependent upon the equilibrium 
relative vapor pressure, but also on upon the 
direction from which equilibrium is ap-
proached (14). 

Hysteresis can have a significant effect on 
the chemical reaction of foodstuffs (5, 7). 
Several explanations have been proposed for 
the hysteresis phenomenon for hygroscopic 
materials. The most favored one is that 
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given for cellulosic materials. This phe-
nomenon is justified by the theory of change 
in active polar sites for the bonding of water 
molecules. Following this theory, in the 
original wet condition, the polar sites in the 
molecular structure of the material are al-
most entirely satisfied by the absorbed wa-
ter. Upon drying and shrinkage, the mole-
cules and their water-holding sites are drawn 
closely enough together to satisfy each 
other. This reduces the water-holding capac-
ity of the material upon subsequent absorp-
tion. In other words, due to the fact that de-
hydration is never as complete as the origi-
nal hydration, for any given relative vapor 
pressure, the material shows a higher mois-
ture content along the desorption curve than 
it does along the adsorption curve, (9). 

The other approach introduces connectivity 
and pore blocking effects into the picture. 
The simplest version of this approach is the 
so called ‘ink-bottle’ mechanism of hystere-
sis. The idea here is that, if there is a single 
cavity connected to the vapor phase with a 
narrow channel (ink-bottle pore), it is as-
sumed that the evaporation of the liquid 
from the cavity should be delayed due to the 
pore blocking. In other words, liquid can 
evaporate from a pore only if it has direct 
access to the vapor phase. Otherwise there is 
a kinetic barrier to the evaporation and hys-
teresis occurs. This idea together with perco-
lation theory has been applied to more com-
plex three dimensional networks of pores 
and cavities. These results have been used in 
the interpretation of experimental data. 
However, the validity of the pore blocking 
assumption and the range of the conditions 
where this effect may be observed is not 
fully explored (2, 11). 

 Several mathematical, empirical and semi-
empirical models have been proposed to de-
scribe the relationship between the equilib-
rium moisture content and the surrounding 
air relative humidities for agricultural prod-
ucts such as: the modified Henderson; 
Chang and Pfost; GAB, Halsey, Smith and 
Oswin equations. Most of these take into 
account the effect of temperature (2). The 
modified Halsey, Smith and Oswin equa-

tions were reported to be the most appropri-
ate models for predicting the EMC values 
for high oil content kernels, such as pista-
chio nuts (16).  

In 1967, Young and Nelson (15) developed 
an equation for explaining the hysteresis 
effect on biological materials. In this equa-
tion, the equilibrium moisture content was 
related not only to the temperature and rela-
tive humidity but also to the previous mois-
ture content (moisture history) of the bio-
logical material. However, due to many pa-
rameters involved in the equation, its appli-
cability is limited. 

The objectives of this study were: 
1- To determine the desorption EMC val-

ues for Iranian pistachio nuts at relative hu-
midities of 85 down to 11 percent at 50 º C. 

2- To determine the adsorption EMC val-
ues for the same samples at relative humid-
ities of 11 up to 85 percent at the same tem-
perature. 

3- To establish the hysteresis loop for the 
experimental values. 

4- To find the best fit equation for the de-
sorption and adsorption data. 

MATERIALS AND METHODS 

Two main varieties of Iranian pistachio 
nuts, namely Ohadi and Kalehghochi, were 
selected for the desorption-adsorption ex-
periments. These experiments were con-
ducted at a constant temperature of 50ºC for 
shelled (dehulled) freshly harvested pista-
chio nuts using two identical environmental 
chambers. The chambers (0.6×0.6×1.0 m.) 
were made of pressed wood with thin alumi-
num foil sheets for inside lining and were 
insulated effectively (Figure 1). A wire mesh 
floor was provided inside the chamber on 
which the samples, thermostat (Honeywell T 
6060 A.B.C), thermometer (wet and dry-
bulb) and hygrometer were kept. A fan and a 
1,000 W heater (in one unit) were hooked 
against the chamber wall. The fan was used 
to agitate the inside air continuously and the 
heater was employed to maintain the inside 
temperature thermostatically (±1.0°C). Dif-
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ferent relative humidities were maintained 
by using known saturated salt solutions at 50 
˚C at seven levels, Table 1 (2, 7, 11, 12, and 
17). The saturated salt solutions were placed 
in several shallow large trays inside each 
chamber with a total surface area of 0.512 
m2. 

The hygrometer was only used to show the 
relative humidity fluctuations, and the actual 
relative humidity inside the chamber was 
determined by reading the dry and wet bulb 
temperatures of the air inside the chamber 

through the transparent window at the top of 
the chamber. Each variety of pistachio in 
four replications was put under experimenta-
tion in each chamber at one time. Samples 
were spread in four wire mesh basket con-
tainers maintaining thin-layer depths. An 
electronic balance (Sartorius, 2354, ±0.001 
g) was used for weighing the samples. Equi-
librium was acknowledged when three con-
secutive weight measurements showed a 
difference of about 0.001 g. The moisture 
content of each of four samples was deter-
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Figure 1. Sketch of the environmental chamber and its dimensions. 

Table 1. Saturated salt solutions.  

Salts Maintained relative humidity, 
decimal 

Salt weight for making saturated solution with  
100 g of distilled water, g 

LiCl 
KC2H3O2 
CaCl2 
MgNO3 
NaNO2 
NaCl 
KNO3 

0.11 
0.23 
0.36 
0.49 
0.62 
0.75 
0.85 

117 
222 
177 
225 
115 
40 
72 
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mined gravimetrically using an electric oven 
(24 h. at 105 ±1°C) (1). 

Among the most proper RH/EMC models 
for predicting the EMC values, the modified 
Halsey equation was adopted to describe the 
relation between EMC and relative humid-
ities for the adsorption process and Oswin 
and Smith models for the desorption process 
at a constant temperature of 50°C (6, 16): 

( )exp exp B
eRH A M −

= −⎡ ⎤
⎣ ⎦     (Halsey) (1 

( )[ ]BMARH e−=− exp1   (Smith) (2 
B

e RH
RHAM ⎟

⎠
⎞

⎜
⎝
⎛
−

=
1

  (Oswin) (3 

where 
RH= Relative humidity of the air inside the 
chamber, 
Me= Equilibrium moisture content, and 
A and B are constants.    

The suitability of the models was evaluated 
and compared using the Mean Relative Er-
ror, P, (MRE, %) and Standard Error of es-
timate (SEM), (3, 4, 7, 8, 11, 16).  
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where  
Mai= Experimental value for EMC,  
Mmi= Predicted value for EMC,  
N= Number of experiments,  
df= Degree of freedom (number of date 
point minus number of constant in the 
model). 

RESULTS AND DISCCUSIONS 

The experimental desorption and adsorp-
tion EMC values at seven levels of relative 
humidity and at a constant temperature of 
50°C for two varieties of Iranian pistachio 
nuts are given in Tables 2 and 3. 

The hysteresis loops for two pistachio va-
rieties at 50°C were shown in Figures 2 and 
3. For pistachio nut meat, similar hysteresis 
loops were reported at 20°C (13).  

The hysteresis phenomenon was found to 
be highly significant for both varieties espe-
cially at the middle range of ambient air 
relative humidity, (Figures 2 and 3; level of 
significance,α = 0.01). This effect seemed to 

Table 2. The EMC values (% db.) for desorption and adsorption for the Ohadi variety. 

RH (decimal) Desorption, Mdes Adsorption, Mads Mdes-Mads 
0.11 2.25 2.25 0.0 
0.23 3.46 2.21 1.25 
0.36 3.78 2.48 1.39 
0.49 4.62 3.00 1.62 
0.62 6.15 5.03 1.12 
0.75 7.60 6.60 1.00 
0.85 9.27 8.65 0.62 

 
 

Table 3. The EMC values (% db.) for desorption and adsorption for the Kalehghochi variety. 

RH (decimal) Desorption, Mdes Adsorption, Mads Mdes-Mads 
0.11 2.16 2.16 0.0 
0.23 2.85 2.14 0.71 
0.36 3.55 2.26 1.29 
0.49 5.78 3.78 2.00 
0.62 7.35 5.56 1.79 
0.75 9.18 8.34 0.84 
0.85 12.09 11.54 0.55 
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be different for two varieties.  This differ-
ence may be attributed to the different size 
and chemical compositions of the pistachio 
varieties. The sorption and desorption iso-
therms have a sigmoid (S-shaped) profile 
typical for hygroscopic materials. Similar 
results have been previously reported for 
many seeds and food materials (8, 9, 10). 
The one-way analysis of variance showed 
that the EMC values were significantly dif-

ferent for the two processes (desorption and 
adsorption) as well as for two varieties of 
pistachio kernel nuts at constant temperature 
of 50°C, (Table 3).  

In Table 3, the values denoted by similar 
small and capital letters showed a non-
significant difference at level of 99% prob-
abilities. 

A nonlinear, least-square regression pro-
gram was used to fit the models for the ex-
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Figure 2. Hysteresis loop of pistachio nuts for the Ohadi variety at 50oC (experi-
mental values). 

Table 4. Desorption and adsorption EMC comparison for two pistachio varieties at 50°C. 

Process→ 
Variety ↓ 

Desorption Adsorption Mean 

Ohadi 
Kalehghochi 

5.32 b 
6.14 a 

4.28 c 
5.06 b 

4.80 B 
5.60 A  

Mean 5.73 A 4.67 C  
 

Table 5.  The constants for models for the Ohadi variety at 50°C. 

Process Model A B SEM MRE 
Desorption 
Adsorption 

Oswin 
Halsey 

4.940 
1.583 

0.364 
1.563 

0.208 
0.404 

3.835 
7.991 
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perimental values (11, 13). The values of the 
two above mentioned errors (SEM and 
MRE) were calculated and found to have 
least magnitudes in applying the Halsey 
model for adsorption and the Smith and 
Oswin model for desorption processes in 
comparison to other models (16). The re-
lated constants in Halsey, Smith and Oswin 
equations are given in Tables 4 and 5 for 
two varieties. 

CONCLUSIONS 

At a constant temperature of 50°C, the ex-
perimental values for adsorption and desorp-
tion were determined and the hysteresis ef-
fect was found to be very significant for 
both pistachio varieties especially at ERH of 
36 to 75 percent. 

For predicting the desorption and adsorp-
tion EMC, the Halsey model was found to 
be the most appropriate model for the ad-
sorption process for both varieties of pista-
chios at a full range of relative humidities 

while the Oswin model was a proper model 
for the Ohadi and the Smith model for 
Kalehghochi varieties throughout the de-
sorption processes at a constant environ-
mental temperature of 50°C. 
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 اثر پديدة پسماند دفعي و جذبي بر روي دانة پسته

  توكلي.ع.   نو زمرديان  .ع

   چكيده

هاي پس از برداشت عامل رطوبت تعادلي نقش مهمـي ايفـا ميكنـد، نظيـر پروسـة خـشك                     در اكثر پروسه  
در  )اوحدي و كله قوچي   (در تحقيق حاضر مقادير رطوبت تعادلي دو واريتة مهم پسته           . كردن و انبار كردن   

 درجـة سـانتيكراد     50 و در دمـاي ثابـت         در صـد   85 تا   11دو فرايند دفعي و جذبي و در رطوبت هاي نسبي           
بـراي  . پديدة پسماند بين دو فرايند دفع و جذب رطوبت بطور كاملاً واضح مشاهده گرديـد    . تعيين گرديدند 

دي و كله قوچي در فرايند جـذب بـسيار          حپيش بيني مقدار رطوبت تعادلي مدل هالسي براي واريتة هاي او          
مورد هر دو واريته نتايج هاي اوسوين و اسميت در    لمناسب تشخيص داده شد در حاليكه براي فرايند دفع مد         

 .بهتري را ارائه دادند
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