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Abstract

Dietary fiber possesses positive effects on health as well as appropriate functional properties
which make it suitable to be used in different food products. In this research, date seed dietary
fiber (DSDF) which is the defatted powder of date seed was examined as a new source of
dietary fiber. Chemical, physical and baking properties were evaluated and compared with a
commercial fiber, called Fibrex which is obtained from sugar beet after sugar extraction. DSDF
high content of dietary fiber (78.6 %) indicated that it is richer and purer than Fibrex (65.74 %).
Analysis of L", a" and b showed light red and yellow color for DSDF and Fibrex, respectively.
Oil holding capacity of DSDF (1.33 g/g) was similar to Fibrex (1.32 g/g) but water retention
capacity of DSDF (2.75 g/g) was lower than Fibrex (5.26 g/g). Substitution of wheat flour with
2.5% and 5% of Fibrex or DSDF showed that only firmness of bread containing 2.5% DSDF
was not different with the control bread (0% fiber). Sensory analysis revealed that all samples
except samples containing 5% Fibrex obtained overall acceptability, thus these samples would
be advisable for bread making. These results confirm that DSDF is a rich source of dietary fiber
with appropriate physical and baking properties which could be successfully used in bakery

products.

© All Rights Reserved

Introduction

Dietary fiber is the edible parts of plants or
analogous carbohydrates that are resistant to
digestion and absorption in the human small intestine
with complete or partial fermentation in the large
intestine. Dietary fiber includes polysaccharides,
oligosaccharides, lignin, and associated plant
substances. Dietary fibers promote beneficial
physiological effects including laxation, and/or
blood cholesterol attenuation, and/or blood glucose
attenuation (AACC, 2001). In addition to health
effects, dietary fiber has positive technological effects
such as increasing viscosity, modifying texture,
prohibiting of crystallization, increasing retained
oil and water, stabilizing emulsions etc. For these
reasons, dietary fiber has widespread applications in
food industry. It can be used in bread, baked products,
pasta, noodles, juices, soups, confectioneries, dairy,
meat and fishery products (Tosh and Yada, 2010;
Elleuch et al., 2011; Aziah and Komathi, 2009).

Phoenix dactylifera L. also known as the date palm
is cultivated in the hot desert regions of Southwest
Asia and North Africa. Date fruit is composed of 2
parts: seed and fleshy pericarp. Date flesh is rich in
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sugars (43.4 g/100 g) and is a good source of rapid
energy (Al-Farsi and Lee, 2008). This could be one
of the explanations of why Muslims use date fruit
to break their fast during holy month of Ramadan,
and also might be the reason Saint Mary was told
to eat ripe and fresh date following giving birth to
Jesus to compensate her physical weakness (The
holy book of Quran, C.19, V.25). Date seed which
constitutes 10 - 15% of the fruit weight (Hussein et
al., 1998) is an excellent source of dietary fiber (73.1
g/100 g) comparing to the date flesh (7.5 g/100 g).
Date seed possesses health benefits due to its high
amount of dietary fiber. Moreover, the high phenolic
compounds content makes date seed to be considered
as a functional food ingredient (Al-Farsi and Lee,
2008). Bauza (2002) reported that date kernel is rich
in phytohormones that have anti-aging properties.
Consequently, date kernel significantly reduces skin
wrinkles.

Iran, with annual date production of 1,066
million tons, is in the second rank of date producers
in the world (FAO, 2012). At the processing units,
when several operations including pitting, chopping
and syrup extraction were performed on date fruit,
date seed is either being collected for animal feeding
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or discarded without any use. Considering the
large amount of date seed which is currently being
discarded as a waste stream and its high dietary fiber
content, characterization of date seed dietary fiber
would introduce a new great and inexpensive source
of dietary fiber to food industry.

Some research works have been carried out in
order to investigate chemical composition of date
seeds (Hamada et al., 2002; Ali-Mohamed and
Khamis, 2004; Al-Farsi et al., 2007, Habib and
Ibrahim, 2009; Shams Ardekani et al., 2010; Habib
et al., 2013). Some other researchers have used
date seed for the production of different substances
such as citric acid (Abou-zeid et al., 1983), baker’s
yeast biomass (Nancib et al., 1997), Streptococcus
thermophilus (Nancib et al., 1999) or for other
applications such as jam production (Mirghani et
al., 2012) as well as bread making (Almana and
Mahmoud, 1994). Although several works have been
done on date seed, characterization of date seed’s
dietary fiber has not yet been reported. The aim of this
study was: (1) to characterize the physicochemical
and baking properties of date seed dictary fiber,
(2) to compare date seed dietary fiber with Fibrex
(commercial fiber from sugar beet).

Materials and Methods

Materials

Date from kaluteh variety at “tamr stage” (full
ripeness) was obtained from Jiroft city, Iran. Fibrex
was purchased from Nordic sugar (Copenhagen,
Denmark), enzymes from megazyme (Wicklow,
Ireland), chemical reagents from Merck Inc
(Darmstadt, Germany). Wheat flour was obtained
from acce ard (Mashhad, Iran). Salt (sodium
chloride), sugar (sucrose) and active dry yeast were
purchased from local market (Mashhad, Iran).

Preparing DSDF

Date seeds were removed, cleaned with water,
dried at 50°C for 48 hours, crushed with a hammer
mill and finally were passed through a 420 micron
sieve. The resulted powder was defatted with
n-hexane for 2 hours and then was dried at 60 °C for 4
hours. The final defatted powder was tagged as “date
seed dietary fiber (DSDF)” and was refrigerated at 5
°C prior to further analysis.

Chemical composition

Moisture, ash, protein and fat contents were
determined according to the corresponding AOAC
methods (2000). Dietary fiber was determined
according to the enzymatic-gravimetric method of
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Prosky et al. (1988). Digestible carbohydrate was
calculated by difference.

Particle size

Retsch test sieves (Vibro GmbH and Co., Retsch,
Haan, West-Germany) was applied to shake 50 grams
of samples. The sieves were 60, 70, 80, 120, 140, 200
mesh. Sigma plot (version 11.0) was used calculate
the geometric mean diameter.

Color

To determine the color characteristics, Images of
DSDF and fibrex were acquired by Genius scanner
(color page-HR6X Slim) and were saved in JPEG
format. ImageJ software v. 1.4 g (National Institute
of Health, USA) was used to extract L*, a" and b"
values.

Bulk and packed density
The method proposed by Prakongpan et al.
(2002) was used to measure bulk and packed density.

Hydration properties

Swelling and water retention capacity (WRC)
were determined following the procedures proposed
by Robertson et al. (2000).

Oil holding capacity

The method proposed by Dalgetty and Baik
(2003) with slight modification was used to determine
oil holding capacity (OHC). Five hundred mg of
sample was mixed with 10 cm?® sunflower oil in a 50
cm’ centrifuge tube. Every 5 minutes, the tube was
shaken for 30 seconds in a 30-minute time period
and then was centrifuged at 1600 g for 25 minutes.
The supernatant was discarded and the volume was
recorded.

Emulsifying capacity

A suspension of 2% fiber was prepared and
emulsifying capacity was determined according to
the method of Betancur Ancona et al. (2004)

Baking procedure

Bread was made using wheat flour (100%), sugar
(1%), sodium chloride (1.5%), oil (1%), dry activated
yeast (1%) and water (60%). Baking tests were carried
out by substitution of flour with 5 and 10% of dietary
fiber. The dough was fermented for 10 minutes. Then
dough was divided into 250 g pieces. After 60 minutes
fermentation at 37°C and 87% moisture, bread was
baked 30 minutes at 180°C. After baking, the loaves
were removed from the oven and were cooled for 1
hour at room temperature. Finally bread loaves were
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packed in polyethylene bags and were kept at room
temperature until further determination.

Specific volume of bread

Sesame seed displacement method (Approved
Method 10-05, AACC, 2000) was used to determine
the volume for 1 hour-cooled bread loaves. Weight
of each loaf was recorded and specific volume was
calculated in cubic centimeter per gram of sample.

Color of bread

Three slices were randomly selected from the
middle of loaves. Each slice was 4 x 4 and was
scanned by the scanner at 600 dpi. Images were saved
in RGB format and L a"b" values were obtained using
ImagelJ software.

Bread texture

Texture profile analysis (TPA) was performed
using a texture analyzer (Model QTS Brookfield,
UK). A 36 mm diameter cylindrical probe with
a crosshead speed of 100 mm/min was used to
compress the sample until 40% strain (Approved
Method 74-09, AACC, 2000).

Sensory evaluation

Nine-point hedonic scale was conducted, where
9 was representing extremely liked and 1 was
representing extremely disliked. Thirty semi-trained
panelists evaluated 1-old day bread for 5 attributes
including color, aroma, taste, texture, and overall
acceptability.

Statistical analysis

All data were analyzed with Minitab 16.2 using
one way analysis of variance (ANOVA) and the
least significant difference (LSD) test. Significant
differences were considered at P < 0.05. Data were
expressed as mean + standard deviation.

Results and Discussion

Physicochemical properties

Chemical analysis of date seed, date seed dietary
fiber (defatted date seed) and Fibrex is shown in Table
1. The values obtained for date seed components are
in agreement with results reported by others (Hamada
et al.,2002; Al-Farsi et al., 2007; Habib and Ibrahim,
2009) who analysed 24 variations of date seeds
(Table 2). The results showed that total dietary fiber
(TDF) content of Kaluteh variety, in this study, is
similar to the average value of other 24 variations.
It indicates that Kaluteh is an appropriate variety to
supply dietary fiber.

Date seed isarich source of dietary fiber compared
to some other agricultural by-products. Cereal bran
including oat bran (Manas, 1992; Grigelmo-Miguel
and Martin-Belloso, 1997), rice bran (Abdul-Hamid
and Luan, 2000), barley bagasse (Molla et al., 1994)
and wheat bran (Grigelmo-Miguel and Martin-
Belloso, 1997; Prosky et al., 1988) have a TDF
ranged from 10.24 to 44.46%. Several fruit residues
including wine grape pomace skins, grapefruit,
orange, apple and lemon contain 17.28 to 89.8%
(Figuerola et al., 2005; Deng et al., 2011).

Little amount of ash in date seed could be a
reason for the low amount of phytic acid. Habib and
Ibrahim (2009) have reported low amount of ash
(0.82-1.14 g/100 g) and phosphorus (128.3 mg/100
g) for 18 variations of date seed. As a result, date
seed is an excellent source of dietary fiber compared
to cereal bran because of its higher dietary fiber and
lower phytic acid.

All components in DSDF and Fibrex are
significantly different (P < 0.05). Fibrex contains
significantly higher amount of soluble dietary fiber
(SDF) comparing to that of DSDF. This could
positively affect hydration properties of Fibrex. IDF
and TDF of DSDF were higher than Fibrex. The
other components (impurities such as fat, protein, ash
and digestible carbohydrate) in DSDF were lower
than Fibrex. Thus, DSDF can be considered as a rich
and pure source of dietary fiber in comparison with
Fibrex.

Particle size

DSDF has a significant larger geometric mean
diameter (170.32 micron) compared to Fibrex (77.62
micron). This may be due to the different milling
process of date seed and Fibrex. The larger particle
size of DSDF might have positive effect on health.
Brodribb and Groves (1978) reported that larger
particle of bran increases stool weight. An increase
in stool weight leads to decrease in transit time and
diverticular disease outbreak.

Color

Table 3 represents the color parameters of
DSDF and Fibrex. Similar results were obtained for
lightness (L") while a" and b" values were found to be
significantly (P <0.05) different in DSDF and Fibrex.
The positive value of a* shows that DSDF is reddish
and the higher values of yellowness (+5") in Fibrex
shows that Fibrex is yellowish.

All L", a” and b" values obtained in this study are
similar to the values reported by Rosell ez al. (2009)
for 11 commercial dietary fibers. This suggests the
high competitive potential of DSDF as source of
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Table 1. Chemical analysis of date seed, date seed dietary fiber and Fibrex (g/ 100g)

Date seed DSDF Fibrex
Moisture 678 0 42 ab B35 +026° 694 +007°
Protein 581x002c¢ 629 +0.06° 10.04 £ 004 #
Fat 889+ 0052 345+ 032b 256+039%¢c
Ash 091+003b 099+002b 371008 a
IDF 6918+ 037 b 7398+063a 4440 +102 ¢
SDF 429+1b 462+ 70b 2134 +18a
TDF T347+117b 78.60 + 067 a 6574 +179 ¢
Digestible carbohydrate 414+ 080b 432+ 081b 1101114 a

Note: Means that do not share a letter within a row are significantly different (P < 0.05, n = 3).

Table 2. Chemical analysis of different variations of date seed (g/ 100g)

Number of Moisture Protein  Fat Ash  Fiber  Indigestible Reference
varieties Carbohydrate

18 1047 559 7.07 097 732 458 Habib, H-M_, &
varieties lbrahim, W._H. (2009)
3 varieties 424 387 53 103 7925 627 Al-Farsi efal., (2007)
3 varieties 9.10 563 1.2 14 67.03 564 Hamada ef al., (2002)
Average 952 538 7.37 103 7247 419

dietary fiber in case of color characteristics.

Bulk and packed density

Bulk densities of DSDF and Fibrex were found
to be 0.48 and 0.54 g/cm’, respectively. Additionally,
packed density values were 0.75 and 0.67 g/cm® for
DSDF and Fibrex, respectively.

Hydration properties

Hydration properties of both DSDF and Fibrex
are also presented in Table 3. Both swelling and water
retention capacity of DSDF were significantly (P <
0.05) lower than those of Fibrex. Grigelmo-Miguel
and Martin-Belloso (1999), Betancur-Ancona et al.
(2004), Fuentes-Alventosa et al. (2009) and Gomez-
Ordofiez et al. (2011) stated that higher SDF leads
to higher hydration properties. But Robertson et al.
(2000) indicated that WRC measures water retained
by the insoluble matrix. Thebaudin et al. (1997) also
indicated that water holding capacity (WHC) and
water binding capacity (WBC) are not relevant for
SDF. So there are two possibilities for the higher
hydration properties of Fibrex: first is the higher SDF
content of Fibrex and the second is a difference in
chemical and physical properties of IDF of Fibrex
and DSDF. Maybe Fibrex which is a commercial
fiber have been treated. Sangnark and Noomhorm
(2003 and 2004) indicated that alkaline hydrogen
peroxide affects on chemical and physical properties
of dietary fiber. They indicated that alkaline hydrogen
peroxide decreased lignin which is the most insoluble
component. Moreover, the hydrogen bonding pattern

between cellulose chains was disrupted, free hydroxyl
group become available for binding molecule of
water, thereby enhancing the WHC of cellulose.

Abdul-Hamid and Luan (2000) reported similar
value of 4.56 g/g for Fibrex. WRC of DSDF is higher
than cellulose (Lecumberri et al., 2007), rice bran
(Chen et al., 1984), grape, lemon, apple, orange,
(Figuerola et al., 2005). It is similar to the values
obtained for pea, wheat (Thebaudin et al., 1997), and
wheat bran (Chen et al., 1984).

Oil holding capacity

No significant difference (P < 0.05) in OHC was
found between DSDF and Fibrex (Table 3). Abdul-
Hamid and Luan (2000) reported similar OHC value
for Fibrex (1.29 ml/g). Also, OHC of DSDF was
found to be similar to pulses fiber (Wang and Toews,
2011), grape, lemon, apple (Figuerola et al., 2005),
wheat, pea, carrot and apple (Thebaudin et al., 1997).

Emulsifying Capacity

Emulsifying capacity of DSDF was found to be
significantly (P < 0.05) higher than Fibrex but both
had a low value (2.66% and 1.43% respectively).
Prakongpan et al. (2002) stated that emulsifying
capacity of dietary fiber and cellulose obtained from
pineapple core are in the range of 4.27% to 23.02%.
Moreover, Betancur-Ancona et al. (2004) reported
values of 8.6% and 49.3% for two kinds of bean
fibrous residues and conclude that this could be due
to high amount of their protein content.
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Table 3. Functional properties of date seed dietary fiber and Fibrex

Property DSDF Fibrex

Bulk density (g/cm) 043+0001 b 049 +0.01 a
Packed density (g/icm®) 075+001a 067 002 b
Swelling (cm®/g) 528 +006 b 740 +013 a
WRC (g'g) 275004 b 526 +0.06 a
OHC (g/g) 133 +002a 1.32+0.01 a
Emulsifying capacity (%) 267 007 a 143009 b
L* 8350+042a 8374+ 02523
a® 273+005a -0.18+0.08b

b*

11.76+0.35b

17.84 + 092 a

Notes: Means that do not share a letter within a row are significantly different (P < 0.05,

n=23).
Table 4. Effect of fiber addition on bread properties
Level of fiber Firmness Specific volume L* a b*
(N} (miig)

0 {control) 235+010c¢ 33940 .04 a 8766+ 131a -240+ 050 d 241+12b
2.5% DSDF 288+022c 312+ 004 b 66.76+ 144 d 015+ 023 b 2013+1.01c
5% DSDF 412+054b 246+ 003d 55312170 e 096+022a 2404+1.0b
2.5% Fibrex 3870480 275004 c 85.30+0.72b 067T+01Tc  2515+0 33D
5% Fibrex 6.45+0.78 a 232+003e 8045 +129¢c -013+0.08 b 2692 +120 a

2423

Notes: Means that do not share a letter within a column are significantly different (P < 0.05, n = 4).

Specific volume of bread

Addition of DSDF and Fibrex caused a significant
(P < 0.05) reduction in specific volume of bread
samples (Table 4). Other researchers obtained similar
results indicating that addition of fiber would reduce
volume and specific volume of the final bread (Wang
et al., 2002; Filipovic et al., 2007; Hu et al., 2009).
Volume reduction is attributed to gluten dilution and
changing crumb structures which leads to a decrease
in carbon dioxide retention and consequently
reduction in volume (Pomeranz et al., 1997).

Color of bread

Increasing fiber level caused significant changes
(P <0.05) in L, a" and b" values (Table 4). Low
L" value shows that addition of DSDF results in
producing darker bread samples comparing to
addition of Fibrex. Sangnark and Noomhorm (2004)
treated rice straw with alkaline hydrogen peroxide
and obtained 22% increase in L".

Texture of bread

As presented in table 4, generally addition of fiber
to bread leads to an increase in firmness. Firmness of
samples containing 2.5% DSDF was not significantly
(P < 0.05) different from that of control sample.
Comparing obtained values for firmness in samples
with 5% DSDF and samples with 2.5% Fibrex no
significant (P < 0.05) difference was found while
both of these samples showed significant difference
in firmness values compared to control. Based on the
obtained results, the highest firmness was observed
in sample with 5% Fibrex. Thus, breads containing

DSDF were found to be softer than those containing
Fibrex. These findings are in agreement with the
results obtained by Filipovic et al. (2007) and Hu et
al. (2009) who reported an increase of firmness for the
fiber supplemented bread. However, few exceptions
can be found in literature. For instance, Wang et al.
(2002) reported that breads with 3% carob fiber and
breads with 3% pea fiber had a lower firmness than
control.

Sensory evaluation

Table 5 presents sensory scores for the
supplemented fiber bread. Sensory attributes were
scored from 1 to 9 and samples which receive a score
equal to or more than 5 (neither like nor dislike)
were considered as acceptable. Color of DSDF bread
was not acceptable. As mentioned earlier, treatments
such as alkaline hydrogen peroxide would resolve
this problem. In case of taste and aroma, DSDF
breads were not significantly different from control
bread but Fibrex breads were significantly different
(P < 0.05). In the case of texture, 2.5% DSDF and
2.5% Fibrex breads reached to acceptable level. For
overall acceptance of samples, all samples except
5% Fibrex bread received appropriate score. This
shows the sufficient acceptability of DSDF breads in
comparison with Fibrex ones.

Conclusion
Results obtained in this study prove that DSDF

is a rich source of dietary fiber compared to Fibrex
and some other agricultural by-products. Date seed
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Table 5. Sensory scores of fiber supplemented bread

Level of fiber Color Aroma Taste Texture Overall
acceptability
0 (control) 789+078a T11+154 3 E44+150a 73310703 7T44+088a
2.5% DSDF 489+127 ¢ 611+190ab 611+116ab 644+ 101b 6x1b
5% DSDF 367+112d 567+180abc 511+161ab 478x083c 511+1.12hbc
2.5% Fibrex 655+113 b FR6+113bc  589+127ab 578+0897Db E6T+1b
5% Fibrex 55+ 088 b 444+113¢ 489+1.76b 4551088 ¢c 444 £123¢

Notes: Means that do not share a letter within a column are significantly different (P < 0.05, n = 30).

high content of dietary fiber would introduce it as an
excellent replace for Fibrex or other fiber sources.
DSDF’s reddish color and appropriate OHC represent
its potential to be used in meat industry. Although
DSDF has lower water retention capacity than
Fibrex, but baking properties of DSDF was found to
be better. Moreover, sensory evaluation of different
samples indicated higher acceptability of DSDF
breads in comparison with Fibrex breads. Treating
with alkaline hydrogen peroxide is suggested since
it may positively affect on color and hydration
properties of DSDF and lead to a better quality bread.
Future research could be focused on investigation of
potential application of DSDF in other food products.
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