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The water sorption isotherms of pastes of three date Culltivars;
Ruziz, Khudari, and Khlass were determined using the static method of
saturated salt solutions at three storage temperatures; 5, 25, and 40 0c.
Equilibrium moisture content decreased with increasing temperature at
water activities below 0.4-0.5 range, indicating a type 1 behavior typical
of high sugar foods. The experimental data werefitted well with GAB,
Iglesias and Chirifle,and Halsey equations, suitablefor high sugarfoods.
Thermodynamic considerations were discussed based on determined
isosteric heat of sorption ofpastes as afunction of moisture content.

INTRODUCTION

The date fruit of date palm trees (Phoenix dactylifera L.) is the
most widely grown fruit in Saudi Arabia. Annual production is estimated
as over 600,000 tons of more than 400 different date cultivars, produced
from over 13 million date palm trees spread throughout different regions
of the country (Saudi House for Consultancy Services, 1997). Only 15%
of the produced dates in the Kingdom is processed by the date industrial
sector which is presently comprised of 22 date producing factories. Most
of the date factories are traditional packing houses with production
capacities ranging trom 1,500 to 20,000 tons of dates per year. The major
operations in those factories include fumigation, cold storage, manual
grading, washing, mild air-drying, compressing, and packaging of
compressed or whole non-compressed dates. This is in addition to whole
dates packaged in flexible plastic packages under vacuum.

During the last decade, some of the factories diversified their date
products and started to produce date paste, date syrup, date jam, date
vinegar, and animal fodder based on low grade dates and date pits.
Recently, many date factories produce increasing quantities of date
pastes. Most of the date paste in the market is packaged in either solid or
flexible plastic packages made trom high or low polyethylene or
polypropylene. The paste is produced trom clean-pitted dates by mixing
Imincing in large scale electrical mincers with simultaneous addition of
predetermined amounts of water or steam. Presently the major users of
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date pastes are household consumers, bakery sector, and confectionery
and biscuit factories.

It is generally accepted that water activity (aw) is more closely
related to physical, chemical, and biological properties of foods and other
natural products than its total moisture content. Specific changes in
color, aroma, flavor, texture, stability, and acceptability of raw and
processed food have been associated with relatively narrow water activity
ranges (Rockland, 1969). The sorption isotherms reveal information
about sorption mechanism and interaction of food biopolymers with
water. They are very useful in design and optimization of unit operations
such as preservation, drying, mixing, storing, and packaging (Van den
Berg, 1981).

Water sorption isotherms of high sugar fruits such as dried
apricots, figs, raisins, and prunes have been determined by many
investigators (Chirife and Iglesias, 1978; Bolin, 1980; Sarvacose et aI.,
1986; Abdelhag and Labuza, 1987; Maroulis et aI., 1988;Ayranci et aI.,
1990; Tsami et aI, 1990). However, studies on water sorption isotherms
of dates products are very limited in the open literature (Hassan, 1991;
Hamdi and Jendoubi, 1994).

The objectives of this study was to determine the water sorption
isotherms of pastes of three date cultivars at three storage temperatures 5,
25, and 40 0C, determine isosteric heat of sorption of date paste as a
function of moisture content, and fit to experimental sorption data three
well known high sugar foods sorption isotherms equations.

MATERIALS AND METHODS

Materials

Pastes of three date cultivars, namely, Ruziz, Khudari, and Khlass
were obtained fTom a local date factory. The pastes were wrapped with
flexible low-density polyethylene film bags (primary package) and
contained inside carton packages (secondary package), weighing 7kg net
date paste per package. Initial moisture content of the pastes of the three
date cultivars Ruziz, Khudari, and Khlass were 21%, 19%, and 22%
(d.b.); respectively.

Methods

The static method, with standard saturated salt solutions to
maintain constant vapor pressure was used to obtain equilibrium moisture
contents at constant temperatures. Ten saturated salt solutions were
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prepared corresponding to a range of water activities :ITom0.113 to 0.985.
The water activity of most salt solutions decreases with increasing
temperature because of the increased solubility of salts and their negative
heats of solutions (Chirife et aI., 1983;Rizvi, 1995). The values of the
binary saturated aqueous solutions at the three applied temperatures (5,
25, and 40 °C) are shown in Table 1 (Greenspan, 1977;Labuza et aI.,
1985). Glass desiccators containing the salt solutions and maintaining the
ten different relative humidity (water activity) levels were kept in
temperature controlled rooms at 5, 25, and 40 (:to.5 0C). Samples of
date pastes (about 40 g each)werecarefullyweighedinsidepetridishes
using a standard analytical balance with 0.1 mg accuracy (Model 204,
Mettler, Toledo, Switzerland) and placed over perforated plates above the
saturated salt solutions in each dessicator. Triplicate samples of the paste
of each date cultivar were placed inside each of the ten desiccators at
each constant temperature room, totaling 270 samples. The relatively
large sample quantity (about 40 g each) required longer periods to attain
equilibrium, up to five months. The samples were weighed periodically
until sample mass between two successive readings were less than 10/0.
The moisture content of the samples were determined by the vacuum
oven (Model VT6025, Heraeus-Instruments Vacutherm, Germany)
method (AOAC, 1980), and they were defined as the equilibrium
moisture content (EMC).
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Table 1. Water activity of saturated salt solutions at 5,25, and 40°C.
(adapted from Greenspan, 1977 and Labuza et aI., 1985).

Salt

Lithium chloride
Potassium acetate

Magnesium chloride
Potassium carbonate
Sodium nitrate*
Sodium bromide *
Sodium chloride
Potassium chloride
Barium chloride *
Potassium sulphate

* Measured using Aqua-lab (Model CX-2T, readability 1mg, Decagon
Devices Inc., Washington).

RESULTS AND DISCUSSION

The sigmoid shapes of the sorption isotherm curves shown in Figs~
(1-6) showed the characteristic of high sugar foods. At the first segment
(with low relative humidity) of the S shaped sorption isotherm curves,
dates pastes sorbed relatively lower amounts of moisture due the water
sorption of biopolymers (high molecular weight components). However,
larger amount of moisture was absorbed at higher relative humidities
(above 0.4-0.5 range) due to the dominant water sorption of sugars.

The influence of Dates cultivars:

In general, the sorption isotherms curves of the three cultivars
exhibit no significant differences (Figs 1-3). However, examining those
curves more closely, it can be noted that a trend of lower activity of Ruziz
cultivar was evident as compared to Khudari and Khlass cultivars. That
could be attributed to the composition of dates cutlivar especially the
sugar content.
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Water activity
,

aw
5 °C 25°C 40 °C

0.113 0.113 0.113
0.291 0.225 0.206
0.336 0.328 0.316
0.431 0.432 0.433
0.644 0.584 0.533
0.731 0.658 0.614
0.757 0.753 0.747
0.877 0.843 0.823
0.936 0.934 0.907
0.985 0.973 0.964



----
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A Khlass
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Fh!ure 1. Sorption isotherms for different dated
cultivars at5 C.

. Ruziz

. Khudari

A Khlass
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Fi1!ure2. 'Sorption isotherms for different dates
cuItivars at 25 C.
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Figure 3. Sorption isotherms for different cultivars at
40 C.

Fieure 4. The effect of temperature on sorption
isotherms of Ruziz cultivar.
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Fh!ure 5. The effect of temperature on sorption
isotherms of Khudari cultvars.

Figure 6. The effect of temperature on sorption
isotherms of Khlass cultivar.

117

80

70
+5C

60 .25 C

50 i I 40 C-
.J:2
"Cl 40-
0
:i:
w 30

20

10

80

70

60

- 50
.c
"Cl

40-
0
:i:

30w

20

10

0

0.0 0.2 0.4 0.6 0.8 1.0
aw



The effect of Temperature on sorption isotherms:

For most solutions and food products, it is widely accepted that the
increase of temperature increases the water activity. This was the case
for this study but up to water activity range of 0.4-0.5. At this range a
crossings of sorption isotherms curves of the different temperatures were
observed. Above this range, it was found that increase in temperature
resulted in a decrease of water activity. The 'crossing' phenomenon of
thos.e curves was observed by several investigators ( Saravacos et aI.,
1986; Tsami et 1., 1990a;b; Hassan, 1990; Lieras and IgI~sias, 1991;
Ayranci et aI., 1991; Manuel and Serreno, 1993) for high sugar foods.
Saravacos et a1.(1986) explained this trend, above the range of 0.4-0.5 of
this study, by the dissolution of sugars (an endothermic process).

Fitting sorption data to isotherm models

A) GAB equation

The GAB (Guggenheim-Anderson-deBoer) equation is one of the
most widely accepted models for sorption isotherms (Labuza et aI., 1985;
Sarvacos et aI.,1986; Ayaranci et a1.,1990;Tsami et aI.,1990)and can be
written as follows:

M = MmCKaw
(1- kaw)(l- kaw+ ckaw)

(1)

M= equilibrium moisture content, g water/g dry matter.

monolayer moisture content, g water/g dry matter.

constant related to heat of sorption of monolayer.

constant related to total heat of sorption.

Mm=

c=

K=

water activity

It provides not only the value of monolayer moisture content, but
also other useful information related to heat of sorption of monolayer and
multilayer (Ayranci et aI., 1990). Statistical software (IMP for
Macintoch, version 2.04) was used to fit experimental sorption data to the
GAB model. A nonlinear regression fitting procedure using second
derivative method was used.The software required the sorption data in
addition to initial values ofC,k,and Mmparameters. Those initial values
were determined by solving equation (1) using three experimental values
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of m and aw. Starting trom these initial values, the software detennined
the best values of C,k, and Mmwhich satisfy the equation, by carrying out
several iterations for values of these parameters. In addition it fits
experimental sorption data to the model and illustrates the results
graphically.

Results of nonlinear fitting of GAB model are shown in Table (2).
The monolayer moisture content varied trom a minimum of 0.063 (g
water/g dry matter) for Khudari at 40°C to a maximum of 0.173 (g
water/g dry matter) for Ruziz at 5 °C.!t decreased with increasing
temperature, and at all three temperatures it was highest for the pastes of
Ruziz cultivat, followed by Khlass and Khudari. The values of Mm'C,
and k are comparable to those of other high sugar foods reported in the
literature. The GAB model fitted curves (not shown) were very close to
experimental data.

B) Iglesias and Chirife equation

Chirife and Iglesias (1978) proposed the following equation for
high sugar foods,

In [M + M2 + Mo.s)I/2] = b aw + p (2)

Where M is the equilibrium moisture content (g water/ g dry
matter),aw is water activity, Mo.sis the equilibrium moisture content at
aw=0.5, and band p are constants. -Mo.swas directly detennined from the
experimental sorption isothenns. Results of linear regression of equation
(2) using experimental sorption data are shown in Table (2). Values of the
constant b consistently increased with increasing temperature, while
values of p consistently decreased with increasing temperature. The
regression coefficient (R2) was high for all pastes of the three date
cultivars at the three examined temperatures indicating a good fit of the

_ experimental sorption data by the model. Iglesias and Chirife applied
their model for sorption data of nine high sugar foods which were mostly
tresh &uits with sugar present mainly in dissolved fonn (Chirife and
Iglesias, 1978; Ayranci et aI., 1990).The pastes are similar in sugar type

- since they are predominantly reduced sugars (glucose and &uctose)
naturally in dissolved state.

C) Halsey equation

Halsey equation is also one of the widely used equations in
modeling experimental sorption data of high sugar,foods. The equation
can be written as follows,

119

-- ----- --



In M =(l/r) In c - (l/r) In [ In(l/ aw)] (3)

where M is the equilibrium moisture content (g water/g dry
matter),aw is water activity, and r and c are constants. Values of the
constants rand c were obtained by linear regression using experimental
sorption data, and they are shown in Table (2). The values of the
correlation coefficient (R2) indicate a good fit of the equation by the
experimental data. However, Chirife and Iglesias equation is slightly
better (in terms of R2)than Halsey equation in fitting experimental data.
For dried apricot, fig, and raisin at 20 and 36°C. Ayaranci et al. (1990)
found Halsey equation to be slightly better than Chirife and Iglesias
equation in fitting the experimental data.

Table 2. Estimated parameters for GAB, Iglesias & Cherifi, and Halsey
equations for the pastes of the three dates cultivars at 5, 25, and 40°C.
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Model Ruziz Khudari Khlass

5 25 40°C 5 25 40°C 5 25 40°C

A) G.A.B.

Mm 0.173 0.154 0.137 0.148 0.132 0.063 0.167 0.143 0.117

C 13.980 2.790 4.760 7.220 5.863 5.045 8.350 7.530 3.220

K 0.560 0.840 0.950 0.690 0.849 1.324 0.578 0.781 1.062

SSE1 0.007 0.006 0.035 0.005 0.005 0.001 0.004 0.005 0.002

MSE2 0.001 0.001 0.007 0.001 0.001 0.000 0.000 0.000 0.000

RMSE3 0.038 0.035 0.084 0.034 0.031 0.012 0.029 0.028 0.019

B) Cherifi & Il!:lesias

b 1.143 2.351 3.449 1.456 2.201 3.747 1.543 2.129 3.614

p 3.139 2.453 1.857 2.923 2.515 1.761 2.832 2.572 1.865

R2 0.870 0.976 0.960 0.946 0.966 0.983 0.944 0.959 0.979

C) Halsev

R 15.073 5.885 4.007 12.083 7.891 3.864 14.853 9.175 3.918

C 14.895 2.205 1.941 7.163 3.351 1.850 10.889 4.129 1.721

If 0.871 0.963 0.899 0.942 0.931 0.924 0.924 0.898 0.948

1 SSE = Residual Sum of Squares error

2 MSE = Mean square error

3 RMSE = Estimate of standard deviation of residual error.

R2= Correlation cofficient.



Isosteric Heat of Sorption

The Clausius - Clapeyron equation is often used to predict water
activity at any temperature if the isosteric heat and water activity values
at one temperature are known. The equation for water vapor, in terms of
isosteric heat (Qst) is (Rizvi, 1995):

d(1nP) = _QSfd.!.R T
(4)

Where P = pressure, Pa, Qst isosteric heat of sorption, Kj/mol, R= gas
constant=8134.34 x 10-3Kj/mol0 K, and T= absolute temperature 0 K.

Subtracting the corresponding relation for vapors in equilibrium
with pure water at the same temperature gives,

d(lnp)-d(1nPw)= Qst-tJivop d(.!.)R T
(5)

where Pw is partial pressure of pure water, P.a.

Since aw = p/pw, Equation (5) can be written as,

d (In aw) = -qstIR d(I/T) (6)

Where qst = net isosteric heat of sorption (also called excess heat
of sorption) = Qst- ~ Hvap.

Integration of above equation yields,

Ln(aw) = -qst IRT + constant (7)

Values of the net isosteric heat of sorption (qst) obtained from the
slopes were plotted as a function of moisture content for the pastes of the
three date cultivars as illustrated in Fig. 7. Net isosteric heat of sorption
curves of the cultivars Khndari and Khlass were similar in shape, with
values of qst consistently slightly higher for the Khudari cultivar.
However, the curve for Ruziz cultivar was distinctly different in shape as
compared to Khudari and Khlass, with much higher values of qst at lower
moisture content below about 0.12 (kg water/ kg dry matter).

In the moisture content region of 0.15 to 0.3, the curve shows a
platue with a minimum value of qst at moisture content of about 0.23, and
then levels up at moisture content beyond 0.3. Within the moisture
content range of 0.04 to 0.4 (kg water / kg dry matter) the ranges for
values of qst were -6.75 to 18.43, -8.01 to 14.01, and -5.29 to 47.98
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(Kj/mol) for pastes of the three date cultivars Khudari, Khlass, and Ruziz;
respectively.

-+- Khudari- Khlass
-tr- Ruziz

0.35

Moisturecontent (kg/kgdrymatter)

Figure 7. Net isosteric heat of sorption.

0.40 0.45

The high net is osteric heats of sorption of water at low moisture

contents « 0.12) indicates a stronger water-date paste component
interaction in the dried state. As moisture content increases, the available
sites for sorption of water diminishes, resulting in lower values of qst.
The negative values of qst at high moisture' contents (>0.18) may be
explained by the contribution of the endothermic dissolution of sugars in
the sorbed water (Sarvacos et aI., 1986). Since the sugar contents of the
three date cltivars were reported as 76.2, 82.9, and 73.3 (g total sugar /
100 g dry matter); 76.2, 81.0, and 72.9 (g reducing sugar (glucose&
fructose) / 100 g dry matter); and zero, 1.9, and 0.4 (g sucrose/ g dry
matter), for the date cultivars Khudari, Khlass, and Ruziz; respectively,
(Sawaya et aI., 1986), the variation in behavior may be related to the total
amount of sugar present, and the different proportions of each individual
type of sugar.

- -
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CONCLUSION

1. Water sorption isotherms of pastes of three date cultivars, Ruziz,
Khudari,and Khlass were highly dependent on temperatUre,while
dependence on cultivar type was not as stronger.

2. The experimental data fitted well the three "popular sorption
models.

3. The dependence of qston M.C was similar to published behavior of
high sugar foods.
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