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Abstract: Three date cultivars Jigawa, Deglet Noor and Mali were sourced from the open market in Gombe and infested with a pair of
2-3 days old O. surinamensis L. for 14 weeks to evaluate the effect of infestation on their nutrient composition. Nutritional status of
fresh un-infested dates were also analysed before the onset of the experiment to determine their initial nutritional contents. The result
shows significant increase in carbohydrates in dates after 14-weeks of storage but a decrease in in content with infestation. Findings of
the research further show significant difference in nutritional composition of un-infested and infested dates after 14 weeks.
Carbohydrate ranged from 74.2+0.2 to 66.7+0.6 and moisture from 12.4+0.4 to 16.2+0.1 in un-infested and infested dates respectively.
In addition, percentage stored date ash content, fat, crude protein and crude fibre all decreased after infestation. Degree of post
infestation carbohydrate status of the three date cultivars was in the descending order: Infested Mali cultivar < infested Deglet Noor
cultivar < infested Jigawa cultivar. On the overall, carbohydrate content of infested dates, which constitutes about 70% of dates reduced
significantly by O. surinamensis infestation, as well as the other parameters considered except moisture.
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1. Introduction

Date palm (Phoenix dactylifera L.) belongs to the Arecaceae
family which has up to 200 genera and 1500 species
(Dowson, 1982; Al-daihan and Bhat, 2012). The date palm,
whose origin is said to be the tropics and sub-tropics
probably the Middle East, Western India and Iraq (Barrow,
1998), is one of the earliest crop plants that has been
cultivated for its fruit for at least 5000 years B. C. (Khalid et
al., 2011), while the name Phoenix itself is thought to be of
Greek origin meaning purple or red fruit, and, dactylifera
from another Greek word daktulos from the fruit’s finger-
like appearance (Zaid et al., 2002). In northern part of
Nigeria, where the palm is grown, it is locally called
‘dabino’ in hausa language (Al-daihan and Bhat, 2012).

Date palm was one of the first five fruit trees to be
domesticated along with olive, grapevine, fig, and
pomegranate. These plants are known as members of the
“first wave” of domesticated fruit trees which led to the
increase in fruit and pulp quality and to a shift from sexual
to vegetative propagation (Jaradat, 2011). Dates as a fresh
fruit ranked number five in the list of tropical/sub-tropical
fruits after citrus, mangoes, bananas, and pineapples, while
as a dried fruit, it is on top of the list (Popoola, 2013).

The date palm is considered a symbol of life in the desert,
because it tolerates high temperatures, drought and salinity
more than many other crops (Lunde, 1978). Appropriately
called “the palm of life”, the date palm has provided food,
ornament and material for shelter, fibre and fuel in harsh
environments where few other plants are able to grow
(Popenoe, 1973, Hodel and Pittenger, 2003). Date palm is

considered an important source of food in the Middle East
and North African (MENA) countries which is why it is seen
as native to countries around the Arabian Gulf (Al-Qarawi et
al., 2004, Al-Farsi et al., 2005).

Dates are nutritious, high-energy food, and important part of
the diets of people in the Arab countries and are consumed
fresh, dried, or in various processed forms (Kader and
Hussein, 2009). Numerous studies have been conducted to
study the benefits of dates, either from its fruit or seed, and it
has been found to possess several highly beneficial
properties such as antiviral, antifungal, antioxidant and
hepato-protective activities (Al-Farsi and Lee, 2008).
Specifically, its seed contains essential fatty acids
(Boukouada and Yousfi, 2009). The health and nutritional
benefits of dates are attributed to the rich content of
antioxidants in the fruits such as the coumaric acid and
ferulic acid; moreover, it contains flavonoids, sterols,
procyanidins, carotenoids, anthocyanins, sugar (glucose,
sucrose, fructose), dietary fibres, less protein and fats,
vitamins such as riboflavin, biotin, thiamine, ascorbic acid,
folic acid, and minerals for example calcium, iron, copper,
cobalt, magnesium, fluorine, manganese, phosphorus,
potassium, sodium, boron, sulphur, zinc and selenium within
the date itself (Baliga et al., 2011, Anjum et al., 2012,
Vayalil, 2012, Al-Hooti et al., 1995). In general, dates are
considered to be a good source of sugars where they are
used as date syrup in cake production instead of sugar
Akubor and Yusuf (2007).

In spite of the aforementioned qualities, the date palm and
its fruits, like other agricultural produce, often come under
attack by several arthropod (insect and mite) pests (Lale,
2002). Attack on stored dates often results in both qualitative
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and quantitative damages which are often of tremendous
economic consequences to growers and sellers. This is
further exacerbated by the fact that many of the crop
varieties that were developed during the past thirty years
produced high yields, but more susceptible to insect pests
(Kerin, 1994). Insect pests are capable of evolving to
biotypes that can adapt to new situations, such as
overcoming the effect of toxic materials or bypassing natural
or artificial plant resistance, which further confounds the
problem (Roush and McKenzie, 1987).

The saw-toothed grain beetle, O. surinamensis has been
reported to be a major insect pest causing damage to stored
products especially dates (Kader and Hussein, 2009) and has
in fact been named as the most important insect pest of dates
(Al-Deeb, 2012). Attack of O. surinamensis on stored dates
leads to irreparable qualitative and quantitative losses
(Lorini, 2005). Activities of O. surinamensis on dates
involve digging tunnels between the rind and the content,
affecting mostly dates with injuries and that do not have tops
(Al-Hafidh et al., 1987). O. surinamensis causes the transfer
of pathogenic organisms through the attachment of these
microorganisms to the body of the insect (Trdan et al.,
2005). Thus, as the population of the saw-toothed grain
beetle increases, rate of decay in dates increases as well (Al-
Dosary, 2009). O. surinamensis beetle is a widespread and
abundant stored-product insect pest, but, secondary in
nature, usually associated with Sitophilus infestation of grain
(Hill and Waller, 1999). Both larva and adult are involved in
causing date depredation which results in lowering the
nutritional value of the fruit as well as reducing the
germination capability of the seed (Lale, 2002). Further
damage done to dates by O. surinamensis include reduction
in total lipids, phospholipids, galactolipids, polar and non-
polar lipids, essential amino acids, methionine, isoleucine
and lysine (Jood et al., 1995; Kumar et al., 1996; Sudesh et
al., 1996). An increase in the levels of free fatty acids and
peroxides were noticed in infested stored produce which is
an indication of produce deterioration (Mbata, 1994). From
the foregoing, it is evident that dates are highly nutritious
when consumed. However, O. surinamensis is a potential
threat to accessing these nutritive content due to its feeding
activity on it. This research will therefore attempt to evaluate
nutritional content of dates and determine the quantity of
these nutrients that can be lost due to infestation by O.
surinamensis.

2. Materials and methods

Preparation of dates

Three date cultivars were purchased from the Gombe central
market. The samples were divided into portions of 50g each
and wrapped in an aluminium foil and sterilized in a hot air
oven at 60°C for 2 hours (Beckel, 2007; Popoola, 2013)
after which they were removed and spread on a cardboard
paper and allowed to cool for 8 hours after which 200g of
each date sample was weighed using an electronic Kitchen
scale and put in coded 1-L glass jars.

Sexing of O. surinamensis and infestation of dates

O. surinamensis adults were recovered from an already
prepared date mixed cultivar culture from the laboratory and
sexed. The males have a spine-like projection at the femur of

the hind legs which is absent in females (Mason, 2003,
Mallah et al., 2016). Five pairs of sexed adult O.
surinamensis were introduced into each container containing
date samples which served both as oviposition medium and
feeding substrates. The adult O. surinamensis were allowed
to mate and oviposit and were later removed from the date
samples on the 8" day and the eggs were allowed to develop.
Each container was covered with a perforated lid and muslin
and secured with a rubber band. This was done in order to
prevent the escape of trapped insects, and to stop external
insects and other organisms from gaining access into the
containers. The experiment was laid out in completely
randomized design (CRD) with five replications. The
experiment was left undisturbed in the laboratory for 14
weeks under prevailing ambient temperature and relative
humidity of 30+2°C and 80+£5% respectively.

Preparation of O. surinamensis infested date samples
Damaged samples were removed after 14 weeks and all
insect stages were sieved out. Damaged dates were then
dissected longitudinally and further cut into tiny pieces and
thereafter spread in a single layer on an aluminium foil and
put in a hot air oven for drying at 60°C for 18 hours and
dried to constant weight. Date samples were turned/mixed
every 2-3 hours to ensure uniform drying. After oven-
drying, samples were removed and left for 8 hours to cool
and then pulverised into powder and thereafter sieved with a
2mm mesh pore size. Fresh un-infested date samples which
were kept for 14 weeks were equally prepared in the same
way. Proximate composition of infested, fresh and 14-weeks
old un-infested samples were analysed for major nutritional
parameters such as carbohydrate, crude protein, fat, crude
fibre, ash and moisture content.

Procedure for proximate analysis

The method of the Association of Official Analytical
Chemists (AOAC, 2006) was used for the determination of
Crude Protein (CP), Crude Fibre (CF), Fat (F) and
Carbohydrate (CHO), while the Pearson’s Chemical
Analysis of Foods (Harold et al., 1981) was used for
determination of Moisture Content (MC).

Data were analysed with Minitab statistical package using
Analysis of Variance (ANOVA) at the 5% probability level.
In the post hoc test, means were separated using Tukey’s
method.

3. Results

The result of the nutrient composition analysis of three
freshly harvested date cultivars and that of 14-weeks old un-
infested stored dates indicates that the mean moisture
content was highly significant (P<0.05) in fresh Deglet Noor
(16.4+0.3) followed by both fresh and 14-weeks old Jigawa
cultivars while 14-weeks old Mali cultivar recorded the
lowest mean moisture content (Table 1). Mean fat content
was highest in 14-weeks old Jigawa cultivar (2.9+0.1) while
the least was fresh Mali date cultivar (1.2+0.0). There was
significant (P<0.05) difference in the carbohydrate contents
of all the three 14-weeks old date cultivars compared with
the fresh dates. Crude protein was highest in 14-weeks old
Deglet Noor (4.8+0.1) and lowest in fresh Jigawa (3.1+0.0)
and fresh Mali (3.1+0.0). Lastly, crude fibre was
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significantly higher in 14-weeks old Deglet Noor (6.7£0.1)
followed by 14-weeks old Mali (5.4+0.1) while fresh Jigawa

date cultivar was the least (3.3+0.0).

Table 1: Nutritional composition (%) of three freshly harvested and 14 weeks old un-infested dates

Date status

Composition |Fresh Jigawa|14 weeks old Jigawa|Fresh Deglet Noor|14 weeks old Deglet Noor|Fresh Mali|14 weeks old Mali
Moisture 145 12.9° 16.4° 145 12.0° 9.9¢
Ash 3.6° 4.8° 3.3 3.9% 3.4° 3.7%®
Fat 2.0° 2.9° 1.7° 2.3® 1.2° 1.6™
CHO 70.7° 74.7° 70.6° 74.0° 70.0° 73.9%
Crude protein|  3.1° 40° 3.8° 4.8° 3.1° 4.1°
Crude fibre 3.3¢ 4.9° 45> 6.7 4.0° 5.4°

Means that do not share a letter within a row are
significantly (P<0.05) different by Tukey’s method at 95%
confidence interval

Table 2 shows that mean moisture content was significantly
(P<0.05) higher in infested Deglet Noor (18.3+0.4)
compared with un-infested Deglet Noor (14.5%0.4),
likewise, infested Jigawa cultivar had significantly (P<0.05)
higher mean moisture (16.2+0.4) compared with un-infested
Jigawa cultivar (12.9£0.4). Mean moisture content was
highest in infested Deglet Noor cultivar and least in un-
infested Mali cultivar (9.9+0.4). Mean ash content was
highest in un-infested Jigawa date cultivar (4.8+0.2) which
was significantly (P<0.05) higher compared with infested
Jigawa cultivar, the least (2.4+0.2). Mean ash content in un-
infested Jigawa cultivar was significantly (P<0.05) higher
(4.8£0.2) compared with infested Jigawa (2.4+0.2).
However, there was no significant (P>0.05) difference
between infested and un-infested Deglet Noor, and, infested
and un-infested Mali cultivars. There was significant
(P<0.05) difference in mean fat content of un-infested
Jigawa cultivar (2.9+0.1) compared with infested Jigawa
cultivar (1.1£0.1). In the same vein, un-infested Deglet Noor
had significantly (P<0.05) higher mean fat content compared
with infested Deglet Noor (1.1+£0.1). The highest mean fat

content was in un-infested Jigawa cultivar which was
significantly (P<0.05) higher than infested Mali, the least
(0.8+£0.1). Mean carbohydrate content was significantly
(P<0.05) higher in un-infested Jigawa cultivar (7.47+1.0)
compared with infested Jigawa cultivar (67.5+1.0). In line
with this, there was significantly (P<0.05) higher mean
carbohydrate content in un-infested Deglet Noor cultivar
compared with infested Deglet Noor cultivar (66.6+1.0).
Mali date cultivar had the least carbohydrate content
(66.0£1.0). Highest mean crude protein value was recorded
in un-infested Deglet Noor (4.8+0.1) which was
significantly (P<0.05) higher than mean crude protein value
recorded on Jigawa infested and Mali infested (2.2+0.1).
Mean crude protein in un-infested Mali cultivar (4.1+0.1)
was significantly higher compared with mean crude protein
in infested Mali date cultivar (2.2+0.1). Also, mean crude
protein in un-infested Jigawa cultivar (4.0£0.1) was
significantly higher compared with infested Jigawa cultivar
(2.2+0.1). There was significantly (P<0.05) higher mean
crude fibre content in un-infested Deglet Noor cultivar
(6.7£0.1) compared with infested Deglet Noor cultivar
(2.40.1). Similarly, mean crude fibre was significantly
(P<0.05) higher in un-infested Jigawa cultivar (4.9+0.1)
compared with infested Jigawa cultivar (1.7£0.1).

Table 2: Proximate composition of three date cultivars infested and un-infested with O. surinamensis after 14 weeks

Composition Moisture Ash Fat Carbohydrate Crude protein Crude fibre
Mean
Treatment
Jigawa un-infested 12.9° 4.8° 2.9° 74.7° 40° 4.9°
Deglet Noor un-infested 145> 39% | 23® 74.0°7 4.8° 6.7
Mali un-infested 9.9° 3.7 | 16™ 73.9° 4.1° 5.4
Jigawa infested 16.2% 2.4° 1.1 67.5° 2.2° 1.7°
Deglet Noor infested 18.3° 2.8 | 11 66.6° 2.8° 2.4
Mali infested 14.0% 3.1 0.8° 66.0° 2.2° 2.7°
Means that do not share a letter within a column are significantly (P<0.05) different by Tukey’s method at 95% confidence interval

4. Discussion

Proximate composition of freshly harvested dates and
those kept for 14 weeks in storage without insect
infestation

The study showed that dates kept for up to 14 weeks under
storage undergo certain nutrient composition changes. There
was decrease in moisture content from fresh date samples to
14-weeks old date samples, but increase in the other
nutrients, especially carbohydrates. Increased carbohydrate
content can be related to loss of moisture which causes a
concentration in total sugars. This is in line with the findings
of Kader and Hussein (2009), who reported increased

sweetness with ripening and prolonged storage of dates
which is as a result of increase in total sugars, and in soft
cultivars the conversion of sucrose to fructose and glucose.
This result suggests that as dates age, they become more
attractive to O. surinamensis due to high increased
concentration of sugars and other nutrients caused by a
slight moisture loss. This has been buttressed by Omamor
(1988) that high sugar content is partly responsible for insect
infestation in dates. Tunio (2002) and Katz (2003) reported
reduction in moisture content as most favourable for storage
insect pest. Kader and Hussein (2009) have classified dates
with <20% moisture as dry.
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Proximate composition of infested and un-infested dates
This research had evaluated proximate composition to
determine date quality reduction after infestation by O.
surinamensis. Result showed that date nutrient composition
decreased with infestation in all the parameters measured
which included ash content, fat, carbohydrate, crude protein
and crude fibre, except moisture content, which increased
after infestation which is probably as result of insect feeding
activities. This is in line with the findings of Jood et al.
(1995), Kumar et al. (1996) and Bamaiyi et al. (2007) who
reported a reduction in nutritional content of dates, and an
increase in moisture content after insect infestation. The
increase in moisture content of infested stored dates could be
as a result of high relative humidity of the storage
environment from where the dates readily absorbed moisture
in addition to increased insect metabolic activities. This
agrees with the finding of Mallah et al. (2016) that food
commaodities tend to absorb moisture in storage especially
after infestation due to insect activities. Other studies
corroborate this finding where moisture has been shown to
be higher in infested dates than in un-infested ones (Adja et
al., 2016).

Specifically, the result of the study shows that un-infested
dates have higher ash content than infested dates which is
probably due to O. surinamensis feeding activities. This is in
agreement with the findings of Ameh (2006) and Bamaiyi et
al. (2007) that ash content depletes after insect infestation.
Un-infested Jigawa date cultivar shows the highest fat
content while Mali cultivar shows the lowest. All un-
infested date cultivars gave higher fat content than the
infested ones. This could be attributed to feeding activities
of O. surinamensis and is in line with findings by Reed et al.
(2007) that date fat content decreases after infestation by
insect pests. The high carbohydrate level in Un-infested
Jigawa date cultivar explains the reason why it had the
highest level of infestation as shown by this study which
may be attributed to the fact that O. surinamensis is attracted
to sugar as reported by Mallah et al. (2016) and Sahito et al.
(2017). Sugar levels were shown to reduce significantly in
all infested dates compared with un-infested ones which may
be attributed to infestation by O. surinamensis. This agrees
with the report of Jood et al. (1992) that sugar level in
commodities decreases after insect infestation and by
implication this shows that consuming O. surinamensis
infested dates deprives the consumer significant sugar
content. Crude protein content was highest in un-infested
Deglet Noor cultivar and lowest in Jigawa infested and Mali
infested date cultivars. Generally, there was a marked
depletion of crude protein in all infested date cultivars
compared to the un-infested ones in all the date samples
considered. O. surinamensis feeding activities could easily
be fingered as a possible reason for this development. This is
in consonant with the findings of Jood and Kapoor (1993)
which shows a drop in crude protein content after insect
infestation. Fibre content acted in the same way as crude
protein where infested dates cultivars show reduced levels
than un-infested ones. Reduction in crude fibre content of
date after infestation means that the part of the fruit
necessary for helping digestion (Al-Farsi et al., 2007),
preventing constipation (Grigelmo-Miguel and Martin-
Belloso, 1999) and coronary heart diseases (Ishida et al.,
2000) among others is lost.

5. Conclusion

The study showed differences in nutritional composition of
fresh dates and 14-weeks old dates that were not infested,
where moisture decreased with prolonged storage and
carbohydrates and other nutrients increased. This explains a
probable reason why prolonged storage of dates makes them
predispose to O. surinamensis infestation. Also, the study
showed that O. surinamensis infestation affected stored
dates negatively by causing not only quantitative damage to
dates, but affecting date quality by reducing their different
nutritional components and making them less beneficial to
man. The study revealed that the affected nutrients are
carbohydrates, ash, fat, protein, and crude fibre which were
all reduced by O. surinamensis feeding activity. Moisture
level however increased after infestation. Deglet Noor and
Jigawa date cultivars were the most affected while Mali was
the least affected.
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