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Abstract: Various herbal teas including German chamomile, Chrysanthemum Vascuflow herb tea, hop, jasmine and orange
flowers, sweet marjoram, spearmint and thyme leaves, and papaya-mint tea as well as coffee substitutes (Bambu instant
Swiss, Teeccino chocolate-mint, and Teeccino Mediterranean Espresso) were analyzed for fungal contamination and the
presence of aerobic mesophilic bacteria (APC). The results of this investigation showed that fungal counts reached levels
as high as 5.8 x 10° colony forming units (cfu) per gram. German chamomile harbored the highest fungal contamination.
The most common fungi found in herbal teas were Aspergillus niger, Penicillium spp., Eurotium rubrum, E. chevalieri,
A. flavus, Fusarium spp., Alternaria alternata, and yeasts. Among the coffee substitutes, only the chocolate-mint coffee was
contaminated with low numbers (<1.0 x 10° cfu g™') of E. rubrum, Ulocladium spp. and Phoma spp., and with yeasts
(<100-6.8 x 10° cfu g™'). Aerobic mesophilic bacteria were recovered from 100% of the herbal tea, chocolate-mint and
Mediterranean Espresso, and from 50% of the Bambu instant Swiss coffee samples. The highest APC counts of
1.2 x 107 cfu ¢! were observed in spearmint leaves.
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Introduction

Hot water infusions of botanicals have been used as drinks for thousands of years in the Far East and
Mediterranean countries for their taste and flavors. Many of them are believed to have medicinal proper-
ties and they are used to treat minor illnesses and disturbances. German chamomile (Matricaria chamomilla),
for instance, has been used since ancient times in the region around the Mediterranean Sea as a stomach-
soothing agent, mild sedative and as a diuretic. Recent reports by Gyllenhaal and his co-workers (2000)
described some sedative attributes of German chamomile, while research by Macchioni et al. (2004)
demonstrated a significant acaricidal activity of extracts from chamomile flowers. Chrysanthemum tea
has been used in Chinese medicine as a detoxifier, to maintain healthy cholesterol levels and to improve
blood flow. This herb contains health-promoting compounds such as choline, vitamins A, B, and ascorbic
acid, adenine, amino acids, flavonoids, glycosides and volatile oil (Gins et al. 2000), possesses anti-tumor
properties (Ukiya et al. 2002), and has inhibitory effects against several bacteria and against the yeasts
Saccharomyces cerevisiae, Candida spp. and Hansenula anomala (Shunying et al. 2005).

Infusions of spearmint (Mentha spicata), marjoram (Origanum marjorana), thyme (Thymus vulgaris)
and papaya-mint tea are primarily consumed to treat digestive ailments, to reduce fever and for their
anti-inflammatory, anti-oxidant and antimicrobial properties (Abe et al. 2004; Dorman et al. 2003;
Mabhady et al. 2005; Triantaphyllou et al. 2001; Dorman et al. 2004; Morton, 1987; Bagamboula et al.
2001). Marjoram, mint and other members of the Lamiaceae family contain phenolic compounds and
flavonoids to which they probably owe their antioxidant attributes.

Hops (Humulus lupulus) and orange (Citrus sinensis) flowers are mainly used to relieve nervous tension
(Gyllenhaal et al. 2000; Morton, 1987). Jasmine (Jasminum grandiflorum) flowers are used as an ingredient
to add aroma and flavor to Chrysanthemum Vascuflow, green and other teas. This herb is also used as an
alternative treatment for cancers and for viral and bacterial infections. Research by Kolanjiappan and
Manoharan (2005) demonstrated a strong chemoprevention against experimental mammary carcinogenesis
in rats.

Herbal coffee substitutes have the advantage over coffee that they do not contain caffeine and, depending
on their ingredients, could contain various concentrations of health-promoting phytochemicals while they
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imitate coffee flavors. Therefore, an increasing
number of health-conscious individuals are
substituting coffee with these formulations.
Several such products including chocolate-mint,
Mediterranean Espresso and instant Swiss coffee are
readily available in the U.S. market, mostly found
in health stores and dietary supplement companies.

Although many herbal tea remedies are known
and utilized for centuries, there is an increase of
their consumption in recent years due to a trend to
use natural therapies. Therefore, it is essential that
these products are microbiologically safe. A few
reports demonstrating microbial contamination of
medicinal herbs from various parts of the world
exist in the literature. Rizzo et al. (2004) indi-
cated that medicinal plants in Argentina harbored
toxigenic fungi such as 4. flavus, A. parasiticus and
several members of the Genus Fusarium; Efuntoye
(1996) showed that dried medicinal plants from
Nigerian herb markets contained 4. flavus,
A. parasiticus and A. ochraceus. The same
investigator (1999) reported that the above fungal
isolates were capable of elaborating mycotoxins
when grown on semi-synthetic media. Martins et al.
(2001), after evaluating several medicinal herbs
obtained from Portugese markets, reported that
these commodities were infested with a variety of
moulds such as Aspergillus and Fusarium spp.,
whereas Halt (1998) isolated a wide spectrum of
fungi (including Aspergillus, Penicillium, Alternaria,
Cladosporium, Rhizopus and Mucor species) from
Croatian herbal teas and medicinal plants. Czech
etal. (2001) reported bacterial and fungal con-
tamination of medicinal herbs in Austria, while
Skorska et al. (2005) showed that the air in chamo-
mile and peppermint processing farms in Poland
contained high levels of Pantoea agglomerans and
other gram negative bacteria. Such reports indicate
the existence of a ubiquitous problem. Conse-
quently, this research was designed to determine if
various medicinal herbal teas and coffee substitutes
available in the U.S. market are contaminated with
toxigenic fungi and if they contain high levels of
aerobic mesophilic bacteria.

Materials and Methods

Materials

A total of 69 herbal tea and coffee substitute
samples comprised of German chamomile,
Chrysanthemum Vascuflow tea, hop, jasmine and

orange flowers, papaya-mint tea, sweet marjoram,
spearmint and thyme leaves, and Bambu instant
Swiss, Teecccino chocolate-mint and Mediterra-
nean Espresso coffee substitutes were tested during
the course of this experiment. Fifty-gram samples
of spearmint, thyme, jasmine and hop flowers were
obtained from bulk jars in local supermarkets;
German chamomile, sweet marjoram, orange
flowers and papaya-mint tea were purchased from
commercial sources in their original, individual
4.0-o0z (113 g) packages; Chrysanthemum Vascu-
flow tea was obtained from the same companies in
intact boxes containing 20 tea bags; the coffee
substitutes (Bambu instant Swiss, Teecccino
chocolate-mint and Mediterranean Espresso) were
also purchased from commercial sources in their
individual, intact containers {8.5-0z (241 g)
Teeccino chocolate-mint, 3.5-0z (99 g) Bambu
instant Swiss and 0.85-0z (24 g) Teeccino
Mediterranean Espresso}. Samples were purchased
and maintained at room temperature until analysis;
analysis was conducted within 1-4 days from the
day of purchase.

Mycological analysis

All supplements were tested as follows: Ten grams
of each sample were aseptically removed and
transferred to sterile blender jars. Subsequently,
each sample was blended in 90 ml of 0.1% peptone
(Tournas et al. 2001) for 45 sec. Serial dilutions of
the homogenate (in 0.1% peptone) were surface
plated in duplicate potato dextrose agar (PDA)
(DIFCO, Detroit, M1, U.S.A.) containing 0.01%
chloramphenicol (0.1 ml/plate) and plates were
incubated for 5 days at 25 °C. Then, colonies were
counted and counts were expressed as colony form-
ing units per gram (cfu g™'); mould isolates were
purified on PDA and further sub-cultured on malt
extract agar (MEA), czapek yeast extract (CYA),
25% glycerol nitrate (G25N) and czapek yeast
extract 20% sucrose (CY20S) agar for microscopic
examination and identification. Identification was
performed according to the methods and keys
described by Pitt and Hocking (1997) and Nelson
et al. (1983). The compositions of CYA, MEA,
G25N and CY20S media are described in “Fungi
and Food Spoilage” (Pitt and Hocking, 1997).

Aerobic plate count determination
The aerobic plate counts were determined
as follows: Ten-gram sample portions were
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aseptically transferred into sterile blender jars and
treated as stated above except that Butterfield’s
phosphate buffer (Maturin and Peeler, 2001) was
used as diluent instead of 0.1% peptone water.
Serial dilutions were surface plated in duplicate
plate count agar (PCA) plates. Plates were incu-
bated at 35 °C for 48 hrs. Plate reading and colony
counts determination were done according to the
method described by Maturin and Peeler (2001).

Results and Discussion

Herbal teas

The mould and yeast (MY) counts from the
various samples analyzed during the course of
this investigation are shown in Table 1. One
hundred per cent of the marjoram, spearmint and
thyme leaves, papaya-mint tea, hop and jasmine
flowers, 88% of the orange flowers and German
chamomile, and 17% of the Chrysanthemum
Vascuflow tea samples were contaminated with
fungi. The highest contamination (5.8 x 10° cfug™)
was found in German chamomile and the low-
est (1.0 x 10% cfu g') was observed in jasmine

flowers. Fungal profiles of the various herbal
teas tested are summarized in Table 2. German
chamomile was contaminated with 4. ochraceus,
E. chevalieri, Penicillium spp., yeasts and low
numbers (<1.0 x 10° cfu g') of 4. niger, 4. fla-
vus, A. alternata, E. rubrum and Rhizopus spp.
A. niger was the most frequently encountered
mould found in 50% of the samples. Spores of
A. niger, A. flavus, A. alternata and Rhizopus are
common air contaminants probably present in
the drying and packing areas (Lee and Jo, 2006;
Zhang et al. 2005). At such low numbers, how-
ever, there is no indication that these organisms
were growing on the product. If the storage
conditions were to change (e.g. if the moisture
of the product was to increase), they could pro-
liferate and spoil the product, and possibly pro-
duce mycotoxins. Penicillium spp., E. chevalieri
and 4. ochraceus were found in higher numbers
and that could mean that there was some
growth of these organisms established before
complete drying of the commodity. These organ-
isms have the potential of producing mycotoxins
under the right conditions. A. niger, A. flavus,
Fusarium spp., Penicillium spp. and low levels

Table 1. Mould and yeast (MY) counts in various herbal teas and coffee substitutes.

Product Number of MY counts (cfu g7')? Frequency
samples tested (Range) (% contam.” samples)
Herbal teas
German
Chamomile 8 <100-5.8 x 10° 88
Chrysanthemum
Vascuflow tea 6 <100-4.1 x 10° 17
Hop flowers 2 4.0 x 10-1.1 x 10* 100
Jasmine flowers 2 1.0 x 10%-1.0 x 10? 100
Marjoram leaves 10 2.0 x 10°-1.8 x 10* 100
Orange flowers 8 <100-2.9 x 10* 88
Papaya-mint tea 10 1.0 x 10°-5.6 x 103 100
Spearmint leaves 3 1.3x10*-1.4 x 10° 100
Thyme leaves 2 7.0 x 10°-1.6 x 10* 100
Herbal coffee substitutes
Bambu instant Swiss 6 <100 0
Teeccino Chocolate-mint 6 <100-7.0 x 10° 83
Teeccino Mediterranean 6 <100 0
Espresso

acfu, colony forming units; "contam, contaminated.
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Table 2. Fungal species and APCs? found in herbal teas and coffee substitutes.

Organism

cfu g' (range)®

Frequency

(% contam.® samples)

Herbal teas
German chamomile

Aspergillus niger <100-8.0 x 102 50
Aspergillus flavus <100-3.0 x 102 12
Penicillium spp <100-2.0 x 10® 25
Eurotium chevalieri <100-1.0 x 103 25
Eurotium rubrum <100-5.0 x 102 12
Aspergillus ochraceus <100-1.0 x 10° 12
Alternaria alternata <100-3.0 x 102 12
Rhizopus spp <100-7.0 x 102 12
Yeasts <100-5.8 x 10° 12
APC 6.6 x 10°-1.6 x 108 100
Chrysanthemum Vascuflow tea
Yeasts <100-4.1 x 10° 17
APC 8.4 x10%-3.2 x 10* 100
Hop flowers
Cladosporium spp <100-2.0 x 102 50
Aspergillus niger 2.0 x 102-2.5 x 10? 100
Yeasts <100-1.1 x 10* 50
APC 1.6 x10%-2.2 x 10° 100
Jasmine flowers
Alternaria alternata 1.0 x 10%-1.0 x 102 100
Yeasts <100 0
APC 3.4x10%9.0 x 10° 100
Marjoram leaves
Aspergillus niger <100-1.4 x 10* 80
Asperqgillus flavus <100-1.0 x 103 30
Aspergillus sp <100-1.2 x 10° 40
Penicillium spp <100-1.0 x 10° 30
Eurotium chevalieri <100-7.0 x 103 30
Fusarium spp <100-2.0 x 107 10
Rhizopus spp <100-7.0 x 102 20
Aspergillus versicolor <100-1.0 x 103 10
Aspergillus carbonarius <100-3.0 x 10° 10
Ulocladium spp <100-6.0 x 102 10
Yeasts <100-3.9 x 10° 20
APC 2.2x10%-2.1 x 108 100
Orange flowers
Aspergillus niger <100-3.0 x 10® 88
(Continued)
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Table 2. (Continued)

Organism cfu g (range)® Frequency
(% contam.® samples)
Aspergillus flavus <100-1.0 x 102 12
Aspergillus spp. <100-1.0 x 10® 25
Penicillium spp. <100-2.0 x 10? 12
Alternaria alternata <100-2.0 x 10° 12
Fusarium spp. <100-4.0 x 10? 12
Yeasts <100-2.6 x 10* 12
APC 6.2 x 10°-9.4 x 10° 100
Papaya-mint tea
Aspergillus niger <100-2.1 x 10° 90
Aspergillus spp. <100-3.5 x 102 20
Aspergillus flavus <100-1.0 x 103 10
Eurotium spp. <100-1.3 x 103 10
Penicillium spp. <100-2.0 x 103 40
Fusarium spp. <100-1.0 x 103 30
Rhizopus spp. <100-2.0 x 102 20
Yeasts <100-3.8 x 10° 20
APC 7.8 x10*7.1 x 10° 100
Spearmint leaves
Alternaria alternata 8.1 x10°-7.4 x 10* 100
Aspergillus spp. 4.0 x 10°>-5.5 x 10* 100
Phoma spp. <100-1.0 x 10* 67
Yeasts <100-4.8 x 10° 33
APC 3.1 x10%-1.2 x 107 100
Thyme leaves
Aspergillus niger 2.3x10°-4.0 x 10° 100
Aspergillus spp. 1.0 x 10%-7.8 x 103 100
Penicillium spp. 4.0x10°-4.0x 103 100
Yeasts <100 0
APC 9.2 x 10*-6.4 x 10° 100
Herbal coffee substitutes
Bambu instant Swiss
APC <100-1.0 x 10° 50
Chocolate-mint
Eurotium rubrum <100-1.0 x 102 17
Phoma spp. <100-7.0 x 102 33
Ulocladium spp. <100-2.0 x 10? 17
Yeasts <100-6.8 x 10° 67
APC 2.2x10%-8.2 x 10° 100
Mediterranean Espresso
APC 1.6 x 10°-9.4 x 10° 100

3APCs, aerobic plate counts; °cfu, colony forming units; °‘contam., contaminated.
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(20-70 ppb) of fumonisin B, were found in
chamomile by Martins et al. (2001a, 2001b).
Since aspergilli and especially eurotia are capa-
ble of growing at low water activities, in order
to avoid such growth and possible production of
toxic metabolites, care should be taken to dry
the product quickly before these moulds have
the chance to establish any significant growth.
Yeasts were present in 12% of the samples but
they reached numbers as high as 5.8 x 10° cfu
g”'. Yeasts such as Rhodotorula glutinis and
Cryptococcus spp. were reported as contami-
nants of chamomile by Martins et al. (2001a).

Seventeen per cent of the Chrysanthemum
Vascuflow tea samples were contaminated with
yeasts. No live moulds were found in this
commodity (Table 2). Mould spores originally
present in the herb were probably killed during
processing. The isolated yeasts possibly originated
from the personnel handling the materials after
processing. Low numbers of A. niger were present
in both hop flower samples, whereas one of the
samples also contained Cladosporium spp. at levels
not exceeding 2.0 x 10% cfu g™' and yeasts
(1.1 x 10* cfu g™") (Table 2). Such low numbers of
moulds are probably random air contaminants
found in herb processing plants (Dutkiewicz et al.
2001). The higher incidence of yeasts could be due
to contamination during handling after drying. Low
incidence of 4. alternata in jasmine flowers
(1.0 x 10* cfu g ') seems insignificant and it could
be attributed to random contamination from the air
in the processing area (Dutkiewicz et al. 2001). No
other fungi were isolated from this product.

All marjoram samples tested contained live
fungi. MY levels ranged between 2.0 x 10°
and 1.8 x 10* cfu g' (Table 1). The most
frequently isolated fungus was A. niger found
in 80% of the samples at levels reaching as
high as 1.4 x 10* cfu g”'. One third of the sam-
ples contained A. flavus, E. chevalieri and
Penicillium spp. at numbers reaching or exceeding
1.0 x 10° cfu g'. Aspergillus spp. other than
A. niger and A. flavus were isolated from 40%
of the tested samples; one sample contained
A. carbonarius (3.0 x 10° cfu g™") and another was
contaminated with 4. versicolor (1.0 x 10° cfu g™)
(Table 2). The isolation of various aspergilli,
especially 4. flavus and A. carbonarius, is of the
highest concern because these organisms are
known to produce aflatoxins and ochratoxin,
respectively (Pitt and Hocking, 1997; Riba et al.

2008). E. chevalieri, A. niger, A. versicolor and
Penicillium spp. also have the potential for
toxigenesis (El-Kady et al. 1994; Perone et al.
2006). El-Kady et al. (1995) reported the presence
of aflatoxin (9 ppb) and sterigmatocystin (17 ppb)
in marjoram. Yeasts were found in 20% of the
samples; their counts ranged between <100 and
3.9 x 10° cfu g! (Table 2).

The main fungal contaminants found in orange
flowers were A. niger, Aspergillus spp., A. alternata
and yeasts. A. niger was the most frequently
encountered fungus isolated from 88% of
the samples, whereas yeasts were found at the
highest levels reaching up to 2.6 x 10* cfu g™
A. alternata and yeasts were isolated from 12%
while Aspergillus spp. other than 4. niger were
recovered from 25% of'the tested samples (Table 2).
Several Aspergillus species including 4. niger were
also isolated from orange tree leaves by Martins
et al. (2001a).

Ninety per cent of the papaya-mint tea samples
contained A. niger, 10% had A. flavus and Eurotium
spp., 40% had Penicillium spp., 30% were
contaminated with Fusarium spp. and 20%
contained yeasts. The levels of these contaminants
were below 4.0 x 10° cfu g™' (Table 2). Morton
(1987) also reported the isolation of F. solani from
papaya plants. This organism is a plant pathogen
attacking papaya plants in the field. Spores of
Fusarium could survive drying conditions and
remain dormant for several months possibly years
on the dried herb. During that time, if the moisture
of the product would increase to levels allowing
spore germination, significant mould growth and
possibly mycotoxin production could occur.
Fusarium could also grow on mint herb and produce
toxins. The presence of fumonisin B, (160 ppb) in
mint was reported by Omurtag and Yazicioglu
(2004). Other organisms found in this product could
be originating from its mint component.

All spearmint samples contained Aspergillus
spp. and A. alternata at levels reaching 5.5 x 10*
and 7.4 x 10* cfu g', respectively. Sixty seven per
cent of the analyzed samples were contaminated
with Phoma spp. (up to 1.0 x 10* cfu g™') and
33% had live yeasts reaching levels as high as
4.8 x 10° cfu g™! (Table 2). Alternaria and Phoma
are plant pathogens occasionally causing disease
in mint plants in the field (PMSP 2002). Infection
and colonization of the mint plants by these
organisms could have started from the field and
spoilage could become rapid and extensive after
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harvest, when the plant defenses are weakened or
eliminated. Alternatively, a few spores carried on
healthy mint leaves from the field could also spoil
the product after harvest during transport and
storage if the moisture level were sufficient for
fungal growth. Both, Alternaria and Phoma, have
the ability to produce mycotoxins (Canafoglia et al.
2007; Lugauskas et al. 2006). Therefore, their pres-
ence in this herb should be kept as low as possible
and the moisture of the product should be main-
tained at levels that do not allow fungal growth.

Both thyme leaf samples tested contained live
Aspergillus spp., A. niger and Penicillium spp. at
levels of 1.0 x 10° cfu g! or higher. No yeasts were
isolated from this product (Table 2). Some thyme
oil constituents such as thymol have fungicidal
properties, and they could be detrimental to yeast
cells. Inhibition of the yeast Candida albicans by
thyme oil was demonstrated in research conducted
by Azaz et al. (2004).

The aerobic plate counts from herbal teas are
shown in Table 2. One hundred per cent of
the analyzed samples were contaminated with
aerobic mesophilic bacteria. The highest APCs
(1.2 x 107 cfu g™') were recovered from spearmint
leaves and the lowest (1.6 x 10° cfu g™') were found
in hop flowers. Higher numbers of bacteria could
be explained by the fact that some of these organisms
(e.g. Bacillus and Clostridium spp.) produce spores
which are resistant to harsh processing, elevated
heat and dry conditions. Therefore, they can survive
for a long time on the product in a dormant state.
B. cereus and C. perfrigens were isolated from
chamomile and other herbs by Martins (2001a).
Also, part of the bacterial bioburden may have
originated from the personnel handling the tea
materials after processing, especially if strict GMPs
and hygienic conditions were not followed, and from
the processing plants’ environment. The air and
settled dust in herb processing plants are often highly
contaminated with bacteria, which could add to
the microbial burden already present in the
commodities brought in from the field. Dutkiewicz
and his coworkers (2001) reported the presence of
B. cereus, B. subtilis, Alcaligenes faecalis, Pseudo-
monas fluorescens, P. agglomerancs, Staphylococ-
cus epidermidis, various fungi, and actinomycetes
from herb (mint, marjoram, sage, etc) processing
plants. Some of these organisms are capable of
causing human infections, allergies and/or produc-
ing endotoxins, which makes them health risks
(Dohmae et al. 2008; Obi et al. 1995). Therefore,

care should be taken to reduce such contaminants,
mainly by following strict GMPs at all stages of
processing.

Herbal coffee substitutes

Mould and yeast contamination of herbal coffee
substitutes are summarized in Table 1. Fungi were
isolated only from 83% of the chocolate-mint
coffee samples. MY counts ranged from <100 to
7.0 x 10° cfu g”'. The vast majority of the isolated
organisms were yeasts contaminating 67% of the
analyzed samples; moulds only comprised a
small percentage of the total fungal population.
E. rubrum, Phoma and Ulocladium spp. were
recovered from this commodity in numbers
not exceeding a few hundred cfu g™' (Table 2).
Generally, such low numbers indicate random
contamination from the environment. However, in
this case, the mould contamination could be
originating from the mint component of the product.
Mint, as shown in previous pages, supports good
growth of a variety of microfungi. Higher yeast
populations could be the result of non-strict GMP
and hygienic conditions during preparation and
packing of the product. Bambu instant Swiss and
Mediterranean Espresso coffee substitutes showed
no fungal growth. These products possibly undergo
harsher processing which inactivates any fungal
entities present in the raw ingredients.

One hundred per cent of the chocolate-mint and
Mediterranean Espresso and 50% of the Bambu
instant Swiss coffee substitute samples contained
aerobic mesophilic bacteria. APCs ranged from
<100 to 9.4 x 10° cfu g™! (Table 2). Bacteria
isolated from samples that had no live fungi could
indicate that these organisms belong to processing-
resistant species probably spore-formers such as
Bacillus and Clostridium spp. Some of these
species (e.g. B. cereus and C. perfrigens) are
known to cause human illness. Although hot water
is added to the product during preparation of the
coffee drink and before consumption, Bacillus
spores are not killed by immersion in boiled water.
Consumption of live spores could cause illness
especially in individuals with compromised
immune system. Therefore, care should be taken
to rid these products of such bacteria.

Conclusions
Potentially toxigenic moulds including 4. flavus,
A. niger, A. carbonarius, A. versicolor, A. ochraceus,
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A. alternata, Eurotium, Fusarium and Penicillium
spp. were isolated from herbal teas at levels some-
times exceeding 1.0 x 10* cfu g™'. Such levels
indicate that these organisms could grow in the
commodities. 4. niger was the most frequently
encountered mould. Yeasts were isolated from the
majority of the samples and comprised a high per-
centage of the total fungal bioburden. Part of the
yeast populations could be originating from the
personnel handling the products after drying or other
forms of processing. Therefore, strict GMPs and
hygienic practices should be followed in order to
minimize added contamination. Aerobic mesophilic
bacteria were recovered from all herbal tea samples
tested at numbers sometimes reaching or exceeding
1.0 x 10° cfu g™'. Such high bacterial contamination
could constitute a health hazard if the bacteria pres-
ent are pathogenic or capable of producing toxin.

The herbal coffee substitutes analyzed were of
better mycological quality than the herbal teas.
Only the chocolate-mint coffee substitute con-
tained live fungi. These fungi probably originated
from the mint component of the formulation.
Aerobic mesophilic bacteria (=1.0 x 10° cfu g™)
were isolated from 83% of the herbal coffee
substitute samples tested. More extensive surveys
are needed in order to establish fungal profiles and
APC levels in herbal teas and coffee substitutes.
Additionally, these commodities should be tested
for the presence of pathogenic bacteria.

Acknowledgments
This research was solely supported by the Food
and Drug Administration.

Disclosure
The authors report no conflicts of interest.

References

Abe, S., Maruyama N., Hayama, K. et al. 2004. Suppression of neutrophil
recruitment in mice by Geranium essential oil. Mediators Inflam.,
13:21-4.

Azaz, A.D., Irtem, H.A., Kurkuoglu, M. et al. 2004. Composition and in
vitro antimicrobial activities of the essential oils of some Thymus
species. Z. Naturforsch., 59¢:75-80.

Bagamboula, C.F., Uyttendaele, M., Debevere, J. 2001. Inhibitory
effects of spices and herbs towards Shigella sonnei and
S. flexnerii. Meded Rijksuniv Gent Fak Landbouwkd Toegep Biol.
Wet 66:523-30.

Canafoglia, M., Comerio, R., Fernandez Pinto, V. et al. 2007. Putative
mycotoxin-producing fungi isolated from alpataco (Prosopis flexuosa)
fruits. Rev. Iberoam. Micol., 24(1): 56-8.

Czech, E., Kneifel, W., Kopp, B. 2001. Microbiological status of
commercially available medicinal herbal drugs—a screening study.
Planta. Med., 67:263-9.

Dohmae, S., Okubo, T., Higuchi, W. et al. 2008. Bacillus cereus nosocomial
infection from reused towels in Japan. J. Hosp. Infect., 69(4):361-7.

Dorman, H.J., Bachmayer, O., Kosar, M. et al. 2004. Antioxidant properties
of aqueous extracts from selected Lamiaceae species grown in
Turkey. J. Agric. Food Chem., 52:762-70.

Dorman, H.J., Kosar, M., Kahlos, K. et al. 2003. Antioxidant properties and
composition of aqueous extracts from Mentha species, hybrids,
varieties and cultivars. J. Agric. Food Chem., 51:4563-9.

Dutkiewicz, J., Krysinska-Traczyk, E., Skorska, C. et al. 2001. Exposure
to airborne microorganisms and endotoxin in herb processing plants.
Ann. Agric. Environ. Med., 8:201-11.

Efuntoye, M.O. 1996. Fungi associated with herbal drug plants during
storage. Mycopathologia., 136:115-8.

Efuntoye, M.O. 1999. Mycotoxins of fungal strains from stored herbal
plants and mycotoxin contents of Nigerian crude herbal drugs.
Mycopathologia., 147:43-8.

El-Kady, 1., El-Maraghy, S., Zohri, A.N. 1994. Mycotoxin producing
potential of some isolates of Aspergillus flavus and Eurotium groups
from meat products. Microbiol. Res., 149(3):297-307.

El-Kady, I.A., El-Maraghy, S.S., Eman Mostaza, M. 1995. Natural
occurrence of mycotoxins in different spices in Egypt. Folia
Microbiol. (Praha), 40:297-300.

Gins, V.K., Kolesnikov, M.P., Kononkov, P.F. et al. 2000. Oxyanthraquinones
and flavonoids from garland Chrysanthemum. Prikl. Biokhim.
Mikrobiol., 36:344-53.

Gyllenhaal, C., Merritt, S.L., Peterson, S.D. et al. 2000. Efficacy and safety
of herbal stimulants and sedatives in sleep disorders. Sleep Med. Rev.,
4:229-51.

Halt, M. 1998. Moulds and Mycotoxins in herb tea and medicinal plants.
Eur. J. Epidemiol., 14:269-74.

Kolanjiappan, K., Manoharan, S. 2005. Chemopreventive efficacy and
anti-lipid peroxidative potential of Jasminum grandiflorum Linn.
on 7, 12-dimethylbenz(a)anthracene-induced rat mammary
carcinogenesis. Fundam. Clin. Pharmacol., 19:687-93.

Lee, J.H., Jo, W.K. 2006. Characteristics of indoor and outdoor bioaerosols at
Korean high-rise apartment buildings. Environ. Res., 101(1):11-7.

Lugauskas, A., Raila, A., Railiene, M. et al. 2006. Toxic micromycetes in
grain raw material during its processing. Ann. Agric. Environ. Med.,
13(1):147-61.

Macchioni, F., Perrucci, S., Cecchi, F. et al. 2004. Acaricidal activity of
aqueous extracts of chamomile flowers, Matricaria chamomilla,
against the mite Psoroptes cuniculi. Med. Vet Entomol., 18:205-7.

Mahady, G.B., Pendland, S.L., Stoia, A. et al. 2005. In vitro susceptibility
of Helicobacter pylori to botanical extracts used traditionally for
the treatment of gastrointestinal disorders. Phytother. Res.,
19:988-91.

Martins, H.M., Martins, M.L., Dias, M.I. et al. 2001a. Evaluation of
microbiological quality of medicinal plants used in natural infusions.
Int. J. Food Microbiol., 68:149-53.

Martins, M.L., Martins, H.M., Bernardo, F. 2001b. Fumonisins B, and B,
in black tea and medicinal plants. J. Food Prot., 64:1268-70.
Maturin, L.J. and Peeler, J.T. 2001. Aerobic plate count. In: AOAC, (ed).
Bacteriological Analytical Manual, Chapter 3 [Online]. Accessed 6 May

2008. URL: http://www.cfsan.fda.gov/~ebam/bam-toc.html

Morton, J.F. 1987. Orange [Online]. Accessed 5 May 2008. URL:
http://www.hort.purdue.edu/newcrop/morton/orange.html.

Nelson, P.E., Toussoun, T.A. and Marasas, W.F.O. 1983. Fusarium species:
An Illustrated Manual for Identification. University Park, PA: The
Pennsylvania State University Press.

Obi, C.L., Enweani, I.B., Giwa, J.O. 1995. Bacterial agents causing chronic
suppurative otitis media. East Afi: Med. J., 72(6):370-2.

Omurtag, G.Z., Yazicioglu, D. 2004. Determination of fumonisins B, and
B, in herbal tea and medicinal plants in Turkey by high-performance
liquid chromatography. J. Food Prot., 67:1782—6.

54

Microbiology Insights 2008:1



Microbiology of medicinal herbal teas and coffee substitutes

Perrone, G., Mule, G., Susca, A. et al. 2006. Ochratoxin A production and
amplified fragment length polymorphism analysis of Aspergillus
carbonarius, Aspergillus tubingensis, and Aspergillus niger strains
isolated from grapes in Italy. Appl. Environ. Microbiol., 72:680-5.

Pitt, J.I., Hocking, A.D. 1997. Fungi and Food Spoilage, 2nd Edition. New
York: Chapman and Hall.

PMSP (Pest Management Strategic Plan for the Indiana, Wisconsin, and
Michigan Mint Industries Workshop) 2002. North Judson,
Indiana (December 12) [Online]. Accessed 15 April 2008. URL:
http://www.ipmcenters.org/pmsp/pdf/MidwestMintpmsp.pdf.

Riba, A., Mokrane, S., Mathieu, F. et al. 2008. Mycoflora and ochratoxin
A producing strains of Aspergillus in Algerian wheat. Int. J. Food
Microbiol., 122(1-2):85-92.

Rizzo, L., Vedoya, G., Maurutto, S. et al. 2004. Assessment of toxigenic fungi on
Argentinean medicinal plants. Microbiol. Res., 159:113-20.

Shunying, Z., Yang. Y., Huaidong. Y. et al. 2005. Chemical composition
and antimicrobial activity of the essential oils of Chrysanthemum
indicum. J. Ethnopharmacol., 96:151-8.

Skorska, C., Sitkowska, J., Krysinska-Traczyk, E. et al. 2005. Exposure to
airborne microorganisms, dust and endotoxins during processing of
peppermint and chamomile herbs in farms. Ann. Agric. Environ. Med.,
12:281-8.

Tournas, V.H., Stack, M.E., Mislivec, P.B. et al. 2001. Yeasts, moulds
and mycotoxins. In: AOAC, (ed). Bacteriological Analytical
Manual, Chapter 18 [Online]. Accessed 26 August 2008. URL:
http://www.cfsan.fda.gov/~ebam/bam-toc.html

Triantaphyllou, K., Blekas, G., Boskou, D. 2001. Antioxidative properties
of water extracts obtained from herbs of the species Lamiaceae.
Int. J. Food Sci. Nutr., 52:313-7.

Ukiya, M., Akihisa, T., Tokuda, H. et al. 2002. Constituents of Compositae
plants I11. Anti-tumor promoting effects and cytotoxic activity against
human cancer cell lines of triterpene diols and triols from edible
Chrysanthemum flowers. Cancer Lett, 177:7-12.

Zhang, Y., Chen, J., Chen, Y. et al. 2005. Environmental mycological study
and allergic respiratory disease among tobacco processing workers.
J. Occup. Health, 47(2):181-7.

Microbiology Insights 2008: |

55




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


