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ABSTRACT

A fine hemogenated date plup was produced and the method used was
recorded as a Patent No. 22040 (2002). Sewi and Shamia date fruits were used for
this pusfgpse. The processing of date fruits into pulp changed the chemical
characteristics of the fruits. Where total and reducing sugars, tannins, hydroxy
methy! furfural were increased, while tannins, protein, crude fiber, total phenols
and pH values were decrcased.

Rheological characteristics were measured by Brookfield Digital
Viscometer at temperatures of 5 — 70 °C. Three rheological models (Bingham
plastic, IPC pastc and Power Law) were used to calculate the relationship
between shear stress and shear rate. The date pulp behaved as a non-Newtonian
fluids (psendoplastic behavior) at different TSS contents. The effect of
temperature on viscosity was very well correlated with the Arrhenius equation (r*
> 0.92). Activation energy for the viscous flow was in the range of 9969.80 —
18568.55 KJ/ Kmole and 10248.43 — 12676.97 KJ/ Kmole in case of Sewi and
Shamia date pulp, respectively, at the same concentration. Shamia date pulp had
lower 10 RPM viscosity values than Sewi date pulp and consequently had higher
flow rate. ' :
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INTRODUCTION

* Date palm (Phoenix dactylifera L.) is one of the oldest cultivated tree
crops and one of the important fruit trees in some countries in the world,
especially in Islamic and Arabian countries,

Egypt lies in the first largest date producer among world countries.
Egyptian production represents about 18% of the total production of date in the
world, which reaches about 6.2 million Tons (FAQ, 2002).

Date fruits pass through four distinct stages of ripening; Kimri, Khalal,
Rutab and Tamr; which are used to represent the immature green, the mature full
colored, the soft brown and the hard raisin-like stage of development,,
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respectively. Date cultivars are classified on the basis of the texture of the ripe
fruit into three generally accepted categories soft, semi-dry and dry types (Selim
et al., 1970 and Barreveld, 1993),

Date fruits are good source of carbohydrate, fibers, vitamins (A, B1, B2
and niacin}), and minerals (potassium, calcium, selenium, fluorine and iron) and it
contain a fair amount of protein, copper, magnesium, sulphur and phosphorus
(Nixon and Carpenter, 1978; Yousif ef ai., 1982a; Khatab et al., 1983; Nour and
Magboul, 1985; Barreveld, 1993; Ahmed ef al., 1995 and Fl-Samahy and Co-
Workers, 1998-2001).

Most of produced dates are consumed directly at their Khalal, Rutab and
Tamr stages, with little or no further processing. Recently, the date producing
countries gave more attention to the improvement and development of date
- processing. Many products such as date syrup, vinegar, alcohol and liquid sugar
are successfully marketed (Yousif ef a/., 1987). Several studies have been carried
out to incorporate dates in different food products such as bakery items, date bars,
beverages, jam, jelly, sheets and date kutter (Yousif ef af., 1982b; Sumainah and
AJ-Nakhal, 1984; Al-Ogaidi et al., 1986; Yousif et al., 1996; Mostafa et al., 2002
and El-samahy ef al., 2003). '

Processing date fruits into date pastc is a way to preserve the fruits and
to reduce transportation and storage costs. It also, resulted in an availability of the
fruit paste during the whole year and could open new outlets for date fruits. Date
paste is rich in sugars, dietary fiber, minerals and trace clements. Thus,
incorporation of dates into other food items couid contribute significantly to their
nutritive value (Yousif ef al., 1991).

Generally traditional methods arc used to prepare date paste, especially
from the soft or semi-dry varietics. The traditional methods include washing,
peeling and destoning of soft date fruits or washing, destoning, soaking in tap
water for semi-dry date fruits and ther macerated using meat grinder and the
fineness of the product can be regulated by the use of different size holes in the
discs (Mustafa et al., 1986; Barreveld, 1993 and El-Dich, Samia, 2002), The date
paste produced by these methods is unhomogenated and coarse.

Rheology of foods is crucial for improving the quality of food products
and as many problems encountered in manufacturing including mixing, pumping
and atomization during spray drying. Most concentrated structured fluids exhibit
strong viscoelastic behavior at small deformations and their measurement is very
usefil as a physical probe of the microstructure (Ahmed and Ramaswamy, 2005)
and in processing equipment design, products development, storage and
transportation and quality control of juices and purees (Oomah et af., 1999). The
rheological behavior of fruit juices and concentrates is influenced by their
composition, especially type of fruit and the treatment performed in its
technological process (Ibarz ef al., 1996). In addition, factors such as temperature
and concentration influence rheological properties of these products (Rao ef ai.,
1984; Khalil et al., 1989; lbarz ef al, 1992 and 1994). Presence of pectin



Physical, Chemical Characteristics & Rheological....... 1725

substances or/and suspended solid particales cause non-Newtonian behavior of
juices and concentrates.

Ahmed and Ramaswamy (2005) investegated the viscoelastic properties
and visual color degradation kinetics of date paste at selected temperatures. They
found that complex viscosity (n*) of date paste decreased with temperature and
followed a power law type relationship with frequency. They added that date
paste was classified as weak gel based on the overall mechanical spectra.
Variation of color during thermal processing of date paste followed the first-order
reaction kinetics.

The objective of the present work was to produce a fine homogenated
date pulp from second quality semi-dry and dry date varieties and evaluate the
chemical and physical characteristics, minerals and rheological behavior of the
resultant pulp.

MATERIALS AND METHODS

Materials ,

Sewi, semi-dry variety; date fruits at Tamr stage were obtained from a
private orchard at Fayoum Governorate. Shamia; dry variety; date fruits were -
purchased from the local market at Aswan Governorate at Tamr stage.

Methods
Preparation of date pulp

Sewi or Shamia date fruits were sorted, washed, destoned, and then the
date pulps were produced according to the Patent No. 22040 of El-Samabhy et al.

(2002).

Methods of analyses

Moisture content, total soluble solids (°Brix), pH value, reducing and
total sugars, crude protein, crude fiber, ash, and tannins were determined
according to AOAC (1990). Contents of some minerals (Na, K, Zn, Cu, Mn, Pb
and Hg) were determined according to AQAC (1990} by wet ashing and using
Atomic Absorption Spectrophotometer (Varian AA20). Total phencls were
determined by using Folin-Ciocalten reagent as described by DevChoudhury and
Goswami (1983). Color index-at 420 nm and hydroxymethyl furfural were
determined as described by Ranganna (1977).

Rheological properties of produoed pulps were carried out by the
Brookfield Digital Rheometer model DV-III+. The Brookfield small sample
adapter and Sc4-14 spindle were used. The data were analyzed by using the
Bingham plastic, IPC paste and Power Law mathematical models to provide a
numerically and graphically analysis of the behavior of data sets (Hegedusic e
al., 1995). These models are:

T=T,+ 1y n=KR" 7=Ky", respectively;
where: 1 =sheerstress Nm™), 1, = yield stress, shear stress at zero shear
rate (N m®), n = plastic viscosity (mPa.s) for Bingham and 10 rpm viscosity
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(mPa.s) for IPC paste, ¥ = shear rate (sec’), K = consistency multiplier (mPa_s)
for IPC paste and K = consistency index {mPa.s) for Power Law, R = rotational
speed (rpmy}, n = shear sensitivity factor for IPC paste and flow index for Power
Law. Activation energy and the effect of temperature on viscosity were calculated
using Arrhenius-type equation as mentioned by Ibarz ef al., (1996). The equation
is:

1 =1, exp (B RT). where: 1} is the viscosity, 1, is a constant, E, is the activation
energy, R is the gas constant and T is the absolutc temperature in °K.

Statistical analysis
The analysis of variance (ANOVA) and LSD were performed as
described by Ott (1984).

RESULTS AND DISCUSSION

Physical and chemical characteristics of date fruits and pulp

Physical and chemical composition of Sewi and Shamia date fruits and
their pulps are shown in Table {1). It was noticed that, processing date fruits into
date pulp changed the most physical and chemical characteristics of date fruits.
The protein, crude fiber, ash and total phenols contents decteased. The pH values
decreased from 7.26 and 5.73 to 5.33 and 5.02 for Sewi and shamia date fruits
and their pulps, respectively. This may be attribuied to the liberation of organic
acids from fruit tissues (Hassan and El-Sheemy, 1989). A marked increase was
observed in the contents of total and reducing sugars. Where, total sugars
increased from 85.94 and 75.63% for Sewi and Shamia fruits to 87.91 and
906.86% for their pulps, respectively. Also, reducing sugars increased from 45.18
and 45.52% before processing to 66.13 and 53.17% after processing of Sewi and
Shamia fruits, respectively. This may be due to the hydrolysis of polysaccharides
(such as pectin, crude fiber) to simple sugars during processing. The
hydroxymethyl furfural (HMF) contents were increased in the produced pulps
than in fruits. This may be due to the sugar carmalization and non-enzymatic
browning occurred during process. Color index value of the processed Shamia
pulp was significantly higher than that of Sewi date pulp. This may be attributed
to the higher concentration of Shamia pulp (45° Brix) than Sewi pulp (35 °Brix),
processing conditions and to a little bit to the higher concentration of HMF of
Shamia fruits. : : :

Regarding the contents of some elements, the present data indicated that -
K contents significantly decreased from 568.36 and 669.67 mg 100g™ for Sewi
and Shamia date fruits to 530.38 and 625.42 mg 100 g’ for their pulps,
respectively. The Na, Zn, Mn and Cu contents slightly decreased by processing.

From the obtained results it could be concluded that, processing date
fruits to pulp have no negative effects on the nutritional values of date fruits. But,
it converts the fruits to pleasant and untraditional form to consume it. The
produced pulp could be used as an intermediate food product in various food
formulation such as functional and baby foods, pulpy juices, biscuits, extrudates,
sheets and ice cream (Abd El-Hady et al, 2002 and Youssef, 2004).
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Table (1): Physical and chemical ¥ characteristics and some ¢lements content

Components

of date fruits and its pulps

Shamia date

Fruit

Pulp

Moisture content, %

11.20°

52.30°

TSS, "Brix

Nd

45.00

pH value

5.73°

Total sugars, %

75.63°

| Reducing sugars, %

45.52°

| Non-reducing sugars, %

30.11°

Crude protein, %

3.78"

| Crude fiber, %

2.76"

| Ash, %

2.34°

| Total phenols, %

0.82°

| Tannins, %

0.36"

Color index, (0.D. at 420nm)

nd

HMF, (mg 100g™)

2.10°

| Elements, (mg 100g")

K

568.36"

669.67"

Na

80.12°

67.58°

Zn

0.20°

0.36"

Mn

0.66"

0.99*

Cu

0.62°

0.42°

0.00

Pb .
Hg - . - 0.00
*Calcuiated on dry weight basis, nd = not determined, @ Means of triplicates
Means having the same letter within each property for the same variety are not significantly
different at p <0.05 '

Rheological behavior of date pulps

The rheological behavior of Sewi and Shamia date fruit pulps were
studied at different total soluble solids and temperatures within the range 5-70°C.
The obtained results are recorded in Table (2) for Sewi pulp and in Table (3) for
Shamia pulp. ' ' _

From the given data measured at different temperatures, it appeared that
the relationship between shear stress — shear rate was non-linear, which related to
non-Newtonian behavior. These pulps were pseudoplastic fluids due to a complex
interaction between soluble pectin, organic acids and soluble solids as ‘described
by Rao {1987). ' .

Tables (2) and (3) include the rheological properties of Sewi and Shamia
date pulps, respectively. The consistency index (k) mPa.s", flow index (n), plastic
viscosity () mPa.s, yield stress (1o} N m™, viscosity at 10 RPM (mPa.s), shear
sensitivity (N;), and confidence of fit (%) were calculated at 15, 25 and 35° Brix
for Sewi pulp and at 15, 25, 35 and 45° Brix for Shamia pulp.
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Table (2): Rheological parameters of Sewi date pulp determined at different
TSS, temperatures and models

Parameters for different models
Power law Bingham TPC paste
T
TSS | Coni- Confi-| 10 Confi-
K n |dence,| 1 Te | dence, | RPM | N; | dence,
% Yo viscosilty %

5 605 1049] 952 1291 [264] 949 {1950 [ 0511 952

150 10 546 |049; 948 | 237 [2.15] 946 1588 | 051 ] 948

Brix |30 | 492 (043 908 [ 173 {213 95 | 1547 ]057] 908

S0 | 424 [043] 875 | 126 {167] 870 | 1184 | 057 ] 875

70 | 344 1040 844 | 83 (127 837 901 {060] 844

3 1776 1033 96.5 [4341:35.0! 956 | 6425 | 067 ] 96.5
250 10 | 1628 [024] 895 |2493 (323} 894 [ 6220 [076]| 895

Brix 30 | 1525 (022 927 | 1864|255} 931 | 5163 [ 078} 927

S0 | 1366 [0.18] 899 (1224 ]| 189 909 4077 1082 899

70 | 1275 {007 879 [ 265 | 165 879 3747 | 0931 879

S | 6826 j0.38[ 937 [ 2398 [16453] 931 [28713 ] 062 93.7

35 10 | 6628 {037] 926 | 1973 |142.1] 919 {24831 | 063 | 926

oBrix L 30 | 6390 10.27] 894 ; 1137 |1275] 892 124069 (0.73]| 894
S0 [ 5977 1021 864 [6734[1065] 862 [21255}079] 864
70 | 5495 [0.19] 83.7 | 530 {867 839 |17852(081]| 837

K= Consistency index (mPa.s"), n= Flow behavior index (dimensionless), n=
Plastic viscosity (mPa.s), .= Yield stress (Nm?), 10 RPM viscosity, (mPa.s), N;=
Shear sensitivity (dimensionless)

The consistency index values increased with increasing the total soluble
solids and decreased with increasing temperature, The consistency index values
were 60.5, 1776 and 6826 mPa.s" for 15, 25 and 35° Brix of Sewi pulp and 20.8,
567.1, 6758 and 48043 mPa.s" for 15, 25 35 and 45° Brix of Shamia pulp at 5 °C,
respectively. While, the values were 6826, 6628, 6396, 5977 and 5495 mPa.s" for
35° Brix Sewi pulp and 48043, 31116, 22591, 18451 and 14014 mPa. s” for 45°
Brix Shamia pulp at assayed temperatures, respectively.

The flow index (n) values decreased with increasing temperature and
total soluble solids. These results are in agreement with those obtained by
Crandall ef al., (1982); Bahlol, (2000) and Juszczak and Fortuna (2003). Ibarz
and Pagan (1987) found that the consistency index (k) and flow index (m)
decreased as the temperature rose. Also, K increased with increase in soluble
solids content, whereas (n) tended to decrease.

Concerning plastic viscosity (1) and yield stress (zo), results showed that 1y
and 1 values decreased with temperature increase, while it increased with increasing
total soluble solids. Where, it decreased from 2398 mPa.s and 164.5 N m? for 35°
Brix Sewi pulp at 5 °C to 530 mPas and 86.7 N m” at 70 °C, respectively. And it
increased from 29.1 mPas and 2.64 N m™ for 15° Brix Sewi pulp at 5°C to 2398
mPas and 164.5 N m™ for 35° Brix Sewi pulp at the same temperature. The same
trend was observed for Shamia pulp (Table, 3). The obtained data are similar to that
reviewed by Ahmed and Ramaswamy (2005) who found that complex viscosity (n*)
of date paste decreased with temperature increase.
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Table (3): Rheological parameters of Shamia date pulp determined at
- different TSS, temperatures and models

Parameters for different models
Terp. Power law i IPC paste
TSS | . Confi- Confi- | 10 Confi-
K o |dence,| 7 To | dence, | RPM | N; | dence,
% . Yo viscosity %
3 208 |065( 980 | 213 [ 099 ] 972 759 1035 980
15° 10 175 1062 9.8 194 (102] 959 757 [ 038 9%3
Brix 30 175 [056) 929 | 130 090 ]| 926 657 [ 044 | 929
50 169 047 873 | 85 | 088 | 873 638 | 053 873
0 1677 042 81.1 | 478 | 067 | 803 466 [ 058 8i.1
5 §150711043] 933 | 2703 . 153} 924 2560 | 0571 933
250 10 | 4627 {044 928 (2347 128 919 2120 { 056 928
Brix 30 { 3340 (040 799 | 1275955 779 1463 | 060 | 799
S0 | 3233 (037} 710 | 23 1601 736 1205 1063 770
70 | 17121029 790 | 587 [ 694 782 | 8219 (071 | 790
5 6758 {030 977 | 1424 {1388 956 25602070 977
350 10 | 6216 [031]| 976 | 1409 {1305] 956 | 23890 ] 069 | 976
Brix 30 [ 4339 |030] 900 [9214| 906 | 895 | 16481 | 07071 200
50 | 3464 |024| 842 |47561 649 841 12163 | 076 | 842
70 | 2916 [022] 799 2971|535 791 9880 [ 078 | 799
5 {48043 1023 983 |16665!52791 981 |1257351 077 | 983
4 10 | 31116 [ 0.17] 967 [14080|4186| 945 | 98614 0.83 | 96.7
oBrix 30 |]22591|10.18| 889 | 7972 ;2385] 870 | 72754 1082 | 839
S50 | 18451 [0.13] 846 | 3977 |198.7| 826 55431 | 087 #46
0 | 14014 {008| 768 | 3568 {1629 735 | 39387092 | 7638

K= Consistency index (mPa.s"), n= Flow behavior index (dimensionless), 1=
Plastic viscosity (mPas), = Ty= Yield stress (N/m?), 10 RPM viscosity, (mPa_s),
N;= Shear sensitivity (dimensionless)

Regarding viscosity at 10 RPM, it aiso increased with the increment of
total soluble solids and decreased with temperaiure increasing. The values were
195.0 and 75.9 mPa.s at 5°C for I5° Brix Sewt and Shamia pulp, respectively,
increased to 28712 and 25602 mPa.s for 35 °Brix Sewi and Shamia pulp at the
same temperature, respectively. And it decreased to 17852 and 9880 mPa.s for
35° Brix Sewi and Shamia pulp at 70 °C, respectively. The viscosity is a function
of temperature and the dissolved solid concentration. As the temperature is
increased, the intcrmoleculer distances increase and therefore the viscosity will
decrease for this main rcason (Bayindirli, 1992). Shear sensitivity (N;) values
increased by increasing temperature and total soluble solids. These results are in
agreement with those found in many literatures for fruit juices and purees.

Generally, it could be noticed that, rheological parameters; K, 1, 7, and
10 RPM viscosity; for Shamia date pulp were lower than those for Sewi date pulp
at the same total soluble solids content and temperature. This may be referred to
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the type of fruits and their composition (Ibarz et al., 1996), The Sewi pulp had
higher reducing sugars and crude fiber contents (66.13 and 2.71%, respectively)
than Shamia pulp (53.17 and 2.54%, respectively) as shown in Table (1).
Presence of these components cause significant effects on rheclogical behavior of
fruit juices and purees (Guerrero and Alzamora, 1998).

Effect of temperature on the viscosity of date fruit pulp

The change in apparent viscosity of date pulps with temperature can be
described by an Arrhenius — type equation. The parameters of this equation
(activation energy E, and viscosity constant 1.} are shown in Table (4).

Table {4): Parameters of the Arrhenius model for the effect of temperature
{5 — 70°C)on Sewi and Shamia date pulps

Activation

- Constant, 11, CoefTicient of

Date pulp, “Brix (e;;%ﬁ‘i (mPa.s) | correlation ()
Sewi, 15 92969 .80 -0.365 0.92
25 10428.75 -0.608 0.85
35 18568.55 +4.59]1 0.98
Shamia, 15 10248.33 0.875 0.95
25 11776.52 +1.464 0.95
35 : 12676.97 +3.131 0.98
45 14556 85 +4.782 0.98

* Data calculated for apperent viscosity at 100 RPM, except for Shamia 45 “Brix at 20 RPM

The activation energy (Ea) values were 9969.80, 10428.75 and 18568.55
KJ/Kmol for 15, 25 and 35° Brix Sewi pulp, and na values were -0.365, -0.608 and
4.591 mPa.s, respectively. While, the Ea values were 10248.33, 11776.53, 12676.97
and 14556.85 KJ/Kmol for 15, 25, 35 and 45° Brix Shamia pulp and no values were — .
0.875, 1.464, 3.131 and 4.782 mPa s, respectively. These results are in agreement with
those obtained by Crandall et al.,(1982) and Vitali and Rao (1984a,b), they reported
that Ea increased with increasing pulp content and fotal sugars.
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