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Abstract: This investigation was designed to throw light on the microbial status of some crude herbal materials.
A total of 303 samples, representing different types of spices and medicinal plants were collected from random
sources in Egypt. Microbiological analysis was carried out for the detection and enumeration of microorganisms
using standard media. Also, samples were investigated for the mycological point of view and aflatoxins analysis
was performed. Representative figures for the microbial status of dried herbal materials including an aerobic
bacterial count, spore-forming, coliform, E. coli, Staphylococcus aureus, Salmonella, yeast and mold were
(103 to 103), (10 to 104), (10 to 103), (3 to 102), (10 in positive samples), (not detectable), (10 to 10 4) and
(10 to 104 CFU/g), respectively. Moreover, fungi were found in all of the collected samples. Aspergillus,
Fusarium and Penicillium genera were more frequently detected than other genera (Alternaria, Absidia spp.,
Mucor spp., Rhizoctonia and Cladosporium spp.).The collected samples were found to be free of aflatoxins
(B1, B2, G1 and G2). It was concluded that spices and medicinal plants may be high risk products and therefore,
more studies are necessary to find methods of decontamination.
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INTRODUCTION
Spices and medicinal plants are widely used as raw
materials for pharmaceutical preparations (Galenic
products) and as a supplement for dietetic products,
especially for “self medications” in public. These plants
are normally carrying a great number of bacteria and
molds, often of soil origin. Current practices of harvesting,
handling and production often cause additional
contamination and microbial growth [1, 2]. The microbial
flora on many spices and related materials is generally
dominated by aerobic spore-forming bacteria [3]. It was
found that Celery seed, paprika, black and white pepper
and Ginger usually show total plate counts in millions per
gram [1 ,4, 5]. Also, total plate counts above few hundred
thousands per gram have been noted in Cassia, Mace and
Nutmeg [5]. Spices having essential oils which exhibit
antimicrobial effects, generally show the lowest microbial
populations [1].
During the cleaning and processing of spices there
is a progressive reduction in the number and types of
microorganisms. Those organisms remaining after
physical cleaning operations are generally mixtures of
aerobic sporforming bacteria and common molds [5, 6].

aflatoxins
Coliform bacteria, among other species in the
Enterobacteriaceae family, occur sporadically and
usually in small populations [5,7] and are associated with
fecal contaminations. Bacterial spores of the Bacillaceae
family are resistant to thermal treatment usually applied in
infusion preparation and this thermal shock may stimulate
spore germination. Some of these bacteria like Bacillus
cereus and Clostridium perfringens are recognized as
having potential pathogenicity and have been
incriminated in food poisoning [8, 9] and are occasionally
present but at very low levels[6]. Pathogens such as
salmonella, shigella and coagulase-positive staphylococci
are rarely found in spices [5, 10]. Yeasts and mold
densities vary considerably with the individual spices,
but are usually quite low. They range from less than
10 per gram in the case of such spices as Mace, Mustard
seed and Cloves [11] to greater than 10,000 per gram for a
variety of other spices, mainly Basil, Black pepper,
Capsicum, Celery seed and Cinnamon [5, 6].
Keeping quality of spices is directly related to the
condition of the product at harvest. Post harvest
processing and properly storage of most harvested seeds
will require no further drying, whereas roots, barks and
certain berries may require various drying time. When
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properly dried and stored, spices are generally resistant
to
microbial spoilage. However, spices are raw
agricultural materials and if the moisture content is too
high, toxigenic molds, like Aspergillus spp., Penicillium
spp. and Fusarium spp. [12,13], may grow offering the
opportunity for aflatoxins production [14-16].
The present study aimed to throw light on the safety
of spices and medicinal plants for direct human use as
well as for pharmaceutical purposes. Also, investigation
of the microbiological quality, bacteria and fungi and the
toxicity of isolated fungi is another target of this study.
Also, analysis of aflatoxins will be considered.

Table 1:

Spices and medicinal plant samples collected from several
selected shipments in Egypt

Plant type

No. of collected samples

Scientific name

Leaves

MATERIALS AND METHODS

Geranium

20

Pelargonium graveolens L.

Basil

20

Ocimum basilicum L.

Marjoram

20

Marjorana hortensis L.

Peppermint

20

Mentha piperita L.

Spearmint

20

Mentha viridis

Jews mallow

10

Corchorus oritorius

Dill

10

Anethum grveolens L.

Celery

10

Apium graviolens Mill.

Parsley

10

Petroselinum sativum Hoffm.

Cumin

10

Cuminum cyminum L.

Tea

6

Thea sinensis L.

Fruits

Samples collection: A total of 303 samples, representing
different types of spices and medicinal plants, are
collected from random sources in Egypt. Many of these
herbs grow in different growing seasons and each with its
own agricultural practices. Eleven types were belonging
to leafy group, six to fruity group and three to the flowery
group. The samples were analyzed directly after
collection. Table 1 presents the different collected
samples.

Caraway

15

Carum carvi L.

Anise

15

Pimpinella anisum L.

Fennel

15

Foeniculum vulgare L.

Coriander

15

Coriander sativum L.

Dill

5

Anethum graveolens L.

Black pepper

5

Piper nigrum

Flowers

Standard media: For the detection and enumeration of
microorganisms, standard media are prepared. For aerobic
and sporeformer bacterial count, the medium was standard
plate count agar. For coliform bacteria count, the medium
was lauryl sulfate broth and brilliant green bile broth.
For E. coli, the medium was EC and EMB agar. For
Staphylococcus aureus, the medium was Baird parker,
brain heart infusion and trypticase soy broth with 10%
NaCl. For Salmonella, the medium was selenite cystine
broth and selective agars (bismuth sulfite, brilliant green,
triple sugar iron agar and lysine iron agar). For yeast and
mold, the medium was potato dextrose agar. Gram stain
and microscopic examination was used for confirmation.

Chamomile

66

Matricaria chamomila L.

Karkade

6

Rosella jamica

Saffron

5

Crocus sativus Linn

Mycological studies: Ten grams of each sample were
added to 90 ml portion of sterile saline solution (0.85%) in
500 ml Erlenmeyer flask and homogenized thoroughly on
an electric shaker at constant speed for 15 minutes. Ten
fold serial dilutions were then prepared [18]. One ml
portion of suitable dilutions were used to inoculate petri
dishes containing 15 ml dextrose agar fortified by 0.5 mg
chloromphnicol/ml medium. Plates were incubated at 28 ºC
for 7-15 days and examined for the growth of molds. Fungi
were isolated and identified according to [19-21].
Aflatoxins analysis: Twenty five grams from samples
of ground spices and medicinal plants were extracted
according to the method of [22]. Thin layer
chromatography (TLC) of aflatoxins (B1, B2, G1 and G2)
was performed according to [23].
Data were collected and represented in tables.

Standard toxins: Standard aflatoxins were obtained from
Sigma Co.
Microbiological analysis: Microbiological analysis for
spice and medicinal plant samples was carried out
according to Official Microbiological Methods of World
Health Organization [17]. The samples were prepared as
many decimal dilutions as necessary depending on the
expected bacterial load of the material being examined.
After dilutions prepared, appropriate media were
inoculated and incubated at specific temperature.

RESULTS
Bacterial contamination: The microbiological quality of
spice and medicinal plant samples collected from Egyptian
shipments is shown in Table 2. Among different bacteria
in the present study, total viable counts were noticed in
different plants at different levels. The highest mean
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Table 2: Mean counts (CFU/g) of microorganisms detected in Egyptian spices and medicinal plants
Item
Aerobic bacteria Sporformer bacteria Coliform bacteria E. coli
Staphylococcus aureus
Leaves
1.Geranium
3.1 x 106
2.0 x 103
2.4 x 102
2.1 x 102
2.Basil
1.0 x 107
2.1 x 103
2.4 x 102
1.5 x 102
6.0 x 10
3.Marjoram
5.6 x 106
3.4 x 102
4.6 x 102
2.1 x 102
4. Peppermint
2.6 x 108
1.4 x 104
1.1 x 103
4.6 x 102
3.0 x 10
5.Spearmint
3.0 x 107
2.3 x 103
1.1 x 103
2.1 x 102
2.0 x 10
6.Mulokhia
2.0 x 107
4.0 x 103
1.1 x 103
2.1 x 102
7.Dill
3.1 x 106
4.1 x 102
1.1 x 103
1.5 x 10
8.Celery
4.8 x 106
2.0 x 103
1.1 x 103
1.5 x 10
9.Parsley
2.5 x 107
3.6 x 102
1.1 x 103
4.6 x 102
10.Cumin
2.8 x 106
8.4 x 102
1.1 x 103
1.5 x 10
11.Tea
6.0 x 105
2.4 x 102
1.5 x 10
nd
Fruits
1.Caraway
1.8 x 106
1.8 x 102
2.1 x 10
1.5 x 10
2.Anise
7.0 x 106
6.1 x 102
1.1 x 103
1.5 x 10
3.Fennel
8.1 x 106
4.1 x 102
2.4 x 102
9.3 x 10
4.Coriander
4.0 x 105
1.6 x 102
2.3 x 10
3
5.Dill
6.0 x 105
2.6 x 102
1.5 x 10
3
3
6.Black pepper
4.0 x 10
1.1 x 10
Flowers
1.Chamomile
3.6 x 107
1.4 x 103
1.1 x 103
4.6 x 102
2.Karkade
8.1 x 105
6.1 x 102
1.5 x 10
3.Saffron
3.1 x 104
2.3 x 10
nd = not detected
Table 3: Percentage of fungi in positive infected samples of leafy medicinal plants
Geranium Basil
Marjoram Peppermint Spearment
Fungal species
n=20
n=20
n=20
n=20
n=20
Asp. fumigatus
2 (10%)
2 (10%) 3 (15%)
1 (5%)
2 (10%)
Asp. niger
3 (15%)
4 (20%) 4 (20%)
5 (25%)
4 (20%)
Asp. candidus
2 (10%)
2 (10%) 1 (5%)
5 (25%)
2 (10%)
Asp. ochraceus
4 (20%)
4 (20%) 2 (10%)
2 (10%)
2 (10%)
Asp. flavus
4 (20%)
5 (25%) 3 (15%)
5 (25%)
4 (20%)
Asp. terreus
1 (5%)
2 (10%) 2 (10%)
5 (25%)
6 (30%)
Asp. crothecium
1 (5%)
2 (10%) 2 (10%)
- (-)
- (-)
Fusarium spp.
2 (10%)
2 (10%) 2 (10%)
5 (25%)
3 (15%)
Penicillium spp.
2 (10%)
3 (15%) 2 (10%)
5 (25%)
1 (5%)
Alternaria
1 (5%)
- (-)
- (-)
1 (5%)
- (-)
Trichoderma
1 (5%)
- (-)
- (-)
1 (5%)
- (-)
Absidia spp.
1 (5%)
- (-)
- (-)
- (-)
- (-)
Mucor spp.
2 (10%)
1 (5%)
- (-)
- (-)
- (-)
Rhizoctonia
1 (5%)
- (-)
- (-)
- (-)
- (-)
Cladosporium spp. 1 (5%)
- (-)
- (-)
- (-)
- (-)
Asp. = Aspergillus

Jews
n=10
4(40%)
2 (20%)
2 (20%)
2 (20%)
2 (20%)
1 (10%)
1 (10%)
4 (40%)
3 (30%)
- (-)
- (-)
- (-)
- (-)
- (-)
- (-)

Table 4: Percentage of fungi in positive infected samples of fruity medicinal plants and spices.
Fungal species
Caraway n=15
Anise n=15
Fennel n=15
Asp. fumigatus
1 (6.7%)
1 (6.7%)
1 (6.7%)
Asp. niger
3(20.0%)
10 (66.7%)
10 (66.7%)
Asp. candidus
1(6.7%)
1 (6.7%)
2 (13.3%)
Asp. ochraceus
4(26.7)
1 (6.7%)
5 (33.3%)
Asp. flavus
4(26.7)
6 (40.2%)
4 (26.7%)
Asp. terreus
3(20.0%)
1 (6.7%)
1 (6.7%)
Asp. crothecium
3(20.0%)
1 (6.7%)
1 (6.7%)
Fusarium spp.
3(20.0%)
6 (40.2%)
4 (26.7%)
Penicillium spp.
4(26.7)
4 (26.7%)
5 (33.3%)
Alternaria
---3 (20.1%)
---Trichoderma
---------Absidia spp.
------4 (26.7%)
Mucor spp.
------2 (13.3%)
Rhizoctonia
1(6.7%)
---2 (13.3%)
Cladosporium spp.
---------Asp = Aspergillus
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Dill
n=10
2 (20%)
2(20%)
2(20%)
2(20%)
1(10%)
1(10%)
1(10%)
2(20%)
1(10%)
- (-)
- (-)
- (-)
- (-)
- (-)
- (-)

Salmonella

Celery
n=10
- (-)
2(20%)
2(20%)
1(10%)
1(10%)
1(10%)
1(10%)
2 (20%)
1 (10%)
- (-)
- (-)
- (-)
- (-)
- (-)
- (-)

Coriander n=15
1 (6.7%)
2 (13.3%)
1 (6.7%)
1 (6.7%)
1 (6.7%)
1 (6.7%)
1 (6.7%)
2 (13.3%)
1 (6.7%)
---------1 (6.7%)
-------

Yeast

Mold

-

3.0 x 103
8.0 x 102
3.1 x 102
1.1 x 104
3.0 x 103
4.1 x 103
1.2 x 103
2.1 x 102
1.1 x 103
3.1 x 103
2.2 x 102

3.5 x 103
3.0 x 103
1.5 x 104
2.0 x 10 4
2.0 x 10 3
3.0 x 102
1.3 x 103
4.4 x 102
3.5 x 103
2.9 x 102
1.2 x 102

-

3.0 x 102
1.2 x 103
4.1 x 103
1.2 x 103
2.0 x 103
3.4 x 102

1.0 x 103
1.6 x 103
2.4 x 103
2.2 x 103
3.0 x 103
2.1 x 102

-

1.1 x 104
6.0 x 10
4.0 x 102

7.4 x 103
8.1 x 102
3.0 x 102

Parsely
n=10
1 (10%)
1 (10%)
2 (20%)
1 (10%)
1 (10%)
1 (10%)
1 (10%)
2 (20%)
1 (10%)
- (-)
- (-)
- (-)
- (-)
- (-)
- (-)

Dill n=5
1 (20%)
1 (20%)
1 (20%)
2 (40%)
2 (40%)
1 (20%)
1 (20%)
1 (20%)
1 (20%)
---------1 (20%)
-------

Cumin
n=10
1 (10%)
1 (10%)
1 (10%)
1 (10%)
- (-)
- (-)
1 (10%)
1 (10%)
- (-)
- (-)
- (-)
- (-)
- (-)
- (-)
- (-)

Tea
n=6
- (-)
1(16.7)
1(16.7)
1(16.7)
1(16.7)
- (-)
- (-)
1(16.7)
1(16.7)
- (-)
- (-)
- (-)
- (-)
- (-)
- (-)

Black pepper n=5
------1 (20%)
1 (20%)
1 (20%)
1 (20%)
---1 (20%)
1 (20%)
-------------------
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Regarding to yeast, Peppermint and Chamomile
contained the highest mean counts. However the lowest
mean counts were detected in karkade. On the other hand,
the other types contained moderate counts (Table 2).
Mold was detected in all different plants. The highest
mean counts were detected in Peppermint and Marjoram.
The lowest mean counts were detected in Tea.

Table 5: Incidence of fungal species (%) in flowery medicinal plants
Fungal species

Chamomile n=66

Karkade n=6

Asp. fumigatus

20 (30.3%)

1 (16.7%)

1 (20.0%)

Asp. niger

15 (22.7%)

1 (16.7%)

2 (40.0%)

Asp. candidus

20 (30.3%)

1 (16.7%)

1 (20.0%)

Asp. ochraceus

22 (33.3%)

1 (16.7%)

1 (20.0%)

Asp. flavus

25 (37.9%)

2 (33.3%)

3 (60.0%)

Asp. terreus

12 (18.2%)

1 (16.7%)

2 (40.0%)

2 (3.0%)

1 (16.7%)

1 (20.0%)

12 (18.2%)

2 (33.3%)

1 (20.0%)

6 (9.1%)

2 (33.3%)

2 (40.0%)

Asp. crothecium
Fusarium spp.
Penicillium spp.

Saffron n=5

Alternaria

----

----

----

Trichoderma

----

----

----

Absidia spp.

----

----

Mucor spp.
Rhizoctonia
Cladosporium spp.

4 (6.1%)

1 (16.7%)

---2 (3.0%)

Fungal contamination and aflatoxins production:
Fungal populations isolated from spices and medicinal
plant samples are shown in Tables 3-5. Fungi were found
in all of the collected samples. The lowest percent of
mycological contamination were detected in Coriander
and Cumin. In contrast, Saffron and Fennel, presented the
highest infections of fungi. Aspergillus, Fusarium and
Penicillium genera were more frequently detected than
other genera of fungi. Aspergillus spp. was found in all
examined medicinal plant samples under investigation
while, Aspergillus fumigatus, Aspergillus niger and
Aspergillus crothecium were not detected in Black
pepper samples (Table 4). Strains of Aspergillus flavus
and Aspergillus niger were the most dominant in the
collected samples.
Fusarium and Penicillium spp. were isolated from all
the collected samples. Other species of moulds were
isolated from different medicinal plant samples, such as,
Alternaria, Trichoderma, Absidia spp., Mucor spp.,
Rhizoctonia and Chladosporium spp. (Table 4-6).
Different samples of spices and medicinal plants that
contaminated by Aspergillus species were free of
aflatoxins.

---1 (20.0%)

----

----

----

----

Asp= Aspergillus
Table 6: Requirements for the microbial purity of herbal drugs established
in the 1989 supplement to DAB g, the German Pharmacopeia [30]
Limits per drug category
---------------------------------------------------Micro-organism

Category 4aa

Category 4bb

Aerobic bacteria

7

10 /g

105/g

Yeasts and molds

4

10 /g

103/g

Escherichia coli

2

10 /g

101/g

Other enterobacteria

4

10 /g

103/g

Salmonella

None

None

Drug category 4a: Dried herbs and dried herbal mixtures for the preparation

a

of medicinal teas, which undergo a germ reduction before use (e.g., by
pouring boiling water on the material), as well as preparations for topical use
that contain dried herbs
b

Drug category 4b: Other preparation for internal use that contain

DISCUSSION

dried herbs

The microbiological quality of spice and medicinal
plant samples collected from Egyptian shipments had
been demonstrated in Table 2. However, it was reported
that microbial counts vary according to the region, the
year of production and the harvest and storage
conditions prior to drying. So, the observed counts are
thus a reflection of the original bioload, of growth, as well
as of die-off which are probably enhanced by oxidation
and the presence of active compounds in herbs and
spices [24]. Similar results were obtained by [25–28]. [25]
reported that 10% of analyzed samples from 95 different
crude herbal drugs contained <102 CFU/g molds, 38%
contained 102-103 CFU/g, 28% 103-104 and 24% >104
CUF/g. [26] analyzed 548 samples of seeds and 221
samples of 38 other crude herbal materials (barks, flowers,
leaves, fruits, herbs, roots and rhizomas). He found that

count was detected in Peppermint followed by
Chamomile flowers, Spearmint and dried Parsley.
However, the lowest mean counts were detected in
Black Pepper followed by Saffron.
Sporforming bacteria were detected in all the
analyzed samples. The highest mean count was detected
in Peppermint, followed by Mulokhia and spearmint.
On the other hand, coliform bacteria were detected in all
samples except black Pepper and Saffron. E. coli, also
detected in all analyzed samples except Tea, Black
Pepper, Karkade and Saffron. The highest mean count
was detected in Peppermint, Parsley and Chamomile.
However, the lowest mean counts were found in
Coriander and Dill. Salmonella was not detectable in all
the analyzed samples. However, Staphylococcus aureus
was detected only in Basil, Peppermint and Spearmint.
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total count of aerobic bacteria in seed samples up to >107
CFU/g (mean values in the range of 106 CFU/g). The other
samples contained <102 To >107 CFU/g (>80% of the
mean values in the range of 104-106 CFU). He detected
also E. coli in 37 samples (6.8%) of seeds and 17 samples
(7.7%) of other types. On the other hand, [27] analyzed
184 samples of 56 different herbs. He found that 85%
(>104 CFU) and 52% (>106 CFU) total bacterial count. He
reported also that yeasts and molds found in 36% >104
and 3% >106 and coliform bacteria detected in 58% >104
and 19% >106. However Staph. aureus and Salmonella
were not detected. [28] analyzed 578 samples of crude
plants. He reported that total viable count <103 to >108
CFU/g, yeasts and molds up to 107 CFU/g, coliform
bacteria up to 108, Staph. aureus detected in <1.3% of the
samples and Salmonella were detected in 1.3% of the
samples. [29] reported that 96.8% of the collected
medicinal plants were contaminated with Bacillus cerius,
19.2% of them contained levels higher than 103 spores/g.
Until recently, there were no special pharmacopoeial
or other official regulations providing concrete
upper limits for the microbial contamination of
phytotherapeutical materials. For lack of something better,
most investigators compared their results to the so-called
FIP requirements for the microbial purity of non-sterile
medicines which were proposed in the 1970s by the
committee of Official Laboratories and Control Services of
the Federation International Pharmaceutique (Table 6).
The FIP proposals have been considered to be unsuitable
for medicinal plants [28]. Even when bacteria have been
killed by sterilisation processes it is still possible that
endotoxins (liposaccharides from bacterial cell walls) are
present in dried medicinal plants Endotoxins may produce
pyrogenic effects such as elevated temperature, headache
and joint pain in humans. Sub-stantial amounts of
endotoxin have been found in commercial samples of
injection fluids obtained from plant extracts [31].
Representative figures for the microbial status of
dried herbal materials is in the same range as that of
vegetal foods. It is not so much caused by secondary
contamination during processing, but is primarily due
to the fact that plants have their own microbial flora.
This was elegantly demonstrated by [31], who compared
samples of the same three herbs in their fresh state and
after work-up to dried material. Due to this natural
contamination, a majority of dried medicinal herb samples
fails to meet the FIP requirements for microbial purity.
This is particularly true for so-called mass drugs, such as
Peppermint, Chamomile, Melissa and Valerian [27, 28, 32].
On the other hands, monographs of the US pharmacopeia

[33] for products that contain raw materials of natural
origin establish a maximum fungal contamination limit of
2x102 CFU/g of the products.
Fungi were found in all of the collected samples.
Strains of Aspergillus flavus and Aspergillus niger were
the most dominant in the collected samples. These
results are in agreement with that reported by [15, 34-36].
Fusarium and Penicillium spp. were isolated from all the
collected samples. In other studies, Penicillium spp. was
also found to be highly prevalent in Camomile,
Pennyroyal mint and Garden sage samples [2, 37]. The
contamination with fungal species resulted from neutral
extraneous contamination by dust following storage in
humid conditions [21]. Fungi fall into two ecological
categories, e.g., field and storage fungi. Field fungi were
observed to invade developing or mature seeds while it is
on the plant, the major field fungi genera are, Alternaria,
Fusariuim and Cladosporium. On the other hand, storage
moulds are those encountered on plants at moisture
conditions routinely found in stored products, these fungi
are principally species of Aspergillus and Penicillium.
Different samples of spices and medicinal plants that
contaminated by Aspergillus species were analyzed for
aflatoxins and it was found free of aflatoxins. This means
that the presence of toxigenic moulds in the food does not
mean directly the presence of mycotoxins and vice versa.
This could be explained in light of that spices and
medicinal plants are not ideal substrate for aflatoxins
formation, due to the presence of essential oils with antimycotic effects, may inhibit the production of aflatoxins
or reduce fungal infestation and/or subsequent aflatoxins
production. This agrees with [38-40] and is indicative of
causal contamination after harvesting and drying. The
antifungal effects are dependent on the concentration of
essential oils and this concentration is further dependent
on some factors, such as the part of the plant, plant
species and environment growth conditions [41-43].
Actually, it is important to note that fungal growth is
weaker in spices and herbs than other commodities
[44]. For example, although the fungus Aspergillus
flavus grows well on the spices, the production of
aflatoxins is lower than in cereals [45]. So, it seems that
not all Aspergillus strains are aflatoxigenic on this
type of matrix [46].
Most of the identified moulds have been reported
to have the ability to produce mycotoxins [47]. According
to [48], 70-80% of the Penicillia are potential mycotoxins
producer (citrinin, patulin,cyclopiazonic acid and
peniterm). These results showed that a potential risk for
mycotoxins contamination may be caused, especially
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during prolonged storage in poorly conditions without
temperature and moisture control that usually render
medicinal plants more susceptible to mould growth and
mycotoxins production [47].
It was concluded that spices and medicinal plants
may be high risk products as it contained many
pathogenic bacteria and fungi and therefore, more studies
are necessary to find methods of decontamination.
Also, processing methods such as harvest, drying,
transportation and storage must be improved.
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