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Abstract

Microbiological quality of four different cultivars (viz., Deglet Noor, Dabbas, Barni and Lulu) of date
palm fruits imported into Bangladesh was evaluated. The microbiological quality analysis revealed that the
date palm fruit samples are contaminated with bacteria and fungi. Among the studied samples, total aerobic
plate count varied from 6.85 x10° cfu/g to 4.14x10’ cfu/g. The maximum bacterial load was observed in
'Dabbas’ cultivar and lowest bacteria load was found in ‘Lulu’ cultivar. The total yeast and mold count ranged
from 1.08x10° cfu/g to 6.94 x10” cfu/g. The maximum yeast and mold count was found in 'Deglet Noor'
cultivar whereas this count was lowest in 'Lulu’ cultivar. Twenty-two bacterial isolates were randomly
selected and identified based on their morphological, cultural and biochemical characteristics. Among the
bacterial isolates, Providencia rettgeri was most prevalent (18.18%). The identity of one of the P. rettgeri
isolates was confirmed by its 16S rRNA gene sequence comparison and subsequent molecular phylogenetic
analysis. The presence of pathogenic bacteria in the imported date palm fruits indicates that they are not
suitable for direct human consumption. To improve the microbiological quality of the date palm fruits,
several easily available substances were tested as decontaminating agent. The study revealed that
commercially available vinegar acts as an excellent decontaminating agent against date palm fruit-associated
bacteria.

Introduction

The date palm fruit (Phoenix dactylifera L.) is a single, oblong, one-seeded berry, with a
terminal stigma, a fleshy pericarp, a mesocarp, a membranous endocarp (between the seed and the
flesh) and a seed. The mesocarp is the largest part, which is composed of parenchymatous cells
that are separated into an outer mesocarp and an inner mesocarp with intermediate layers of
tanniferous cells (Shomer et al. 1998).

Date palm fruit is rich in nutrients and due to its dietetic values it has always been held in
high esteem by people. Date fruits are composed of 70% carbohydrates, mostly sugars, and 15%-—
30% water. Dates are also a good source of different minerals, including iron, potassium and
calcium, as well as low amounts of sodium and fat (Thabet et al. 2010, Dayani et al. 2012). In
most of the cultivars, the sugar content of a date fruit is almost entirely of the inverted form (viz.,
glucose and fructose), important for persons who cannot tolerate sucrose. The invert sugar in dates
is immediately absorbed by the human body without being subjected to digestion that ordinary
sugar undergoes. Date palm fruits are also a good source of antioxidants, mainly carotenoids and
phenolics (Al-Farsi and Lee 2008).

Microbial contaminants present in fruits may cause deterioration of the fruit quality and
serious diseases in humans. The source of these microbial contaminants may be the irrigation
water, soil, manure, wild animals, insects, harvesting equipment, rinse water, packaging personnel
and the environment of the processing facility (Falkiner 1998, Beuchat 2002, Berger et al. 2010,
Maffei et al. 2016). Food borne illnesses are still a major concern for producers, consumers and
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public health authority. Synthetic disinfectants are generally used on fruits to inhibit or inactivate
spoilage and pathogenic microorganisms. However, consumers have a lot of questions on the
safety of disinfectants used in fruits. In recent decades an increasing tendency towards the use of
natural substances instead of the synthetic ones has been observed (Saleh and Otaibi 2013).

In Bangladesh, date palm fruits imported from various countries are very popular among the
people of all walks of life. Demand of this fruit reaches at the peak during the holy month of
Ramadan. Several research groups have evaluated the microbiological and biochemical attributes
of the date palm fruits growing in their home country (Ali 2009, Hasnaoui et al. 2010, Aleid et al.
2014). However, research on the microbiological quality of date palm fruits imported into
Bangladesh is limited (Zamir et al. 2018). Furthermore, molecular identity of the bacteria
associated with the imported date palm fruits and their control measures were not considered in
that study. Therefore, the present study was conducted on four different cultivars of date palm
fruits (viz., Deglet Noor, Dabbas, Barni and Lulu) imported into Bangladesh with the objectives to
assess the microbiological quality of the date palm fruits and to develop a method to
decontaminate them.

Materials and Methods

Date palm fruits available in intact packets were collected from retail shops of Dhaka city,
Bangladesh. The cultivar name, weight and name of the country were recorded. The samples were
brought to the Department of Botany, Jahangirnagar University (JU), Savar, Dhaka, for further
analysis. A part of the study was performed in the Department of Biochemistry and Molecular
Biology, JU. Some basic information of the studied fruit samples are presented in Table 1.

Table 1. Basic information on the date palm fruit used in this study.

Cultivar name Packing size (g) Fruit type Country of origin
Deglet Noor 250 Soft Algeria

Dabbas 400 Semi-soft United Arab Emirates
Barni 500 Soft Saudi Arabia

Lulu 1000 Semi-soft United Arab Emirates

One g of each fruit sample was suspended in 9 ml sterile saline (0.9% NaCl) and mixed well
to get 10 fold dilution of the fruit sample. After thoroughly mixing, decimal serial dilution was
performed to enumerate the microbial load in the fruit samples. One hundred microliter of the
suspension from the serially diluted samples were spread onto the nutrient agar (NA) medium and
potato dextrose agar (PDA) medium to enumerate the total aerobic plate count (APC) and total
yeast and mold count (YMC), respectively. The NA plates were incubated at 37°C for 24 hrs and
PDA plates were incubated at room temperature for 5 days. The APC and YMC were expressed as
colony forming unit per g (cfu/g) of fruit.

Twenty-two morphologically dissimilar colonies were randomly selected from NA plates and
streaked on the NA plate to obtain a pure culture. The streaked plates were incubated at 37°C for
24 hrs. The well isolated single colony was selected and subjected to further purification through
repeated plating by streaking method. The colony characteristics of the bacteria grew onto the NA
plates was recorded. The selected isolates (DPB1-DPB22) were subjected to morphological,
cultural and biochemical studies. At first, Gram staining, oxidase test and catalase test were
performed. The APl 20E (Biomerieux, France) test strips were used following manufacturer's
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instructions to identify the Gram-negative bacterial isolates. The following tests were performed
by using APl 20E strips: test for B-galactosidase enzyme by hydrolysis of the substrate o-
nitrophenyl-p-D-galactopyranoside (ONPG), decarboxylation of the amino acid arginine by
arginine dihydrolase (ADH), decarboxylations of the amino acid lysine by lysine decarboxylase
(LDC), decarboxylations of the amino acid ornithine by ornithine decarboxylase (ODC),
utilization of citrate as the only carbon source (CIT), production of hydrogen sulfide (H,S), test for
the urease (URE), detection of the tryptophan deaminase (TDA), Indole test (IND) for production
of indole from tryptophan by the enzyme tryptophanase, Voges-Proskauer (VP) test for the
detection of acetoin produced by fermentation of glucose by bacteria utilizing the butylene glycol
pathway, test for the production of the gelatinase which liquefies gelatin (GEL), fermentation of
glucose (GLU), fermentation of mannose (MAN), fermentation of inositol (INO), fermentation of
sorbitol (SOR), fermentation of rhamnose (RHA), fermentation of sucrose (SAC), fermentation of
melibiose (MEL), fermentation of amygdalin (AMY), and the fermentation of arabinose (ARA).
Other isolates were identified based on morphological, biochemical and cultural characteristics
(Holt et al. 1994, Cappuccino and Sherman 1996, Brooks et al. 2007).

To validate the identity of the bacteria obtained by morphological and biochemical tests, one
isolate (DPB1) was subjected to molecular identification based on 16S rRNA gene sequencing.
The genomic DNA was isolated as described previously (Kabir and Tasmim 2019). For
amplification of 16S rRNA gene sequence universal primer pairs 27F (5-GAGTTGATCC
TGGCTCA-3") and 1492R (5"-GAAAGGAGGTGATCCAGC-3") were used. Amplification was
carried out in an automatic thermocycler (Astec, Japan). Initial denaturation was done at 95°C for
four minutes followed by 30 thermal cycling consisting of denaturation at 95°C for 30 s,
annealing at 49°C for 30 s, and extension at 72°C for one min and 30 s. A final extension at 72 °C
for five min was done. The PCR product was loaded onto 0.8% agarose gel containing ethidium
bromide solution and DNA ladder (Promega, USA) was used as a DNA size marker.
Electrophoresis was done at constant voltage of 100 V for 1.5 hr in a horizontal electrophoresis
system and then visualized under a UV-transilluminator. The PCR product was excised from the
gel and purified with the Wizard PCR SV gel and PCR clean-up system (Promega, USA).

The sequences of PCR product were determined in both directions with an ABI 3700 Genetic
Analyzer (1% Base Laboratory, Malaysia). The sequence was retrieved, edited and was compared
pair-wise with NCBI non-redundant nucleotide database using BLAST homology search and the
highest hits were used to identify the isolates (Altschul et al. 1990). The retrieved DNA sequences
were aligned with ClustalW (Thompson et al. 1994) and phylogenetic tree was constructed by
using MEGAY7 software (Kumar et al. 2016).

The antibacterial activity of several generally available substances (viz., mustard oil, sorbitol,
white vinegar, glycerol and olive oil) was evaluated against the isolated bacteria following agar
well diffusion assay (Bauer et al. 1966). At first, 100 pl culture of bacterial isolate was spread
onto the Mueller Hinton Agar (MHA) medium and wells (8 mm) were made by using a sterile
cork borer in each culture plate. Then 50 pl of mustard oil, sorbitol, vinegar, glycerol and olive
were placed into the wells sequentially. The plates were then incubated at 37°C for 24 hrs. Then
the diameter of the inhibition zone was measured at nearest millimeter (CLSI 2006). Experiments
were repeated three times.

To eliminate the bacterial contaminants from date palm fruits, samples were separately
submerged in tubes containing either vinegar (Entani et al. 1998) or normal saline (control),
homogenized and left for an hour. Then an aliquot from each of the tubes were streaked onto a NA
plate side by side keeping a reasonable distance between them. After incubating at 37°C for 48
hrs, the plate was checked for bacterial growth.
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Results and Discussion

In the present study, only the cultivars which are available in intact packet and have proper
label mentioning the cultivar name and country were considered (Table 1). The microbiological
quality of four different cultivar of date palm fruits was evaluated. Furthermore, some of the
bacterial isolates were identified based on morphological, cultural and biochemical characteristics.
One of the bacterial isolate’s identity was confirmed by its 16S rRNA gene (rDNA) sequence
comparison. Additionally, a process of decontamination of date palm fruits by using low-cost
easily available substances was tested.

Among the studied samples, APC was found to vary from 6.85 x10° cfu/g to 4.14x10’ cfu/g.
The maximum bacterial load was observed in 'Dabbas' cultivar and lowest bacterial load was
found in 'Lulu’ cultivar. The presence of yeast and mold was also observed in all the samples. The
YMC ranged from 1.08x10° cfu/g to 6.94 x10* cfu/g. The maximum yeast and mold were
observed in 'Deglet Noor' cultivar whereas this count was lowest in 'Lulu’ cultivar (Table 2). These
counts in all the studied fruit samples were higher than the acceptable limit prescribed in Saudi
standards (SASO 1998). Presence of high level of contamination in fruits of several date palm
cultivars was also reported in Saudi Arabia (Aleid et al. 2014).

Table 2. Microbial load of the studied samples.

Cultivar APC (cfulg)* YMC (cfu/g)*
Deglet Noor 1.42 +0.30x10° 6.94 + 1.2x10*
Dabbas 4.14 +0.20x10’ 1.6 + 0.50x10°
Barni 4.08 + 1.44x10’ 6.2 + 1.14x10°
Lulu 6.85 + 0.47x10° 1.08 + 0.46x10°

*The data represent average of 3 replications. APC: Aerabic plate count, YMC: Yeast and mold count.

The 22 bacterial colonies randomly selected for morphological and biochemical study varied
in their margin, form, surface appearance, color, opacity, size and elevation. Out of the 22 isolates,
11 (50%) were Gram-positive, 11 (50%) were Gram- negative. The biochemical test results of the
Gram-negative isolates are shown in Table 3. Among the 22 isolates, four (18.18%) were
identified as Providencia rettgeri, one (4.55%) was Providencia alcalificiens, two (9.09%) were
Proteus mirabilis, two (9.09%) were Pseudomonas aeruginosa, and two (9.09%) were
Stenotrophomonas maltophilia. Besides these, two (9.09%) Micrococcus sp., two (9.09%)
Streptococcus faecalis, two (9.09%) Staphylococccus sp., one (4.55%) Bacillus mascerans and
one (4.55%) B. pumulis were also identified.

Based on the biochemical tests, the isolate DPB1 was identified as P. rettgeri. To confirm the
identity of this isolate, 16S rRNA gene sequencing was performed. The 16S rRNA gene is a part
of prokaryotic DNA which codes for an rRNA. This gene sequence plays an important role in
accurate identification bacterial isolates (Woo et al. 2008). To confirm the identity of a bacterial
isolate identified by morphological and biochemical tests, 16S rRNA gene was amplified by PCR.
As expected, a single amplicon of about 1.5 kb was obtained. The obtained partial DNA sequence
of the isolate was edited and compared to the DNA sequences available in the GenBank of NCBI.
The BLAST search revealed that the 16S rRNA gene sequence of P. rettgeri DPB1 (GenBank
accession No. MT778833) is more than 99% identical to the published 16S rRNA gene sequence
of P. rettgeri BML 2496 (GenBank accession No. AP023371). Furthermore, the 16S rRNA gene
sequences of some representative strains of Providencia were retrieved from the GenBank
database of NCBI for molecular phylogenetic analysis. The phylogenetic tree was constructed by
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using maximum likelihood method based on the model of Tamura and Nei (1993). The tree was
tested for 1000 bootstrap replicates. The percentage of trees in which the associated taxa clustered
together is shown next to the branches (Fig. 1).

A Providencia rettgeri DPB1 (MT778830.1)

74 Providencia rettgeri BML2496(AP022371.1)

Providencia sneebia UFV 160(MN545974.1)
& Providenciavermicola BMB-1(MN689842.1)
Providencia burhodogranariea ATCC:BAA-1590(HM038004.1)

Providencia heimbachae FH5-02(MK396596.1)

Providencia rustigianii LTC2 (KC210852.1)

Providencia alcalifaciens P3(MH161805.1)

Providencia stuartii HSC-50518 (MK640708.1)

Salmonella typhi TS(EU118115.1)

0.02

Fig. 1. Molecular Phylogenetic analysis by maximum likelihood method. Phylogenetic tree based on 16S
rRNA gene sequence showing the position of the strain DPB1 (A ) within Providencia. Bootstrap values
on each nodes are percentage based on 1000 replicates. S. typhi was used as out group. GenBank
accession numbers are shown in parenthesis.

Some of these bacterial species isolated from imported date palm fruits were not reported
from local fruits (mango, orange, guava etc.) growing in Bangladesh (Islam et al. 2010, Sarker
et al. 2018). Among the bacterial isolates, P. rettgeri was most prominent (18.18%). It is
noteworthy to mention here that this bacterium is responsible for traveler's diarrhea and catheter-
associated urinary tract infection (Wie 2015). Another bacterium isolated from date palm fruit was
identified as P. alcalificiens which has been implicated as a causative agent of diarrhea (Yoh et al.
2005, Yuan et al. 2020). Several studies reported that P. alcalificiens most frequently affects
children, including travelers from developing countries. Furthermore, two large outbreaks of food
borne infection caused by P. alcalificiens have been reported in Japan, Czech Republic and Kenya
(Shah et al. 2015). Pseudomonas aeruginosa, an infamous opportunistic human pathogen
affecting immuno-compromised patients, was also identified in the studied sample. The presence
of the opportunistic pathogen Stenotrophomonas maltophilia, Proteus mirabilis, Bacillus pumulis
and Staphylococcus sp. in date palm fruit samples is an indication of serious lack of hygienic
practices during harvesting, post-harvest storage and packaging of the fruits.

The study revealed that the imported date palm fruits evaluated in this study contain
pathogenic bacteria and are not suitable for direct human consumption. To improve the
microbiological quality of the date palm fruits, several easily available substances (glycerol,
mustard oil, olive oil, sorbitol and vinegar) were used to examine their antibacterial effect on the
isolated bacteria. Although, glycerol, mustard oil, olive oil and sorbitol did not produce any zone
of inhibition, vinegar was found highly active against all the bacterial isolates tested (DPB1-
DPB22) in this study. The zone of inhibition produced by vinegar ranged from 20.67 £+ 0.94 to 32
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+ 1.41 mm (Table 4). This data clearly indicates that vinegar may be useful in controlling the
bacteria associated with date palm fruits.

Table 4. Antibacterial effect of different substances against the isolated bacteria.

Isolates No. Zone of inhibition (mm) produced against bacterial isolates
Olive oil Mustard oil Sorbitol Vinegar Glycerol

DPB1 - - - 30+ 1.63 -
DPB2 - - - 22.67 +2.05 -
DPB3 - - - 24+2.94 -
DPB4 - - - 21.67 £1.25 -
DPB5 - - - 32+141 -
DPB6 - - - 25.67 +3.29 -
DPB7 - - - 23.67 £1.25 -
DPB8 - - - 24+0.82 -
DPB9 - - - 21.67 £1.25 -
DPB10 - - - 26.33+3.29 -
DPB11 - - - 25+2.16 -
DPB12 - - - 27.33+3.29 -
DPB13 - - - 26.33+1.25 -
DPB14 - - - 29+1.41 -
DPB15 - - - 20.67 £0.94 -
DPB16 - - - 24.67 +3.39 -
DPB17 - - - 23.33+2.36 -
DPB18 - - - 21.33+2.87 -
DPB19 - - - 30+1.63 -
DPB20 - - - 30+ 245 -
DPB21 - - - 26 £ 1.41 -
DPB22 - - - 28.33+2.36 -

*" " indicates no zone of inhibition. Data represent the average of three independent experiments.

The above-mentioned data were used to develop a method to decontaminate date palm fruits
by using vinegar. For this purpose, date palm fruit samples were submerged in vinegar and in
normal saline (as a control) for an hour. Streaking the vinegar-treated sample onto the nutrient
agar did not produce any bacterial colony after 48 hrs of incubation. However, sterile saline-
treated sample produced bacterial colony onto nutrient agar. These findings indicate that dipping
the date palm fruits in vinegar (containing 6% acetic acid) can be used as an easy and low-cost
process to decontaminate date palm fruits. Further experiments with other fruits would be helpful
for large scale application of this process.
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