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Microbiological Qualities of Imported and
Locally Produced Honey in Saudi Arabia

Abstract: Forty-eight samples of imported and locally
produced honey marketed in Saudi Arabia were collected
and subjected to microbiological analysis. Selected
parameters adopted were standard plate count (SPC),
anaerobic count using cooked meat medium (CMM) and
reinforced clostridial medium (RCM), yeast and mouid
count, lactic acid bacteria count on MRS and M17 media,
coliform count and faecal streptococci count. Results were
reported as logg cfu g-! for both types of honey samples
studied. Overall results revealed that locally produced
honey significantly surpassed (o = 0.05) imported hongey
in most tested parameters. In addition, 100 bacterial
isolates were isolated, purified and identified from
samples of both locally produced and imported honey.
Bacillus subtilis, B. larvae, B. licheniformis; Micrococcus
luteus, M. variance; Staphylococcus albus; Lactobacillus
plantarum, L. fermentum, L. helveticus; Enterococcus
faecium; Lactococcus lactis; Streptococcus thermophilus;
Clostridium perfringenes and CL. difficile were recognized
using the API system.
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Bacillus subtilis, Bacillus larvae, Bacillus licheniformis,
Micrococcus luteus, M. variance; Staphylococcus albus;
Lactobacillus plantarum, L. fermentum, L. helveticus;
Enterococcus faecium;, Lactococcus lactis; Streptococcus
thermophilus; Clostridium perfringenes and CL. difficile
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Introduction

Honey is highly regarded for its health-giving
properties rather than merely as a food. Besides, it
has been used in folk medicine since ancient times
in numerous cultures and continues to be accepted
as such by the medical profession up until the
present time. Honey has also been reported to have
antimicrobial activities (Allen, et al. 1991; Brady,
et al. 1996 and Cooper, et al. 2002).
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Clostridium botulinum, the causative agent of
infant botulism is relatively uncommon in honey.
However, potentially life-threatening neuroparalytic
illness caused by toxins secreted by CI. botulinum
(Krishna and Puri, 2001) and some other species of
this bacterium (Gimenez, et al. 1992; Aureli, et al.
1986) have been reported. Accordingly, feeding
honey to infants less than one year of age seems
risky (Arnon, et al. 1979; Fenicia, et al. 1993;
Centorbi, et al. 1999). Infant botulism was
described as a separate clinical entity for the first
time by Midura and Arnon (1976) and has since
been reported in many countries (Fenicia, er al.
1993; Thomas, 1993; Balslev, et al. 1997) and is the
most common form of botulism in the United States
based on accumulated reports (Spika, et al. 1989).

The Kingdom of Saudi Arabia produces honeys
of various floral and geographical origins which are
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distributed through food stores and groceries all
over the kingdom. In addition, enormous quantities
of numerous honeys are imported from all over the
world, from both developed and developing
countries, into the Kingdom. However, it has been
observed that there is a lack of published data
concerning the microbiological quality and safety of
honey marketed in Saudi Arabia.

The present investigation aims to examine the
microbiological qualities of imported and locally
produced honey in order to identify their
predominant bacterial flora. It is hoped that the
results will be beneficial for food safety authorities
in the Kingdom and food processors in the food
technology sector. Therefore, it was decided to
undertake the responsibility to examine the
microbiological qualities of honey.

Materials and Methods

Sample collection

A total of 48 samples of imported and locally
produced honey were randomly collected from
different retail sites in Saudi Arabia. Imported
honey samples were of different geographical and
floral origins. The locally produced honey samples
were mostly from Gizan and Assir regions of Saudi
Arabia and of different floral origins.

Microbiological analyses

Standard plate count (SPC) was determined
adopting the method reported by Hought et al.
(1993). An anaerobic count and count of clostridial
spores were carried out using cooked meat medium
(CMM) and reinforced clostridial medium (RCM).
Dilutions of each sample were inoculated separately
in tubes of both media after adding 1.5% agar
(Horwitz, 1980), counts were reported after
incubation at 30°C for 48h. A yeast and mold count
was performed adopting the method reported by
Frank, et al. (1993). Lactic acid bacteria (LAB)
counts were monitored using the methods reported
by Frank, et al. (1993). For selectivity of lactobacilli
and lactic streptococci, (MRS; de Mann, Rogosa
and Sharpe, Oxoid) and (M17, Oxoid,) broths with
added agar were used, respectively. Coliform count
was carried out adopting the methods reported by
Serra and Escola (1997). One ml of the dilution used
in the aerobic count determination was poured into
each of two plates, and 8-10ml of violet red bile agar
was then added. When solidified, a second layer of
culture medium (8-10ml) was added. Plates were
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then incubated at 37°C for 48h, coliform colonies
were then counted and reported. Faecal streptococci
count was carried out adopting the methods reported
by Serra and Escola (1997). One ml of the dilution
used in the aerobic count determination was poured
into each of two plates, and 10-15ml of kanamycin
agar, was then added. When solidified, plates were
incubated and colonies surrounded by a black zone
were counted and reported.

Microbial characterization

Some of the resulting colonies on the different
selective plating media were randomly chosen and
transferred to broths of the same media and
incubated as mentioned previously. The procedure
of plating, transferring discrete colonies to broths
and then incubation was repeated many times in
order to obtain pure cultures. Slants of these pure
cultures were prepared to carry out characterization
and identification of the obtained isolates. Colonies
from the selective media were transferred to broth
media for propagation and then slant agar was made
from which a microscopic examination was
performed to define the shape of bacteria after
staining by Gram stain. Production of catalase
enzyme was also tested.

Microbial Identification

Identification of the isolated micro-organisms
was carried out using the available commercial
identification kits. Clostridia were identified to
species level using an API 20A kit according to the
instruction of the manufacturer (Biomerieux,
France). Gram positive, catalase negative cocci
isolates were identified using the appropriate
available identification kit, API 20 Strep kit
(Biomerieux, France). An API 50 CHL kit
(Biomerieux, France) was used for the identification
of lactobacilli isolates. Identification of Gram
positive, catalase positive spore-forming isolates
was performed according to Buchanan and Gibbons
(1986). Faecal streptococci isolates picked from the
selective medium used for their counting were
identified using an API 20 Strep kit (Biomerieux,
France).

Data analysis

The means (u) for the imported and locally
produced honey populations were estimated for
each studied item using the obtained results and
adopting the method of the equation for estimating
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the mean. The means of each of the two honey
populations for each item were compared using the
test of statistical hypothesis of variance and the
difference between two means. Significant
differences between the means were then estimated
adopting the method of the equation for estimating
the difference between two means.

Results and Discussion

Honey is a very popular foodstuff much in
demand in Saudi Arabia. Honey in Saudi Arabia is
marketed either as imported, mostly from less-
developed countries, or as locally produced, mostly
by traditional and migratory beekeeping methods.
When honey has been the object of research, its
antibacterial activities have been the focal research
points and little research has been carried out vn its
microbiological status, quality and safety. Table 1
shows the obtained results of microbiological
analysis of imported and locally produced honey.
There were no significant differences, estimated at
the level of significance of o = 0.10, between the
means of standard plate count, lactic acid bacteria
count on MRS medium and anaerobic count on
RCM medium of imported honey and the means of
their counterpart items of locally produced honey.
This meant that neither of the two types of honey
was better than the other in regard to these items of
analysis. On the other hand, there were significant
differences, estimated at the level of significance of
o = 0.10, between the means of the yeast and mold
count, lactic acid bacteria count on M17 medium
and anaerobe count on CMM medium of imported
honey and the means of their counterpart items of
locally produced honey. This revealed here that
imported honey was inferior to locally produced
honey regarding these analysis items.

Table 1. Microbiological analysis of retail honey.

Analysis . Imported honey Local ho_r;y
(n=27) (n=21)
SPC 458 + 1.002 3.36 = 1.13
Yeast and mold 1.61 = 0.64 0.53 + 0.44
LAB (M17) 3.64 £ 091 1.89 + 0.86
LAB (MRS) 1.04 = 0.62 0.40 + 040
Anaerobic (RCM) 1.61 = 0.57 141 £ 0.59
Anaerobic (CMM) 2.19 = 0.62 1.27 + 0.67

a, Mean log;o CFU/g + the standard error.

As evident from the means of the
microbiological items studied, honey is generally a
product with minimal counts of microorganisms.
This is attributable to the natural properties of
honey. Although these microorganisms cannot grow
in honey, they can persist in it, be carried into a new
product in which honey is used as an ingredient and
grow in and spoil the new product. Honey could be
contaminated by microorganisms from air, food
handlers, and cross-contamination. These sources
of contamination are controlled by good
manufacturing practices. More work will be needed
to explain what influences the types and levels of
microorganisms in honey have, particularly during
harvesting, processing, storage and use as an
ingredient (Snowdon, 1999).

Characterization and identification of tested honey
microflora

One hundred bacterial isolates  were
characterized, grouped and further identified in this
study as mentioned previously. Table 2 shows the
identification of 30 Gram positive, catalase positive
isolates to the species level according to Buchanan
and Gibbons (1986). A total of 12 Bacillus species
(B. subtilis, B. larvae, B. licheniformis) were
identified; and of the 18 cocci isolates, 15 belonged
to Micrococcus species (M. leteus, M. variance), the
remaining three belonging to Staphylococcus albus.
Table 2. Results of 30 Gram positive, catalase

positive bacterial isolates identified to the species
level.

- Rods
Bacillus subtilis (8)

Bacillus larvae (2)

|
|
| Micrococcus leteus (9)

Cocci

Micrococcus variance (6)
Bacillus licheniformis (2) | Staphylococcus albus (3)
Total = 12 Total = 18

Table 3 shows the identification of the remaining
70 Gram positive, catalase negative bacterial
isolates. Of the 25 Gram positive, catalase negative
rod isolates, 22 were identified as Lactobacillus
species (Lb. plantarum, Lb. Fermentum, Lb.
helveticus) and the remaining three rods were
unidentified species. On the other hand, the 45
Gram positive, catalase negative cocci isolates were
identified as  Enterococcus  faecium  (18),
Lactococcus lactis  (12) and  Streptococcus
thermophilus (6), while the remaining nine cocci
were unidentified species.
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Table 3. Results of 70 Gram positive, catalase
negative isolates identified to the species level.

R [

Lactobacillus plantarum (11) Enterococcus Jaecium (18)

S - —
Lactobacillus fermentum (6) | Lactococcus lactis (12)
Lactobacillus helveticus (5) Streptococcus
thermophilus (6)
Unidentified species (3) Unidentified species (9)
Toml=25  |Toml=45

In summary, identification of the bacterial
isolates to the genus level revealed that 45 isolates
(45%) belonged to streptococci, 25 (25%) were
lactobacilli, 18 (18%) were micrococci and 12
(12%) were Bacillus spp.

It was found in the present research that honey
contained good bacteria, namely those belonging to
the genera lactobacilli and streptococci. These
beneficial bacteria can grow in the intestine and
alter the balance between the harmful and useful
bacteria in favor of the latter. Honey can supply
consumers with different types of these beneficial
bacteria, or probiotics. Probiotic bacteria are living
bacteria which enhance human health, some of
which are grouped in the genera lactobacilli and
streptococei. During the current work, we obtained
many bacterial isolates belonging to the
aforementioned genera. Extensive research would
be needed to examine them for their characteristics
as being probiotics and this was beyond the scope of
the present study.

It is of concern to know what microorganisms
are present in honey, where they are coming from,
and how to control them. Honey can carry spores of
yeasts, molds and bacteria and all food, including
honey, can be inadvertently inoculated with
undesirable microorganisms during processing.
Spores are present everywhere, they may even be
found in honey in the hive and could come from
primary sources such as pollen, the digestive tracts
of honey bees, air, earth, and nectar. It is difficult to
control the entry of microorganisms from these
sources. The vegetative form of microorganisms as
opposed to the spore form can be added any time
after the honey is harvested. These post-harvest
sources of microorganisms can include air, food
handlers,  cross-contamination, equipment and
buildings (Snowdon, 1999).

During the present investigation, representative
colonies appearing on RCM and CMM media,
which are assumed to enhance the growth of
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clostridia, were isolated, characterized and
identified. Fifty rod-shaped bacterial isolates proved
to be Gram positive, catalase negative and
sporulated. They were then subjected for
identification using an API 20A kit (Biomerieux,
France). No Cl. botulinum was detected in any of
the tested samples. Most of the isolates were ClL
perfringens represented by 40 isolates (80% of the
identified bacteria) while the remaining 10 isolates
(20%) were identified as CI. difficile. The latter
species causes a severe and sometimes fatal
gastrointestinal tract infection; while the former has
been reported to be a causative of food poisoning.
This coincided with the results of Quaglio et al.
(1988) who carried out an epidemiological study on
167 honey samples for detection of CI. botulinum in
honey. No ClI. botulinum was detected in any of the
samples. They isolated CI. difficile and ClI.
perfringens and concluded that these isolates could
be associated with toxigenic intestinal infection in
infancy. However, the osmotic pressure and low
moisture content, both characteristics of honey,
beside some other factors, may be the reason to
discourage the proliferation of such bacteria,
rendering them inactive (Osato, et al. 1999).

Honey is thought to become contaminated as a
result of spores of CI. botulinum in the soil sticking
to the legs of bees and being transported to the
bechive. Commercial as well as rurally produced
honey can contain spores of CI. botulinum. No Cl
botulinum was detected in the honey consumed by a
Dutch case of infant botulism, but honey was the
likeliest cause of infection (Wolters, 2001). The
results obtained during the current research pointed
to the presence of some clostridia other than Cl.
botulinum, which may stand as an explanation for
the findings reported by (Wolters, 2001). In many
cultures honey is given to babies to keep them quiet.
Parents have been warned not to give honey to
infants under the age of one year (Wolters, 2001).
Our results coincided also with those reported by
Delmas, et al. (1994) who examined a tot-1 of 116
samples of honey (90 produced in France and 26
from other countries) for the presence of CI.
botulinum spores. No Cl. botulinum was isolated
from any of these samples. However, other
Clostridium spp. (CIL. sporogenes and CI.
perfringens) were isolated. They concluded that CI.
botulinum spores are unlikely to be detected in
French honey. They also added that the presence of
other potentially toxigenic Clostridium spp. in the
honeys is also of concern and should be investigated
further.
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Conclusions

Honey has a characteristic microflora and
microorganisms natively present in honey are of
special interest. There is still a risk from feeding
honey to infants and susceptible individuals, and
more work is needed to follow up the natural
bacterial toxins and pathogens which might be
present in honey. Emphasis should not be placed
only on the incidence of CL. botulinum in honey, but
also on other food poisoning clostridia such as Cl.
perfringens. The beneficial bacteria in honey needs
more elucidation and study on the role of honey in
stimulating these bacteria (Shamala, et al., 2000)
should be given more consideration. Food industry
managers should be aware of the potential risk when
using honey as an ingredient in other food products.
Due to this concern, they should use honey of high
quality to avoid any cross-contamination occurring
to their end products. It has been observed that
Saudi standards give limits and specifications only
for physicochemical attributes and count of yeast
and mold in honey (SASO, 1993). Based on
our findings, we recommend adding other
microbiological parameters and standards such as
standard plate count and anaerobe count to ensure
honey quality and safety for consumption. Adopting
the bacteriological quality criteria of Colin et al.
(1986): absence of coliforms and faecal streptococci
and <100 to <1000 yeasts/g, it could be concluded
that all tested honey samples were of high
bacteriological quality and safe for human
consumption in this regard. Finally, the author
would like to advise related authorities to establish a
local research institution which would take the
responsibility of carrying out original research on
different aspects of this very popular foodstuff in
Saudi Arabia, with the suggested name, Saudi
Arabian Board of Honey Research.
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