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Abstract: The present study aims to improve, from an experimental design, the methods of maize grain conservation in polypropylene
bags stored in warehouses in rural environment of Katiola (Central North) and Bondoukou (North-east) of Cote d’Ivoire. The
originality of this study lies on the use of phytopesticides (leaves of L. multiflora and H. suaveolens) in maize conservation. Thus, three
full factorial designs with two levels represented by four parameters affecting maize conservation were used. The identified parameters
were the storage time (2 and 6 months), the nature of phytopesticides (Lippia multiflora and/or Hyptis suaveolens), the quantity of
Pphytopesticides (0 and 5% w/w) and the storage zone (Katiola and Bondoukou). The study determine that the optimal conservation was
storage time at 6 months with mixture of L. multiflora and H. suaveolens (2.5% w/w each plant) in Katiola zone. In the planned
optimal conditions, the experimental values were 1.53%, 12.1% and 1.10 ug/kg for weight loss, moisture percentage and aflatoxin Bl
level respectively in polypropylene bags. These values of weight loss, moisture content and aflatoxin B level were substantially equal to

those predicted.
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1.Introduction

Maize (Zea mays L.) is the second cereal most cultivated in
Cote d’Ivoire after rice (Oryza spp.). In 2013, its production
was estimated at 654 738 tons for a total planted area of
327.800 ha [1]. This crop makes a substantial contribution to
the diets and incomes of rural populations [2], [3]. It serves
also as a major source of food, feed and raw material for
agro-allied industries [4].

Cropping problems and post-harvests treatments of maize
constitute the main part of the problems encountered by the
farmers in rural environment [5], [6]. Several authors
estimated that post-harvest losses are relatively high, in range
of 20% to 30% because methods used are often inadequate
and rudimentary [7], [8].

Johnson et al. [3] identified the major insect pests of maize
stored in Cote d’Ivoire which are Sitophilus zeamais, the
maize weevil, Tribolium castaneum, Rhizopertha dominican
and Catharthus dimidiatus. The activity of these insects
creates a favorable conditions for storage fungi development
such as Aspergillus, Penicillium and Fusarium responsible
for the deterioration of marketed quality (alteration of
appearance, odor and taste of grain) and nutritive values of
cereals [9]-[11].

In addition, these fungi also produce mycotoxins (aflatoxins,
fuminosines, ochratoxin A, zearalenone and
déoxynivalenone) harmful to the health of animals and
humans [12].

An alternative to the use of synthetic molecules in the fight
against storage pests is the use of phytopesticides, which is
part of the millennium directives of environmental [13].

The phytopesticides are aromatic plants containing active
molecules for insecticidal, fungicides, bactericides;
nematicides properties used on-farm in the fight against pests
crop and stocks [14]-[17].

Thus, this work focused on optimization, from an
experimental design, the methods of maize conservation in
polypropylene bags stored in warehouses in rural
environment of Katiola (Central North) and Bondoukou
(North-east) of Cote d’Ivoire

2.Material and Methods

2.1 Site description

The study was conducted in the villages of Timbe and Soko
respectively located in the departments of Katiola (Hambol
region) (8°10'N 5°40'W) and Bondoukou (Gontougou
region) (8°30'N 3°20'W) in the Central North and North East
of Cote d’Ivoire. The both localities have a humid tropical
climate with four (4) seasons, including two (2) rainy seasons
from March to July and October to November. These are
interspersed with two (2) dry seasons ranging from December
to February and August to September. The annual rainfall
ranging between 1100 and 1200 mm in Katiola and between
800 and 1400 mm in Bondoukou. The average temperatures
recorded in these areas vary between 26.5°C and 33.7°C in
Katiola and between 24°C and 29°C in Bondoukou. The
recorded average of humidity range between 60%-70% for
the both region [18] [19].

2.2 Plant material collection and processing

The biological material consisted of maize grains collected in
January 2014 and leaves of plant species Lippia multiflora
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(or savannah tea) and Hyptis suaveolens collected for their
biopesticides properties. These plants are perennials and
fragrant shrubs that develop spontaneously from the central
to the Northern parts of the country due to the climatic
environment [20] [21]. After harvest, maize was sun-dried
and leaves of L. multiflora and H. suaveolens were drying at
an average temperature kept away from direct sun exposure.

2.3 Implementation of experiment

The implementation of the study was conducted from January
to September 2014, with the participation of 2 Informal
Groups (IG) of farmers. They are the IG "Sounougou" of
Soko in Bondoukou and the IG "Lagnimin" of Timbe in
Katiola. These farmers accustomed to preserve their maize
grain in polypropylene bags in a corner of the house. Method
tested in this study, consisted in adding of phytopesticides
(5% w/w) in the polypropylene bags containing maize grains
and storing on pallets in warehouses for 8 months. The steps
of adding phytopesticides (Lippia multiflora and Hyptis
suaveolens) and deposit bags on pallets constitute the
principal modifications made to the method of conservation
practiced by these farmers. Leaves of L. multiflora and H.
suaveolens were chopped and the filling of the bags was
performed by alternately as maize grains strata and
phytopesticides. Thus, polypropylene bags containing 50 kg
of maize grain and 5% w/w of L. multiflora or H. suaveolens
or in mixture were stored as described below:
e Treatment 1: 50 kg of maize grain + 2.5 kg of leaves of L.
multiflora
o Treatment 2: 50 kg of maize grain + 2.5 kg of leaves of H.
suaveolens
o Treatment 3: 50 kg of maize grain + 1.25 kg of leaves of L.
multiflora + 1.25 kg of leaves of H. suaveolens
o Treatment 4: control (50 kg of maize grain alone)
The treatments were laid out in a randomized complete block
design in each zone of study, and each treatment was
replicated 3 times.

2.4 Application of full factorial design

Three full factorial designs at 2 levels were carried out
according to the model of Faucher [22], to identify the
relationship existing between the response functions and
independent variables [23], as well as to determine those
conditions that optimized post harvest conservation of maize
grains. The 4 factors studied were the storage time: 2 and 6
months (X;), the nature of phytopesticides: L multiflora and
H. suavolens alone or in mixture (X;), the quantity of
phytopesticides: 0 and 5% w/w (X3), and the storage zones:
Bondoukou and Katiola (X;). Each variable to be optimized
was coded at the lower (-1) and higher (+1) levels (Table I).
The experimental design led to implementation of 16 trials in
each case according to [24]; given a total of 48 trials
considering the nature of phytopesticides. The responses
studied were weight loss, moisture content and aflatoxin B,
level.

In the full factorial design, the main as well as the interaction
effects of various factors are determined by fitting the data
into the first order polynomial equation:

Yn = bo + lel + b2X2 + ... kak + b12X1X2 + ... +bk—lka-1Xk +
e T X Xs, Xk )

Where Y, was the measured response; by the main effect of
factor Xy, bk the interaction effect between factors X and
X1 and by the constant term. Thus, a randomly sample of 3
kg was carried out per bags at 2 and 6 months, in triplicate.
Maize samples were then transported to the laboratory where
weight loss, moisture and aflatoxin B, measurements were
made.

Table 1: Independent variables and their coded used for the
2* factorial designs

Factors| Independent variable Low (_IC)ode le\;{eilzh D
X Storage time (months) 2 6
IL. multiflora | H. suaveolens
Mixture of
IL. multiflora L. multiflora
Nature of and H.
X phytopesticides suaveolens
Mixture of
H. suaveolens L. multiflora
and H.
suaveolens
uantity of
X3 phytgpestici}:ies (%) 0% 3%
X4 Storage zone Bondoukou Katiola

2.5 Analytical methods

2.5.1 Assessment of damage and weight loss

To assess the damage caused by insects during storage,
samples of 1 kg (approximately 3500 maize kernels) were
taken. After sifting and removal of the foreign matters, the
grains were weighed and sorted to separate attacked and
damaged grains from healthy grains. Then, the two fractions
were weighed and counted separately. The percent grain
damage was estimated using the method of counting and
weighing of [25], [26]. Assays were performed in duplicate.
Thus, the rate of infection is the ratio of grains having at least
one hole in the total number of grains. The estimate of the
damage (D) and weight loss (W) is given by the formulas:

D (%) =(NGA /NTG) x 100

NGA = Number of grains attacked; NTG = Total Number of
grains

W (%) = [[(NGA x PGS) — (NHG x WAG)] / (WHG x
NTG)] x 100

NGA = Number of grains attacked; NHG = Number of
healthy grains; NTG = Total Number of grains; WAG =
Weight of attacked grain; WHG = Weight of healthy grains.

2.5.2 Determination of moisture content

The moisture content was determined by the difference of
weight before and after drying the sample in an oven
(MEMMERT, Germany) at 105°C until constant weight
AOAC [27].

2.5.3 Determination of Aflatoxin B1

Aflatoxin B; (AFB,) was extracted and cleaned up following
official method of AOAC [28]. In a 250 mL erlenmeyer flask
containing 25 g of ground maize, 100 mL of methanol-water
(v/v, 80: 20) were added. The mixture was homogenized for
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2 minutes and then stored at room temperature away from
light for 12 hours. The extract obtained was then filtered
through Whatman N°. 4 filter paper and 50 mL of the filtrate
were added in 40 mL of phosphotungstic acid-zinc sulfate-
water (5/15/980, m/m/v) and then kept at a ambient
temperature for 15 min. Then the mixture was filtered again
on Whatman N°. 4 filter paper in a flask to 500 mL
separatory funnel. Aflatoxin was extracted from the filtrate
with 3 volumes of 10 mL of chloroform. The extracts were
collected into a 50 mL flask and then evaporated to dryness
using a rotary evaporator (Buchi Rotavapor R-215) at 40 °C.
At the dry extract were added 0.4 mL of hydrochloric acid
and 4.6 mL of bidistilled water. The mixture was filtered
through filter rezist in a chromatographic tube and then
passed through an immunoaffinity column (column RiDA
aflatoxin, Biopharm, Germany). The determination of
aflatoxin B1 was carried out by HPLC Shimadzu liquid
chromatograph (Kyoto, Japan) equipped with a fluorescence
detector (Aexc 365 nm; Aem 435 nm), a column (Shim-pack
GVP-ODS 250 mm x 4,6 mm) and a Shim-Pack pre-
column (Shim-pack GVP-ODS 10 x 4,6 mm). The operating
conditions were as follows: 20 pL of filtrate injection,
isocratic mobile phase of methanol/water/acetonitrile (60: 20:
20, v/v/v), at flow rate of 0.5 mL/min. Calibration curves
were prepared using standard solutions of aflatoxin Bl
(Sigma-Aldrich, St Louis, MO, USA). Detection limits
(LOD) of aflatoxin B1 were 6.18 ng/kg, while quantification
limits (LOQ) were 6.50 ng/kg. Assays were performed in
triplicate.

2.6 Statistical analysis

All experiments were done in triplicate and data in tables and
figures represent mean values + standard deviation (n=3).
Coefficient and experimental standard deviations were
determined by the method of linear regression (MS Excel
2007). Comparison of mean values of measured parameters
was performed by a one-way ANOVA (STATISTICA,
version 7.1) using post hoc Low Statistical Difference (LSD)
test. The mean values were considered significantly different
when P=0.05.

3.Results

The full factorial design used was determined the
combination of different levels of influential parameters that
give the best compounds yields. Weight loss, moisture
content and aflatoxin B1 were determined. For that 16
experiments in each case; given a total of 48 experiments
considering the nature of phytopesticides were conducted
according the matrix presented in Tables 2, 3 and 4.

The values of regression coefficient determined are given in
Table 5. The effect of individual variables and interactions
effects was estimated [29].

Table 5 shows that all variables presented significant effect
on maize storage.

Coefficient is known as statistically significant if its absolute
value is strictly higher than the double of the experimental
standard deviation, |coef]> 25 [30].

Statistical analysis of data, for the different experimental
designs, show that variables such as storage time, quantity of
biopesticides and storage zones presented significant effect
on weight loss (Table 6). The most important parameter
affecting weight loss is the storage time. Also, there is a
significant interaction between storage time (X,) - quantity of
biopesticides (X3), storage time (X;) — storage zones (X4) and
quantity of biopesticides (X3) - storage zones (X;). The
predictive equations of weight loss (Y), neglecting the non-
significant factors, are given by these equations with a

satisfactory value R? ranging from 0.95 to 0.96.
Y1*=10.37 + 7.54 X -5.87 X;3.-4.8 X4 — 4.4 X5 X3 — 4.72 X; X4+ 2.5 X5Xy
2
Y"=9.7+7.3 X; -6.2 X3.-4.5 X4 — 4.84 X; X3 — 4.47 X; X4+ 2.73 X5X4 A3)
Y:¢=10.16 + 7.36 X1 -6.34 X3.-4.4 X4 — 4.76 X1 X3 — 4.52 X; X4+ 2.95
XsX4(4)
a: Lippia multiflora ; b : Hyptis suaveolens ; ¢ : mixture of

Lippia multiflora and Hyptis suaveolens

The interactions between the various factors influencing
weight losses are illustrated in Figure 3. The Weight losses
increase significantly, in the control, from 4.27% to 28.22%
from the second to sixth months of storage, whereas, in
presence of biopesticides, interactions increase slightly from
1.39% to 7.62%. Results show that weight losses are higher
in Bondoukou zone.

As for moisture content, which was responsible for
various biological phenomena of mycological alteration
particular in food, it was significantly influenced by the
storage time, the quantity of phytopesticide and the storage
zone. However, there were no significant interaction effects
between the different factors. The resulting mathematical
models with a satisfactory value R” ranging from 0.96 to 0.98
are given by these equations below:

Yo' = 11.8 + 0.64 X; -0.57 X5-0.37 X4 5)
Y2 = 11.83 + 0.54 X; -0.55 X3-0.54 X4 6)
Y2t=11.84 + 0.51 X -0.58 X3-0.5 X4 )

a: Lippia multiflora ; b : Hyptis suaveolens ; ¢ : mixture of
Lippia multiflora and Hyptis suaveolens

Concerning aflatoxin B; (AFB,) level, it was affected by the
storage time, the quantity of biopesticides and the storage
zones. The most important parameters affecting aflatoxin B,
level are the same as in the case of weight losses (factor X).
Three significant interactions were also observed: storage
time (X,) - quantity of biopesticides (X3), storage time (X;) —
storage zones (X;) and quantity of biopesticides (X3) -
storage zones (X4).

The data showed a good fit, being were statistically
acceptable at P=0.05 level and adequate with a satisfactory
R’ value ranging from 0.95 to 0.96. The mathematical
models being developed to present the relationships between
aflatoxin B, and conservation variables are given by these
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Y3=36.8 +18.3 X; -31.96 X3.-14.86 X4 — 16.7 X1 X3 — 8.1 X1 X4+ 13.2

X3X4 (10)

a: Lippia multiflora ; b : Hyptis suaveolens ; c : mixture of
Lippia multiflora and Hyptis suaveolens

The study of the influence of different parameters on
aflatoxin B, level was shown in Figure 4. During storage,
aflatoxin B, level increase significantly in control (without
phytopesticides) from 32.1 pg/kg to 92.6 pg/kg in the second
to sixth months of storage, whereas in the presence of
phytopesticides, it gradually increase from 2.35 pg/kg to 5.07
pg/kg. The interaction between storage time and storage zone
shows that aflatoxin B, level increases higher in Bondoukou
zone than Katiola zone.

4.Discussion

The results of this study show that methods of maize grains
conservation with the 2 species plants, Lippia multiflora and
Hyptis suaveolens in polypropylene bags are able to reduce
development of pest alteration of maize. Indeed, lower levels
of weight loss and aflatoxin B; were observed in
polypropylene bags with 5% of phytopesticides during
storage. The insecticidal and/or repellent activity of the
leaves of these plants would be due to the release of bioactive
molecules in their essential oils [16]. These results are
consistent with the findings of Gueye et a/ [17] who reported
the repellent effect of dried leaves of Hyptis spicigera and
Hyptis suaveolens against maize weevil, Sitophilus zeamais
and Tribolium castaneum in traditional granaries over a
period of 7 months in Kedougou region Eastern Senegal.
Ukeh et al [31] also demonstrated the insecticidal activity of
powders to 10% w/w of Aframomum melegueta and Zingiber
officinale (Zingiberaceae) which significantly reduce the
progeny of maize weevil populations in traditional African
granaries over a period of about 3 months in Obudu,
southeast Nigeria. These results are consistent with the
findings of Tia [20] who reported the insecticidal effects of
essential oils of L. multiflora and H. suaveolens against
larval development of Plutella. xylostella and Bemissia
tabaci both herbivorous insects with lethal dose inducing
50% mortality (LDsg) and lethal time inducing 50% mortality
(LTsp) values of 4.22 pg/L and 7.53 pL/L and 0.22 h and
4.35 h. This author showed that bioactive molecules of L.
multiflora primarily comprises oxygenated monoterpenes
such as linalool and 1,8-cineole whereas those of H.
suaveolens are dominated by monoterpene hydrocarbon

including sabinene, B-pinene and limonene which ones are
the major compounds, respectively.

The combination of the 2 plant materials to 2.5% w/w of
each did not produce any significant synergistic or additive
effect on their repellency compared the use of sheets of
single species. Similar observations were made by Ukeh ef a/
[31] who reported that the mean number of Sitophilus.
zeamais population on treated maize cobs stored with
Aframomum melegueta was not significantly different from
the number of population of the same species on treated
maize cobs stored with Zingiber officinale and on treated
maize cobs stored with the mixture of 4. melegueta and Z.
officinale.

The application of the 2 plant materials to protect stored
maize from aflatoxin B; contamination reduces significantly
the production of aflatoxin B; compared to controls. Sharma
et al [32] showed that the essential oil of H. suaveolens has
an inhibitory activity on Aspergillus flavus, Aspergillus niger
and Aspergillus ochraceous producing mycotoxins such as
aflatoxin B; and ochratoxin A at level of 500 mg/kg. In
addition, study of Tatsadjicu et al [33] also showed that the
essential oil of Lippia rugosa, a species of the genus Lippia,
inhibits the growth of Aspergillus flavus and limits the
production of aflatoxin B1 to an inhibitory concentration of
1000 mg/L. The result is also in agreement with Shukla ez al
[34] who demonstrated that the essential oil of Lippia alba
and 2 of its monoterpene aldehyde constituents have
antifungal activity and Aflatoxin B; inhibition against 17
fungi isolated from 11 edible legume seeds. The essential oil
(0.25-1 pL/mL) and its 2 constituents (1 pL/mL) showed
remarkable antifungal effects against all the fungal isolates
(growth inhibition range 32.1 -100%).

The results of the experimental analysis shows that the

methods of maize grain conservation in polypropylene bags

is favored when the variable storage time, nature of

phytopesticides, quantity of phytopesticides and storage

region were at their highest levels (+1). Thus, the optimum

process of post harvest maize storage involves the following

parameters:

» Storage time: 6 months

* Nature of phytopesticides: Mixture leaves of L. multiflora
and H. suaveolens

* Quantity of biopesticides: 5%

» Storage zone: Katiola
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Table 1: Experimental results of the use of L. multiflora and H. suaveolens according to full factorial experimental design

Independent variables

Experimental responses

Test set X, X, X X, e, sz 2

1 2 month A 0% Bondoukou 3.86+1.4 11.7£1.2 40.64+7.4
2 6 month A 0% Bondoukou 42.4+6.1 13.67+2 132.52+49.8
3 2 month B 0% Bondoukou 4.36+1.5 11.7+0.42 51.25+6.5
4 6 month B 0% Bondoukou 43.73+8.6 13.8+4.5 152.2548.1
5 2 month A 5% Bondoukou 1.424+1.2 11.240.18 2.55+1.1
6 6 month A 5% Bondoukou 11.63+£2.2 12.54+0.54 6+1.2

7 2 month B 5% Bondoukou 1.93+0.1 11+0.22 3.51+1.1
8 6 month B 5% Bondoukou 12.2+1.1 11.75+0.58 8+1.5

9 2 month A 0% Katiola 332+1.4 11.2+0.8 10.3742.1
10 6 month A 0% Katiola 12.85+2.5 12.24+0.78 13+£1.6
11 2 month B 0% Katiola 5.53+0.6 11.60+1 26.2+2.3
12 6 month B 0% Katiola 14.15+£2.7 12+1.72 70.3%£1.5
13 2 month A 5% Katiola 1.1+0.5 10.6+0.1 2.2+0.2
14 6 month A 5% Katiola 2.64+1.6 11.2+0.13 3.3+0.1
15 2 month B 5% Katiola 1.1+£0.2 10.5+0.3 1.13+0.5
16 6 month B 5% Katiola 4+1.3 11.51+0.65 3+0.34

A: Lippia multiflora; B: Hyptis suaveolens;,
Y1: Weight loss, Y2: Moisture content; Y3: Aflatoxin Bl level.a: Percentage; b: values given on dry matter basis; c: ug/kg

Table 2: Experimental results of the use of L. multiflora and mixture of L. multiflora and H. suaveolens according to full
factorial experimental design

Independent variables Experimental responses

Test set X, sz X X, Y7, P Y’ P Yo
1 2 month A 0% Bondoukou 3.86+1.4 11.7+1.2 40.64+7 .4
2 6 month A 0% Bondoukou 42.14+6.1 13.67+2 132.52+9.8
3 2 month C 0% Bondoukou 3.45+1 12.5+2.4 42,1242
4 6 month C 0% Bondoukou 42.7+5 14.2+3 141.63+5
5 2 month A 5% Bondoukou 1.42+1.2 11.2+0.18 2.55+1.1
6 6 month A 5% Bondoukou 11.63+£2.2 12.5+0.54 6£1.2
7 2 month C 5% Bondoukou 0.95+0.1 11.2+1 4.3+1
8 6 month C 5% Bondoukou 7.15+1 12+1 10.25+3
9 2 month A 0% Katiola 3.32+1.4 11.2+0.8 10.37+2.1
10 6 month A 0% Katiola 12.85+2.5 12.2+0.78 45.9+6
11 2 month C 0% Katiola 4.15+1 11.6+1 15.5+2
12 6 month C 0% Katiola 13.98+4 1242 50.8+6
13 2 month A 5% Katiola 1.1+0.5 10.6+1.1 2.24+0.2
14 6 month A 5% Katiola 2,64+1,6 11.2+0.13 3.3+0.15
15 2 month C 5% Katiola 0.87+0.1 10.6+1 3+1
16 6 month C 5% Katiola 2.32+1 11£1 4.32+1

A: Lippia multiflora; C: mixture of Lippia multiflora and Hyptis suaveolens
Y1: Weight loss; Y2: Moisture content; Y3: Aflatoxin Bl level.a: Percentage; b: values given on dry matter basis; c: ug/kg

Table 3: Experimental results of the use of H. suaveolens and mixture of L. multiflora and H. suaveolens according to full
factorial experimental design

Test set Independent variables Experimental responses
X, X, X, X, Y4, Y®, YS,
1 2 month B 0% Bondoukou 4.36+1 11.7£0.42 51.25+6.5
2 6 month B 0% Bondoukou 43.73+4 13.844.5 152.254+8.1
3 2 month C 0% Bondoukou 3.45+1 12.5+2.4 42,1242
4 6 month C 0% Bondoukou 42,745 14.2+3 141.63+5
5 2 month B 5% Bondoukou 1.93+0.1 11.2+0.18 3.51+1.1
6 6 month B 5% Bondoukou 12.2+1,1 12.5+0.54 8+1.5
7 2 month C 5% Bondoukou 0.95+0.1 11+£0.22 4.3+1
8 6 month C 5% Bondoukou 7.15+1 11.75+0.58 10.25+3
9 2 month B 0% Katiola 5.53+0,6 11.60+1 26.2+2.3
10 6 month B 0% Katiola 14.15+£2.7 12+1.72 70.3+1.5
11 2 month C 0% Katiola 4.15+1 11.6+1 15.542
12 6 month C 0% Katiola 13.98+4 1242 50.8+6
13 2 month B 5% Katiola 1.1£0.2 10.5+0.3 1.13+£0.5
14 6 month B 5% Katiola 4+1.3 11.51+0.65 3+0.34
15 2 month C 5% Katiola 0.87+0.1 10.6+1 3]
16 6 month C 5% Katiola 2.32+1 11+1 4.32+1
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B: Hyptis suaveolens,; C: mixture of Lippia multiflora and Hyptis suaveolens
Y1: Weight loss, Y2: Moisture content; Y3: Aflatoxin Bl level.a: Percentage; b: values given on dry matter basis; c: ug/kg

Table 4: Regression coefficients of predicted factorial experimental design of L. multiflora and H. suaveolens alone or in

mixture

Coefficient and standard deviations for each equation

L. multiflora and H. suaveolens L. multiflora and mixture H. suaveolens and mixture
Weight loss | Moisture | Aflatoxin Bl | Weight loss | Moisture |Aflatoxin Bl | Weight loss Moisture | Aflatoxin Bl
Co- (Y1) r2) (¥3) ¥y (Y2) (Y3) (Y1) (12) (¥3)
efficients
Values | 20 |Values| 20 |Values| 20 |Values| 20 [Values| 20 |Values| 20 | Values | 20 | Values | 20 | Values | 20
by |10.37*(2.44[11.77*]0.16 [32.88*| 9.14 | 9.7* |2.54|11.83* 0.23 | 32.2* | 6.4 | 10.16* |2.73 | 11.84* |0.17| 36.8* |6.41
b; 7.54* 0.64* 15.64* 7.3*% 0.51* 17.13* 7.36* 0.5* 18.3*
b, 05" -0.01™ 6.57™ -0.21™ 0.06"™ 1.8™ -0.71™ -0.01™ -2.82"
b; |-5.87* -0.57* -29.17* -6.2* -0.55* -27.73* -6.34* -0.58* -31.96*
by -4.8* -0.37* -16.71* -4.5% -0.54* -15.3* -4.4* -0.5* -14.86*
bp» 0.1" -0.03™ 3.28™ -0.2" -0.1™ 0.64™ -0.28 "™ -0.1™ -0.53"
b3 |-4.43* -0.11™ -14.3* -4.84* t0.13 " -15.7* -4.76* -0.07"™ -16.7*
by |-4.72%* -0.12"™ -9.46 * -4.47* t0.21" -8* -4.52% -0.12" -8.1%*
by; [-027 -0.15™ -6.38"™ -0.47" t0.13 " -0.81"™ -0.3™ -0.16™ 342"
by 0.1" 0.13™ 241™ 04" 0.05™ -0.3" 03" 0.04™ -0.74"™
by | 257 -0.01"™ 15.41* 2.737 -0.1™ 14* 2.95* -0.13" 13.2%
": no significant values, *:significant data at P=.05.
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C-Interaction between quantity of phytopesticides/ storage zone affecting weight loss
Figure 1: Interaction between factors affecting weight loss
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Figure 2: Interaction between factors affecting aflatoxin B level

Validation of 2* Full Factorial Design Optimization of
post harvest maize storage

The results of the full factorial design were used to determine
the optimal conditions for post harvest maize storage. All the
models were established with a satisfactory coefficient of
determination R%, ranging from 0.95 to 0.98; which means a
close agreement between the experimental results and those
predicted by the models. The predictive quality of every
model was also tested at the recommended optimum
condition. All the responses were replicated 3 times at the
optimum condition, and the results are presented in Table
VIII. The arithmetic means of the experimental values were
1.53%, 12.2% and 1.1 pg/kg for weight loss, moisture
content and aflatoxin B, level respectively.

Experimented data were approaching the predicted values.
This indicated that the optimization achieved in the present
study was reliable. Deviations between experimental values
and the predicted values can be explained by the lack of
perfectly fitted models and experimental errors.

Table 5: Experimental data for verification of the models
predicted at optimal condition

Optimal Condition Experimental | Predicted
Values Values

X,;= 6 Month Weight loss (%)  1.53£0.5% 1.2°

X,= Mixture of L. Moisture

multiflora and H. content (%) 12.2+2.3° 11.80°

suaveolens

X5= Phytopest 5% AFB, (ng/kg) 1.1+0.1°¢ 0.85°

X,4= Maize grains

Data of the same line having the same sign are statistically in
the same homogenous group at P=.05

5.Conclusion

The results of this study indicate that L. multiflora and H.
suaveolens leaves are effective for post-harvest of maize
grain conservation in polypropylene bags stored in
warehouses in rural environment. These phytopesticides can
fight effectively against storage pests and fungal
contamination. The experimental design has identified
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optimal conditions of maize grains conservation in
polypropylene bags: it is 6 month storage period, use of 5%
of dried leaves of L. multiflora and H. suaveolens alone or in
admixture.

The technology used is inexpensive, easily carried and fits
into the millennium guidelines of respect for the
environment. However, this study should be continued with
other types of packaging for better control of storage
conditions to ensure the market qualities, nutritive and
hygienic maize grain after storage.
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