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This work consists of simulating the coating of the Tunisian dates
type Deglet Nour with the glucose syrup and studying its effect on the
storage stability and the moisture equilibrium of these dates. The sorption
isotherms of corresponding to the natural and coated dates have been
experimentally established, compared and used to validate the appropriate
theoretical adsorption models. The results have shown that in presence of

, a relative humidity above 50%,thehydrationof the coateddatesis less
pronounced than that of the natural dates. Below 50% relative humidity,
the natural dates have experienced a higher degree of dehydration. In both
cases, the glucose syrup has played the role of a physical barrier to the
water vapor. Such effect has been quantified for two types ofDeglet
Nour, dry and semi-dry. The experimentally established adsorption
isotherms were compared and used to validate and characterize the
B.E.T., G.A.B. and Henderson adsorption models over a wide range of a
relative humidity. The validity of the BET model was found restricted to
water activities below 0.5. The predictions from the other two models
showed a great coherence with the experimentally generated data.

Additional Index Words: Isotherms, adsorption, BET model, GAB
model, moisture content

INTRODUCTION

Tunisian dates, ranked third among the exported agricultural
products, constitute an area of great expansion. The dates type Deglet
Nour are of a high grade quality and a considerable commercial value;
they constitute the main parts of the exports. In fact, this type of dates has
covered over 40% of the European Union demands in dates (Utica, 1995).
The high quality of such dates necessitates a good grasp and control of
the conservation and storage techniques.

Moreover, when stored at sOIl1especific conditions, the dates could
be subject to various quality degradation phenomena such as:
crystallization sugar at the surface of the dates, drying of soft dates,
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hydration, fennentation or surface color change and biological alterations
due to the development of micro-organisms.

Therefore, the choice of humidity and temperature conditions
during storage becomes crucial and must be taken based on full
knowledge of the equilibrium state between the storage ambient air and
the moisture content of the dates. In order to overcome the degradation
effects listed above, the usage of glucose syrup as a coating could
prohibit or limit the extent of such degradation. Its presence at the surface
constitutes an anti-crystallization effect (Gauthier, et aI., 1978) and will
certainly limit the mass transfer occurring between the air and the dates.
Such limiting factor could be quantified through the establishment of the
adsorption isotherms for the system (Cheftel and Chefteh 1976). These
isotherms will detennine the amount of water gained or lost by the dates
stored at some specific conditions.

The goal behind this, work is to master the conservation and the
coating techniques of dates using the glucose syrup. The main objectives
are to study: the sorption isothenns for natural and coated dates type
Deglet Nour; the effect of glucose syrup coating on the moisture
equilibrium of the dates; the comparative behavior of dry and semi-dry

dates during storage and to validate the theoretical ads,orption
models applied to natural and treated dates.

MATERIALS AND METHODS

The experimental work is based on the establishment of the
equilibrium between the dates and their storing atmosphere having a
constant relative humidity. Such equilibrium is obtained by placing the

samples in hennetically sealed containers at a specific temperature
and maintaining a constant humidity through the experiment. Five
different saturated salt solutions are chosen in order to maintain a
constant ambient relative humidity at 25°C (table 1). These solutions
allow to control and regulate the partial pressure of water vapor in the
ambient air at saturation.

Table 1. Relative humidities of the saturated salt solutions at 25°C
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Saturated Solution Relative Humiditv (%)
K2S04 97.3
NaCI 75.2

Na2 Cr2 07 (2H2O) 53.9
K2C03 43.2

MgCL2 (6H20) 33.0
NaOH 8.24



The samples of dates used are of the following type: Deglet Nour type
Dry: moisture content is equal to 17.33g/100 g dry matter (D.M.) and
Deglet Nour type Semi-Dry: moisture content is equal to 18.67 g/100 g
D.M.

These samples, previously picked and calibrated, are immersed in a
40% glucose. syrup solution a 37% dextrose equivalent at a pH of 5.46.
Samples of 60 grams of each type of dates both treated and natural are
placed in the sealed containers having different constant relative
humidity. The weight of each sample is followed as a function of time
(each 5 days) until the weight becomes constant; and therefore the
equilibrium state is achieved. The final moisture content of the samples
are then determined and used to characterize the equilibrium state.

RESULTS AND DISCUSSION

Data processing and effect of the glucose syrup coating

The analysis of the crude experimental results (tables 2 and 3)
shows that the moisture content of the dates increases with an increasing
relative humidity of the ambient environment. Such phenomenon is also
observed for treated dates both dry and semi-dry; this is due to the
gradient of the vapor pressure present between the dates and the ambient
atmosphere.

Table 2. Moisture content of semi-dry dates (in g/100 g. Dry Matter)

(Xi = 18.67)

Relative Humidity
%

Natural dates Treated dates

8.24
33
43

6.00
11,43
16,43

8.01
12.11
17.17

53.9
75.9
97.3
100

20.19
21.59
26.49
38.25

18.88
18.89
22.20
32.61
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Table 3. Moisture content of Qry dates (in g/100 g. Dry Matter)

(Xi = 17.33)

Relative Humidity
%

Natural dates Treated dates

8.24
33
43

5.24
7.17
13.39

8.75
10.97
14.38

53.9
75.9
97.3
100

19.02
19.61
26.18
31.60

17.96
18.21
21.31
24.65

The same results are presented in tables 4 and 5 in terms of gains
(+) and losses (-) of water by the dates as a function of the storing
environment. These tables facilitate the comprehension of the glucose
syrup coating effects. The protective role of the coating against the
hydration and the dehydration phenomena is illustrated through the
comparison of columns 2 and 3 of each table. Containing a higher
percentages of total and reducing sugar (Dawson, 1963), the semi-dry
dates allow a higher affinity to water than the dry dates. As such, at high
relative humidities the adsorption rates are in general higher for semi-dry
dates than for the dry type.

Table 4. Hydration and (+) dehydration (-) percentages of semi-dry dates

Relative Humidity
(%)

Natural dates Treated dates

8.24
33
43

- 67.9
-38.8
- 12.0

-57.1
-35.1
-8.0

53.9
75.9
97.3
100

+ 8.1
+ 15.6
+ 41.9

+ 104.9

+ 1.1
+ 1.2

+ 18.9
+74.7
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Table 5. Hydration (+) and dehydration (-) percentages of Qrydates

Relative Humidity
%

Natural dates Treated dates

8.24
33
43

- 69.8
-58.6
-22.7

- 8.58
-6.36
- 2.95

53.9
75.9
97.3
100

+9.3
+ 13.2
+ 51.1
+ 82.3

+3.6
+ 5.1
+23.0
+42.2

Following the coating process, the glucose syrup constitutes
essentially the surface layer of the dates, which is directly exposed to the
surrounding relative humidities. The behavior of the dates in terms of
hydration and dehydration rates is influenced by the presence of the
glucose layer, the ambient relative humidity and the initial moisture
content of the dates. Taking into consideration all these criteria and based
on the obtained results and the mass transfer principles, two phenomena
have been ovserved:

First behavior: at high relative humidities (RH > 50%), the two
types of dates are exposed to increasing hydration effects with an
increasing relative humidity. However, the treated dates are subjected to a
lower hydration rate due to the. presence of the glucose layer playing a
role of a physical barrier to water transfer from the air to the dates. The
hydration phenomenon takes place in three steps:

i) water vapor transfer at equilibrium from the air to the surface of
the dates

ii) water adsorption on the surface yielding to migration into the
pores;

iii) internal water transfer by diffusion
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Second phenomena: at "'Iow relative humidities (RH < 50%), both
types of dates experience a decreasing dehydration rate with an increasing
relative humidity. However, the treated dates are subject to a lower
dehydration rate due to the following factors: the physical barrier
provided by the glucose syrup against water vapor transfer and the lower
moisture gradient present between the coated surface and the inside of the
dates compared to the case of a bare surface. This lower gradient is
caused by the affinity of the glucose syrup to water, therefore yielding to
a higher moisture content at the coated surface than at the bare surface. In
fact, the glucose syrup tends to dry within this relative humidity range.

Establishment of adsorption isotherms

The adsorption isotherms are defined as the graphical
representation of the moisture content (MS) as a function of the water
activity (AW) in a food product. The water activity is the ratio of the
equilibrium vapor pressure and that corresponding to the pure liquid at
the same temperature; it is simply equal to the relative humidity in
equilibrium with the dates divided by 100. Figures 1 and 2 show the
isotherms corresponding to the two types of the dates both natural and
treated by the glucose syrup. The positive effect of the glucose coating is
more pronounced in the case of the hydration than the dehydration due to
the above explanation. Such isotherms are very useful in predicting the
gain or loss of moisture of these types of dates during storage. Such
information will allow to control this equilibrium behavior and therefore
limit the deterioration of the dates quality in case of hydration (ex.
multiplication of micro-organisms, etc.) or of dehydration (ex. migration
of sugar to the surface, color change, etc.).

Figure 1. Adsorption Isotherms- Natural and treated 12a dates
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Figure 2. Adsorption Isotherms- Natural and treated Semi-dry dates

Theoretical sorption models
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Using the experimentally established isotherms, several common
theoretical sorption models are tested and validated for these types of
dates in both natural and treated state. The more common models are
those of BET, GAB and Henderson:

Brunauer Emet and Teller: M = (Mo*C*Aw)/ [(l-Aw)+(C-l)(1-Aw)Aw]

Guggenheim Anderson de Boer: M = (C*K*Mo*Aw) / [(1-K*Aw).(1
K* Aw+C*K* Aw)]

Henderson : Aw= l-exp(A*T*Mb)

Where:

Aw water activity

M water amount adsorbed at equilibrium (g/l 00 g. D.M.)

Mo water content corresponding to mono-molecular layer

A, B, C, K.. constants (specific to the models)

T absolute temperature in OK

These models are used to express the amount of water present in a
food product as a function of its water activity. The models have been
tested for the experimentally collected data of the equilibrium moisture
content and the water activity. The BET model fits well except for
activities higher than 0,5, whereas the GAB model is valid for the whole
range of water activities. Once validated, the parameters of the various
models have been determined and could be used to predict the amount of
water gain or loss by stored dates in absence of adsorption isotherms. The
following table presents such characterization:
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Table 6. Characterization of the adsorption models of BET, GAB and
Henderson for dry dates

CONCLUSION

This experimental work has allowed to establish the adsorption
isotherms of the Tunisian dates type Deglet Nour both natural and treated
with the glucose syrup. These isothenns could be used to master and
control the effects of storing conditions on the quality degradation of such
dates during storage, in particular in tenns of hydration and drying or
dehydration phenomena. The comp€lrisonof the isothenns corresponding
to the natural and treated dates has allowed to detect and quantify the
protective role of the glucose syrup coatfng against gains and losses of
moisture by the dates. The validation of the common theoretical sorption
models has been performed using the experimental data. Their parameters
have been estimated for the considered dates both natural and coated with
the glucose syrup.
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Model Parameters Parameters
natural dates treated dates

- B.E.T. . Mo= 9.98 . Mo=9.06
. C= 41.45 . C=45.81
. R2=0.92 . R2=0.98

-G.A.B. . Mo= 18.25 . Mo= 17.05
. C=11.79 . C=27.51
. K=0.40 .K=0.31

-Henderson .R2=0.88 . R2=0.99

. A= -4.95xl 0-6 . A= -0.42xl 0-6

. b= 2.23 . b= 3.14

. R2=0.93 . R2=0.89
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