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Heat, Mass Transfer and Physical Properties of Biscuits Enriched with Date Powder
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Abstract: Based on the high composition of date in sugar, sucrose was replaced by date powder at 0%,
20%, 40% and 60% incorporation levels in biscuits baked at three baking temperatures (160, 180 and 200
°C). Biscuits were evaluated for online temperature and moisture content profiles, final water activity,
color and hardness. It was found that date powder replacement did not affect biscuit temperature and
moisture content profiles. However, baking temperature had a clear effect. As date powder level increased,
biscuits had darker color, L-values decreased, a-values increased and b-values were not affected. For
baking temperatures greater than 160 °C, it was found that biscuit final water activity increased as date
powder level increased. Results showed that there is a clear evidence of sucrose substitution on biscuit
texture, as date powder level increased, biscuit hardness decreased.
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INTRODUCTION

Biscuits are worldwide food products. Their
popularity is due to their taste, easy consumption, and
long term preservation[1]. Ingredients replacement have
been carried out successfully in order to reduce sugar
or fat levels or to meet consumer demand. Sucrose was
replaced with raftilose in short dough biscuit[2]. The
influence of sugar type and baking temperature on
sugar degradation, furfural and acrylamide formation
were studied[3-5]. Changes in the rheological properties
of the dough and biscuit quality due to fat reduction or
microencapsulation were investigated[6-8].

In recent years, many research works were carried
out to make functional biscuits, by studying the effect
of new ingredients on the nutritional, rheological, and
organoleptic characteristics of biscuits. New ingredients
included products such as black gram[9], fenugreek
flour[10], mustard flour[11], soy flour[1], fibres from
different cereals and fruits[6,12] or some plant extracts
with antioxidant activity[13-14]. 

Date (Phoenix dactylifera) is a highly energetic
fruit[15]. Typically date contains carbohydrate (44-88%),
fat (0.2-0.5%), protein (2.3-5.6%), dietary fiber (6.4-
11.5%), minerals such as potassium (650 mg/100g),
iron (3 mg/100 g) and magnesium (75 mg/100 g) and
vitamins such as vitamin B1, B2, A, riboflavin and
niacin[16-17]. The antioxidant potentials of dates have
been also demonstrated[18-19]. Date pasta is widely used
to prepare traditional biscuits such as makroud in north
africa and maamoul in the middle east. Based on the

nutritional composition of date, we attempted to replace
sucrose with date powder. However, information on
incorporation of date powder in bakery products is
scarce.

The objectives of this work were to study the
effect of date powder substitution to sucrose on biscuit
quality baked at three baking temperatures by
measuring online product temperature and moisture
content profiles, and to determine biscuit quality by
measuring its final color, water activity and hardness. 

MATERIALS AND METHODS

Materials: Commercial wheat flour (Sim brand, Blida,
Algeria) was used in the study, commercially available
sugar, butter and eggs were procured from the local
market. Dry type dates (var. Mech degla) from Biskra
– Algeria, were washed with water, pitted, then cut
into small pieces and air dried at 70 °C in an oven
drier (Memmert type) for 24 h to reach a final
moisture content of around 6%.  The dried dates were
powdered using a traditional blender for spices and
stored in a polypropylene bag.

Baking of Biscuits: Biscuits were prepared from wheat
flour (50%), butter (30%), sucrose (15%) and eggs
(5%). Blends of 0%, 20%, 40%, 60%  were prepared
by replacing sucrose with date powder (Control, D20%,
D40%, D60%). The ingredients were mixed manually
for 5 min in a plastic bawl to obtain a homogeneous
dough. Biscuit pieces were cut into circular shapes
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using a biscuit press (Ampia biscuits, Italy). Biscuits
were baked in an oven (SPAG, Massy, France) set at
160, 180 and 200 °C. Baking process ended when the
final moisture content of biscuits reached 0.05 (kg
water/kg dry basis (db)). Final water content or
browning are commonly used to determine the end of
the baking process[20]. After cooling to room
temperature for 30 min, biscuits were packed in
polyethylene pouches for further analysis.

Analysis: Biscuit temperature was measured during
baking using a K-type thermocouple placed horizontally
in the centre of the biscuit and directly connected to a
computer to allow online monitoring. Data were
recorded every 9 s.

Water content was calculated by measuring biscuits
weight during baking with a balance (Sartorius-IB 12
EDE-P, France) connected directly to the oven (SPAG,
Massy, France) and to the computer. Data were
recorded every 9 s.

Biscuits samples were ground using a food blender
(Moulinex blender). Five grams of powdered biscuits
were dried in an oven at 105±1 °C for 24 h to obtain
a constant weight. The water activity was measured in
the aw-meter (FA-st lab, GBX, Romans sur Isère,
France) at ambient temperature on biscuits samples. 

The color system of L (brightness), a (redness) and
b (yellowness) were measured using a Minolta color
analyzer (Minolta, Carrières sur Seine, France).
Measurements were made on ground biscuits samples
placed in a small bowl with a cover in order to
provide a uniform surface[3].

Hardness of biscuits was carried out on a texture
analyser (Stable Micro Systems, Surrey, UK) using a
cylindrical probe P/2. A crosshead speed of 1 mm/s
with a load cell of 5 kg were used in the study. Biscuit
sample was placed on the platform and the probe was
attached to the crosshead of the instrument. The
absolute peak force from the resulting curve was
considered as the hardness of the biscuit[21].

Experimental data were the average value of
triplicate determinations for each sample. Data were
reported as mean ± SD.

Estimation of the Rate of the Biscuit Temperature
Rise: The rate of temperature rise of the biscuit was
calculated by estimating the following expression :

         (1)

where, m is biscuit weight (kg), cp is the specific heat
of biscuit (J/(kg °C)), T is biscuit temperature (°C) and
t is the baking time (s). 

The model of Choi and Okos[22] was used to
predict the specific heat based on composition and
temperature. The model is as follows:

         (2)
 

where Xi is the fraction of the ith component, n is the
total number of components in biscuits, and cpi is the
specific heat of the ith component. 

RESULTS AND DISCUSSION

Effect of Baking Temperature on Biscuit
Temperature and Moisture Content: The effect of
baking temperature on biscuit temperature is shown in
Fig. 1. At higher baking temperature, biscuit
temperature is higher. Three phases were identified[20].
The first phase is short (1 min) and had a rapid
temperature increase. The second phase had a slower
temperature increase. It ended when biscuit temperature
reached a value around 100 °C. This could be due to
the heat generated by water vapor condensation on
biscuit cold surface[23]. The third phase had a much
slower temperature increase until the end of baking,
where most of the heat was used to evaporate water.
These phases were observed for all substitutions. 

The observed three phases were confirmed when
calculating the rate of temperature increase of biscuits.
Fig. 2 shows the rate of temperature rise as a function
of baking time at substitution 20%, (data at
substitutions 40% and 60% were similar but not
shown). It shows the presence of three baking phases.
The first phase is short and characterised by a rapid
increase in the temperature rate. Followed by the
falling rate phase. The third phase is characterised by
the stabilisation of the rate of temperature rise due to
the stabilisation of biscuit temperature.   

In fact, phases in the falling rate period are due to
the structural changes occuring during baking[20]. The
calculated specific heat of biscuit using the model of
Choi and Okos[22] was estimated to 1751 (J/kg °C).
This value is similar to the parameters used by
Hadiyanto, Asselman, van Straten, Boom, Esveld and
van Boxtel[24] for biscuit and cake.

The effect of baking temperature on biscuit
moisture content is evident (Fig. 3). The higher the
baking temperature, the faster the moisture content
decrease. Three phases could be identified: latency,
rapid decrease and stabilization phases. These results
were in agreement with previous results for cookies[3]

and bread crust[25]. The first two phases were observed
for all substitutions. The stabilization phase was not
clearly identified because baking time was short. 
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Fig. 1a: Effect of baking temperature on biscuit temperature at substitution 20%.

Fig. 1b: Effect of baking temperature on biscuit temperature at substitution 40%.

Fig. 2: The rate of biscuit temperature rise at substitution 20%.
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Fig. 3a: Effect of baking temperature on biscuit moisture content at substitution 20%.

Fig. 3b: Effect of baking temperature on biscuit moisture content at substitution 40%.
 

Effect of Sucrose Substitution on Biscuit
Temperature and Moisture Content: Sucrose
substitution with date powder was not found to have
effects on biscuit temperature and moisture content
(Fig. 4-5) (data for baking temperatures of 160 and 200
°C were not shown, but similar to 180 °C). Hence,
biscuit temperature and moisture content profiles were
independent on the type of sugar in the dough[3].

Biscuit Water Activity: Water activity (Aw) values
between biscuits varied significantly (Table 1). Biscuits
with date powder substitution of 60% had the highest
Aw value. Water activity increase was proportional to
sucrose substitution for different baking temperatures
(160, 180 and 200 °C). Except for baking temperature
160 °C, where Aw was higher for substitution (D20%).
Date powder had high dietary fibre, indicating that
formulations with high fibre content had higher water
activity. These results were similar to those obtained by
O’Brien et al.[8], where less protein contents caused

high water activity due to less bound water in the
biscuit. 

Biscuit Color: L*a*b Values: The effects of date
powder on color parameter L* of biscuits were shown
in Table 1. All biscuits containing sucrose substitution
gave lower L-values. For all baking temperatures, as
the level of substitution increased, L-values decreased.
The lowest L-value was 61.9 and the highest was 74.5.
Therefore, date powder substitution had a positive
effect on biscuit color[2]. The effects of date powder on
the redness fraction of biscuits color a* were shown in
Table 1. a-values increased as the level of substitution
increased, with values ranging from 0.41 to 6.16.
Therefore, all substitutions increased the redness value
of biscuits. This could be attributed to the brown color
of dates. The effect of sucrose substitution on the
yellowness of the color b* was presented in Table 1.
In general, no evident change in b-value was observed
for different substitutions and baking temperatures. 
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Fig. 4: Biscuit temperature for different substitutions at baking temperature 180 °C.

Fig. 5: Biscuit moisture content for different substitutions at baking temperature 180 °C.

Table 1: Biscuit final water activity and color values (L*a*b*) for different substitutions and at different baking temperatures.
Temperature (°C) Subst. (%) Water activity L* a* b*
160 0 0.34±0.02 74.5±2.0 0.41±0.14 22.9±1.3

-------------------------------------------------------------------------------------------------------------------------------------------------------
20 0.40±0.02 68.2±2.8 3.07±0.24 22.3±2.0
-------------------------------------------------------------------------------------------------------------------------------------------------------
40 0.33±0.01 66.7±1.0 4.62±0.22 23.5±1.0
-------------------------------------------------------------------------------------------------------------------------------------------------------
60 0.42±0.02 66.7±1.7 4.58±0.54 23.6±0.2

180 0 0.33±0.02 74.2±1.6 1.96±0.53 24.4±0.4
-------------------------------------------------------------------------------------------------------------------------------------------------------
20 0.36±0.01 70.7±0.5 3.65±0.35 23.7±0.3
-------------------------------------------------------------------------------------------------------------------------------------------------------
40 0.38±0.02 66.4±1.4 4.99±0.70 23.3±0.2
-------------------------------------------------------------------------------------------------------------------------------------------------------
60 0.42±0.01 63.2±0.8 6.16±0.41 23.3±0.1

200 0 0.31±0.00 73.3±0.9 2.16±0.38 23.1±0.4
-------------------------------------------------------------------------------------------------------------------------------------------------------
20 0.35±0.02 66.4±0.3 4.85±0.24 23.2±0.2
-------------------------------------------------------------------------------------------------------------------------------------------------------
40 0.38±0.02 61.9±0.4 5.80±0.43 22.1±0.2
-------------------------------------------------------------------------------------------------------------------------------------------------------
60 0.41±0.00 62.4±2.3 5.79±0.74 22.2±0.1
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Biscuit Hardness: The effect of sucrose replacement
on biscuit hardness at baking temperature 180 °C was
shown in Fig. 6. Results revealed that increasing date
powder level decreased biscuit hardness. Results varied
from 11.62 N for control biscuits to 6.7 N for biscuits
with the highest date powder replacement. Similar
hardness values were obtained for all tested biscuits
when compared to the literature[11]. This softening
effect was observed by Olinger and Velasco[26] when
substituting sugar with sugar alcohols during biscuit
manufacture and by Gallagher et al.[2] when replacing
sugar with raftilose in short dough biscuit production.
In fact, Biscuit hardening is caused by crystallization
of sugar when the biscuit is cooling[2].

Conclusion: Based on the nutritional composition of
date in sugars, we attempted to replace sucrose with
date powder at 0, 20, 40 and 60% incorporation levels.
The effect of baking temperature on biscuit temperature

and moisture content was evident. Sucrose substitution
with date powder was not found to have effect on
biscuit temperature and moisture content. Biscuits with
date powder substitution of 60% had the highest Aw
value. Water activity increase was proportional to
sucrose substitution for different baking temperatures
(160, 180 and 200 °C), indicating that formulations
with high fibre content had higher water activity. All
biscuits containing sucrose substitution gave lower L-
values. Date powder substitution had a positive effect
on biscuit color, a-values increased as the level of
substitution increased. In general, no evident change in
b-value was observed for different substitutions and
baking temperatures. Results revealed that increase in
date powder level decreased biscuit hardness. Data
varied from 11.62 N for control biscuits to 6.7 N for
biscuits with the highest date powder replacement of
60%. 

Fig. 6: Effect of date powder replacement on biscuit hardness at baking temperature 180 °C.
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