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AssTraCT. Date fruit (Phoenix dactylifera L.) samples of five cultivars
viz. Shahla, Gash Gaafar, Gash Habash, Lulu and Bushibal, were
evaluated for their physical and chemical composition. All the
cultivars were green at the kimri stage, but after reaching the khalal
stage, they each attained a distinctive color of their own. The Shahla
and Bushibal varieties were red, the Gash Gaafar and Lulu varieties
yellow, and the Gash Habash variety yellow-scarlet. The Lulu fruit
was nearly round while fruit from the other four cultivars was
cylindrical in shape. The fruit weights ranged from 4.6 to 7.6 and from
6.5 to 10.6 g at the kimri and khalal stages, respectively. These
cultivars can, therefore, be classified as small-fruit varieties. The pulp:
seed ratios centered around 90:10 in most of the cultivars. They were
slightly lower (84:16) in the Gash Habash and Bushibal varieties. At
the kimri-stage, the fruits had a moisture content between 84 and
85.5%, which decreased to between 48.7 and 59.9% at khalal. The
moisture content decreased further at rutab (between 38 and 49%) and
tamr (between 13.7 and 27.7%).

As the fruits matured from kimri to tamr, their chemical
composition changed considerably. Moisture, protein, ash, fat, tannin
and crude fiber contents decreased progressively from kimri to tamr,
but total sugars, glucose and fructose increased. At the ramr stage,
glucose and fructose were the main sugars present; but sucrose was
not detected in these cultivars. The date cultivars were found to be
reasonably good sources of some important minerals like calcium,
magnesium, phosphorus, potassium, iron, copper and zinc, but
extremely low in sodium content.

From time immemorial dates (Phoenix dactylifera L.) have been an important crop
in the desert region of Middle Eastern countries and formed the basis of survival for
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many ancient nomads. Information on the physiocochemical characteristics of some
of the date cultivars commercially grown in the United Arab Emirates (UAE) is
scanty. Visualizing the vast potential for expansion of the date-fruit industry, this
study was carried out in collaboration with the Palm Agro-Production Company
(Kuwait), to determine the physicochemical characteristics of five cultivars of
commercial importance in UAE.

Materials and Methods

Materials: Date fruit samples (about 25 kg of each cultivar at each stage of
maturity) of five date cultivars, viz. Shahla, Gash Gaafar, Gash Habash, Lulu and
Bushibal were received from the United Arab Emirates, through the Palms
Agro-Production Company (Kuwait), during the date-palm fruiting season (1993
crop). Fruit samples were obtained from randomly selected trees at each of the four
maturity stages, i.e., kimri, khalal, rutab, and tamr (Hussein 1970), for all cultivars,
except for the rutab stage of the Shahla cultivar. The khalal-stage fruits were stored
at ambient temperature in the laboratory and matured to the rutab stage, when they
were analyzed chemically.

Methods: About 3 kg of representative sample was taken from the freshly
received date fruits. These were washed thoroughly in running tap water and
subsequently air-dried. The fruits were separated from the stalks, and calyxes and
seeds were removed. The flesh was cut into small pieces using a blender, mixed well
and sampled for moisture content and pH. The seeds were also cut into small pieces
using a blender. Both the pulp and seeds were then freeze-dried separately,
powdered and stored in a deep freezer for further chemical analysis.

Physical measurements: After removing the calyxes, the length and diamter of
100 fruits for each sample group were measured using a micrometer. The weight of
100 fruits was recorded; then the average value for a single fruit was calculated and
recorded. The seeds were manually removed from these fruits with a knife, and the
weight of the flesh (pulp) as well as that of the seeds were separately recorded. Fruits
at the kimri and khalal stages of maturity were photographed to record their color,
appearance and shape.

Chemical analysis: Moisture, ash, crude protein, and crude fibre contents were
determined according to the methods of the Association of Official Analytical
Chemists (1990). About 5 kg of random sample of date fruits was collected from
each cultivar at every stage of development, stones removed, macerated into pulp
and freeze dried. The freeze dried material was thoroughly mixed to obtain uniform
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sample for chemical analysis. Total tannins were determined by the procedures
reported by Ruck (1969). Sugars were extracted with 75% ethanol, and by sonication
for 30 min, followed by filtration. The extracts were analyzed for glucose, fructose
and sucrose by high performance liquid chromatography using acetonitrile: water
(80:20) as the mobile phase with a I ml/min flow rate. An amino silica column (250
mm long and 4.6 mm internal diameter) and a refractive index detector were utilized
for sugars separation and detection respectively. For the estimation of minerals (Ca,
Mg, P, K, Na, Cu, Zn and Fe), 1 g of sample was wet digested using a nitric acid:
perchloric acid mixture (3:1). After making up the volume, the extract was analyzed
for the minerals with the inductively coupled plasma technique using a Jobin Yvon
Atomic Emission Spectrophotometer (model JY-24). All analyses were conducted in
duplicates, and the average results are expressed on a moisture-free basis. The
standard deviation and coefficient of variation in these chemical analyses are
reported.

Results and Discussion

The color and appearance of all cultivars at the kimri and khalal stages in Plates
1 and 2 respectively. All the cultivars were green at the kimri stage but by the khalal
stage, each cultivar had developed a distinctive color. At the khalal stage, Shahla
and Bushibal fruits were red, Gash Gaafar and Lulu were yellow, and Gash Habash
fruits were yellow-scarlet (Plate 2). As the date fruits matured to the next stage (i.e.
rutab) their color and texture changed considerably. The date fruits at rurab stage
had turned a dull brown, starting from the distal red (Plate 3).

The fruit weight, pulp: seed ratio, and dimensional measurements of the date
fruits at the kimri and khalal stages of maturity are presented in Table 1. At the kimri
stage, the Bushibal fruits were cylindrical in shape (29.1 mm length and 16.1 mm
diameter), with an average fruit weight of 4.6 g and a pulp: seed ratio of 86:14. The
Gash Habash and Shahla fruits were less cylindrical than the Bushibal fruits at the
kimri stage. The length and diameter for Gash Habash fruits at this stage were 24.2
mm and 18.1 mm respectively The Gash Habash average fruit weight was 4.6 g and
it had a pulp:seed ratio of 84:16. The dimensional values for Shahla fruits at this
stage were quite similar, ie., 24.1 mm in length, 18.8 mm in diameter and a fruit
weight of 4.6 g. The Shahla fruits did have a slightly higher pulp:seed ratio (91:9).
The Gash Gaafar fruits were cylindrical in shape at the kimri stage (34.3 mm in
length, 12.7 mm in diameter) and had a fruit weight of 7.6 g and a pulp:seed ratio of
90:10. The Lulu fruit was nearly round in shape (26.0 mm length; 23.2 mm
diameter) at the kimri stage, with a fruit weight of 7.5 g and a pulp:seed ratio of
91:9.
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Plate 1. Date Fruits of Bushibal and Shahla Cultivars at the Kimri Stage.
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Plate 2. Date Fruits of Gash Habash and Lulu Cultivars at the Khalal Stage.
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Gash Gaafar shaa Jha
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Plate 3. Date Fruits of Gash Gaafar Cultivars at the Rutab Stage.

At the khalal stage, the Bushibal fruits retained their cylindrical shape (34.4 mm
length and 17.2 mm diameter) and increased in fruit weight to 6.5 g, but maintained
the same pulp:seed ratio. The Gash Habash fruits were cylindrical in shape (31.0
mm length, 20.5 mm diameter), and had an average fruit weight of 7.6 g. Their
pulp:seed ratio increased to 86:14. The khalal fruits of the Shahla variety were 32.0
mm in length and 23.1 mm in diameter and had a higher average fruit weight (9.7 g)
and a higher pulp:seed ratio (91:9). The Gash Gaafar fruit became plumper at the
khalal stage (38.8 mm length, 20.8 mm diameter), and had fruit weight of 10.6 g and
a pulp:seed ratio of 90:10. The Lulu fruit retained the same rounded shape at the
khalal stage, but the weight increased to 9.2 g with the pulp:seed ratio of 90:10. The
literature reports values for individual khalal-stage fruit weights for 25 date cultivars
grown in Saudi Arabia ranging from 5.8 to 26.8 g (Sawaya 1986). The five date
cultivars investigated in this study, with fruit weights of 6.5 to 10.6 g, can be
classified as small-fruit varieties.

Fresh whole-fruit weights and dimensions at the kimri stage were quite different
from those at the khalal stage of development. The range of values for fruits at the
kimri stage were 24.1 to 34.3 mm length, 12.7 to 23.2 mm diameter, and 4.6 to 7.6 g.
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The fruits at the khalal stage significantly increased in weight as compared to
kimri-stage fruits (from 6.5 to 10.6 g). The length and diameter values for the
various cultivars at the khalal stage ranged from 26.5 to 38.8 mm and from 17.2 to
23.5 mm, respectively. The pulp:seed ratios for the different cultivars, did not
change considerably from the kimri stage to the khalal stage, which shows that as the
fruit matured, both pulp and seed increased in weight in much the same proportions.
The fruit flesh as a percentage of total fruit weight at the kimri and khalal stages
ranged from 84 to 91% and from 86 to 91% respectively. It was lowest for the Gash
Habash variety, both at kimri (84%) and khalal (86%) stages, mainly because of the
large seed weight of this variety. This measurement was the highest (91%) for the
Shahla cultivar at both of these stages of development. Gash Gaafar was the longest,
whereas Lulu fruit was the largest in diameter among these cultivars. As the fruits
matured to khalal stage, the length, diameter and weight tended to increase
considerably.

The pH values for the fruit flesh of the different cultivars at the kimri and khalal
stages ranged from 5.4 to 5.6 and from 5.1 to 6.1 respectively (Table 1). The pH
value of fruits is one of the important attributes which affects their processing and
storage quality.

Chemical composition of date fruits: The results of proximate composition
analysis of the five date cultivars at different stages of maturity are presented in
Table 2. Throughout the fruit development, the moisture content decreased
drastically, and consequently, the total solids increased. The moisture contents of the
truit pulp of the different cultivars at the kimri stage ranged between 84.0 and
85.5%, and decreased considerably at the khalal stage of maturity (from 48.7 to
67.2%) due to the accumulation of total soluble solids (primarily sugars like
fructose, glucose and sucrose). In contrast to dates grown in the United States (Rygg
1946), the majority of the date cultivars in the current study had a higher moisture
content at the khalal stage, which is characteristic of soft date cultivars. The
moisture content of these cultivars, decreased progressively as the fruit advanced
through the various developmental stages, and ranged between 13.7 and 27.7% at the
tamr stage.

The crude protein content in all these cultivars was highest at the kimri stage
(5.5 to 5.8%), and gradually but significantly decreased as the fruit matured to the
tamr stage (1.7 to 2.5%). Although dates are not a rich source of protein, they are
reported to contain high quantities of some of the essential amino acids (Salem and
Hegazi 1971). The date fruits, at all stages of development, were very low in crude
fat content (0.05 to 0.6%). The crude fat content consistently decreased or remained
constant as the fruit passed through the different stages of maturity from kimri to




Table 1. Physicochemical characteristics of the fresh fruit of different cultivars

Length™(mm) Diameter™(mm) Fruit® Pulp:seed Pulp moisure (%)
Cultivar Mean +S.D. Mean +S.D. weight (g) ratio” pH of Pulp Mean +S.D.

Kimri Khalal Kimri Khalal | Kimri | Khalal | Kimri | Khalal | Kimri |Khalal | Kimri Khalal
Shahla 24.1+03320+33|188+0.1(23.1+13| 4.6 9.7 91:9 91:9 5.6 6.1 84.0+0.4148.7+0.1
Gash Gaafar |343+0.238.8+0.6|127£02]208+03| 7.6 10.6 | 90:10 | 90:10 5.5 52 |847£0.1159.8+0.1
Gash Habash | 242+0.1 |31.0£05 1181 £0.1 |205+03| 4.6 7.6 86:14 | 86:14 5.5 55 |842+02(67.2+0.3
Lulu 26.0+0.] [265+0.2|232+£04(23.5%0.1 7.5 9.2 90:10 | 90:10 5.5 54 |855%£02]554+£03
Bushibal 201+03(344+13]161+£02]172+£02| 4.6 6.5 87:13 | 87:13 54 5.1 853+£02(599+0.1

* Means of 100 fruits; Coefficient of Variation (C.V.) in other observations was less than 5%.
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Table 2. Chemical composition of freeze-dried fruit pulps of different date cultivars (% dry basis, n = 2)

Stage of Maturity and

Cultivar Moisture content (%) Protein Fat Ash Tannin (I:,l.-tl:de
Mean £ S.D. Hher
Kimri 84.0+04 5.6 0.5 4.2 1.8 6.2
Shahla* Khalal 48.7+0.1 2.3 0.2 29 1.5 5.0
Tamr 27.7+03 1.7 0.2 1.9 0.5 2.4
Kimri 84.7+0.1 5.5 0.4 34 25 134
Gash Gaafar Khalal 59.8+0.1 2.6 03 23 1.7 8.5
Rutab 49.0£0.2 2.3 0.2 2.6 1.3 3.8
Tamr 15.0:£0.} 2.4 0.1 2.0 0.6 29
Kimri 842102 5.8 0.6 43 2.0 11.8
Gash Habash Khalal 672103 3.0 0.4 3.8 1.7 6.7
Rutab 38.0£04 2.0 04 3.6 0.9 5.1
Tamr 25.0%0.1 2.1 04 2.4 0.6 3.0
Kimri 85.5+£0.2 5.7 0.5 2.6 1.4 5.1
Khalal 554103 3.0 0.3 2.2 1.4 2.8
Lulu Rutab 475+04 3.0 0.2 2.1 1.0 2.4
Tamr 13.7£0.2 2.5 0.1 1.8 0.5 2.1
Kimri 853+£0.2 5.6 0.4 3.8 1.9 1.1
Bushibal Khalal 599 +0.1 2 04 2.6 1.4 S
Rutab 479%0.1 3.0 0.2 2.1 0.5 3.9
Tamr [45+0.1 2.3 0.1 1.7 0.4 2.6

*Rutab stage fruit could not be obtained; C.V.in other observations was less than 5%.
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tamr. These findings are compatible with the trends of results for other soft-date
cultivar studies reported by Hussein et al. (1976). The ash content of the fruit pulp
was highest (2.6 to 4.3%) at the kimri stage, and lowest (1.7 to 2.4%) at the tamr
stage.

Tannins: The tannins content was the highest at the kimri stage for all five date
cultivars. The tannins contents ranged between |.4 and 2.5% at the kimri stage, but
decreased considerably to its lowest level (0.4 to 0.6%) at the ramr stage, again in all
five cultivars. The Lulu and Bushibal varieties had the lowest levels of tannins at the
tamr stage of maturity. The Lulu variety also had the lowest tannin content at the
khalal stage. Such a trend of decreased levels of tannins present in dates at advanced
stages of maturity has also been reported by Sawaya er al. (1982).

Crude fiber: The crude fiber content of the fruit pulp of all five varieties was the
highest at the kimri stage. It varied from 5.1 to 13.4%. The crude fiber content
decreased rapidly as the fruit matured and was lowest at the tamr stage (2.1 - 3.0%).
Dates are, therefore, a good source of crude fiber content for humans. Similar results
have been reported for soft date cultivars by Hussein ez al. (1976).

Sugars: Sugars are the most prevalent compounds in dates and have been
widely studied. The results of the sugar content analysis of these cultivars are
presented in Table 3. Among the cultivars tested, the total sugars ranged from 41.0
to 54.15% at the kimri stage and increased progressively to between 81.67 and
88.39% at the ramr stage. Fructose, glucose and sucrose were the major sugars
detected in these varieties. The sucrose contents increased rapidly as the fruits
matured from kimri to khalal stage, but decreased to a nondetectable level at the
tamr stage. At the ramr stage fructose and glucose were the only sugars to be
detected. The fructose content increased consistently from the kimri to the tamr
stage. Although the glucose contents were higher at the tamr stage than at the kimri
stage, no definite trend was observed. The glucose: fructose ratio was approximately
1.5:1 at the kimri stage but decreased to 1:1 at the tamr stage. From the kimri to the
tamr stage, the fructose content increase 2.5 times and is responsible for the
characteristically sweet taste of date fruit. Since fructose is much sweeter than
glucose, it imparts greater sweetness to dates at the ramr stage.

Nutritionally, the invert sugars are the most important constituents, because they
provide readily available energy to the human system. The sweetness contributed by
fructose is probably the chief reason for the immense popularity of dates enjoy in
dietary patterns. The low sucrose contents reported in all cultivars, especially at the
rutab and tamr stages, and the fact that fructose and glucose dominate, are typical
features of soft date cultivars. Similar findings on other soft date cultivars have been
reported in the literature (Hussein et al. 1976, Sawaya 1986).




Table 3. Sugar contents of date fruit cultivars by developmental stage (% dry basis, n = 2)

Cultivar Stage Fructose Glucose Sucrose Total sugar
Kimri 15.40 19.80 6.30 41.00
Shahla * Khalal 26.96 33.07 25.18 84.94
Rutab 37.12 35.00 12.30 84.43
Tamr 44.74 43.65 N.D. 88.39
Gash Gaafar Kimri 15.52 24.17 7.28 46.97
Khalal 29.84 21.68 13.20 64.72
Rutab 28.83 34.70 19.97 83.50
Tamr 39.70 41.97 N.D. 81.67
Gash Habash Kimri 14.97 26.66 432 4595
Khalal 17.79 22.95 28.84 69.58
Rutab 26.28 28.46 20.39 74.13
Tamr 4481 43.83 N.D. 88.64
Kimri 15.40 27.40 2.00 44.80
Lulu Khalal 26.65 27.07 23.02 76.74
Rutab 27.39 29.50 24.23 81.13
Tamr 41.00 42.06 N.D. 83.06
Bushibal Kimri 18.16 26.81 9.18 54.15
Khalal 22.60 2481 13.14 60.56
Rutab 34.30 23.55 13.31 81.16
Tamr 44.69 43.40 N.D. 88.10

N.D.: None detected
*Rutab stage fruits of the shahila variety obtained in the laboratory from fruits at the khalal stage; C.V. in these observations was less
than 5%.
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Minerals: As the fruit matured from kimri to tamr stage, the changes in mineral
composition can be considered to be small when compared with other constituents
such as sugars. Dates even at the tamr stage, can supply nutritionally significant
levels of important minerals to the diet. The results of analyses for various minerals
like calcium, magnesium, phosphorus, sodium, potassium, iron, copper and zinc are
presented in Table 4. The various mineral contents decreased progressively, as the
fruits matured from the kimri to the tamr stages of development. The date cultivars
were found to be richer in most of the macro-elements, but were comparatively low
* in micro-elements. Interestingly, all the cultivars were extremely low in sodium (2.2
to 17.4 mg%) but high in potassium (107.4 to 752.6 mg%). This low sodium:
potassium ratio makes the date fruit a desirable food for people suffering from
hypertension. The macro-element contents of date fruit at the tamr stage ranged
between 36 and 48 mg of calcium, 43 and 53 mg of magnesium, 53 and 59 of
phosphorus, 2 and 7 mg of sodium and 107 and 386 mg of potassium per 100 g dry
weight. Among the micro-elements studied, their contents at tamr stage ranged
between 0.88 and 6.76 mg of iron, 0.19 and 0.94 of copper, and 0.31 and 0.41 mg of
zinc per 100 g dry weight. Similar results with four other soft date cultivar have been
reported by Minessy et al. (1975). A few researchers have also reported the various
physicochemical changes that take place in Iraqi, Saudi and Egyptian date varieties
during different stages of ripening (Shabana er al. 1981, Mohammed et al. 1983,
Sawaya et al. 1982, Al-Rawi et al. 1967, Amin et al. 1969). According to their
findings, moisture, total nitrogen, fat, crude fiber, ash, tannin, vitamin C,
beta-carotene and ten nutritionally important minerals were highest in the early
stages of development, but decreased during maturation. On the other hand, the
reducing sugars - especially glucose and fructose - increased progressively during
ripening.

The data reported in this table indicates that date fruit is a good source of some
of the important minerals for humans. Mineral content in date fruit may be
influenced by soil fertility as well as the amount of fertilizer used (Sawaya er al.
1982). Thus, variations observed in the mineral contents of date fruits during this
study can be explained on their findings.




Table 4. Mineral composition of date fruit pulp (mg/100 g, dry weight basis, n = 2)

Macro-element

Macro-element

Maturity Cultivar
Ca Mg P Na K Fe Cu Zn
Kimri Shahla 2189 151.5 131.8 15.0 706.2 2.02 0.85 1.70
Gash Gaafar 154.0 104.5 106.7 7.6 739.7 2.64 0.32 1.27
Gash Habash 167.8 124.1 101.8 10.3 710.1 3.31 0.88 1.96
Lulu 38.7 132.7 152.2 9.7 633.2 421 0.42 1.58
Bushibal 142.4 121.0 117.2 7.0 752.6 8.09 0.32 1.00
Khalal Shahla 49.0 54.4 58.8 4.6 459.8 0.69 0.28 04)]
Gash Gaafar 1024 64.2 71.2 5.5 479.3 1.45 0.10 0.93
Gash Habash 88.9 83.3 76.4 6.8 584.6 2.01 0.59 0.53
Lulu 48.6 59.0 67.4 5.9 484.2 1.24 0.53 0.37
Bushibal 754 749 132.4 17.4 510.1 1,55 0.21 0.52
Rutab Gash Gaafar 74.5 55.5 58.0 6.5 517.1 [.35 0.42 1.04
Gash Habash 73.1 73.1 83.5 7.0 542.8 0.94 0.53 0.56
Lulu 74.3 74.3 84.9 4.6 350.3 1.06 0.45 0.66
Bushibal 76.3 65.4 87.2 10.9 338.1 0.98 0.39 0.76
Tamr Shahla 40.2 46.0 58.0 7.6 215.0 1.79 0.19 0.35
Gash Gaafar 48.1 43.5 59.7 5.1 152.3 1.46 0.35 0.40
Gash Habash 46.8 453 59.0 2.2 386.4 1.28 0.28 0.31
Lulu 36.3 46.1 53.9 54 128.8 6.76 0.94 0.32
Bushibal 37.8 53.2 53.3 2.5 107.4 0.88 0.31 041

C.V.in these analyses was less than 5%.
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Conclusions

The physical measurements and chemical analyses of the date fruits of five
cultivars showed that while the fruits differed in color and shape, all are small-fruit
varieties. Due to differences in seed weight, the flesh accounted for 84 to 91% of the
total fruit weight. At the ramr stage, the absence of sucrose and the presence of
higher concentrations of reducing sugars, especially fructose and glucose,
characterize these cultivars as soft dates. As the fruit matured from the kimri to the
tamr stages, the sugar content increased, while all other constituents - such as
moisture, crude protein, crude fat, ash, crude fiber and tannins decreased. Date fruits
were found to be a reasonably good source of most of the macro- and a few of the
micro-elements.
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