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ABSTRACT

Microbiological quality control of 13 pollen samgl@urchased from local markets and 2 other samplegided by
apiarists was investigated. TAMC ranged from 3.06#48 Log CFU/g. TMYC was between 2.3 and 6.99 Log
CFU/g. Staphylococcus aureus was recovered withh ldgnsity in 14 samples (up to 8.32 Log CFU/g) and
Enterobactericeae count ranges from 4.18 to 8.04g§ CFU/g. Moreover, Salmonella spp. and Listerip.spere
detected in seven and ten pollen samples resphctiRetent toxinogenic molds isolated from pollarcts as
Aspergillus flavus, A. niger, A. alliaceus, Penigih sp., Alternaria alternata, Alternaria sp., Mt sitophilia,
Rhisomucor pusillus and Mucor hiemalis were chagdzed by conventional methods. In addition, aredygollen
samples contain pathogenic members of Enterobactesie (Salmonella sp. Shigella sp., Proteus misgbil
Citrobacter diversus, Klebsiella sp., Escherichi@i,cProvidencia sp. and Enterobacter cloacae) asealed by
biochemical identification tests. Interestingly,isthtype of marketed pollen has poor microbiologieaspect,
unacceptable, and a hazardous food material.
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INTRODUCTION

For centuries, plant products have been used Yariaty of functions. Trading of plants and planbqucts used for
medicinal purposes were expanded in various sesigti 2]. This situation probably stimulated by the facitth
people believe that the consumption of natural petslis healthier and safe than conventional meeiohks a plant
product, pollen collected either by man or by hohegs, is used for nutritional and medicinal pugso8ecause of
its richness by proteins, amino-acids, carbohydratgnerals, as well as vitamins, it was used digetry and a
fortifying food. During the last few years, numesopollen formulas are developed and marketed wadielw
Furthermore, researches that revealed the promidoiggical activities (therapeutic effects) of fgol extracts in
recent years enhanced greatly the importance ¢érpabnsumption in the society. In Algeria, as vadlin other
countries, pollen is used by people for varioussoea, principally, as a weight raising food, gehdmalth
wellbeing, as a fortifying agent and prostate hgneghy treatment. In practice, apiarists colledigrousing pollen
traps. These later are non sterile and may comaiious and different microbial populations origith during
either manufacturing, transport, storage or hagdlin addition, from flowers to beehives, polleneisposed to
microbial contamination by dust, air, insects, asnand man. Most bee combs in Algeria, are noafay from
industrial zones and metropolitan activities. THeme, during their foraging, bees collect other nmaanufactured
products, such as patisseries, sweet cakes; whighb@a contaminated by human or animal wastes. FEnoother
aspect, apiarists give, usually, for their beespdanade syrup basically prepared from sugar, nnitkvaater. These
latter ingredients are sources for microbial contertion and suitable growth medium for bacteria anwi. Bee-
Pollen, after collection, will be dried, purifiedacked, stored and marketed to the consumers withoeffective
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hygienic and sanitary control. During each stephaf important manufacturing chain, pollen contistie load and
kept the original microbial flora as the first stajying (40 °C max), is insufficient to removingdior reducing
microbial populations. Pollen is a suitable carf@r Gram positive and Gram negative bacteria, ifamgl yeasts.
Fungi and some bacterial species are spore fornfdss, growth and aflatoxin production, carcinogesecondary
mycotoxins, have been reported by Pitta and Mark&ki In addirion, our preliminary studj4, 5] on pollen
microbial flora revealed the existence of elevatedhbers of molds, coliform&taphylococcus aurewss well as
aerobic and anaerobic microorganidiéls Some of these bacteria liBacillus cereusandClostridium perfringens
are recognized as potential pathogenic organismdshawe been incriminated in food poisoniffy 8]. Pollen
formation (flowering) and harvesting occur duringurmth and humid seasons. Such environmental d¢onslit
favour microbial contamination and proliferatiomllen can be classed as important vehicle for warimicro-
organisms implicating possible health problems donsumers and shelf life problems. Foodborne désease
perhaps the most wide-spread health problem inctmemporary world and an important cause of redluce
economic productivitf9]. In most of the cases of foodborne illness, thiagmenic €ect occurs in the alimentary
tract giving rise to symptoms of diarrhoea and wogi Since it is a natural product, all pollen stituent can be
degraded by bacteria and fungi. Unscientific meshad harvesting, inappropriate drying and purificat
unsuitable packing, storage and transportatiordeqaate hygiene of producers and congenital claratnditions
render the raw material prone to infestations axmbsed it to many microbial contaminants. Raw plaaterials
are most often degraded by microorganisms befaneebting, during handling and after prolonged siefa0, 11}
The presence of sufficient numbers of microorgasistan be harmful to consumers. As a result of funga
contamination, the risk of mycotoxin productionpesially aflatoxins, should be taken into consitierain the
manufacturing process because of the proven mut@gearcinogenic, teratogenic, neurotoxic, nephiiato
immunosuppressive activitigs2, 13, 14, 15]From a legal point of view, only limited counsigorldwide have a
legislation code for pollen manufacturifig6]. Thus, mush more studies for understanding theomial load and
critical quality control levels for pollen and pefi products are necessary. In this study, 15 sangjlenarketed
pollen were analysed for their microbial contesblates of microbial contamination indicators wsuobjected for
identification and antibiotic susceptibility tegiin

MATERIALS AND METHODS

Sampling

A total of 15 samples of pollen were collected frlmmal public markets. 13 samples were packedasgbr plastic
containers without vacuum and 2 hand-collected roslaenples were freshly obtained from bee-keepelistha
samples (150 g each) were transported to the laygrand stored at 4°C, until testing. They weralgsed within
24 h of sampling. Prior to analysis, 25 g of eagimgle was homogenized for 10 min with 225 ml o0 .4terile
peptone water (I dilution). Serial dilutions were performed as riegd. The pH of the food samples was
measured using a digital pH meter (Hanna 8417%)ltala 1:10 (w/v) mixture of the homogenate irritedistilled
water. Moisture of each sample was measured afg@rgithree subsamples (1 g each) at 95°C untibtitention of
constant weight.

Total aerobic plat counts
The pollen samples of which dilution has been preghawvere plated on plate count agar (PCA). Plateeew
incubated at 30°C for 72 hours aerobically.

Enumeration and identification of molds
From each dilution in peptone water, 0.1 mL wasagronto potatoes Dextrose Agar (PDA). The platesew
incubated at 25°C for 5 days. Each distinct moutdorcy was observed microscopically for morphologica
characterization and identificati¢b4, 15]

Enumeration of Enterobacteriaceae

Enterobacteriavere counted by transferring a 100 aliquot of the appropriate dilution into Petrafgs and poured
with Mac Conkey agar and Brilliant Green Lactosé Riroth (BGLB). Plates were incubated at 35°C typical
colonies were counted after 24 h of incubation sutagjected for biochemical identification.

I solation of Salmonella spp.

Salmonellaspp was detected in 4 steps. Pre-enrichment (25 glérpin 225 mL in buffered peptone water) at
37°C for 16-20 h, was followed by enrichment in Baport-Vassiliadis (RV) broth incubated at 42°C2drh. The
isolation was done on xylose lysine desoxychol&te)) agar at 37°C for 24 h. The colonies on the Xagar plate
were transferred to a triple sugar iron agar sfaftl, Becton, Dickinson and Company) and incubated5°C for
24 h. The colonies on the TSI agar slant were ahdseidentification based on morphological anddbiemical
tests.
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I solation and identification of Staphylococcus aureus

Enrichment of the bacteria was done by adding samd1g) of the sample into peptone water and iatadfor 18
h at 37°C. Isolation of th&taphylococcus aureusas achieved by streaking the pre-enriched culftom the
peptone water on to a selective differential adatepof Baird-Parker Agar (BPA) which was freshlsepared
following manufacturer’s instructions. The platesre then incubated at 37°C for 24 h under aerobintlitions.
Suspected colonies of bei®g aureuqcircular, smooth, convex, moist, and gray tobletek, frequently associated
with an outer clear zone) were subjected to bioétantests.

Detection of Listeria spp.
Twenty-five grams of pollen was homogenized in 225 of Listeria-Enrichment Broth (LEB) for 48 h a7 XC.

Loopful of culture was streaked on to Listeria-88le Agar (LSA). Characteristic positive colonigsre picked up
and subcultured in Brain Heart Infusion Broth (Bldt)37°C for 24 h and conserved in the same brotiiaming
glycerol (15%, v/v) at 5°C for further biochemiaainfirmation.

RESULTS

Moisture and pH

Fifteenth pollen samples purchased from local Abgermarkets were subjected for microbiological gsial
Moisture and acidity (pH) of the samples were atsasured (Table 1), pH values varied from 4.55n{fidila
sample) to 6.29 (from Egypt sample and Biskra sejni@8tatistical analyses indicate that there wasigoificant
difference between pH values of analysed pollenptesnf > 0.05). In addition, moisture content of pollengad
from 18.11% to 36.29% (samples from Egypt and Guomste respectively). Raw pollen obtained from Bas&nd
Constantine has the highest moisture content (3208636.29% respectively, Table 1). A two-way ANOW&ESt
revealed that there was a significant differerfee& (0.05) between relative humidity of pollen sansgRS-Algl/PS-
Egy, PS-Alg2/PS-Cons, PS- Chil/PS-Egy, PS-Alg3/P8sCPS-Alg4/PS-Cons, PS-BIi/PS-Cons, PS-Msi/PSsCon
PS-Bis/PS-Egy, PS-BBA/PS-Cons, PS-Syr/PS-Egy, aBdE®/PS-Chi2. Furthermore, extremely significant
difference between moisture of pollen from Egypd &onstantineR < 0.001) was observed.

Table 1: Moisture, pH and microbial count for 15 pdlen samples. Results are expressed as Log CFU/gagdt pollen and presence (+) or
absence (-) forSalmonella and Listeria

Pollen samples TAMC TMYCP® Staphylococcus Enterobacteria Salmonella Listeria pH Moisture
aureus spp. spp. (%)
PS-Algl 3.30 2.770 2477 7.18 + + 4.7 28.4%
PS-Alg2 3.30 2.690 2.903 ND - - 5.11 25.79
PS-Chil 3.60 3.450 ND ND - + 6.03 27.92
PS-Sét 3.95 3.230 3.301 8.016 + 5.86 26.85
PS-Alg3 3.85 2.300 2.903 5.38 + + 4.97 25.43
PS-Alg4 3.60 2.300 2.903 6.96 + - 5.38 25.48
PS-Bli 5.48 2.850 2.602 5.72 + + 5.18 26.58
PS-Mil 4.56 4.090 3.204 ND - + 4.59 27.57
PS-Msi 3.70 2.480 2.301 ND - + 5.3( 25.14
PS-Bis 5.49 6.920 7.890 4.18 + + 6.30 30.36
PS-BBA 3.30 3.080 2477 ND - + 5.19 26.19
PS-Syr 3.57 3.000 2477 4.32 - - 5.51 28.34
PS-Egy ND¢ 6.990 8.320 7.67 + + 6.29 18.11
PS-Chi2 ND 4.480 2.778 4.20 - - 6.14 27.9¢
PS-Cons ND 4.210 6.420 6.41 - + 5.3 36.29
Safety criteria <47 Log
(Camposetal. |<5Log CFU/g CI':U/ Absent/1 g <2 Log CFU/g Absent/10 / / /
2008) 9

3 TAMC. Total aerobic mesophylic couhffMYC. Total molds and yeasts codr{D. not detected; +. presence; -. absence.
PS: pollen sample, PS-Algl: Algiersl, PS-Alg2gidiis2, PS-Alg3 : Algiers3, PS-Alg4 :
Algiers4, PS-Chil : Chinal, PS-Chi2 : China2, $&-: Sétif, PS-Bli: Blida, PS-Mil: Mila, PS-Msi:'#ila, PS-Bis:
Biskra, PS-BBA: Bordj Bou-Arreridj, PS-Syr: SyiS-Egy: Egypt, PS-Cons: Constantine.

Total Microbial Load

Total microbial count indicates that all pollen gdes with the exception of pollen from Egypt, seteample from
China and sample from Constantine (CFU=0), have desnore microbial load (Log CFU/g = 3.00 for pallfrom
Syria to Log CFU/g = 5.48 for pollen from Blida, Ala 1). Furthermore, height fungal loads was oleffor the
pollen sample from Biskra and from Egypt sample gUdFC/g = 6.92 and 6.99 respectively, Table 1), an
intermediate fungal content (Log UFC/g=2.3 to 4.#8)the other samples. Statistical analysis (TvaywNOVA
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test) indicates that there were no significantedéhces between values total microbial count akasdlingal count

for all pollen samplesR(> 0.05).

Table 2: Fungal species isolated from pollen same

Samples

Molds

PS-
Algl

PS-
Alg2

PS-
Chil

PS- | PS- PS- | PS-| PS-| PS-| PS-| PS- | PS-| PS-| PS- PS-
Sét | Alg3 | Alg4 Bli Mil Msi | Bis | BBA | Syr | Egy | Chi2 | Cons

Aspergillus flavus

+ + +

A. niger

+

A. alliaceus

+

Penicilliumsp. 01

Penicilliumsp. 02

Penicilliumsp. 03

+

Penicilliumsp. 04

+

Penicilliumsp. 05

Penicilliumsp. 06

Alternaria alternata

Alternariasp. 01

Alternariasp. 02

+|+|+]+
+|+
+

Monila sitophilia

Cladosporium werneckii

+
+

Drechslera tritici-repentis

+

Verticillium albo-atrum

Rhisomucor pusillus

+

Mucor hiemalis

Sepedonium chrysospermur

Phialophora verrucosa

Monascus ruber

Geotrichum candidum

Pathogen Content

Considering nowStaphylococcus aureuthe absence of these bacteria only in one paénple imported from
China. The bacterial density of the other sampéeged from 2.30 to 8.32 Log CFU/g. The highest feaspollen
imported from Egypt (8.32 Log CFU/q) followed by8%3.Log CFU/g for pollen from Biskra (Table 1). Taeerage
of Staphylococcus aureugensity for the other samples ranged from 2 toog CFU/g (Table 1). A significant
statistical differenceR < 0.05) exists between Log CFU of one sample itggbfrom China and pollen sample
from Biskra. However, a very significant differen@®< 0.01) was also observed between values the shina’s
pollen sample and that for the sample imported fiegypt. No statistical difference was observedvalues of
enterobacteria counP(> 0.05).

The average of enterobacteria count ranged fro® #.18.016 Log CFU/g for ten samples. In oppositajnts of
enterobacteria for the other five samples were thegdt seems that samples from Sétif, Egypt, Gamtine, Blida
and Algiers were very contaminated (5.38 to 8.0 ICFU/g). As another indicator of fecal contamimmat
Salmonellawas recovered from seven samples (Table 1). Edvaacterial density was observed. Only one sample
of imported pollen (from Egypt) contai@almonellaspp., the other analyzed samples which contaisethbacteria
were locally produced. Alsd,steria was detected in 10 samples, from which 2 were iepo one from China and
another from Egypt (Table 1).

Microbial identification
Twenty-two fungal isolates were assigned to spetggel based on morphological characteristics. Theye
characterized to 16 different speciésgergillus flavus, A. niger, A. alliaceus, Pediaih sp, Alternaria alternate,
Alternaria sp, Monila sitophilia, Cladosporium werneckii, Dreddis tritici-repentis, Verticillium albo-atrum,
Rhisomucor pusillus, Mucor hiemalis, Sepedoniunystspermum, Phialophora verrucosa, Monascus et
Geotrichum candiduin(Table 2). Furthermore, From Mac Conkey agarspla¢veral and morphological different
colonies derived from the culture of each pollemgle were subjected for biochemical characterimatitable 3
shows results of the identified isolates belondgmgnterobacteria.
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Table.3: Bacterial isolats belonging to enterobacte recovered from pollen samples

Number
of Pathogen identity Pollen samples in which pathogemas recovered
isolats
12 Salmonellasp. PS-Algl, PS-Bli, PS-Alg3, PS-Alg4, PS-Sét
25 Shigellasp. PS-Algl, PS-Bli, PS-Alg3, PS-Alg4, PS-Sét, R PS-Mil, PS-Msi, PS-BBA, PS-Syr, PS-Chi2, P$tCh
- PS-Algl, PS-Bli, PS-Alg3, PS-Alg4, PS-Sét, PS-C&&:Mil, PS-Msi, PS-BBA, PS-Syr, PS-Chi2, PS-
30 Proteus mirabilis Chi1, PS-Alg2
o8 Citrobacter diversus PS-Algl, PS-Bli, PS-Alg3, PS-Alg4, PS—SC?;,ilP'SD—é:_irEEMiI, PS-Msi, PS-BBA, PS-Syr, PS-Chi2, PS-
. PS-Algl, PS-Bli, PS-Alg3, PS-Alg4, PS-Sét, PS-C&&:Mil, PS-Msi, PS-BBA, PS-Syr, PS-Chi2, PS-
14 Klebsiellasp. Chi1, PS-Alg2
26 Escherichia coli PS-Algl, PS-Bli, PS-Alg3, PS-Alg4, PS-Sé:ﬁ,ilP'SD-g_i?géMn, PS-Msi, PS-BBA, PS-Syr, PS-Chi2, PS
19 Providenciasp. PS-Algl, PS-Bli, PS-Alg3, PS-Alg4, PS-Sét, PS-CoRS-Chi2, PS-Mil, PS-Msi
29 Enterobacter PS-Algl, PS-Bli, PS-Alg3, PS-Alg4, PS-Sét, PS-C&&:Mil, PS-Msi, PS-BBA, PS-Syr, PS-Chi2, PS-
cloacae Chil, PS-Alg2
DISCUSSION

Plant products have been identified and confirmea gignificant source of pathogens and chemicatacoinants
that pose a potential threat to human health wadewThere has been a growing interest in developing and
applying microbiological criteria to the sanitamyntrol of beehive products especially pollen. Itealich standards
should be based on bacterial counts associateddigéiase. Instead, a standard related to sanitatamtices might
specify the permissible number of microorganismariracceptable food product derived from CFU coahtained

in a large-scale study on representative pollerptssnUsefulness of these study data is limitedesthe study was
designed to survey microbial counts in only fewampleg17].

In the present study, 15 pollen samples were aedlyBheir acidity, moisture, microbial load andhzaien content
were determined. Enormous total aerobic mesopleglimt (TAMC) was recorded for 12 samples (>3 LodJG&J}.

In three samples total aerobic mesophylic microoigras was nil even their pH values were near niytrand
they have low moisture. It seems that microorganisnthese samples were in dormant stat and neadsi period
than that of incubation time for adaptation to lddgoratory chemical and physical growth conditiofigtthermore,
total molds and yeast count (TMYC) was also impuirtadll pollen samples have remarkable fungal dgnsi
Comparing our results with that recommended by Gaepal. [16] (TAMC not exceed than 5 LdgFU/g and a
TMYC less than 4.7 Log CFU/g), three pollen samp(E$-Bli, PS-Bis, and PS-Egy) were out of safety
recommendations. In addition, according to the sasaéety criteria (Absent ofStaphylococcus g and
enterobacteria should be less than 2 Log CFU/gpallen samples (except that imported from ChiR&;Chil)
were of pour microbiological quality. Ten samplemni@in more than 2 Log CFU of enterobacteria/g, &ad
samples contain more than 8 Log CFU of staphyldcpec gram of pollen. More importantly, the detentiof
Salmonellain seven pollen samples is a direct evidence ff@cal contamination, and renders the food material
potentially product and indicates poor food hargllimactices.

In fact, the test folEnterobacteriaceadnas replaced the tests for coliforms that tradélty have been used as
indicators of hygiene and contamination after pssggg. The major problems with the coliform teste the
variability in definition of the term coliforms (#y are defined usually by the method used for ttiefection) and
the fact that only lactose fermenting organismsdatected. In comparison the famiipnterobacteriaceaés well
defined taxonomically and methods for their enutienaare based on common properties. Furthermdre, t
methods also detect important non-lactose fermgriiganisms such aalmonellag18]. Also, Listeria spp. other
than L. monocytogenesre rarely implicated in illness. They are indicat for the likely presence of.
monocytogenes:urthermorethis pathogen is widely distributed in the envir@mhand is able to multiply slowly
at 4°C. The shelf life of foods varies enormouslgd the presence af monocytogeneat any level may be of
significance due to its potential for growth durigprage. The use of an enrichment procedure, ditied to
enumeration, should therefore be considered toreribat the organism is absent from the product.

From another point of view, the slightly acidic aspof the analyzed pollen samples favors the dgveént of
fungi and mycotoxin productiomAspergillus, Penicillium, Alternaria, Mucoand others were recovered from
pollen. They are involved in various diseases saghallergic illness, mycotoxicosis, and aflatoxisd49]. In
addition, the recovery of potent pathogenic baatbglonging to the familfEnterobacteriaceaé another proof of
unsatisfactory and unacceptable pollen set for Imucggsumption in local markets. A greatly intensshould be
taken developing legislation considering pollen antlen extracts as well as standards for microdpigllity control
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of this type of products. More importantly, expaddsudies about pollen processing and preservatiacreduce
microbial load pathogen elimination are necessary.
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