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Abstract

Background: Sesame is grown in almost all tropical and sub-tropical regions of Africa for its seeds and oil
from the seeds. Hence, Nigeria seeks to expand its production and explore other markets including making
inroads into the European Union (EU) and Mediterranean markets. However, the stringency of the food safety
standards of the developed countries has posed a stiff challenge to the participation in the world trade in
agricultural produce. In Nigeria, sesame export has dwindled due to the detection of aflatoxin contamination
levels above the United States and European Union aflatoxin regulatory standards. Hence the need to
investigate the effects of variety, seeding rate and threshing regime on aflatoxin contamination of early and late-
planted sesame in the southern guinea savannah agroecological zone of Nigeria.

Materials and Methods: Treatments comprised 2 sesame varieties (E-8 and Ex-Sudan), 3 seeding rates (3 kg
ha, 5 kg ha™ and 7 kg ha™) and 3 threshing regimes (1, 2 and 3 weeks after harvesting — WAH). A 2 x 3 x 3
factorial combination of the treatments were laid out in Randomized Complete Block Design (RCBD) and
replicated four times in both the early and late season plantings. Analysis of variance was carried out on data
generated while t-test was used to compare differences between early and late season plantings.

Results:Results of statistical analyses revealed that in the early planting season, only threshing regime and the
interaction between variety and threshing regime showed significant effect. In the late season planting, variety,
seeding rate and their interaction were significant. Lower density plantings of Ex-Sudan at Akwanga gave rise
to lower aflatoxin levels. Generally, delay in time of threshing favoured accumulation of aflatoxins in seeds of
sesame. There were significant variety and threshing regimes interactions although the pattern varied across
locations. At Akwanga and Tor Musa, there was a pattern of increase in aflatoxin level of seeds with delay in
threshing in both varieties in the early season. In the late season, only E-8 showed this pattern atTor Musa
while both varieties did not show any significant variation at Akwanga.

Conclusion:It was clearly observed that for all locations, irrespective of variety, seeding rate and threshing
regime, aflatoxin contamination was higher in seeds of early planted sesame compared to the late planted
sesame. It is suggestive from this study that aflatoxin load is influenced by crop genotype, seeding rate and
threshing regime.
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l. Introduction
Sesame (SesamumindicumL.) is one of the most ancient oilseed crops. It is well adapted and grown in
almost all tropical and sub-tropical regions of Africa, Asia, Latin America and southern Europe for its seeds and
oil from the seeds’. According to? about 65% of the annual sesame crop produced is processed into oil for
domestic and industrial uses while 35% is consumed as whole seed. Sesame is also used for pharmaceutical
purposes. The presence of some antioxidants (sesamum, sesamolin and sesamol) results in the oil being one of
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the most stable vegetable oils in the world. It is also rich in carbohydrates, calcium, phosphorus and protein®.
The seed cake is rich in protein and is used in compounding protein-rich feeds for livestock®.In the year 2000, it
was estimated that up to 570 000 ha of land was under sesame cultivation, producing an estimated 24 945 metric
tons. The contemporary global wave of knowledge and understanding of the health and nutritional attributes of
sesame and other emerging crops® has resulted in an increase in world market demand thereby motivating
farmers to expand their land areas of sesame cultivation®. By the year 2001, Nigeria became the main exporter to
the world’s largest importer of sesame seeds to Japan®(. However, when compared to the productivity of other
competing countries, Nigeria’s sesame productivity is sub-optimal.

Nigeria produces high quality sesame, an attribute that has earned the country a position in the top 10
chart of world sesame producers. According to”® the quality of sesame seeds is measured by the colour, with
white — pearly white seeds that are used for confectionary purposes while black seeded varieties are mainly used
in Asian culinary, In addition, seed size and weight (weight of 1000 seeds > 3.0 g), oil content (40 — 50 %) and
moisture content (< 6 %) are other notable quality characteristics assessed”®. Hence, Nigeria seeks to expand its
production and explore other markets including making inroads into the European Union (EU) and
Mediterranean markets. However, the stringency of the food safety standards of the developed countries has
posed a stiff challenge to the participation in the world trade in agricultural produce. In recent times, Nigeria
sesame export has dwindled due to the detection of aflatoxin contamination levels above the United States and
European Union aflatoxin regulatory standards®.

Aflatoxins are a group of four mycotoxins (B, B,, G; and G;) which are secondary metabolites
produced mainly by Aspergillusspecies, most notably A. flavusand A. parasiticus™®. Several findings by local
researchers of various producing countries have confirmed the presence of aflatoxin in sesame viz in Chinese
sesame™’, in Sudanese sesame oil up to 9.8 microgram per kilogram of sesame’? and in Nigerian sesame seeds
(up to 25pph)*although a recent report by contradicted some of the earlier studies. The ubiquitous nature of
this contaminant has assumed an important position among the issues of global concern due to the adverse
toxicological consequences on the health of humans and animals. Thus, Nigerian agricultural produce has
suffered rejection at the international market as a result of its inability to meet phytosanitary standards due to the
presence of toxins (chemical or biological) and the presence of fungal growth in the consignments®.
Consequently, the Nigerian sesame farmers do not attract premium prices from the industry.

Tackling the issue of quality and yield of the Nigerian sesame seed requires an examination of the
causal factors and levels. Thequality and quantity of grain crops depend on soil, climate and time of cultural
management practices'®. Similarly, *'reported the importance of timely harvest while'® reported on the effects of
time of planting and crop population density. Several other authors posited that field and storage conditions that
induce stress on crops (including high temperature and humidity, drought, inadequate nutrition and excessive
plant population, insect attack at fruiting stages and weeds) favors growth of fungi and induce aflatoxin
contamination'®??',  Althoughassociated with storage, *’suggested that aflatoxin producing species of
Aspergillus start infestation of crops from the field and field management practices that increase yields may
serve as an early preventative intervention to prevent or reduce incidences of aflatoxin contamination. Better
sesame prices can be obtained by production of high-quality sesame. Seeding rate and threshing regime might
also play a role to reduce aflatoxin incidence. Hence the need to determine the effect of seeding rate and
threshing regime on the incidence of aflatoxin contamination on grains of two early and late season planted
sesame varieties in the southern guinea savanna of Nigeria

Il.  Material and Methods
Experimental trials were conducted at three different locations, namely; Makurdi, Tor-Musa and Akwanga. Two
varieties of sesame were used for the experiments: E8 and Ex-Sudan sourced from National Cereal Research
Institute (NCRI), Badeggi, Niger State, Nigeria.
Experimental design
The experimental design at each location was a 2 x 3 x 3 factorial arranged in a Randomized Complete Block
Design and replicated four times. There were 2 varieties of sesame (E-8 an Ex-Sudan), 3 seeding rates (3 kg ha’
! 5 kg ha' and 7 kg ha™), and 3 threshing regimes (threshing at one week after harvest (1WAH), 2WAH and
3WAH)), resulting in eighteen treatment combinations in all. The experiment was conducted as early and late
season plantings.
Planting and cultural practices
Sowing was done by broadcasting the seeds. The seeds were calibrated for the three seeding rates (3 kg ha™, 5
kg ha and 7 kg ha™), mixed with dry river sand to facilitate even distribution on the seedbed. The seeds were
then raked lightly into the soil with the use of garden forks. A formulation of NPK fertilizer was applied by
broadcasting method at the rate of 40:15:15 ai ha™, at three weeks after sowing (3WAS). Weeding was done
manually at 3WAS and repeated at 6WAS to maintain a weed free field. An organic insecticide (Bio neem) was
used to control insect attacks on all plots using recommended rates of 100 ml in a 20 | knapsack.
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Data collection

Harvest and post-harvest operation

At 95 % maturity (i.e. 90 % leaf senescence), 13WAS, plants within an area of 1 m* quadrant were harvested
with sickles, tied with a rope, labelled appropriately and stalked upright by experimental treatment units.
Threshing was carried out at IWAH, 2WAH and 3WAH for the appropriate treatment units. Threshing was
done by turning the stacks upside down over a clean tarpaulin and beating it with a stick. In between plot
threshing, the tarpaulin was carefully dusted to avoid seed mixture.

Determination and analysis of aflatoxin from sesame grain samples

The Enzyme Linked Immunosorbent Assay (ELISA) method for Aflatoxin analysis was used as described by?.
Sample Preparation

One hundred grams of sesame seeds were collected from each treatment and blended separately in a Waring
commercial blender. After each blending operation, the blender was washed and rinsed thoroughly with sodium
hypochlorite (NaOCI) to prevent cross contamination between samples. Twenty grams (20 g) each of the
blended sample was further ground into fine powder and titrated with 100 ml of 70% methanol (v/v 70 ml
absolute methanol in 30 ml distilled water) containing 5 g potassium chloride to enhance homogeneity. The
extract was transferred into a labelled 250 ml flat bottom flask and shaken on a Benchmark orbital shaker
(Model ORBI-Shaker) for 30 minutes. Filtration was done using Whatman filter paper number 41 after which
the filtrate was diluted in 1:10 phosphate buffer saline in tween-20 (1 ml of extract and 9 ml of buffer) and left
standing for 10 hours after which analysis of each sample commenced.

Sample analysis

AFB;- BSA antigen was coated unto an ELISA plate. Specific antibodies available in the sample or standard
competed with the bound AFB;-BSA antigen with help of immune-globulins. Para nitro phenyl phosphate
substrate was added to facilitate colour development. With the use of a spectrophotometer (Jenway 6305), which
produced optical density values at 405 nm wavelength, AFB; levels were ascertained. A standard curve was
extrapolated with a known correlation coefficient thereby giving AFB; concentrations in parts per billion.

Statistical Analysis

All the collected data were organized for analysis using Microsoft Excel package and subjected to Analysis of
Variance (ANOVA) using GenStat (V.17) statistical package. Significant means were separated using Tukey
test (p < 0.05).

I11.  Results

Variety, seeding rate and threshing regime on aflatoxin of early and late-planted sesame at Akwanga

The result of analysis of variance showing the effect of variety, seeding rate and threshing regime (VxSRxTR)
for early and late-planted sesame atAkwanga is presented in Table 1 below. The result shows that VXSRxTR
interaction significantly influence aflatoxin contamination in the early season at Akwanga location. In the late
season, result shows that VXSRxTR interaction did not significantly influence aflatoxin content at Akwanga.
Also, VXTR interaction as well as SRxTR interaction did not significantly influence aflatoxin content.
However, the effect of VXSR interaction was found to significantly influence aflatoxin content. Whereas the
main effect of threshing regime on late-planted sesame at Akwanga showed no significant differences in
aflatoxin content, the study reveals significant main effect of V and SR on aflatoxin content.

Table 1:Probability values for Variety, Seeding rate and Threshing Regimes on aflatoxin contamination of early
and late planted sesame at Akwanga

sov Aflatoxin (ug kg™) early Aflatoxin (ug kg™) late Season
Variety (V) 0.001** 0.000**

Seeding Rate (SR) 0.000** 0.000**

Threshing Regime (TR) 0.000** 0.989ns

V x SR 0.000** 0.000**

VxTR 0.000** 0.518ns

SR xTR 0.006** 0.593ns

VxSRxTR 0.000** 0.138ns

CcVv 6.10 18.70

Key: * = significant. ** = highly significant. ns = not significant.

Effect of variety, seeding rate and threshing regime interaction on aflatoxin content of early planted
sesame at Akwanga

The effect of VXSRXTR interaction on aflatoxin contamination of early planted sesame in Akwanga Location is
presented in Table 2. The result reveals that significant variations exist with respect to aflatoxin
contamination. The result of delayed threshing of variety E-8 planted at 3 kg ha™seeding rate at three weeks after
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harvest shows a comparatively higher level of seed contamination (7.01 pg kg™). Threshing variety E-8 planted
at 3 kg ha''rates after one or two weeks after harvest was found to significantly reduce aflatoxin rates to 2.21ug
kg™tand 3.56 pg kg™ respectively (Table 2). Similar trend was observed for variety E-8 planted at 5 kg ha™.
Delay in threshing shows that variety E-8 planted at 5 kg ha™seeding rate recorded higher aflatoxin
contamination (7.15 pg kg™), significantly higher than aflatoxin rates of 3.19 ug kg™ and 3.70pg kg™ recorded
when variety E-8 planted at 5 kg ha™was threshed after one and two weeks respectively (Table 2). The result of
variety E-8 planted at 7 kg ha™* also recorded higher aflatoxin contamination of 7.58ug kg™ when threshing was
delayed for three weeks. Statistically lower aflatoxin content (3.31 pug kg™ and 4.59 ug kg™) were obtained when
threshing was done at one and two weeks after harvesting (Table 2).

A statistically similar trend in aflatoxin contamination was observed with delayed threshing for Ex-
Sudan sesame variety (Table 2). When planting of Ex-Sudan variety was done at 3 kgha seeding rate, threshing
at three weeks after harvesting showed that higher aflatoxin content (7.41 pg kg™) produced, significantly
different from the reduced levels of contamination (2.52ug kg™ and 4.61pg kg™) recorded at one and two weeks
after threshing (Table 2). Planting at seeding rate of 5 kg ha™ also showed similar result as delayed threshing
(three weeks after harvest) produced high aflatoxin (6.88 pg kg™), significantly more than those produced when
threshing was done at one and two weeks after harvesting (2.42pg kg™ and 5.48ug kg™ respectively). The result
of aflatoxin contamination in Ex-Sudan variety planted at 7 kg ha™ also showed that delayed threshing (3 weeks
after harvesting) produced significantly higher contaminations (7.20pug kg™), greater than the amount of
aflatoxin (2.96pg kg™ and 4.95pg kg™) obtained when threshing was done at one and two weeks after harvesting
(Table 2).

Table 2: Variety, seeding rate and threshing regime interaction on aflatoxin content of early planted sesame at

Akwanga
VARIETY SEEDING_RATE THRESHIM_REGIME Aflatoxin (ug kg™*) early Season
ES 3kg 1WAH 221f
ES 3kg 2WAH 356d
ES 3kg 3WAH 7.0la
ES 5kg 1WAH 3.19.de
ES 5kg 2WAH 3.70d
ES 5kg 3WAH 715a
ES 7kg 1WAH 3.31d
E8 7kg 2WAH 459c
E8 7kg 3WAH 7.58a
EX SUDAN 3kg 1WAH 2.52 ef
EX SUDAN 3kg 2WAH 461c
EX SUDAN 3kg 3WAH 7.41a
EX SUDAN 5kg 1WAH 242 f
EX SUDAN 5kg 2WAH 5.48b
EX SUDAN 5kg 3WAH 6.88a
EX SUDAN 7kg 1WAH 2.96 def
EX SUDAN 7kg 2WAH 4.95 be
EX SUDAN 7kg 3WAH 720a
SED 2.21

Key: Means within the same column with similar alphabet are not significantly different at 95% level of
probability.

Effect of Variety x Seeding Rate interaction on aflatoxin content of late-planted sesame at Akwanga

The effect of VXSR as shown in Table 3 reveals significant interactions for aflatoxin contamination
only in the late season planted sesame. Although a generally low aflatoxin content was observed in E-8 variety,
its production at 3 kg ha™seeding rate resulted in very low aflatoxin contamination (1.05pg kg™), significantly
different from the 1.88ug kg™ observed at a higher seeding density of 7 kg ha™but statistically similar to that
recorded at 5 kg ha'seeding rate with contamination level of 1.32ug kg™. In variety E-8, aflatoxin
contamination increases with increased seeding rate. Similarly in Ex-Sudan variety, aflatoxin contaminations
were significantly higher at both 5 kg and 7 kg ha™seeding rates (4.42ug kg™ and 4.38ug kg™ respectively) than
when planting was done at 3 kg ha'seeding rate.

Table 3: Variety x Seeding Rate interaction on seed quality of early and late planted sesame at Akwanga

Variety Seeding Rate Aflatoxin (ugkg™) Late Season
E-8 3kg 1.05d
E-8 5kg 1.32cd
E-8 7kg 1.88 bc
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EX-SUDAN 3kg 2.02b
EX-SUDAN 5kg 442 a
EX-SUDAN 7kg 438a
S.E.D 0.19

Key: Means within the same column with similar alphabet are not significantly different at 95% level of
probability.

Seeding rate and threshing regime on aflatoxin contamination of early and late-planted sesame at
Makurdi

Analysis of variance showing the effect of VXSRXTR on aflatoxin contamination of early and late
planted sesame in Makurdi is presented in Table 4 below. The result of the study shows that aflatoxin content of
sesame planted during the early season was not significantly influenced by VXSRXTR interaction. Similarly
theinteractions of VxSR and VXTR as well as SRXTR showed no significant effect on early planted sesame in
Makurdi location. While the effects of variety and seeding rate on early planted sesame in Makurdi showed no
differential response for aflatoxin contamination, the effect of threshing regime was found to significantly
influence aflatoxin content in early grown sesame at Makurdi.

In the late-planted sesame, result shows no significant VxSRXRT interactions for aflatoxin
contamination (Table 4). Similarly, VxSR interaction as well as SRxTR interaction did not significantly
influence aflatoxin content. However, variation in aflatoxin contamination was significantly influenced by
VXTR interaction. Whereas threshing regime showed differential response in aflatoxin contamination, main
effects of variety and seeding rate did not produce any differential response on aflatoxin in late sesame
cultivation at Makurdi as shown in Table 4.

Table 4: Probability values for variety, seeding rate and threshing regimes on aflatoxin contamination of early
and late-planted sesame at Makurdi

SOV Aflatoxin (ugkg™) Early Season Aflatoxin (ug kg?) Late Season
Variety (V) 0.648ns 0.540ns

Seeding Rate (SR) 0.104ns 0.343ns

Threshing Regime (TR) 0.000** 0.000**

V x SR 0.389ns 0.510ns

VXTR 0.969ns 0.024*

SRXxTR 0.416ns 0.983ns

VXSRXTR 0.121ns 0.299ns

CcVv 25.30 59.73

Key: * = significant. ** = highly significant. ns = not significant.

Effect of threshing regime on aflatoxin content of early planted sesame in Makurdi location

The differential response of aflatoxin to effect of threshing regime in early-planted sesame at Makurdi location
(Table 5) shows that significant variation exist. Result showed that aflatoxin contamination increased
significantly with increasing time of threshing. The amount of aflatoxin recorded at 3WAH (4.21pg kg™) was
significantly greater than that recorded at 2 WAH (1.95 pg kg™*) and at 1WAH (0.98 pg kg™).

Table 5: Effect of threshing regime on aflatoxin content of early planted sesame in Makurdi location

Threshing regime Aflatoxin (ug kg) Early Season
1WAH 098¢

2WAH 1.95b

3WAH 4.2la

S.E.D 0.35

Key: Means within the same column with similar alphabet are not significantly different at 95% level of
probability.

Effect of variety x threshing regime interaction on aflatoxin content of late-planted sesame in Makurdi
location

Table 6 shows the effect of VTR interaction on aflatoxin contamination of late-planted sesame at
Makurdi. The effect of VXTR interaction on amount of aflatoxin present in late-planted sesame at Makurdi
shows that in both varieties, the amount of aflatoxin increased significantly with every increase in threshing
time. In Variety E-8, the amount of aflatoxin varied from 0.97pg kg™ in seeds of threshed sesame plants at one
week after harvest to 2.07ug kg™ at two weeks after harvest and ultimately to 4.01 pg kg™ in seeds of threshed
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plants at three weeks after harvest. Similar result was observed in Ex-Sudan variety showing increasing
aflatoxin contamination with increased duration between harvest and threshing time.

Table 6: Variety and threshing regime interaction on aflatoxin content of late-planted sesame at Makurdi

Variety Threshing regime Aflatoxin (ug kg™) Late Season
E8 1WAH 097c
E8 2WAH 2.07b
E8 3WAH 401a
Ex Sudan 1IWAH 098¢
Ex Sudan 2WAH 1.83b
Ex Sudan 3WAH 441a
S.E.D 0.161

Key: Means within the same column with similar alphabet are not significantly different at 95% level of
probability.

Seeding rate and threshing regime on aflatoxin contamination of early and late-planted sesame at Tor
Musa

Probability estimates showing the effect of variety, seeding rate and threshing regime on aflatoxin
contamination of early and late-planted sesame at Tor Musa is presented in Table 7 below. The result shows that
the interaction of VxSRxTR was found to significantly influence aflatoxin contamination in sesame planted
both during the early and late season at Tor Musa. In fact, all the main effects and interaction effects were found
to be significant in sesame planted during the late season.

Table 7: Probability values for variety, seeding rate and threshing regimes on aflatoxin contamination of early
and late planted sesame at Tor Musa

sov Aflatoxin (ug kg?) Early Season Aflatoxin (ngkg™) Late Season
Variety (V) 0.100ns 0.000**

Seeding Rate (SR) 0.000** 0.000**

Threshing Regime (TR) 0.000** 0.002**

V X SR 0.095ns 0.000**

VxTR 0.000** 0.000**

SRxTR 0.041* 0.000**

VXSRxXxTR 0.000** 0.000**

Ccv 6.70 16.10

Key: * = significant. ** = highly significant. ns = not significant.

Effect of Variety x Seeding Rate x Threshing Regime interaction on aflatoxin of early and late planted
sesame at Tor Musa

The effect of VXSRXTR interaction on aflatoxin contamination of early and late planted sesame in Tor
Musa Location is presented in Table 8.The effect of VXSRXTR interaction on the degree of aflatoxin
contamination is highly varied.During the early planting, the effect of VxSRXTR interaction on the amount of
aflatoxin showed that aflatoxin contamination was highest when threshing was delayed (3WAH) in both
varieties planted at all seeding rate. In variety E-8 planted at 3 kgha™ seeding rate, aflatoxin content was highest
(6.85ug kg™*) when threshing was delayed up to 3 WAH, significantly different from lower amounts of aflatoxin
(2.44 pg kg™and 3.64pg kg™) recorded when threshing was done at 1 WAH and 2WAH respectively (Table 8).
Similar trend was observed at 5 kg ha™ seeding rate of variety E-8, as delayed threshing (3WAH) resulted in
high amount of aflatoxin (7.38 ug kg™), statistically different from lower amounts of aflatoxin (3.49ug kg ‘and
3.94ug kg™) found in seeds threshed at 1 WAH and 2WAH respectively (Table 8). The result of variety E-8
planted at 7 kg ha™ seeding rate also followed similar pattern, with delayed threshing (3WAH) recording the
highest amount of aflatoxin content (7.32ug kg™), significantly different from lower amounts of aflatoxin
(3.11pg kgand 4.52pg kg™) observed for threshing at 1IWAH and 2WAH respectively (Table 8).

In Ex-Sudan variety planted at 3 kgha™ seeding rate, aflatoxin content was highest (7.08pg kg™) when
threshing was delayed up to 3 WAH. This amount was differed significantly from lower amounts of aflatoxin
(2.66 pg kgand 3.88pug kg™) recorded when threshing was done at 1 WAH and 2WAH respectively (Table 8).
Similar trend was observed at 5 kg ha™ seeding rate of Ex-Sudan variety. Delayed threshing (3WAH) resulted in
high amount of aflatoxin (6.84 ug kg™), statistically different from lower amounts of aflatoxin (2.34pg kg ‘and
5.30ug kg™) found in seeds threshed at 1 WAH and 2WAH respectively (Table 8). The result of Ex-Sudan
variety planted at 7 kg ha™ seeding rate also followed similar pattern, with delayed threshing (3WAH) recording
the highest amount of aflatoxin content (7.79 g kg™), significantly different from lower amounts of aflatoxin
(3.27ug kgand 4.67pg kg™) observed for threshing at 1IWAH and 2WAH respectively (Table 8).
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During the late planting season, result reveals that significant variations exist with respect to aflatoxin
contamination (Table 8). The result of delayed threshing of variety E-8 planted at 3 kg haseeding rate at three
weeks after harvest shows a comparatively higher level of seed contamination (Table 8). Threshing after one or
two weeks after harvest recorded reduced aflatoxin rates in variety E-8 planted at 3 kg ha™rates. A generally
lower degree of contaminations below 3 ug kg™ were observed when variety E-8 was planted at 5 kg haseeding
rate, decreasing with increased threshing time. Thus, threshing Variety E-8 planted at 5 kg ha™seeding rate any
time after one week is recommended for low aflatoxin production. This is not much different from planting at 7
kg haseeding rate.lrrespective of threshing time, Ex-Sudan variety planted at 3 kg ha™seeding rate recorded
acceptable levels of aflatoxin production at Tor Musa. These however were observed to produce critically low
grain yields. The varied time of threshing did not influence the observed high aflatoxin contamination in Ex-
Sudan variety planted at 5 kg ha™'seeding rate. Similar result was also observed in Ex-Sudan variety planted at 7
kg ha™seeding rate (Table 8).

Table 8: Variety x seeding rate x threshing regime interaction on aflatoxin contamination of early and
late-planted sesame at Tor Musa

Variety Seeding Rate Threshing Regime Aflatoxin (ugkg™) Early Season Aflatoxin (pgkg™) Late Season
E-8 3kg 1WAH 2.44 gh 1.04 be
E-8 3kg 2WAH 3.64e 1.85bc
E-8 3kg 3WAH 6.85b 448 a
E-8 5kg 1WAH 3.49 ef 1.31 bc
E-8 5kg 2WAH 3.94 de 1.14 be
E-8 5kg 3WAH 7.38ab 093¢
E-8 7kg 1WAH 3.11 efgh 1.83 bc
E-8 7kg 2WAH 4.52 cd 202b
E-8 7kg 3WAH 7.32ab 208b
Ex-Sudan 3kg 1WAH 2.66 fgh 1.80 be
Ex-Sudan 3kg 2WAH 3.88 de 1.75 be
Ex-Sudan 3kg 3WAH 7.08 ab 1.95 be
Ex-Sudan 5kg 1WAH 2.34h 4.18a
Ex-Sudan 5kg 2WAH 530¢c 421a
Ex-Sudan 5kg 3WAH 6.84b 3.68a
Ex-Sudan 7kg 1WAH 3.27 efg 421a
Ex-Sudan 7kg 2WAH 4.67 cd 421a
Ex-Sudan 7kg 3WAH 7.79a 390a
0.23 0.30

Key: Means within the same column with similar alphabet are not significantly different at 95% level of
probability.

IV.  Discussion

Lower aflatoxin levels at lower seeding rates makes choice of Ex-Sudan particularly attractive
especially as it was evident that higher seeding rates increased aflatoxin contamination. All these may have
some bearing with environment of growth as the above scenario was obtainable at Akwanga. From another
perspective, it could be inferred that the higher aflatoxin levels at higher planting densities of Ex-Sudan is due to
higher plant to plant transmission of toxigenic fungi at high plant density. Variety E-8 is therefore to be
preferred for high density planting at Akwanga when aflatoxin contaminations are a serious concern for
production of good seed quality.In Corn, it was observed that high plant densities resulted in increased aflatoxin
content®®. Another author®, also reported significant higher levels of mycotoxins in harvested corn when
agronomic techniques including higher seeding densities were employed.In this study, it was generally evident
that aflatoxin accumulation was favored by delay in time of threshing the sheaves. For instance, relatively high
aflatoxin levels as witnessed at Makurdi when E-8 was threshed 3WAH points to a disadvantage of delayed
threshing. For high seed yield and superior quality, sesame sheaves may not need to be dried beyond 15
days®.In a study?’ reported different levels of aflatoxin contamination, attributing toxicity of aflatoxin in sesame
to environmental factors such as rainfall, temperature and relative humidity. Since infection of plants by
mycotoxin-causing organisms is influenced by environmental factors?*", leaving the harvested crop on the field
for a long time before threshing implies higher level of infection due to such influence. It has been noted that the
practice in Africa of leaving harvested produce for a long time on the field prior to storage, helps to promote
fungal and insect attack®®.

The use of planting techniques and harvesting methods was advised by®in order to avoid damage to
kernel, which will result in fungal infection and aflatoxin contamination. This might have informed enactment
of the law of “Food Hygiene Control Regulations Article IV’ by the Peoples’ Republic of China which states
that rural and state-owned farms should be guided to harvesting in time, threshing, drying, removing impurities
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to prevent food mildew pollution during harvesting process®. The findings of this study reveal the possibility of
increasing aflatoxin contamination for every delay in threshing. Thus, to avoid aflatoxin growth and
multiplication, it is advisable to shorten the period between harvesting and threshing. Low amount of aflatoxin
contamination is a desirable trait for consumption and market acceptability®".

Interestingly, when E-8 variety was planted at 3 kgha™ and threshed 3WAH at Tor Musa, it resulted in
very high levels of aflatoxin contamination. There was a change however when seeding rate was changed to 5
kgha™. Such observation may appear difficult to explain, but obviously local factors may have come into
operation to produce observed results. It is however important to state here that all the levels of aflatoxin
encountered in this location lies within the safe limit for human consumption (4 — 30 pgkg™) *2. Values obtained
were less than 10 ugkg™, which were higher only with respect to the European Union strict limits of 2 — 4 pg kg’
133 1t can therefore be stated that sesame produced in this location is safe for human consumption.

It is worth pointing out that in all the locations, significant variety and threshing regimes interactions
were noticeable. However, the pattern was not exactly the same across locations. At Akwanga and Tor Musa,
there was a clear pattern of increase in aflatoxin level of seeds with delay in threshing in both varieties during
the early season. In the late season, only E-8 showed this pattern at Tor Musa. At Akwanga, both varieties did
not show any significant variation in aflatoxin content in the late season as threshing time varied. Thus
particularly at this location, Ex-Sudan and E-8 can be cultivated with some flexibility in threshing schedule
without the risk of accumulating excessive amounts of aflatoxins. It was however evident that Ex-Sudan had
substantially higher amounts of aflatoxin than E-8, an observation that seemed to apply only to Akwanga. This
demonstrates that choice of varieties with respect to aflatoxin sensitivity could be location specific.

At Tor Musa, only Ex-Sudan remained indifferent to threshing regime. One author?’have already made
a case for adoption of aflatoxin minimizing strategies which among others includes use of varieties with lower
risk of contamination. In our context, E-8 and Ex-Sudan can be suitably cultivated at Akwanga during the late
season since delayed threshing did not result in higher contamination levels. Variety E-8 may however still be
preferred at this location due to significantly lower levels of the toxin compared to Ex-Sudan. On the other hand,
at Tor Musa, only Ex-Sudan can be so cultivated at the late season. At Makurdi however, the two varieties
behaved similarly in both seasons. That is there was an increase in aflatoxin contamination with progressive
delay in threshing. It is likely that the more humid nature of Makurdi may account for this peculiarity.

An interesting aspect of this study is the observation that for all locations, irrespective of variety,
seeding rate and threshing regime, early-planted sesame had higher aflatoxin levels than the late crop. This may
be attributed to the differences in the total rainfall between the early and late season across the various locations.
Extrapolation from the meteorological data presented in Tables 3.1, 3.2 and 3.3 showed a higher total rainfall of
811.8 mm, 1285.9 mm and 903.9 mm at Makurdi, Tor-Musa and Akwanga locations, respectively. It has
already been stated that environmental factors have a strong bearing on crop infection by aflatoxin causing
organisms®’. Since the early crop matures in the peak of the rainy season when moisture conditions are high, it is
likely to provide a more conducive environment for these organisms to thrive. The situation may become worse
if threshing after harvesting is delayed, as it typically happens under the traditional production systems. The late
crop matures in the dry season, with prevailing low humidity conditions and hence low aflatoxin levels. Thus to
produce high quality seed (in terms of aflatoxin content), it is preferred to go for late season cropping. It is
however heartening that even with higher aflatoxin levels associated with early season sesame, values are still
within the safe limits as earlier indicated®.

V.  Conclusion
It is recognizable that certain varieties may have greater ability to produce higher aflatoxin levels than
others at given plant population levels. In addition, late season sesame has been found to be lower in aflatoxin
load than the early season crop. It is also obvious from this study that recommendations for production of
sesame have to be specific, bearing in mind genetic, environmental and agronomic factors as they relate to
product yield and quality.

References

[1]. Alegbejo MD, lwo GA, Abo ME, Idowu AA. 2003. Sesame: A potential industrial and export Oilseed crop in Nigeria, Journal of
Sustainable Agriculture 23: 59-76.

[2]. Huntrods D. 2011. Sesame Profile. Agricultural Marketing Resource Center. AQMRC, lowa University.

[3]. Idowu AA. 2002. Advances in beniseed research and development in Nigeria. Training Manual on Beniseed Productionpp 1-6.
Federal Ministry of Agriculture, Abuja/NCRI Badegi, Nigeria.

[4]. Oplinger ES, Putnam DH, Kaminski AR, Hanson CV, Oelke EA, Schulte EE, Doll JD. 1990.Alternative Field Crop Manual
(Sesame).Dept. of Agronomy and Soil Science, College of Agriculture and life Sciences and Cooperative Extension Services,
University of Wisconsin-Madison W1 53706. University of Minnesota Extesion, St. Paul, USA.

[5]- Schulze MB, Hoffmann K. 2006. Methodological approaches to study dietary patterns in relation to risk of coronary heart disease
and stroke. The British Journal of Nutrition 95:860-869.

[6]. Chemonics 2002. Overview of the Nigeria sesame industry. Prepared by Chemonics International Inc. for USAID/Nigeria. RAISE
Contract No.PCE-1-00-99-00003-00. November 2002.

DOI: 10.9790/2402-1611010917 www.iosrjournals.org 16 | Page



Effects of seeding rate and threshing regime on aflatoxin contamination of early and late-..

[71.
8.
[a].

[10].
[11].
[12].
[13].
[14].
[15].

[16].
[7.

[18].

[19].
[20].

[21].
[22].

[23].

[24].

[25].
[26].
[27].
[28].
[29].
[30].
[31].
[32].

[33].

Day JS. 2000. Anatomy of capsule dehiscence in sesame varieties. Journal of Agricultural Science 134:45 -53.

Burden D. 2005. Sesame Profile. Available at http//www.cropprofile.mht Accessed 15/01/015.

Nigerian Export Promotion Council (NEPC). 2010. Project: STDF172. (October 2010—September 2014). Expanding Nigeria’s
Export of Sesame Seed and sheanut/butter through improved SPS Capacity Building for the Private and Public Sector. Final Report
January 2016. http://www.standardsfacility.org/sites/default/files/PG_172_Final_Report_January2016.pdf Draft copy Accessed
17/08/2010.

Anjorin TS, Salako EA, Makun HA. 2013. Control of toxigenic fungi and mycotoxins with phytochemicals: Potentials and
challenges. In Makun HA. (Ed.). Mycotoxin and Food Safety in Developing Countries. pp 181-202. DOI: 10. 5772/53477 2013.

Li FQ, Li YW, Wang YR, Luo XY. 2009. Natural occurrence of aflatoxin in Chinese peanut butter and sesame paste. Journal of
Agricultural and Food Chemistry 57:3519-3524.

Idris YMA, Mariod AA, Elnour IA, Mohamed AA. 2010. Determination of aflatoxin levels in Sudanese edible oils. Food and
Chemical Toxicology 48:2539-2541.

Mbah MC, Akueshi CO. 2009. Aflatoxin mould infested sesame seeds. African Journal of Biotechnology 8:391-394.

Ezekiel CN, Udom IE, Frisvad JC, Adetunji MC, Houbraken J, Fapohunda SO, Samson RA, Otanda OO, Agi-Otto MC, Onashile
OA. 2014. Assessment of aflatoxigenicAspergillus and other fungi in millet and sesame from Plateau State, Nigeria. Mycology
5:16-22.

Felaju J. 2017, September 11. Why Nigerian agric produce are rejected at International market. The Guardian.
https://guardian.ng/interview/why-nigerian-agric-produce-are-rejected-at-international-market/

McDonald MB, Copeland L. 1997. Grain Production, Principles and Practices. Chapman and Hall, USA.

Barary M, Kordi S, Rafie M, Mehrabi AS. 2015. Effect of harvesting time on grain yield, yield component and some qualitative
properties of maize hybrids. InternationalJournal of Agricultural and Food Research 3:1-7.

Rodriguez-del-Bosque LA. 1996. Impact of agronomic factors on aflatoxin contamination in pre-harvest field corn in north eastern
Mexico. Plant Disease 80:988-993.

Bruns A. 2003. Controlling aflatoxin and fumonisin in maize crop management. Journal of Toxicology Review 22:153 — 173.

Hell K, Mutegi C, Fandohan P. 2010. Aflatoxin control and prevention strategies in maize for Sub-Saharan Africa.Julius-Kiihn-
Archivpp 425.

Hell K, Mutegi C. 2011. Aflatoxins control and prevention strategies in key crops of Sub-Saharan Africa. African Journal of
Microbiology Research 5: 456-466.

Okello DK, Kaaya AN, Bisikwa J, Were M, Oloka HK. 2010. Management of aflatoxins in groundnuts. A manual for Farmers,
Processors, Traders and Consumers in Uganda. National Agricultural Research Organization, Entebbe.

Eche CO, Vabi MB, Ekefan EJ, Ajeigbe H A, Ocholi F A. 2017. Evaluation of different fertilizer sources for the management of
Aflatoxin contamination in groundnut (Arachishypogaea L.) in the Southern Guinea Savannah agro-ecological zone of Nigeria.
International Journal of Advanced Research 5: 967 -976.

Alvarado-Carrillo M, Diaz-Franco A, Delgado-Aguirre E, Montes-Garcia N. 2010.Impact of corn agronomic management on
aflatoxin (Aspergillusflavus) contamination and charcoal stalk rot (Macrophominaphaseolina) incidence.Tropical and Subtropical
Agroecosystems 12: 575 -582.

Blandino M, ReyneriA,Vanara F. 2008. Effect of plant density on toxigenic fungal infection and mycotoxin contamination of maize
kernels. Field Crops Research 106: 234-241.

Tunde-Akintunde TY, Oke MO, Akintunde BO. 2012. Sesame Seed,. In Uduak G A. (Ed): Oilseeds. InTech, Available
from: http://www.intechopen.com/books/oilseeds/sesame-see.

Thandar M, Sarobol E, Verawudh J, Chowchong S. 2010. Effects of seeding rates and harvesting period on yield, oiland protein
content and aflatoxin incidence in sesame seed(SesamumindicumL.).Kasetsart Journal of Natural Science 44: 167 — 173.

Udoh JM, Cardwell KF, Ikotun T. 2000. Storage structures and aflatoxin content of maize in fiveagro ecological zones of Nigeria.
Journal of Stored Produce Research 36: 187-201.

Wu W. 2007. The contents of lignin’s in commercial sesame oils of Taiwan and their changes during heating. Food
Chemistry104:341-344.

Zhang H, He J, Li B, Xiong H, Xu W, Meng X. 2011. Aflatoxin contamination and research in China. In Torres-Pacheco I. (Ed.)
Aflatoxins - Detection, Measurement and Control. Medical. 378 pp. www.intechopene.com.

Gupta SK, Yadava TP, Parkash K, Thakral NK, Kumar P. 1998.Influence of date of sowing on oil and fatty acid composition
insesame (Sesamumindicum L.). Annals of Biology 14: 67-68.

MahatoDK,Lee KE, Kamle M, Devi S, Dewangan KN, Kumar P, Kang SG. 2019. Aflatoxins infood and feed: An overview on
prevalence, detection and control strategies. Frontiers in Microbiology10:2266. doi: 10.3389/fmicb.2019.02266.

EC (2010). European Commission. Commission Regulation (EC) No 165/2010 of 26 February 2010 amending Regulation (EC) No
1881/2006 setting maximum levels for certain contaminants in foodstuffs as regards aflatoxins. Official Journal of the European
Union. L 50: 8-12.

Orbunde, Abigail Kashimana, et. al. “Effects of seeding rate and threshing regime on aflatoxin
contamination of early and late-planted sesame in the southern guinea savannah of Nigeria."lOSR
Journal of Environmental Science, Toxicology and Food Technology (IOSR-JESTFT), 16(11),
(2022): pp 09-17.

DOI: 10.9790/2402-1611010917 www.iosrjournals.org 17 | Page


http://www.standardsfacility.org/sites/default/files/PG_172_Final_Report_January2016.pdf
https://guardian.ng/interview/why-nigerian-agric-produce-are-rejected-at-international-market/
http://www.intechopen.com/books/oilseeds/sesame-see
http://www.intechopene.com/

