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Clostridium perfringens Induced
Autism Disorders Counter Act by
Using Natural Bee Pollen in vitro
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Abstract

Background: Autism is usually accompanied by many symptoms such as
abdominal pain, constipation/diarrhea, due to deregulation of physiological
microflora. Recently, regression of the autistic symptoms after oral administration
of antibiotic such as vancomycin was detected, that leads to the disappearance of
the symptoms and eliminate toxins produced by bacteria such as Clostridium spp.

Methods: In the present study we are identified the chemical compositions of
non-polar fractions (PGp and PGc) from natural bee pollen by using GC/MS against
AD induced by Clostridium perfringens in vitro.

Results: 23 and 14 chemical components representing 84.07% and 92.92% for
PGp and PGc respectively by GC/MS. Total phenolic and proanthocyanidine
contents were determined in both PGc and PGe fractions by Folin -Ciocalteau
and vanillin-sulfuric acid assays respectively and expressed in term of quercetin
equivalent (y=1.6463x + 132.6, R?=0.9972) as mg QUE/g fraction or gallic acid
equivalent (y=0.0019x + 0.137, R*=0.9988) as mg GAE/g fraction and as (+) -
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catechin equivalent (% CT w/w) in bee pollen (y=0.0013x + 0.3998, R?=0.9997).

Conclusion: The results of the present study revealed the capacity of natural
bee pollen to enhance the recovery from AD induced by C. perfringens in vitro.
This is due to the diversity of different chain of fatty acids as well as phenolic/

proanthocyanidin compounds that found in bee pollen fractions.
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Introduction

Autism disorders (AD) are developmental disorders which
characterized by social defects and communication impairments
with a dissemination of 1 per 50 children in the US. The
incidence of AD in 2010 was 1.47% in the US (DDMNS, 2014)
which was apparently increasing with time, evoking global
concern about the causes of autism [1-3]. The studies have a
lot of hypotheses concerning various environmental factors as
well as genes involving for its higher prevalence and concerned
neuropathology, respectively [4-6]. Although there has been
promotion in determining a genetic cause in AD, recent studies
of twins suggest there is a stronger environmental component
than previously believed [7,8].

The corner stone in autism is based on the increasing incidences of
AD and on the gastrointestinal disorders (GID) in children. 90% of
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children with AD complained from GID such as gastroesophageal
reflux, constipation, diarrhea, vomiting and nutrition issues [9-
11]. A direct relation between the severity of autism and GID
has been identified [12,13]. Knowing of the Gl pathophysiology
in AD perhaps helps for the early determination of AD-related
Gl pathology also for guiding the treatment of GI symptoms and
might be AD. There is strong considerable evidence that GID
are linked to intestinal dysbiosis (a state of imbalance in the gut
microbial). Gut microbes play a significant role in modulating
metabolism and development of the immune system in human.
The biochemical pathways of gut-brain intervention give a
basis for the effect of normal microbes in gut on development,
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neurochemistry and brain function [14-18]. Changes in the gut
microbe composition are associated with variations in nervous
system and behavior normal functions [19,20]. For the last
several years an escalating number of studies show the changes
of gut microbes in children with AD.

Involvement of the microbial in the pathogenesis of autism
was obvious in 1998 that Clostridium tetani neurotoxin ascends
along the vagus nerve from the Gl tract to the CNS trigger
autism symptoms [21]. Afterward, the potential effect of
vancomycin on the Gl symptoms in autistic children convinced
the involvement of gut bacteria [22]. Approving of dysbiosis in
autistic children and health improvement after probiotics use
only support the evidence that the composition of gut microbes
is strongly associated with changes that happened in normal
functioning of the nervous system and behavioral in AD [23,24].
Numerous bacterial species have been established to be involved
in children with autism specially if they had higher population
of Desulfovibrio spp. than the control children [21,23,25].
The incidence of bacteria was also higher in autistic children
compared to neurotypical children. e.g., they had more Clostridia
species [26-28].

One of the most important theories of AD contains the
etiopathogenetic role of certain bacteria such as Clostridia,
Desulfovibrio and Bifidobacterium [29]. Special concerns were
paid to the bacteria manifested as being involved in descript of
AD (Lactobacillus, Bifidobacterium, Clostridia, and Desulfovibrio).
Many anaerobic bacteria are pathogenic to humans and their
virulence (secreted toxins) is mainly produced by different
Clostridium species [30]. These are not invasive bacteria,
but their toxins may exert harmful effects at a distance from
microbes. Bolte reported that a subgroup of children diagnosed
with AD might be suffering from Clostridium tetani colonization
of the GIT and that the neurological symptoms were manifested
as result of in vivo induction of tetanus neurotoxin. Parracho et
al. showed that the fecal flora of AD patients was enriched with
Clostridium histolyticum (Clostridium clusters | and Il) than that of
healthy children; these groups are considered as toxin-producers.
Furthermore, higher concentrations of 3-(3-hydroxyphenyl)-
3hydroxypropionic acid (a compound produced by Clostridium
sp.) have been noticed in the urine of autistic children. The
authors have suggested that this might be a probable metabolite
of a tyrosine analog which able to deplete brain catecholamines
and causing typical autism related disorders [31].

Furthermore, acute and sub-acute orally administered propionic
acid (PA) showed manipulates in biochemical parameters.
The change in neurotransmitters, cytokines and pro-apoptotic
markers noticed might be due to oxidative stress caused by PA.
Bee pollen, due to the biological properties of its constituents, has
been identified to exhibit potential free radical scavenging and
antioxidant activities [32]. Now-a-days, numerous researchers
are giving attention to gut dysbiosis that includes excessive
proliferation of specific microbes and lack of others, as a potential
cause for several disorders such as autism. Interestingly, it has
been reported that bee pollen can be used safely to ameliorate
neuroinflammation, oxidative stress, poor detoxification, and
abnormal gut microbes as mechanisms involved in the etiology of
AD. By these examples, our goal is to study one of the pathological
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events as well as etiological causes participated in AD. We aimed
to elucidate the chemical constituents of non-polar fractions
(pet. ether and dichloromethane) of bee pollen by using GC/MS
and the importance of these fractions on the inhibition of gut
Clostridium perfringens in vitro which possibly in combination
with other factors leading to developing the disease.

Material and Methods

Bee pollen was purchased from local market Wadi Al-Nabhil
in Riyadh, Saudi Arabia in June 2017 under trade name of bee
pollen, 100% natural bee pollen first elite. It is imported for Wadi
Al-Nahil one of the largest marketing companies in Saudi Arabia
(www.wadialnahil.net).

Solvents

All solvents used were ethanol 95%, petroleum ether 40-60°C,
and dichloromethane, methanol which were distilled prior to
use. Analytical grade solvents were used for extraction processes.

Chemicals

All chemicals were purchased from Sigma (Sigma-Aldrich, St.
Louis, MO, USA). Precoated Si gel plates (Merck, Kieselgel 60
F254, 0.25 mm) were used (TLC). Vanillin-sulfuric acid, and
Folin-Ciocalteu assays; on a Reflotron® Plus Analyzer (Roche
Diagnostics GmbH, Mannheim, Germany). Shinoda’s test, purple
coloration revealed on the presence of flavonoids. To 10%
methanolic solution of the fractions, a few drops of 10% FeCl,
solution were added. A dark-green coloration indicated the
presence of PAC [33]. The PAC content was also detected by the
red color developed after spray with vanillin-HCI reagent [34]. Si
gel TLC plates were developed with EtOAc-MeOH-H,0 (30:5:4).
Spraying a TLC plate with 1% AICI, in methanol yellow spots were
observed and indicated the presence of many flavonoids [35].
The brownish red color observed on the TLC plate, after spraying
with 5% vanillin-HCl, disclosed the presence of PAC.

Extraction procedure

Bee pollen grain (PG) (1250 g) extracted with 95% alcohol at
room temperature for 48h, till exhaustion. The extracts were
combined and filtered. The filtrate was evaporated to dryness
under reduced pressure, using rotary vacuum at 45°C, to yield
a dark yellow gummy extract (383.0 g, yield 30. 64% w/w). From
this total extract was dissolved only 80.0 g in 30% methanol in
distilled water (1.0 L). Hydro-methanolic solution was successively
fractionated with petroleum ether (3 x0.5 L), CH,CI, (3 x 0.5 L),
EtOAc (4 x 0.5 L) and n-butanol saturated with water (4 x 0.5
L). Each fraction was concentrated under reduced pressure to
give solvent-free residues : pollen grain petroleum ether, (PGp
25 g); dichloromethane, (PGc 15.0 g); ethyl acetate, (PGe 10.0
g); and butanol, (PGb 10.0 g), respectively. Remaining aqueous
layer was concentrated to yield aqueous, (PGa 19 g) for further
experiments.

Experimental parameters

GC/MS: The GC-MS analysis was performed in a Perkin Elmer
Clarus 600 gas chromatograph inked to a mass spectrometer
(Turbomass) available at Central Laboratory, College of Pharmacy,
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King Saud University, Riyadh. An aliquot of 1 pL of PGp and PGc
fractions were injected into the GC column Elite - 5MS of 30 m
long, 0.25 um film thickness, 0.25 mm internal diameters

Capillary column using the following
temperature program

Experimental procedure: 1 pL of PGp and PGc fractions were
injected into the system with the split mode (split ratio 1:20).
To perform the analysis Perkin EImer GC-MS coupled with Clarus
600 T mass spectrometer (USA) was used. The system was
composed of an auto-sampler unit, auto injector unit and a gas
chromatograph Clarus 600 coupled with a single quadrupole
mass spectrometer. For the analysis of the obtained data,
TurboMass Solution Software version was used in GC/MS Analysis
The samples were separated on Elite 5 MS (30 m x 0.25 mmi.d.,
0.25 um film thickness) capillary CG column (Perkin Elmer, USA).
Analyses were performed with the helium as a carrier gas at a
constant pressure mode (65.2 kPa). The separation was carried
out in a gradient temperature program. The oven temperature
was maintained at 40°C for 2 min, ramped to 150°C at 5°C/ min
for 2 min and again increased at a rate of 5°C/min to 280°C,
ramped with the grade 5°C /min and held for 2 min. The total
run time was 54 min. The injector, ion source and interface
temperature were set at 280°C, 220°C and 200°C, respectively.
The mass spectra of components were in range of 40-600 m/z
range were recorded by the positive electron impact ionization
mass spectrometer, with ionization voltage of 70 eV.

Identification of components by GC-MS

The components were identified based on GC retention time and
by matching with Wiley 2006 library as well as by comparing the
fragmentation patterns of their mass spectra with those reported
in the literatures by Adams, Mclafferty and Staffer. The identified
components were found to be sterols, FAs, alkanes and alcohols
compounds. A total of 23 and 14 detectable peaks were selected
from PGp and PGc fractions respectively.

Detection of total phenolic contents (TPC)

Instrumentation: The developed spectrofluorimetric approach
was performed using a Spectro fluorophotometer model RF-
5301pc (Shimadzu, Japan) with matched 1 cm quartz cell. A xenon
150 W lamp was used with two automatic monochromators for
excitation and emission. The detection was carried out using R
450-01 photomultiplier.

Preliminary study: Total phenols in bee pollen fractions were
detected by using Folin-Ciocalteu assay according to a method
described by Singleton and Rossi with modifications [36]. PGc
and PGe were sonicated in methanol followed by centrifugation
and each supernatant was separated, evaporated to dryness, and
then dissolved in methanol to reach up a stock solution of 1 mg /
ml. Aliquots (1.0 mL) of the diluted fraction or standard solutions
(gallic acid and quercetin) in methanol were mixed with 2.5 mL
0.2 N Folin—Ciocalteu reagent. After 5 min, the reaction mixture
was neutralized with sodium NaCO, (2 mL, 7.5% w/v) solution.
After incubation (2 h/RT), absorbance “A” of the resulting
blue color was measured. To detect the maximum excitation
and emission wavelengths, 10 pg mL?! samples of standard

© Under License of Creative Commons Attribution 3.0 License
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quercetin/gallic acid were dissolved in methanol and scanned
spectrofluorimetrically. The maximum wavelengths were
recorded at A_=350 and Aem=420. A standard calibration graph
was constructed by plotting the relative fluorescence intensity
versus different quercetin/gallic acid concentrations. The study
displayed a linear calibration graph over a concentration range of
6.25 -250 pg mL* quercetin/gallic acid (Figures 5 and 6).

Analytical detection of quercetin, gallic acid in
natural extracts:

The proposed spectrofluorimetric method was evaluated by
detecting the target analyte in its bee pollen fractions. PGc and
PGe were investigated. The total concentration of quercetin
and gallic acid in each fraction was calculated using the flowing
equation; T=C xV/M. Where, C is the concentration of quercetin/
gallic acid obtained from the calibration graph, V is the volume
of the fraction and M is the weight of the fraction. The recorded
results were 0.032, and 0.012 mg as well as 0.069 and 0.085
mg for the quercetin and gallic acid of PGc and PGe fractions,
respectively. All measurements were performed in triplicate. TPC
were expressed in the term of mg quercetin/gallic acid equivalent
(mg QUE/GAE/g fractions, the results were found in Tables 3 and 4.

Detection of Catechin using Vanillin and sulfuric
acid

Proanthocyanidin (PAC)in PGcand PGefractions were determined
using vanillin-sulfuric acid assay according to a method described
by Sun with little modifications [37]. To 1 ml of (+) - catechin
solutions (18.75, 37.5, 75, 150, or 300 pg/ ml methanol), 1 ml of
each PGcand PGe (test samples in methanol), 2.5 ml of 1% vanillin
solution in methanol and 2.5 ml of 3.6 N H,SO, in methanol were
added in a test tube. After incubation (30°C/20 min), absorbance
of each reaction mixture was measured at 500 nm and calculated
using the equation: A=(As — Ab) — (Ac — A0). As, Ab, Ac and Ao
are absorbance of solutions with the test sample, without the
test sample, without vanillin and with only H,SO,, respectively.
PAC content was calculated from a calibration curve prepared by
using absorbance of catechin dilutions (Figure 7) and the above
equation as mg (+) - catechin equivalent per g of each fraction
(Table 5).

Anti-bacterial activity

Anti-bacterial assay: Tested anaerobic bacteria Clostridium
perfringens ATCC#13124 was cultured on neomycin anaerobic
blood agar in anaerobic jar for 48 hrs. at 37°C. The anaerobic
conditions were provided using anaerobic gas pack (Thermo
Scientific™ Oxoid™ AnaeroGen™) during incubation and
confirmed using anaerobic indicator strips (Thermo Scientific™
Oxoid™).

Anti-bacterial extracts preparation: Samples were dissolved
in Dimethyl sulfoxide (DMSO) in 200 mg /ml DMSO ratio, then
filtered using syringe filters (0.22 um) into sterilized tubes.
Samples were stored at 5°C till used.

Anti-bacterial susceptibility assay: Antibacterial susceptibility
test was evaluated using agar well diffusion method. The bacteria
were suspended and adjusted to 0.5 McFarland Equivalence
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Standard. And then streaked heavily on BHI agar media using a
sterile cotton swab. The wells were made using sterilized glass
Pasteur pipette. Each well was filled with 100 uL of the sample
extract. The plates were then incubated at 37°C for 48hrs in
anaerobic conditions using anaerobic jar and anaerobic gas pack.
Bacterial resistance to antibiotic was determined by measuring
the diameter of the inhibition zone measure by (mm). Each
extract was analyzed in triplicates [38].

Results and Discussion

This is the first time to study bee pollen purchased from Riyadh
market. There are no previous GC and GC/MS as well as anti-
Clostridium perfringens studies on these pollen grains. Analysis of
the two bee pollen fractions (Figures 1 and 2) resulted in 23 and
14 components representing 84.07% and 92.92% for PGp and
PGc respectively, their retention indices and area percentages
(concentrations) are summarized in Tables 1 and 2. The major
compounds of GPp and PGc were ethyl ester of hexadecanoic

~

1007

39.50

36.27

45.09

50.31

38.25)

41.88 48.05

0 AP A T T T T Time
9.06 14.06 19.06

3406 | 39.06 4406  49.06

2406 20.06

Figure 1 GC/MS chromatogram of pet. Ether fraction; (PGp) of

k bee pollen. J
4 )

001 39.55

36.30

45.08

Al

"T905 | 1405 1905 2405 2905 3405 3905 4405 4905

Time

Figure2 GC/MS chromatogram of dichloromethane fraction;

(PGc) of bee pollen. J

N

2018

Vol.2 No.1:8

Table 1 Chemical composition of the pet ether fraction (PGp) of bee
pollen.

S. No Name RT Area (%) RI
1 1,4-Dimethyl-Cyclohexane 4.15 461 751
2 2,6-Dimethyl-1-Heptanol 4.93 1.2 753
3 4-Methyl-Octane 5 0.96 764
6 Ethyl-Cyclohexane 5.34 7.25 | 795
7 1,1,3-Trimethyl-Cyclohexane 5.45 1.75 797
8 1,1,2-Trimethyl-Cyclohexane 5.53 0.36 | 799
9 2,3-Dimethyl-Heptane 5.89 1.81 815
10 Ethyl Benzene 6.01 2.74 | 820
11 2-Methyl-Octane 6.14 0.91 825
12 1,4-Dimethyl-Benzene 6.27 @ 12.59 | 829
13 1-Ethyl-4-Methyl-Cyclohexane 6.8 0.59 845
14 Bicyclo [2.1.1] Hexan-2-Ol 6.88 2.25 | 852
15 5-Methyl-2-(1-Methylethyl)-Phenol 19.1 141 1307
16 Methyl Ester of Hexadecanoic Acid 34.86 4.4 1885
17 9-Octadecenoic Acid 3576 5.67 1917
18 Ethyl Ester of Hexadecanoic Acid 36.27 18.34 1935
19 Methyl Ester Of 9,12 Octadecanoic Acid 38.15 0.37 2003
20 11,14,17-Eicosatrienoic Acid 39.5 12.74 | 2052
21 Ethyl Ester of Heptadecanoic Acid 40.02 0.56 2121
22 Octacosane 41.88 2.8 2137
23 Eicosane 47.51 0.76 2341

Table 2 Chemical composition of the dichloromethane fraction (PGc) of
bee pollen.

S. No. \ET RT Area % RI
1 Tetradecanoic acid 31.33 0.77 1757
2 Ethyl ester of pentadecanoic acid = 31.93 0.81 1779
3 Methyl ester of hexadecanoic acid 34.87 8.3 1885
4 11,14,17-eicosatrienoic acid 35.62 0.41 1912
5 Hexadecanoic acid 3598 27.05 1923
6 Ethyl ester of hexadecanoic acid 36.3 29.16 1936
7 Methyl ester of 9,'12-octadecenoic 38.15 0.82 2003

acid
8 9,12,15-octadecatrienoic acid 38.26 5.56 2007
9 11,14,17-eicosatrienoic acid 39.29 1.71 2044
10 ethyl este_r of .9,12.-octadeca 39.41 057 2049
dienoic acid
11 Heneicosane 41.86 4.47 2137
1-(2'-hydroxycyclohexyl)-2-
12 ( hy‘:j roxyycyycloxaney ) 4212 082 2158
13 Heptacosane 47.49 0.75 2731
14 Nonacosane 45.08 11.72 3015

acid (18, 18.34%), 11,14,17-Eicosatrienoic acid (20, 12.74%)
and 1,4-Dimethyl-benzene (12, 12.59%) as well as ethyl ester of
hexadecanoic acid (6, 29.16%), hexadecanoic acid (5, 27.05%)
and nonacosane (14, 11.72%) respectively. However, the minor
components of these two different fractions were 1,1,2-trimethyl
cyclohexane (8, 0.36%), methyl ester of 9,12-octadecanoic acid
(19, 0.37%) and 1-ethyl-4-methyl cyclohexane (13, 0.59%) as well
as 11,14,17-ecosatrienoic acid (4, 0.41%), ethyl ester of 9,12-
octadecadienoic acid (10, 0.57%) and heptacosane (13, 0.75%)
respectively (Figures 3 and 4).
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Figure 4 Mass spectra of some PGc components of bee pollen.
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From our data, we observed that more number of compounds
extracted from GPp than PGc; this might be due to the compounds
in PGc fraction are heat labile which might be decomposed when
exposure to heat. On the other hand, the GC/MS has given a high
recovery of the compounds from PGp fraction; this might be due
to stability of compounds in this fraction. The major compounds
of both fractions (GPp and PGc) were ethyl ester of hexadecanoic
acid (18, 18.34%) and (6, 29.16%) respectively. Hexadecanoic
acid (Palmitic acid) is the most common saturated FA found in
animals, plants and microorganisms. Palmitic acid is a common
saturated FA found in fats and waxes including olive oil, palm oil
and body lipids. Palmitic Acid is a saturated long-chain FA with
a 16-carbon backbone [39]. Palmitic acid is found naturally in
palm oil and palm kernel oil, as well as in butter, cheese, milk and
meat. Octadecanoic acid ester (Stearic acid); Fats and oils rich in
stearic acid are more abundant in animal fat (up to 30%) than
in vegetable fat (typically < 5%). In general, the applications of
stearic acid exploit its bifunctional character, with a polar head
group that can be attached to metal cations and a nonpolar chain
that confers solubility in organic solvents. Stearic acid undergoes
the typical reactions of saturated carboxylic acids, a notable one
being reduction to stearyl alcohol and esterification with a range
of alcohols [40,41].

The purple color observed by Shinoda's test determined the
presence of flavonoids, which were noticed as dark green and
yellow spots on Si gel TLC after FeCl, and AICI, spry reagents,
respectively. Also, red and dark green colors observed by using
vanillin/HCI and FeCl, reagents respectively, which indicated the
presence of PAC in bee pollen fractions. The TPC in bee pollen
was estimated by Folin - Ciocalteu assay and expressed in term
of quercetin equivalent (y=1.6463x + 132.6, R?=0.9972) as mg
QUE/g fraction or gallic acid equivalent (y=0.0019x + 0.137,
R?=0.9988) as mg GAE/g fraction (Tables 3 and 4) (Figures 5 and
6). As a part of TPC, the PAC was determined by Vanillin - sulfuric
acid assay and expressed as (+) - catechin equivalent (% CT
w/w) in bee pollen (y=0.0013x + 0.3998, R*0.9997). The results
in Table 5 and Figure 7 indicated that bee pollen is rich in PAC,
CT 0.124 mg /0.0051 g and 0.192 mg/0.0059 g for PGc and PGe
respectively. On the bases of our results, it was predicted that
the protection activity of bee pollen against AD may be explained
by many characteristics of bee pollen. The fractions contained
high number of polyphenols, represented mainly by flavonoids
and proanthocyanidins which conducted high antioxidant
potential through their direct free radical scavenging as well as
antibacterial activities in vitro.

Antibacterial screening for the PGp, PGc, PGe, and PGb fractions
of bee pollen was investigation against anaerobic bacteria
Clostridium perfringens (ATCC#13124) at a dose of 200 mg /
ml tested by determination of the inhibition zone and showed
potent inhibitory activities against anaerobic bacteria Clostridium
perfringens by 16.50 mm, 17.25 mm, 16.90 mm, 17.62 mm
respectively when compare to lincomycin, clindamycin and
vancomycin by 14 mm, 9 mm and 16 mm respectively (Table 6).

The short - chain fatty acids (FAs) such as hexanoic acid,
medium- chain FAs such as octanoic acid and long-chain
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Table 3 Total Quarcetin content of bee pollen fractions as determined by
Folin-Ciocalteu's assay.

Volume of fraction Calculated amount

fractions taken (mL) QUE mg /4 mL
PGc 4 0.032 £ 0.001
PGe 4 0.012 +0.02

Table 4 Total gallic acid content of Bee pollen fractions as determined by
Folin-Ciocalteu's assay.

Volume of Calculated Calculated
Fractions fraction taken amount, T amount GAE
(mL) mg /4 ml. mg /4 Ml
PGc 4 0.089mgx4mL/ 169+ 0.003
5.1 mg
PGe 4 0.013mgx4amL/ e 4+ 0.004
5.9 mg
( o — 250 ppm 700 \

700

/‘\ = 200ppm 500
500 /

500
500 -

y=160630+1326
RI=09972

s = 400
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Figure 5 The calibration curves of quercetin over a concentration

range of 6.25-250 pg mL™. )
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Figure 6 The calibration curve of Gallic acid over a concentration

range of 6.25-250 ug mL™. )

Table 5 Total (+)-catechin (CT) content of bee pollen fraction detected by
Vanillin/sulfuric assay.

. Conc. of CT /Volume Calculated
Fractions . Total content
of fraction taken (ml.) amount CT (w/w)
w/w
1ml. 4 ml. mg /4 ml.
0.124
36 ug/mL 144 pg/mL
PGc catechin catechin 5.1 mg per 4 ml mg/0.0F)Sl g
fraction
0.192 mg/
PGe 48pg/mL  192pg/ml oo oiaml 00059 g
catechin catechin .
fraction
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Table 6 Inhibition zone by different bee pollen fractions against anaerobic
bacteria Clostridium perfringens.

Bee pollen fractions (200mg/ml)

Zone of inhibition (mm)*

PGp 16.50

PGc 17.25

PGe 16.90

PGb 17.62

Lincomycine (2 pug) 14.00

Clindamycine (2 pg) 9.00

Vancomycine (5 pg) 16.00
*triplicate

FAs such as palmitic acid, were established for antimicrobial
activity against Streptococcus mutans, Streptococcus gordonii,
Streptococcus sanguis, Candida albicans, Aggregatibacter
actinomycetemcomitans,  Fusobacterium  nucleatum and
Porphyromonas gingivalis [42]. This data assessed that the
FAs exhibited inhibition patterns against oral microorganisms.
As a group the FAs such as hexanoic, octanoic and lauric acids
were much less effective toward C. albicans than the oral
bacteria. However, formic acid, capric and lauric acids were
widely inhibitory for the bacteria. The results indicate that the
antimicrobial activity of short-chain FAs, medium-chain FAs,
long-chain FAs might influence on the ecology of the microbial
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