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Abstract

Background: Aflatoxins are a family of toxins produced by fungi species known as Aspergillus flavus and Aspergillus parasiti-
cus. Contamination of aflatoxins in agricultural crops is of high concern as it has negative effects on public health.

Objective: This study reports on the levels of aflatoxins in four types of spices (black pepper, turmeric, cardamom and garlic)
collected from markets, stores and farms in selected locations of Tanzania.

Methods: A total of 84 samples of selected spices were collected. The determination of aflatoxins was performed using
high-performance liquid chromatography, coupled with fluorescence detector.

Results: The results obtained showed that 64 samples (76%) were contaminated with total aflatoxins at varying levels with
respect to location and weather conditions. Mean concentrations of total aflatoxins ranged from < DL to 8.41 ngg' for black
peppet, from < DL to 0.22 ngg' for gatlic, from < DL to 11.07 ngg" for cardamom and from 0.28 to 2.21 ngg! for turmeric.
4.7% of samples exceeded the maximum tolerable limit of 10 ngg™! for total aflatoxins (TAF) set by European Commission and

7 (8.33 %) samples exceeded the maximum tolerable limit of 5 ngg-' for Aflatoxin B,.
Conclusion: The observed aflatoxin contamination gives an alert for control of aflatoxins for improved public health.
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Introduction

Aflatoxins are a family of toxins produced by fungal
species that grow on different agricultural crops such as
maize, cereal and cereal products, nuts, sunflower, cotton
seeds, dry fruits and spices. The main species of fungi
that produce aflatoxins are Aspergillus flavus and Aspergil-
Ius parasiticus, which are abundant in warm and humid re-
gions of the world. Over 5 billion people in developing
countries worldwide are in danger of prolonged exposure
to aflatoxins through contaminated food and feed."* The
contamination of aflatoxins in different agricultural crops
and products is of high concern as it has negative effects
to food security and public health. Different types of af-
latoxins are known, however, only four types of them; af-
latoxins B, (AFB)), B, (AFB)), G, (AFG)) and G, (AFG,)
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erly cited.

have got more attention worldwide due to their reported
acute liver effects of human and animals leading to liver
cancer. Aflatoxins are among the most potent carcino-
genic, teratogenic and mutagenic compounds in nature.*
Aflatoxins also cause nutrient alteration like vitamin A
or D in animals thus making them inaccessible for the
normal body physiology leading to nutritional insufficien-
cies.” Aflatoxins obstructs nucleic acid synthesis (DNA-
RNA) and interferes with the detoxification process lead-
ing to mutation hence liver cancer since the main target is
the liver.*” They ate also known to reduce sperm count
and cause infertility, low birth weight and child defects
(teratogenic) as well as decreasing milk and egg produc-
tion® The toxicity of aflatoxins has been reported to be
in the order of aflatoxin B, (AFB,) > aflatoxin G, (AFG,)
> aflatoxin B, (AFB)) > aflatoxin G, (AFG,).

© 2024 Juma S et al. Licensee African Health Sciences. This is an Open Access article distributed under the terms of the Creative commons Attribution License
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Humans are exposed to aflatoxins by ingestion of con-
taminated food such as milk and dairy products, cereals,
cacao, oilseeds (cotton, groundnuts, sunflower), coffee,
grapevine, dried fruit seeds and vatious spices.'” "'

Spices are food additives commonly used as flavoring,
seasoning, colorant and imparting aroma. Thus, they are
used as food cooking additives in Tanzania like in any
other country. Different types of spices are grown in sev-
eral regions in Tanzania including Arusha (garlic), Moro-
goro (turmeric), Zanzibar (black pepper, turmeric), Tanga
(cardamom, black pepper, turmeric), Mbeya (garlic), and
some are imported from India. These spices are highly
consumed in neatly every household as major additives
in food, used as medicines (black pepper, garlic, turmer-
ic) and as natural cosmetics (garlic, turmeric). Spices are
contamiated by aflatoxins because of insanitary produc-
tion process, poor handling and storage conditions. They
are highly contaminated by dust and wastewater when
left unpacked at different selling levels.”” Proper handling,
drying, transportation and storage of spices are of para-
mount importance for eliminating/minimizing aflatoxin
contaminations. Among the spices consumed in Tanza-
nia are imported from different countries while some of
them are cultivated within the country particularly Zan-
zibar and Arusha. Farmers and other agricultural work-
ers may be at risk of gasping dust containing aflatoxins
created during handling and processing of contaminated
crops and feed. Aflatoxins are stable to heat, hence can-

CH;

C'H;
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not be totally eradicated in agricultural products like spic-
es under normal cooking temperature.”

aflatoxins contaminations in different
types of spices have been reported from different places
around the world. For example, in Ethiopia, a research

Incidences of

conducted on 60 samples of spices collected from mar-
kets, shops and storage facilities revealed that, eight sam-
ples were contaminated with Aflatoxin B, in concentra-
11 which is far above

the maximum set limits. Results of a study conducted in

tions ranging from 250 -525 ngg

India on aflatoxin contamination in spices, reported up
to 120 ngg-' aflatoxins levels in 18 out of 125 samples of
black pepper, ginger and turmeric assembled from drying
yards of Kerala and warehouse of Karnataka.”” More-
ovet, a study conducted in Nyahururu markets in Kenya
by Mwangi et al. 2014 on 13 types of spices (chili, cur-
ry powder, cayenne, paprika, cinnamon, pepper, ginger,
cloves, garlic, nutmeg, turmeric, cumin and mixed spices)
revealed that 50% of the samples had aflatoxins levels
beyond the tolerable limits set by EC (10 ngg™).'* In Tan-
zania, several studies on levels of aflatoxins in food like
maize, cereals, sunflower and groundnuts have been con-
ducted.'** However, none of these studies reported on
the levels of aflatoxins in different spices produced and/
or marketed in Tanzania. This paper therefore, reports on
the levels of aflatoxins in four types of spices; black pep-
per, turmeric, cardamom and garlic which are produced
and/or marketed in Arusha and Zanzibar.

Table 1: Samples Collected from Markets and Store in Arusha, Tanzania

Number and Types of Collected Spices Samples

Sampling Cardamom Garlic Turmeric Black Total
sites Pepper
(Markets

and

Stores)

SK 3 3 3 3 12
KL 3 3 3 3 12
KLs 3 3 3 3 12
TOTAL 9 9 9 9 36

SK = Soko Kuu Market, KLL = Kilombero Market, KLs = Kilombero Stores.
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Table 2: Samples Collected from Markets, Store and Farms at Zanzibar, Tanzania

Number and Types of Collected Spice Samples

Sampling Cardamom Garlic Turmeric Black Total

Sites Pepper
(Market,

Stores

and

Farm)

DJ 4 4 4 4 16
MK 4 4 4 4 16
MKs 3 3 3 3 12
KZf - - 2 2 4
TOTAL 11 11 13 13 48

DJ = Darajani Market, MK = Mwanakwerekwe Market, MKs= Mwanakwerekwe Stores,
KZf = A spice farm in Zanzibar.

J9"IDE

Figure 1 A Map of Zanzibar Showing Sampling Sites
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Figure 2 A Map of Arusha Showing Sampling Sites

Materials and Methods

Sample Collection

The samples of selected spices (cardamom, garlic, black
pepper and turmeric) were randomly collected from five
sampling sites in Zanzibar (Figure 1) and Arusha (Figure
2). In Zanzibar samples were collected from Mwanakw-

African Health Sciences, Vol 24 Issue 2, June, 2024

erekwe market and its associated stores, Darajani market
and KZ spices farm whereas in Arusha, samples were col-
lected from Kilombero market, stores and Soko Kuu. A
total of eighty-four (84) samples (20 cardamom, 20 garlic,
22 turmeric and 22 black pepper) were collected from
the two regions (Tables 1 and 2). Collected samples were
then packed in polyethylene bags to avoid moisture and

143



transported to the Tanzania Bureau of Standard (TBS)
laboratories where they were refrigerated at a temperature
of 4 °C, prior to laboratory analyses.

Extraction of Samples

Spice samples; cardamom, garlic, turmeric and black pep-
per were ground in a blender to get fine particles that
could be easily extracted for aflatoxins. In Erlymeyer
flask, 25 g of the sample were weighed using analytical
balance, and then 2 g of NaOH was added to reduce
the oily nature of the samples and hence ensuring opti-
mal extraction. Thereafter 100 mL of extraction solvent
(methanol: water (70:30 v/v)) was added into the flask
containing the sample. The mouth of the flask was cov-
ered with aluminium foil and shaken using gyratory shak-
er for 30 minutes at 250 rpm followed by filtration using
Whatman filter paper (Whatman No.1).

Dilution and Clean-up

The extract (4 mL) was taken into a Teflon tube followed
by addition of 8 mL of double distilled water and vor-
texed for 30 seconds to ensure adequate mixing. Extracts
were cleaned using immunoaffinity columns in which
the samples were loaded and allowed to pass through
the column by gravity. The columns were washed twice
with 10 mL distilled water, subjected to vacuum sucking
and thereafter the bounded aflatoxins were eluted with
1 mL of HPLC grade methanol by gravity. Slight pres-
sure was applied to remove any remaining liquid followed
by vortexing for 30 seconds. Then, 300 uL of the eluted
solution was taken and mixed with 700 L. of the mobile
phase (600 uL. Water: 100 ul. Acetonitrile) and vortexed
for 1 minute. Thereafter, the analyte was determined us-
ing HPLC-FD based on post-column derivatization.

0
0
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Scheme 1: Derivatization of AFB, and AFG,
HPLC cone — Pealk Areaof the sample (FA)
Responsefactor (RE) ... 1
Where,
PF Peak area of lmown concentration of standardselution
T Known concentration of the standard solution a2 2
Cone of the analyte = HFLC conc (ppb) ><.1 mL=100mL =3 3 (dilution factor)
4mLx Weight of the sampletaken (g) 3
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Derivatization, Detection and Quantification

Prior to detection in the HPLC, aflatoxins B, and G, were
derivatized into AFB,, and AFG,,,
in Scheme 1. The samples were then injected in HPLC
coupled with fluorescence detector for determination
of aflatoxins. Results were obtained by comparison of
peaks’ retention times with those of standards of which

respectively, as shown

the peak areas were then used for quantification.

HPLC Conditions

The eluents were placed in the HPLC for detection of
aflatoxins under post-column derivatization with Fluores-
cence Detector (FLD) (Model Agilent Chem station tech-
nology, series 1200). The mobile phase used contained
60:30:10 v/v, water: methanol: acetonitrile. The separa-
tions of aflatoxins (AFB , AFB,, AFG, and AFG)) were
performed on the C18 column at a temperature of 30 °C
at a flow rate of 1.2 mL/min. The injection volume was
50 uL for both standard solutions and sample extracts.
AFG, and AFB, were derivatized to allow their detection
in fluorescence detector at an emission wavelength of
465 nm and an excitation wavelength of 360 nm.

Determination of Percentage Recovery, Limit of
Detection and Limit of Quantitation

The accuracy of the procedure was determined by com-
puting the percentage recovery of spiked blank samples.
The spices samples were split into two portions, in one

portion; a 10 ngmL™" of aflatoxins standards AFB,, AFB,,
AFG, and AFG, was added. Thereafter, the concentra-
tion of aflatoxins was determined for both spiked and
unspiked samples. The recoveries of all aflatoxins were
calculated using equation 4 and the obtained results
ranged between 84.3 to 97.1% which was within the ac-
ceptable range of 70% to 120%.%

%Recovery:ﬂxlUU%

3
Where r = the recovered amount, b = blank concentration and s = the spiked amount.

The limit of detection (LOD) and limit of Quantitation
LOQ) of the method were determined as per the meth-
od reported by Shtivastara and Gupta (2011).*

Data Analysis

The obtained data were statistically analyzed for identi-
fying whether there was a significant difference between
the data obtained from different sampling sites and/or
between the different types of spices using MaxStat Lite.
Hence, analysis of variance (ANOVA) was applied to re-
late the mean concentrations of aflatoxins contamination
in spices between Zanzibar and Arusha.

Results

Qualitative and quantitative determination of aflatoxins
was accomplished by running the mixture of aflatoxins
standards in HPLC to establish the separation ability of
the method. The separation of the four types of aflatox-
ins was achieved within 10 min. (Figure 3).
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Figure 3: HPLC Chromatogram for Aflatoxins Standard
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For the quantification of aflatoxins, standard solutions of
AFB,, AFB,, AFG, and AFG, were used to obtain the
calibration curves at a concentration ranging from 1 to 15
ng/mL. The obtained calibration equations and their re-
spective correlation coefficients are; AFB, (Y = 1.0651x

—0.2616; > = 0.9983), AFB, (Y = 1.1137x — 0.28306; r* =
0.9982), AFG' (Y = 1.1639x — 0.317; * = 0.9981), and
AFG, (Y = 1.1169x — 0.3032; r* = 0.9982). Table 3 sum-
marizes the results for percentage recovery, limit of de-
tection and limit of quantitation of the method.

Table 3: Percentage Recoveries, limit of detection and limit of quantitation of the method

Aflatoxins % Recovery LOD (ngmL") LOQ (ngmL™)
AFG; 88.7 0.13 0.16
AFGy 97.1 0.13 0.21
AFB» 86.4 0.13 0.18
AFB; 84.3 0.16 0.29

Levels of AFB, AFG,, AFG,, AFB, and Total Afla-
toxins (TAF) in Black Pepper, Garlic, Cardamom

and Turmeric

The determined levels of aflatoxins in samples of black

pepper, garlic, cardamom and turmeric from Zanzibar
and Arusha markets, stores and farms are summarized in

Table 4.

Table 4: Mean Concentrations of AFG2, AFGi, AFB2, AFB:1 and TAF for Black Pepper Black
Pepper, Garlic, Cardamom and Turmeric Samples Collected from Zanzibar and Arusha

Sampling Sites

Spices AFG2 AFG1 AFB: AFB1 TAF
(ngg™) (ngg" (ngg™) (ngg™) (ngg"
Sites n Mean £SD Mean £SD Mean £SD Mean £SD Mean +SD
DJ 4 0.43£0.29  1.62+0 0.38+0.07 1.56+1.24  0.85+0.45
g MK 4 0.79+0.20  30.27+8.55 0.15+0 1.37£1.09  8.41+5.41
s MKs 3 5.32+0 2.38+1.61  0.73%0.14  6.01£3.34  3.86+1.86
= Kzf 2 2.01+0 ND 0.26+0 4.12+0 2.13+0
9 KL 4 0.14£0.29  0.33%0 0.13+0 1.87+0 ND
m KLs 3 1.3320 0.75+0 0.86+0.078 1.20+0.40  1.02+0.25
SK 3 0.28+0 0.96+£1.08  0.16+0 1.98+0.61  1.23+0.53
DJ 4 0.21+0 ND 0.18+0 ND 0.22+0
. MK 4 ND ND ND ND ND
= MKs 3 ND ND ND ND ND
S KL 4 ND ND ND ND ND
KLs 3 0.13+0 ND 0.14+0 ND ND
SK 3 ND ND ND ND ND
DJ 4 0.14+0 ND 0.18+0 ND 0.14+0
MK 4 2.20+0 ND ND 19.94+0 11.07+0
g MKs 3 0.76+0.32 ND ND 0.23+£0.21  0.49+0
§ KL 4 0.16:0 0.14+0 ND 0.82+0 0.37+0
= KLs 3 ND 0.19+0 0.21+0 1.12+0 0.55+0.52
© SK 3 ND ND ND ND ND
DJ 4 1.59+0.78  0.21+£0.02  0.67+0 2.32+0.88  1.42+0.46
o MK 4 1.76£1.53 ND 0.65+0 1.14+0.79  1.08+0.91
o} MKs 3 2.56+0.62  2.71+0 0.61+0 2.41+0.83  2.21+0.48
§ KL 4 0.20+0.28 ND 0.30+0 0.35£0.25  0.28+0
= KLs 3 1.61£0.28  0.18+0 ND ND 0.89+0
SK 3 0.68+0 ND 0.47+0 3.01£0.61  1.39+0.53

Where n = number of collected samples, ND=Not detected, DJ=Darajani Market, MK=Mwanakwerekwe
Market, MKs= Mwanakwerekwe Store, KZf= A spice farm in Zanzibar, KI.= Kilombero Market, KI.S=

Kilombero Stores, SK= Soko Kuu Market
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Discussion

Black pepper: The obtained results for total aflatoxins
(TAF) in the analyzed spices showed that in black pep-
per the mean concentration ranged from less than de-
tection limit to 8.41 ngg”. The mean concentrations of
TAF were found to vary within sites as indicated in Table
4. High levels of contamination were observed in black
pepper samples collected from Mwanakwerekwe market
which was 8.41 £ 5.41 ngg™. The observed trend of the
mean concentration of TAF in black pepper collected
from Zanzibar with respect to sites is Mwanakwerekwe
market > Mwanakwerekwe store > Darajani. The ob-
served high levels of total aflatoxins in black peppers col-
lected from Mwanakwerekwe market and stores may be
attributed to poor storage conditions which was observed
in both market and stores. The use of poor storage facil-
ities like sacks and baskets laid on the floor, might have
contributed to the growth of aflatoxins producing fungi
due to wetness developed at the bottom part. The spices
also stay for long time in stores resulting into increased
probability of moisture formation especially at the low-
er part of the sacks. The observed wet environment of
the market/stores caused by human activities such as
meat/fish butcheries near spice shops increase the hu-
midity in the surrounding environment and thus favoring
growth of aflatoxins producing fungi in the areas around
the shops. High temperature in Zanzibar seems to influ-
ence the growth of aflatoxins producing fungi. Gener-
ally, the individual aflatoxins levels in each market/store
were observed to vary from one location to the other; for
instance, in Darajani market all four types of aflatoxins
were detected though in lower levels. at Mwanakwerekwe
market high levels of AFG1 were detected (30.27 ngg™)
with relatively low levels of AFG,, AFB, and AFB.. In
Mwanakwerekwe stores; high levels of AFB, were detect-
ed (6 ngg™) which exceeded the safe limit set by EC/TBS
of 5 ngg’ for AFB..

Black peppers collected from Arusha were observed to
have mean concentrations of total aflatoxins ranging
from below detection limit (Kilombero market) to 1.23
1 0.53 ngg-1 (Soko Kuu market). Thus, the general trend
of contamination in Arusha was; Soko Kuu market > Ki-
lombero store > Kilombero market. The low levels of
aflatoxins in black peppers from Arusha as compared to
those from Zanzibar can be attributed to relatively low
temperature and humidity as well as good storage con-
ditions.

African Health Sciences, Vol 24 Issue 2, June, 2024

Garlic: The levels of aflatoxins in garlic samples from
Mwanakwerekwe market and stores were below detec-
tion limit whereas the contamination of samples collect-
ed from Darajani market ranged from ND to 0.21 ngg™,
0.18 ngg' and 0.22 ngg' for AFG,, AFB, and TAF, re-
spectively. The spices with observed contamination were
from samples collected from an area very close to meat
butcheries and thus, the contamination might be due to
the high humid nature of the surrounding environment
which favors the growth of aflatoxins producing fungi.
Likewise, in the samples collected from Arusha, the levels
of aflatoxins were below detection limit in both Soko Kuu
market, Kilombero market and samples from the stores.
Only samples from Kilombero Stores were observed to
have low contamination at levels ranging from ND to
0.13 ngg' and 0.14 ngg' of AFG, and AFB,, respectively.
Low or not detected levels of aflatoxins which was ob-
served in garlic might be attributed to its inhibitory prop-
erties towards fungal growth.” * The findings on gatlic
are related to results reported in the studies carried out
in India by different researchers *>* in which the levels
of aflatoxins in garlic were reported to be below detec-
tion limit. Similar results were also reported by Abou-Ar-
ab et al. (1999), El-Shafie et al. (2002) and Mwangi et al.
(2014 ‘1(7, 25,26

Cardamom: Aflatoxin contamination in cardamom was
observed in nearly all market and store samples in Zanzi-
bar. The total aflatoxins contamination levels ranged from
0.14 to 11.07 ngg'. The highest level of AFB, (19.94 ngg’
") was observed in samples collected from Mwanakwere-
kwe market in some shops where cardamom was stored
in large baskets and sacks placed on the floor. This in-
creased the chance of the growth of aflatoxins producing
fungi due to increased moisture from the lower side of
the sacks. The market was observed to be dusty with poor
sanitation. Furthermore, the spices were kept in shops
for long time before being sold to consumers; this might
have contributed to development of fungi in spices. In
Mwanakwerekwe stores the levels of AFB, and AFG,
ranged from 0.23 to 0.76 ngg™', which was low compared
to the levels in market samples. In Darajani market low
levels of AFG, and AFB, were detected in some spices
samples, however, AFG, and AFB, were not detected.

In Arusha, cardamom collected from Kilombero market

had levels ranging from 0.14 to 0.82 ngg', whereas in
Kilombero stores the observed levels were between 0.19
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to 1.12 ngg-'. No contamination was detected in Soko
Kuu market. Lower or not detected levels in samples
from Arusha might be due to good handling and storage
facilities, and good sanitary environment of both mar-
kets and stores. The low temperature and humidity of the
region does not favor high growth of the aflatoxins pro-
ducing fungi. The levels of detected aflatoxins from this
study are relatively higher particularly for samples from
Mwanakwerekwe market of which the mean TAF con-
centration was 11.07 ngg™', which exceeded the maximum
limit set by TBS/EC compared to other studies which
reported low aflatoxins contamination in cardamom due
to the presence of cardamom oil.*

Turmeric: A total of 16 (72%) samples out of 22 tur-
meric samples were found to be contaminated with af-
latoxins from both markets and stores but the levels did

not exceed the limits set by EC/TBS. Samples of tut-
meric from Darajani market in Zanzibar had levels of
contamination ranging from 0.21 to 2.32 ngg™. At Mwa-
nakwerekwe stores and market some spices were con-
taminated, which might be due to improper storage of
the spices that might have led to random movement of
dust containing aflatoxins fungal spores from one point
to another. Turmeric samples collected from Arusha had
mean concentration of TAF ranging from 0.28 to 2.21
ngg' (Figure 4). High levels of AFB1 (3.01 + 0.61 ngg
") were found in Soko Kuu market samples. The shop
at which samples were taken was located nearby water
ways and washrooms hence the wetness in the surround-
ing environment might have contributed to the growth
of producing fungi. On the other hand, low levels were
observed in both Kilombero market and stores. The tur-
meric spices in these locations were stored in good stor-
age facilities that do not encourage fungal growth.
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Figure 4 Turmeric Mean Concentration for AFBi, AFB,, AFGi, AFG; and TAF in Zanzibar and Arusha Sampling
Sites. Where, DJ = Darajani market, MK = Mwanakwerekwe market, MKs = Mwanakwerekwe store, KL
= Kilombero market, KLs = Kilombero Stores, SK = Soko Kuu Market.

Comparison of the levels of Aflatoxins between
Spices from Zanzibar and Arusha

The observation made in this study revealed that, the
mean concentrations of total aflatoxins contamination
in black pepper samples from Zanzibar was higher (4.71
ngg-') than for the same samples from Arusha (1.12 ngg").
The higher mean concentration of TAF in black pepper
samples from Zanzibar might be attributed to high tem-
perature and humidity observed in Zanzibar as well as
poor storage facilities and storage condition in the mar-
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kets and stores where spices are stored in sacks and buck-
ets on the floor. Again, the shops are surrounded by meat
butcheries which contributes wetness in the surrounding
environments. The levels of TAF in turmeric from Zan-
zibar was slightly higher (1.82 ngg-') than that detected in
samples from Arusha which was 1.03 ngg™'. For gatlic the
mean concentration of TAF from Zanzibar was some-
how high (0.22 ngg-") in comparison to that of Arusha
which was 0.11 ngg-'. Generally, gatlic samples had very
low levelsf aflatoxins compared to other studied spices.
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The study also revealed that the mean concentration of
TAF in cardamom from Zanzibar was higher (0.37 ngg
") than that detected in samples from Arusha which was
0.21 ngg'. It was also observed that the contamination

in samples collected from Zanzibar is a result of long
storage time of spices in shelves before reaching the final
consumers. Furthermore, Figure 6 shows the comparison
of the mean concentration of TAF in spices from Zan-
zibar and Arusha.
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Figure 5: Mean Concentration for TAF in Zanzibar and Arusha Spices

Furthermore, the observed high levels of aflatoxins con-
tamination in spices collected from Zanzibar sites can be
attributed to the high temperature and high humidity of
the area. During the sampling period, the temperature
ranged from 25.4 to 29.8 °C and RH from 77 to 90% as
was recorded by Zanzibar Meteological Agency (ZMA).
For the case of Arusha, the observed low levels of afla-
toxins contamination in spices collected from Soko Kuu
and Kilombero market is attributed to the low tempera-

ture and humidity as it was recorded by Tanzania Meteo-
logical Agency (TMA) - Arusha Centre. The temperature
during the sampling period ranged from 21.6 to 22.8 °C
and RH from 70.8 to 78.4% (Figure, 6a and b). The tem-
perature which favors fungal growth ranges from 25 to 40
°C.”. Toxin production decreases or not produced at low
temperature, unless the ambient relative humidity (RH)
increases. RH that favors growth of Aflatoxins producing
fungi ranges from 80% to 99%.%
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Figure 6: (a) Annual mean monthly temperature for Zanzibar and Arusha, (b) Annual Relative

Humidity for Zanzibar and Arusha.

Conclusion

In Tanzania, many spices such as ginger, cardamom, cin-
namon, turmeric, black pepper, nutmeg, vanilla, chili,
cumin, onion, garlic and cloves are cultivated and due
to the existence of conditions favorable for the growth
of aflatoxins producing fungi, they are prone to con-
tamination with aflatoxins at different levels. The inves-
tigated four types of spices; cardamom, turmeric, garlic
and black pepper which are produced and/or marketed
in Zanzibar and Arusha have indicated the necessity of
quick intervention to raise awareness to not only spices
users but also sellers for proper handling and storage. A
total of 7 (8.33 %) samples out of all analyzed spice sam-
ples were contaminated with Aflatoxin B, that exceeded
the set limits of 5 ngg™ set by EC/TBS. Generally, the
obtained results indicate a risk to public health and hence
gives an alarm for intervention measures.
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