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ABSTRACT 

One thousand (1000) fruits of date palm obtained from four (4) markets (Jimeta Old Market, Jimeta Ultra-
Mordern Market, Jimeta Shopping Complex and Yola Town Market) in Yola were assessed for incidence of rot. 

The highest incidence of rot was 20.4% in Jimeta Shoping Complex while the least was 14.4% in Yola town 

Market. Fungal isolates from the samples carried out on potato dextrose agar (PDA) in the laboratory gave the 

following total frequencies: Aspergillus niger (40.42), Fusarium solani (19.39%), Scoulariopsis brevicaulis 

(17.35%) and Rhizopus stolonifer (22.45%). Pathogenicity tests showed that all isolates were pathogenic on 

healthy date palm fruits.  The pathogens varied (P= 0.05) from the control test as well as among themselves in 

severity of rot and this was determined by measuring the size of rot lesion on infected  fruits. Weight of fruits 

before and after inoculation with the pathogens varied significantly (p=0.05) with a considerable weight loss for 

the infected fruits. The proximate composition of infected and non-infected fruits varied with decrease in 

percentage of fiber, lipid, protein, moisture and ash with a corresponding increase in carbohydrate for the 
infected. 
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INTRODUCTION 

Date palm (Phoenix dactylifera L.) is a palm in the genus Phoenix, cultivated for its edible sweet fruit 

(Wikipedia, 2014). Dates are widely distributed facilitated by the fact that dates lend themselves 

perfectly to being carried along as a high calorie food, with a long-keeping quality (FAO, 2012). Date 
fruit also can be made into juice, vinegar, wine, beer, sugar, syrup, honey, chutney, pickle, paste, dip, 

and food flavoring (Barreveld, 1993 and Glasner et al., 2002). It is an ideal food for all age phases, 

providing the most important essential nutrients like protein, fiber, carbohydrates, fat and minerals 
(Al-Farsi et al., 2005 and Vyawahare et al., 2009). 

The plant is affected by various pests and diseases, but the nature of the problem varies with 

geographic location (Howard et al., 2001). Atia (2011) observed that the date palm fruits are mostly 
loaded with mixture of microbes: bacteria, moulds and yeast but people go ahead eating after clearing 

the pericarp, while some eat it whole irrespective of the state of the pericarp. Species of Alternaria, 

Aspergillus, Fusarium and Penicillium have been reported to cause fruit rots of date-palm (Bokhary, 

2010).  

A report stated that the major agents of date palm spoilage are moulds, followed by bacteria and yeast 

at all stages of ripening on trees, as well as during storage and processing (Amal et al., 2014). 

ChihCheng and Robert (2007) also report that the fruit quality is influenced by size, colour, texture, 
cleanliness, freedom from defects (sunburn, insect damage, sugar migration to surface, fermentation), 

and the effects of decay-causing pathogens. Some pathogens and potential mycotoxin producing 

microbes isolated from date fruits include species of Aspergillus, Penicillium, Alternaria and 

Fusarium (Kader, 2007; Hamad, 2008; Hayrettin et al., 2012; Aido et al., 1996, El-Sherbeeny et al., 
1985 and Abdulsalam et al., 1991).  

Hawking of date palm fruits is a common sight especially north of Nigeria were Yola is located. The 

high patronage this merchandise attracts (both fresh and dried fruits) is a cause for pathological 
concern in light of reports indicating that some potential mycotoxin producing moulds are implicated. 
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Also, Christensen et al. (2007) reported that the agricultural industries sustained huge crop losses as a 

result of fungal diseases of fruits and plants. The Food and Agricultural Organization of the United 
Nations (FAO) has estimated that up to 25% of the world's food crops are significantly contaminated 

with mycotoxins (WHO 1999). Mycotoxins are highly toxic and cause severe intoxications in human 

and animals, some of them are carcinogens (Khomutov et al., 2011). Amal et al. (2014) observed that 
methods that will curb the microbial infestation of fruits at post-harvest storage are required and 

should be made mandatory. 

The objectives of this work therefore are to isolate, identify and determine the severity of the fungi 
causing spoilage of date fruits sold in markets in Yola as well as determine nutritional change of 

fruits.  

MATERIALS AND METHODS  

The survey of fungi associated with date palm (Phoenix dactylifera L.) spoilage was conducted in 

four major markets in Yola (Jimeta Old Market, Jimeta Ultra-Mordern Market, Jimeta Shopping 

Complex and Yola Town Market). A sample of 250 fruits were randomly collected from sellers in 
each market. These were brought to the laboratory of Plant Science Department, Modibbo Adama 

University of Technology (MAUTECH) Yola, where all determinations and tests were carried out. 

Incidence of Rot of Date Palm Fruits in Storage 

The samples purchased from each of the markets were sampled out, taking the number of date palm 
fruits having rot, out of the total number of date palm fruits purchased from the market. The incidence 

of fungal spoilage/rot was expressed in percentage using the formula:  

                                               Number of date palm fruits with rot 
                                                                                                               X 100 

                                                Total number of date palm fruits 

Isolation of Fungi from Date Palm Fruits  

Under aseptic conditions the diseased sample from date palm fruit showing rot was sectioned into 
approximately 5 mm square with a heat-sterilized scalpel. The pieces were immersed into 1% sodium 

hypochlorite contained in a sterile 9 cm diameter Petri- dish for surface sterilization for 30 seconds 

using sterile forceps. The sterilized pieces were rinsed in three changes of sterile distilled water and 
then dried between sterile filter papers. With a flamed and cooled pair of forceps, a sterilized piece of 

date palm was blotted dry between sterile filter papers, then plated aseptically on 9cm diameter Petri-

dish containing sterile solidified Potato Dextrose Agar (PDA) and incubated at room temperature of 
33±2

0 
C for 7 days. Sub- culturing onto fresh sterilize PDA using the methods of Klick and Pitt (1988) 

and Robert et al. (1996) were carried immediately when new colonies began to grow through hyphal-

tip transfer. 

Identification of Fungi  

Microscopic examination was carried out to observe the structure and characteristics of the fungal 

isolates in addition to macroscopic cultural observations. A sterile needle was used to pick a little 

portion of the hyphae containing spores and placed on a sterile glass slide stained with Lactophenol 
cotton blue and examined under the photographic microscope using the method of Fawole and Oso 

(1995). Micrograph of the isolates showing (conidia etc.) were taken. The morphological and cultural 

characteristics observed were compared with structures in the identification guides of Hunter and 
Barnet (1998).  

Pathogenicity Test  

Healthy date fruits (semi ripe) were obtained and surfaced- sterilized with 1% sodium hypochlorite 

for 30 seconds and rinsed in three (3) changes of sterile distilled water according to the method of 
Chukwuka et al. (2010). A sterile cork borer (2 mm in diameter) was used to puncture and inject 

healthy date fruits with spores’ suspension of each isolated fungus in three replicates. Removed tissue 

was replaced and vasper jelly was smeared to completely seal each hole to avoid contamination.  It 
was kept at room temperature of 33±2 

0
C. A similar set up was placed as control using distilled water 

to complement the fungal inocula. The set up was arranged in a completely randomized design. It was 
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incubated for seven (7) days to allow for possible rot development and the isolates were re-isolated 

from the new host and compared to the originally isolated pathogen.  

Determination of Severity of Rot Caused by Isolated Organisms 

Twelve (12) date fruits were randomly selected, weighed and surface- sterilized with 1% sodium 

hypochlorite then rinsed in three (3) changes of sterile distilled water. A sterile cork borer (2 mm in 

diameter) was used to puncture and inject healthy date fruits with spores’ suspension of isolated fungi 

in three replicates. Similarly removed tissue from fruit was replaced and sealed with sterile vasper 

jelly. This was then incubated for 7 days after which each fruit was collected and the extent of rot 

(severity of infection) was measured with caliper and rule, with the aid of hand lens and re-weighed. 

Result were analyzed with Statistical Analysis System (SAS) version 7. 

Determination of the Nutritional Content 

Crude fibre, crude protein, carbohydrate contents were determined using the method of AOAC 

(2007), percentage of oil/ lipid and moisture were determined using the method of Ani et al. (2012), 
while of ash using methods of Ani et al. (2012) and AOAC (2007).  

Calculation of parameters 

Crude fibre %, crude protein %, ash %, lipid %, moisture % and carbohydrate % was calculated by 
weight using the following methods; 

    Weight of crucible + residue – Weight of crucible + Ash 

The % of fibre content   =         x 100 
     Initial weight of sample 

 % crude protein = % of Nitrogen by weight (N) = V0.1 HCl x 0.28 

% of crude protein = % of Nitrogen (N) x 6.25 

Where V0.1 M HCl represent volume of HCl 

   W ash 

Ash content (%) =     x 100 

   W sample 

Where W ash is the weight of ash 

W sample is the weight of sample 

        W oil 

Percentage of oil/lipid yield) =          x 100 

       W sample 

Where W oil is the weight of oil 

            W sample is the weight of sample 

    W sample - W dry 

% of moisture content   =        x 100 

          W sample 

Where W sample is the weight of sample before drying 

                     W dry is the weight of sample after drying. 

% of carbohydrates = 100 – (% moisture + % ash + % protein + % lipid + % fibre) 

RESULTS & DISCUSSION 

The results of the survey of post-harvest rot of date palm in Yola metropolis is shown in Table 1. Rot 

incidence ranges from 14.4% in Yola town to 20.4% in Jimeta Shoping Complex with an average rot 

incidence of 17.6. These rather high numbers of rotted fruits are sold in our markets for direct 

consumption. Fungal contamination is strongly influenced by the health status of dates. Oustani 

(2011) reported that the presence of injured dates provide the sources of contamination, encourage the 

development of contamination and therefore it can only be to the disadvantage of storing dates in 

long-term. Besides traders are reluctant to dispose rotted fruits which provide in ocula for infection of 

new supplies. 
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Table1. Incidence of Rot of Date Palm in Yola Markets 

Location Incidence of Rot (%) 

Jimeta Old Market 18.8 

Jimeta Ultra-Modern Market  16.4 

Jimeta Shopping Complex  20.4 

Yola Town  14.4 

Average 17.6 

Four (4) fungal rot pathogens of date palm fruit were isolated in Yola. These fungi are Aspergillus 

niger, Fusarium solani, Scoulariopsis brevicaulis and Rhizopus stolonifer. The frequency of these 
pathogens in Yola markets is shown in Table 2. These also have been reported by Hashem (2009), 

Abass (2013), Amal et al. (2014), Atia et al. (2009) and Al-Jasser (2010) who found these fungi on 

date palm fruit. Aspergillus niger had the highest frequency of occurrence in date palm fruit rot with 
40.82 %, followed by Rhizopus spp with 22.45 %, Fusarium solani with 19.39% and Scoulariopsis 

brevicaulis had the lowest frequency of 17.71 % (Table 2). Aspergillus niger and Fusarium solani 

showed a wide distribution occurring in all locations. This was also reported by Amal et al. (2014) 
and Atia (2011) who also found Aspergillus niger in the spoilage of date palm in every their studied 

areas. Similar, results were found on other dried fruits and kernels such as peanuts, hazelnut, walnut 

and figs (Abd-Alla et al., 1999). The most abundant genus found in date palm fruits collected from 

Figuig oasis of Morocco was A. niger (Hasnaoui et al., 2010). Hashem (2009) isolated 39 species of 
fungi from local varieties grown in Saudi Arabia including A. niger and Fusarium spp. Considering 

that fruits are eaten raw it should be of health concern that these mycotoxin producing moulds as 

reported by Mohammed et al. (2013) also have the widest spread in our markets. Mycotoxins are 
reported to be highly toxic and cause severe intoxications in human and animals, some of them being 

carcinogenic (Khomutov et al., 2011) 

Table2 Frequency (%) of Fungal Pathogens of Date Palm Fruit Rot in Yola 

                                  Number of isolates per market (%) 

Fungi isolated JOM  JUM  JSC  YTM  Total  

Aspergillus niger 37.50 41.67 38.46 45.83 40.82 

Fusarium solani 29.17 12.50 15.38 20.83 19.39 

Scoulariopsis brevicaulis 33.33 20.83 15.38 - 17.35 

Rhizopus stolonifer - 25.00 30.77 33.33 22.45 

Total  100 100 100 100 100 

Key: 

JOM: Jimeta Old Market 

JUM: Jimeta Ultra-Modern Market 

JSC: Jimeta Shopping Complex 

YTM: Yola Town Market 

Nil 

The analysis of variance to determine the level of severity at p= 0.0001 showed to be highly 

significant among all the pathogens. Aspergillus niger had the highest severity mean of 10.44, 

followed by Scoulariopsis brevicaulis with 8.26, Rhizopus spp (7.94), while Fusarium solani had the 

least mean of 6.12 (Table 3). The differences in severity of the fungi isolated might be due to their 
ability to overcome the natural defense mechanism of the fruit or their ability to induce resistance in 

the fruit when infected (Brian and Gwyn, 2008). Some reports have shown that the severity and 

incidence of fruit rots (storage and ripening) are affected by temperature and the ripeness of the fruit 
(Dixon et al., 2003a; Dixon et al., 2004). High temperatures and long storage periods were reported to 

favour the development of ripe rots while low temperatures and fast ripening times generally inhibit 

the growth of ripe rots (Dixon et al., 2003a).  

Table3. Severity of Fungal Pathogens on Date Palm Fruit 

Pathogen   Lesion size  (mm) 

Aspergillus niger      10.44 

Fusarium solani 6.12 

Scoulariopsis brevicaulis Rhizopus stolonifer 

LSD (0.001)                              

8.26 

7.94 

1.92 
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The weight of date palm fruit before and after inoculation is shown in Figure 1.  All pathogens 

produced significant weight loss after inoculation. Fruits inoculated with Fusarium solani, (4.92g) 

Scoulariopsis brevicaulis (4.43g) and Rhizopus stolonifer (4.10g) lost more weight than those of 

Aspergillus niger (4.02g). 

 

Figure1. Mean weight of date palm fruit before and after inoculation 

The analysis of proximate composition of date palm fruit flesh and the one infected with fungi (Table 
4) indicate that carbohydrate content rose. Variation in the composition of date fruit can be attributed 

to the pathogens (Nehdi et al., 2010; Saffi et al., 2008; Ali et al., 2009 and Hasnaoui et al., 2011). 

Increase in carbohydrate content might lead to subsequent increase in sugars (not desirable for 
diabetic patients).  

Table4. Proximate Composition of Date Fruit Infected with Isolated Fungi 

Fungi  Fiber % Lipid % Protein % Moisture % Ash % Carbohydrate % 

A. niger  0.5 0.5 1.23 9 1.5 87.27 

F. solani 1 0.5 1.05 15.5 2.5 79.45 

S. brevicaulis 0.5 0.5 0.88 6 1 91.12 

R. stolonifer 1.6 0.5 0.88 13.5 2 82.12 

Control 6.5 4 8.58 23 4.5 53.42 

The value of fiber obtained with Aspergillus niger had 0.5%, Fusarium solani had 1.0%, 

Scoulariopsis brevicaulis had 0.5% and Rhizopus stolonifer had 1.6%. All varied with their normal 
values indicating a loss of fiber for the infected fruits. Similarly there was corresponding decrease in 

percentages of lipid, protein, moisture and ash content due to infection. The crude fiber value of 6.5% 

obtained in this work is well within the range reported by Al-Shahib and Marshall (2002). Date fruit 

can be considered as a good source of dietary fibre such as cellulose, hemicellulose, lignin, pectin, etc. 
(Biglari, 2009; Habib and Irahim, 2011). Dietary fibre is known to influence digestion and absorption 

processes in the small intestine (Cherbut et al., 1995; Asp, 1996).  

The level of lipids content of date with the fungi is 0.5% each and normal had 4.0%. The result is in 
accordance with that of Elleuch et al. (2008) who found date have a range of 0.5 -3.3% of fat. Also, is 

less than that of Ebtehal (2014) who reported that the fat concentration of two date samples (Sukkari 

and Swei) was 3.16% and 2.95% respectively. Low level of fat was also reported by Myhera et al. 
(1999) and Saleh et al. (2011) which is not in agreement with the present study (2.90).  Omowunmi 

and Ayoade (2013) reported Nigerian date contain 9.61% lipid. The low level content of fat and that 

of sugars is desirable however, indicating that the date palm is safe for the heart and high blood 

pressure patients because it contains a low level of fatty acids and cholesterol (Omowunmi and 
Ayoade, 2013). 

The date fruit with Aspergillus niger had 1.23% protein, Fusarium solani had 1.05%, Scoulariopsis 

brevicaulis and Rhizopus stolonifer had 0.88% and normal had 8.58% protein. The value of protein 
obtained in this report is less than of Omowunmi and Ayoade (2013) who reported high protein 

content of 17.09%. The drop in protein content is a loss in value of these fruits. 
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The high loss of moisture especially in fruits infected with Scoulariopsis brevicaulis lead to a rather 

dry and shriveled fruits of low quality not appealing to consumers. 

Ash content is an index to the nutritive value of foods (Pearson, 1976). The ash contents obtained in 

this work were 1.5% with Aspergillus niger, 2.5% with Fusarium solani, 1.0% with Scoulariopsis 

brevicaulis, 2.0% with Rhizopus stolonifer and 4.5% with normal. The value are higher than the 
values reported by Elleuch (2008) who reported date palm have 2.5% ash and that of Ebtehal (2014) 

who reported that the ash concentration of two date samples (Sukkari and Swei) was 2.50% and 

2.02% respectively. Ash results were not in agreement with Saad et al. (1986) who reported that ash 
content in dates was around 1.88-2.96%, and that of Ogungbenle (2011) who recorded that value was 

3.27%. The result is less than that of Omowunmi and Ayoade (2013) who reported Nigerian date have 

9.8%. all these differences could be attributed to the area and the factors surround the growth  

Date palm inoculated with Aspergillus niger had 87.27%, Fusarium solani had 79.45%, Scoulariopsis 

brevicaulis had 91.12%, Rhizopus stolonifer had 82.12% and normal had 53.42% carbohydrate 

content. Khan et al. (2008) reported that sugars are the most important constituents of dates, making 

them a rich source of energy for the human system. The most important carbohydrate components in 

date fruit are glucose, fructose and sucrose, which can reach up to 70–80% (Nehdi et al., 2010; Ashraf 

and Hamidu-Esfahani, 2011; Vayalil, 2002). Borchani et al. (2010) analysed the main chemical 

components of date fruits from 11 Tunisian cultivars and found that they were rich in sugar (799.3–

880.2 g kg-1 dry matter). The result is not in accordance with that of Ebtehal (2014), who reported 

high sugar value in Swei sample of Egyptian date (81.49%). Also, Mikki (1999) reported that Saudi 

date varieties contain about 70% reducing sugars with an almost equal quantity of glucose and 

fructose. Similarly, Al-Shahib and Marshal (2003) reported flesh of date palm fruits contained high 

carbohydrates (73.5%) and might be (88%) in some varieties. Omowunmi and Ayoade (2013) 

reported Nigerian date contain 65.0% carbohydrate. The result shows that Nigerian date is lower in 

sugar content than that of Saudi and Egypt. Even though the amount of carbohydrate obtained was 

high this was useful for getting the energy for metabolic processes. 

CONCLUSION 

In conclusion from the study, four pathogenic fungi were isolated which are responsible for rot of date 

palm in Yola. Fungal contamination is a direct relationship with both the physical initial dates and 

environmental conditions of the premises including the storage temperature and humidity can alter the 

organoleptic parameters of dates, and consequently decrease the market value. The sensitivity of dates 

to fungal spoilage is related to poor conservation of places of production and storage. There is need 

for alternative storage practices. The health status of dates, humidity and temperature during storage 

are of critical concern if losses are to be minimized. The presence of injured dates can support the 

development of sources of contamination, encourage the development of source of contamination and 

therefore it can be to the disadvantage of storing dates in long-term. 

There is a health threat arising from the fact that mycotoxin producing moulds are implicated in this 

spoilage.  

Agricultural industries sustained huge crop losses as a result of fungal diseases of fruits and plants. 

Hence methods that will curb the microbial infestation of fruits at post-harvest storage are equally 

required and should be made mandatory. There is need for further research to determine the 

nutritional loss in fruit as a result of the activities of fungi on date palm fruit. 

REFERENCES 

[1] Abass M. H. (2013). Microbial Contaminants of Date Palm (Phoenix dactylifera L.) in Iraqi 

Tissue Culture Laboratories. Review Article. Emirate Journal of Food Agriculture, 25 (11): 875-
882. 

[2] Abd-Alla E. A. M., Soher, A. A. and Sahab, A. F. (1999). Fungi and Mycotoxins Occurrence in 

Edible Figs (fresh and dried) and During Storage. Minufya Journal of Agricultural Research, 
24(2): 549-561. 

[3] Abdulsalam K. S., Ahmed A. M. and Ahmed A. M. (1991). The Effect of Three Fungi and Their 

Combinations on the Chemical Constituents of Two Cultivars of Date Palm Fruits. Emirate 

Journal of Agricultural Science, 3:81-95. 



Anjili S. M et al. “Fungi Associated with Post-Harvest Spoilage of Date Palm (Phoenix Dactylifera L.) in 

Yola, Adamawa State” 

International Journal of Research in Agriculture and Forestry V2 ● I11 ● November 2015                      20 

[4] Aido K. E., Tester R. F., Morrison J. E. and Mac-Farlane, D. (1996). The Composition and 

Microbial Quality of Prepacked Dates Purchased in Greater Glasgow. International Journal of 
Food Science and Technology, 31:433-438. 

[5] Al-Farsi, M., Alasalvar, C., Morris, A., Baron, M. and Shahidi, F. (2005) “Comparison of 

Antioxidant Activity, Anthocyanins, Carotenoids, and Phenolics of three Native Fresh and Sun-

dried Date (Phoenix dactylifera L.) Varieties Grown in Oman,” Journal of Agricultural and 
Food Chemistry, 53(19): 7592–7599. 

[6] Ali, A., Yusra, M. Al-Kindi and Al-Said, F. (2009). Chemical Composition and Glycemic Index 

of Three Varieties of Omani Dates. International Journal of Food Science and Nutrition, 60: 51-
62. 

[7] Al-Jasser M. S. (2010). Effect of Storage Temperatures on Microbial Load of Some Dates Palm 

Fruit Sold in Saudi Arabia Market. African Journal of Food Science, 4(6): 35. 

[8] Al-Shahib W. and Marshall, R. (2003). The Fruit of the Date Palm: Its Possible Use as the Best 

Food for the Future. International Journal of Food Sciences and Nutrition, 54(4): 247-259. 

[9] Al-Shahib, W. R. and Marshall, R. J. (2002). Dietary Fibre Content of Dates from Thirteen 

Varieties of Date Palm Phoenix dactylifera L. International Journal of Food Science and 

Technology, 37: 719-721. 

[10] Amal, A. A., Afaf, I. S., Humaira, R., Nadine, M. S. M., Ali, A. A., Anjana, M. and Gehan, E. 

(2014). Postharvest Fruit Spoilage Bacteria and Fungi Associated with Date palm (Pheonix 
dactylifera L.) from Saudi Arabia. African Journal of Microbiology Research, 8(11): 1228-1236. 

[11] Ani, J. U., Nnaji, N. J., Onukwuli, O. D., and Okoye, C. O. B. (2012). Nephelometric and 

functional parameters response of coagulation for the purification of industrial waste water using 

deteriummicrocarpum. Journal of harzadous materials vol. 243(14): 59- 66. 

[12] AOAC (Association of Official Agricultural Chemists). (2007). Official Methods of Analysis 18 

ed. Published by A.O.A.C. Washington, D.C. (U.S.A.). 

[13] Ashraf, Z. and Hamidi-Esfahani, Z. (2011). Date and Date Processing: A Review. Food Review 

International, 27: 101-133. 

[14] Asp. N. G. (1996). Dietary Carbohydrate: Classification by Chemistry and Physiology. Food 

Chemistry, 7(1): 9-14. 

[15] Atia, M. M. M. (2011). Efficiency of Physical Treatment and Essential Oil in Controlling Fungi 

Associated with Some Stored Date Palm Fruits. Australian Journal Basic Applied Science, 
5(6):1572. 

[16] Atia, M. M., El Mahmodi, A. M. and El-Shili M. (2009). Fungi Associated with Some Stored 

Date Palm Fruits in Libya. The 3rd National Conference on Basic Science, Under the Title: 

Basic Sciences are the Main Source of Creativity, Gharian, Libya, from 25 to 27. 

[17] Barreveld, W. H. (1993). Date Palm Products (Food and Agriculture Organization of the United 

Nations, Agricultural Services Bulletin no. 101, Food and Agriculture Organization of the 
United Nations, Rome, Italy). 

[18] Biglari, F. (2009). Assessment of antioxidant potential of date (Phoenix dactylifera L.) fruits 
from Iran, effect of cold storage and addition to minced chickenmeat. M.Sc. Thesis, School of 

Industrial Technology, University Sains, Penang, Malaysia. 

[19] Borchani, C., Besbes, S., Blecker, C., Masmoudi, M. Baati, R. and Attia, H. (2010). Chemical 

Properties of Eleven Date Cultivars and Their Corresponding Fiber Extracts. African Journal of 

Biotechnology, 9: 4096-4105. 

[20] Bokhary, H. A. (2010). Seed-borne Fungi of Date Palm, Phoenix dactylifera L. from Saudi 

Arabia. Saudi Journal of Biological Sciences, 17: 327–329. 

[21] Brian C. F. and Gwyn A. B. (2008). An Overview of Plant Defenses against Pathogens and 
Herbivores. An Overview of Plant Defenses against Pathogens and Herbivores. The Plant Health 

Instructor. DOI: 10.1094/PHI-I-2008-0226-01. 

[22] Cherbut, C., Barry, J. L., Lairon, D. and Dirand, M. (1995). Dietary Fibre. Mechanisms of 

Action in Human physiology and metabolism. John Libbey EUROTEXT, Paris. 
[23] ChihCheng, T. C. and Robert R. K. (2007). The Date Palm (Phoenix dactylifera L.): Overview of 

Biology, Uses, and Cultivation. 



Anjili S. M et al. “Fungi Associated with Post-Harvest Spoilage of Date Palm (Phoenix Dactylifera L.) in 

Yola, Adamawa State” 

21                      International Journal of Research in Agriculture and Forestry V2 ● I11 ● November 2015 

[24] Christensen, M. J., Folloan, R. E. and Skip, R. A. (2007). Plant Pathology. Australian Plant 

Pathology, 17(2): 45-47. 
[25] Chukwuka, K. S., Okonko, I. O. and Adekunle, A. A. (2010) Microbial Ecology of Organisms 

Causing Pawpaw (Carica papaya L.) Fruit Decay in Oyo State, Nigeria. American-Eurasian 

Journal of Toxicological Sciences, 2 (1): 43-50. 

[26] Dixon, J., Pak, H. A., Smith, D. B., Elmsly, T. A. and Cutting, J. G. M. (2003a). New Zealand 

avocado fruit quality: the impact of storage temperature and maturity. New Zealand Avocado 
Growers' Association Annual Research Report 3: 48-53. 

[27] Dixon, J., Smith, D. B. and Elmsly, T. A. (2004). Fruit age, storage temperature and maturity 

effects on Hass avocado fruit quality and ripening. New Zealand Avocado Growers' Association 

Annual Research Report 4: 47-53. 

[28] Ebtehal A. A A. (2014). Comparative Study on the Chemical Composition of Saudi Sukkari and 

Egyptian Swei Date Palm Fruits. Journal of American Science 2014;10(6). 

[29] Elleuch, M., Besbes, S., Roiseux, O., Blecker, C., Deroanne, C., Drira, N. E. and Attia, H. 

(2008). Date Flesh: Chemical Composition and Characteristics of the Dietary Fibre. Food 
Chemistry, 111: 676-682. 

[30] El-Sherbeeny M. R., Saddik M. F. and Bryan F. L. (1985). Microbial Profiles of Foods Served 
by Street Vendors in Egypt. International Journal of Food Microbiology, 2: 355-364. 

[31] FAO, (2012). Plant Production and Protection Paper No. 35. Date Production and Protection. 

FAO. Rome, 198-294. 

[32] Fawole M. O. and Oso, B .A. (1995). Laboratory Manual of Microbiology. 1st Edition. Spectrum 

Books Ltd, Ibadan, Nigeria, 34 - 35. 

[33] Glasner, B., Botes, A., Zaid, A. and Emmens, J. (2002). In Date Palm Cultivation, Date 

Harvesting, Packinghouse Management and Marketing Aspects, ed Zaid A. (Food and 

Agriculture Organization Plant Production and Protection paper no. 156. Food and Agriculture 
Organization of the United Nations, Rome, Italy), 177–208.  

[34] Habib, H. M. and Irahim, W. H. (2011). Nutritional Quality of 18 Date Fruit Varieties. 
International Journal of Food Science and Nutrition, 62: 544-551. 

[35] Hamad, S. H. (2008). Microbial Spoilage of Date Rutab Collected from the Markets of Al-Hofuf 
City in the Kingdom of Saudi Arabia. Journal of Food Protection, 71: 1406-1411. 

[36] Hashem A. (2009). Date Palm Fruit Spoilage and Seed-Borne Fungi of Saudi Arabia. Research 

Journal of Microbiology, 4(5): 208-213. ISSN 1816-4935. 

[37] Hasnaoui A., Elhoumaizi M. A., Asehraou A. and Hakkou A. (2010). Chemical Composition and 

Microbial Quality of Main Varieties of Dates Grown in Figuig Oasis of Morocco. International 

Journal of Agricultural Biology, 12: 311-314.  

[38] Hasnaoui, A., Elhoumaizi, M. A., Hakkou, A., Wathelet, B. and Sindic, M. (2011). Physico-

Chemical Characterization, Classification and Quality Evaluation of Date Palm Fruits of Some 
Moroccan Cultivars. Journal of Science Research, 3: 139-149. 

[39] Hayrettin, O., Hatice I. O. B. G. and Guner O. (2012). Mycotoxin Risks and Toxigenic Fungi in 
Date, Prune and Dried Apricot among Mediterranean Crops; Phytopathologia Mediterranea, 51: 

148−157.  

[40] Howard, F. W., Moore, D., Giblin-Davis, R. M., and Abad, R. G. (2001). Insects on 

Palms (CABI International, Wallingford, Oxon, UK). 

[41] Hunter B. B. and Barnet, H. I. (1998). Illustrated genera of imperfect fungi, (4
th
 ed.). Minnesota. 

American Phytopathological Society. 
[42] Kader, A. A. (2007). Recommendations for Maintaining Postharvest Quality. Department of 

Plant Science, University of California, Davis. Available at: http://postharvest. ucdavis.edu/ 

ProduceFacts/Fruit/Dates.shtml.  

[43] Khan, M. N., Sarwar, A., Wahab, F. and Haleem, R. (2008). Physico-Chemical Characterization 
of Date Varieties using Multivariate Analysis of Plums. Food Chemistry, 81: 321-326.  

[44] Khomutov, R., Dzhavakhiya, V., Khurs, E., Ospova, T., Shcherbakova, L., Zhemchuzhina, N., 
Mikityuk, O. and Nazarova, T. (2011). Chemical Regulation of Mycotoxin Biosynthesis. 

Doklady Biochmistry and Biophysics, 1:25-28. 



Anjili S. M et al. “Fungi Associated with Post-Harvest Spoilage of Date Palm (Phoenix Dactylifera L.) in 

Yola, Adamawa State” 

International Journal of Research in Agriculture and Forestry V2 ● I11 ● November 2015                      22 

[45] Klick, M. A. and Pitt. J. I. (1988). A Laboratory Guide to Common Aspergillus species and their 

Teleomorphs. Published by Commonwealth Scientific and Industrial Research Organisation, 
Division of Food Processing. North Ryde, NSW Australia, 116. 

[46] Mikki M. S. (1999). Date palm post-harvest processing technology in Saudi Arabia. Regional 

Workshop on Date Palm Post harvest Processing Technology, Iran. 

[47] Mohamed I. M. I., Hatem S. A., Ahmed F. S. and Abdel Rahman S. A. (2013). Co-occurrence of 

Fungi, Aflatoxins, Ochratoxins A and Fumonsins in Date Palm Fruits of Saudi Arabia. Journal 
of Applied Sciences Research, 9(3): 1449-1456. ISSN 1819-544X 

[48] Myhera, R. M., Karkdas, J. and Taylor, M. S. (1999). The Composition of Maturing Omani 

Dates. Journal of Agricultural and Food Chemistry, 76: 1345-1350. 

[49] Nehdi, I., Omri, S., Khalil, M. I. and Al-Resayes, S. I. (2010). Characteristics and Chemical 

Composition of Date Palm (Phoenix canariensis) Seeds and Seed Oil. Indian Crop Production, 

32: 360-365.  

[50] Ogungbenle H. N. (2011). Chemical and Fatty Acid Compositions of Date Palm Fruit (Phoenix 

dactylifera L.) Flour. Bangladesh Journal of Science and Industrial Resource, 46(2): 255-258.  

[51] Omowunmi, S. A. and Ayoade L. A. (2013). Nutrional Composition of Fruit Nigerian Wild Date 

Palm, Phoenix dactylifera L. World Journal of Dairy and Food Sciences, 8 (2): 196-200. 

[52] Oustani M. (2011). The Study of Fungal Infections of Dates During Storage. Arab palm 
conference 2011. Vol 1. Proceedings of the first international scientific conference for the 

development of date palm and date sector in the Arab world.  

[53] Pearson, D. (1976). Chemical Analysis of Foods, 6
th
 Ed., London, Churchill, pp: 6-9. 

[54] Robert, A. S., Hoekstra, Frisvad, J. C. and Filtenborg, O. (1996). Introduction to Food-borne 
Fungi. Printed by Ponsen and Looyen, Wageningen, The Netherlands. 

[55] Saad, F., Shaheen, M. and Bacha, M. (1986). Chemical Analysis of Fruits of Some Saudi-Grown 
Date Palm Cultivars with Emphasis on Their Mineral Content. Procedure of Saudi Biological 

Society, 9:25-33.  

[56] Saffi, E.B., Trigui, M., Thabet, R. Hammami, M. and Achour, L. (2008). Common Date Palm in 

Tunisia: Chemical Composition of Pulp and Pits. International Journal of Food Science and 

Technology, 43: 2033-2037.  

[57] Saleh, E., Tawfik, M. and Abu-Tarboush, H. (2011).  Phenolic Contents and Antioxidant 
Activity of Various Date Palm (Phoenix dactylifera L.) Fruits from Saudi Arabia. Food and 

Nutrition Sciences, 2: 1134-1141.  

[58] Vayalil, P. K. (2002). Antioxidant and Antimutagenic Properties of Aqueous Extract of Date 

Fruit (Phoenix dactylifera L. Arecaceae). Journal of Agricultural and Food Chemistry, 50: 610-

617. 

[59] Vyawahare, N., Pujari, R., Khsirsagar, A., Ingawale, D., Patil, M. and Kagathara, V. (2009). 

Phoenix dactyllifera: An Update of its Indegenous Uses Photochemistry and Pharmacology. 
International Journal of Pharmacology, 7(1): 1531-2976.  

[60] WHO (1999). World Health Organization. Basic Food Safety for Health Workers. 

[61] Wikipedia, (2014). Date Palm. http://en.Wikipedia. Org/wiki/date palm. 


