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ABSTRACT 10 

 11 

 

The aim of this study was to monitor the sanitary quality during the storage of maize grains in 
polypropylene bags for 9 months containing leaves of Lippia multiflora and Hyptis suaveolens and 
to assess the risk of exposure to aflatoxin B1(AFB1) and ochratoxin A (OTA) with and without the 
treatment. This study was carried out in the villages of Timbé and Soko, respectively, in the 
departments of Katiola and Bondoukou of Côte d'Ivoire from June 2014 to February 2015. The 
parameters determined were the Estimeted Daily Intake (EDI) of AFB1, OTA and the risk of 
exposure. The batches treated with Lippia multiflora and Hyptis suaveolens had low levels of EDI 
and exposure risks compared to controls independently of the study site. The leaves of Hyptis 
suaveolens had a biopesticide effect much greater than Lippia multiflora leaves and the mixture of 
leaves of the two plants. Indeed, the mycotoxin levels of the control batches varied between 0.05 ± 
0.00 and 75.97 ± 1.83 ng / kg body weight / day for AFB1 and between 0.36 ± 0.00 and 57, 72 ± 
1.63 ng / kg body weight / day for OTA in both localities. These values of the control batches reflect 
a real and high risk of exposure from 2 months of storage. For experimental batches, EDI values 
ranged from 0.05 ± 0.00 to 15.34 ± 0.80 ng / kg body weight / day for AFB1 and from 0.36 ± 0.00 to 
7.42 ± 0.65 ng / kg body weight / day for OTA. The risks of exposure become real only after 7 
months of storage. After 7 months, the leaves of Hyptis suaveolens used individually were the most 
effective, followed by the leaves of Lippia multiflora and finally the leaves from the two plants. 
These results indicate that the treatment of maize with the leaves of Lippia multiflora and Hyptis 
suaveolens inhibits insect and fungal activity and preserves the quality of the grains as well as the 
very low maintenance of the risk of exposure to AFB1 and OTA up to 7 months. This inexpensive 
and easy-to-use treatment should be popularized among farmers to strongly decrease the 
exposure risk. 
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1. INTRODUCTION  16 

 17 

Maize (Zea mays L.) is the most common staple food crop in Sub-Saharan Africa. In addition, more 18 

than 300 million people in Sub-Saharan Africa depend on maize as a source of food and income 19 

[1]. Maize is the second most cultivated cereal in Côte d'Ivoire after rice (Oryza spp.). Its production 20 

increases from 531,940 tons in 2007 to 680,000 tons in 2014 for a total planted area of 330,000 ha 21 

[2]. The importance of maize is due to its availability throughout the year [3]. Its nutritional benefits 22 

(rich in starch, protein, minerals) and economic (simple to produce, harvest and store crops) make 23 

it a competitive product that helps lower the prices of basic food products such as milk and meat in 24 

rural agriculture [4]. Crop problems and post-harvest maize treatments are the main problem faced 25 

by rural farmers [5-6]. Maize (Zea mays L.) is constantly exposed to the risk of developing fungi to 26 

have an ideal nutrient composition. In addition, countries with tropical and subtropical climates 27 

have favorable environmental conditions for the development of the main genotoxic fungal types, 28 

Aspergillus, Fusarium and Penicillium. Among the mycotoxins found in maize, aflatoxins, 29 

zearalenone, ochratoxin A and fuminosin B1 are detached both for the concerns expressed by the 30 

researchers because of their possible toxic effect in humans and animals, and economic reasons 31 

[7]. Aflatoxin B1 and ochratoxin A are highly toxic, teratogenic, mutagenic and carcinogenic 32 

metabolites produced by fungi of the genus Aspergillus and Penicillium. Aflatoxin B1 (AFB1) and 33 

ochratoxin A (OTA) are the most common mycotoxins with the highest toxic potential of maize [8]. 34 

The Higher Council of Public Hygiene of France (Conseil Supérieur de l'Hygiène Publique de 35 

France [CSHPF], 1999) [9] and the Scientific Committee on Food (Scientific Committee on Nutrition 36 

[SCF] 1998) [10] established a tolerable daily intake (TDI) of 5 µg / kg for OTA and AFB1 in maize. 37 

To cope with the exposure of OTA and AFB1 by the consumption of maize in Cote d'Ivoire, a 38 

storage method combining the use of leaves of lippia multiflora and hyptis suaveolens and hermetic 39 

storage (triple bagging) has been developed. Lippia multiflora and Hyptis suaveolens are two 40 

aromatic plants containing active insecticidal, insect repellent, fungicidal, nematicidal and 41 

rodenticidal molecules [11-14]. These natural plants limit the risk of development of resistance by 42 

pests and certain pathogenic microorganisms [15]. These plants replace pesticides which have 43 

often resulted in the presence of toxic residues on treated products and the development of 44 

resistance in pests [16]. Therefore, this study was initiated to assess the risk of exposures to AFB1 45 

and OTA by the consumption of stored maize by the Ivorian adult. 46 

 47 

2. MATERIAL AND METHODS  48 

2.1 Site description 49 

The study was conducted in the villages of Timbe and Soko, respectively, located in the 50 

departments of Katiola (Hambol region) (8°10'N 5°40'W) and Bondoukou (Gontougou region) 51 

(8°30'N 3°20'W) in the Central North and Northeast of Cote d’Ivoire. Both localities have a 52 

humid tropical climate with 4 seasons, including 2 rainy seasons from March to July and f rom 53 

October to November. These are interspersed with 2 dry seasons ranging from December to 54 

February and from August to September. The annual rainfall ranges between 1100 and 1200 55 

mm in Katiola and between 800 and 1400 mm in Bondoukou. The average temperatures 56 

recorded in these areas vary between 26.5°C and 33.7°C in Katiola and between 24°C and 57 

29°C in Bondoukou, while the average humidity ranged between 60%-70% in both regions 58 

[17-18]. 59 

 60 

2.2 Plant material collection and processing 61 

 62 

The biological material consisted of maize grains (Hybrid variety) collected in January 2014 63 

(from the cooperatives of Timbe and Soko) and leaves of plant species Lippia multiflora (or 64 

savannah tea) and Hyptis suaveolens collected for their biopesticides properties. These plants 65 

are perennials and fragrant shrubs that develop spontaneously from the central to the Northern 66 

parts of the country due to the climatic conditions [13-14]. Approximately f o r - one month after 67 

harvest, maize was sun-dried and leaves of L i p p i a  multiflora and Hyptis suaveolens were 68 

dried under shade and chopped. 69 

 70 

2.3 Treatments 71 

 72 

The implementation of the study was conducted from January to September 2014, with the 73 

participation of 2 Informal Groups (IG) of farmers. They are the IG "Sounougou" of Soko in 74 

Bondoukou and the IG "Lagnimin" of Timbe in Katiola. These farmers accustomed to preserve 75 



 

 

their maize grain in polypropylene bags in a corner of the house. method tested in this study, 76 

consisted in adding of phytopesticides (5% w/w) in the polypropylene bags containing maize 77 

grains and storing on pallets in warehouses for 9 months. The steps of adding phytopesticides 78 

(Lippia multiflora and Hyptis suaveolens) and deposit bags on pallets constitute the principal 79 

modifications made to the method of preservation practiced by these farmers. The filling of the 80 

bags was performed by alternately as maize grains strata and phytopesticides. Thus, 81 

polypropylene bags containing 50 kg of maize grain and 5% w/w of Hyptis suaveolens (A) or 82 

Lippia multiflora (B) or in mixture (A+B) were stored as described below: 83 

     Treatment 1: 50 kg of maize grain + 2.5 kg of leaves of Hyptis suaveolens (A); 84 

     Treatment 2: 50 kg of maize grain + 2.5 kg of leaves of Lippia multiflora (B); 85 

     Treatment 3: 50 kg of maize grain + 1.25 kg of leaves of Lippia multiflora + 1.25 kg of 86 

leaves of Hyptis suaveolens (A+B); 87 

     Treatment 4: control (50 kg of maize grain alone). 88 

The treatments were laid out in a randomized complete block design in each zone of study, and 89 

each treatment was replicated 3 times. Each month samples were taken for analysis. 90 

 91 

2.4. Aflatoxins and Ochratoxin A 92 

 93 

Chemical reagents (acetonitrile, methanol and chloroform) and standards (ochratoxin A (OTA) and 94 

aflatoxins (AFs)) were used for the study. Reagents were purchased from Carlo Erba (Spain) with 95 

analytical grade, while standards OTA and AFs were provided from Sigma (Sigma, St Louis, MO, 96 

USA). 97 

 98 

2.4.1. Extraction and purification of OTA 99 

 100 

A sample of 100 g of maize was crushed in a hammer mill to obtain a homogeneous fine grind. In a 101 

Nalgene jar containing 15 g of grind, 150 mL of aqueous methanol-bicarbonate 1% in water (v / v, 102 

50:50) were added. The mixture was homogenized by Ultra-Turax for 3 minutes and the 103 

homogenate was centrifuged at 5000 rpm for 5 min at 4°C. The supernatant was filtered through a 104 

Whatman paper (Wathman N°4) into tubes of 25 mL. To 11 mL of filtrate were added 11 ml of 105 

saline phosphate buffered (PBS) at pH 7.3. Immunoaffinity columns brand Ochraprep from R-106 

Biopharm were conditioned with 10 mL of PBS. Purification of 20 ml of the mixture was made on 107 

immunoaffinity columns and OTA extraction was performed with two volumes of 1.5 mL of PBS at a 108 

flow rate of 5 mL/minute. The resulting sample was packed in a chromatographic tube and the 109 

analysis of OTA was made by HPLC using the European Community regulation (EC 401/2006) [19] 110 

 111 

2.4.2. Extraction and purification of aflatoxins 112 

 113 

Biological aflatoxins (B1, B2, G1 and G2) were extracted and purified from maize using the 114 

official guidelines of AOAC, 2000 [20]. To 25 g of ground maize put in an Erlenmeyer flask, 100 mL 115 

of 80% methanol aqueous solution were added. The mixture was homogenized, put in darkness at 116 

room temperature for 12 h, and then filtered with a Whatman paper (Wathman N°4). Thereafter, 50 117 

mL of the filtrate were added with 40 mL of a mixture deriving from phosphotungstic acid-zinc 118 

sulfate-water (5/15/980, w/w/v), and kept at ambient temperature for 15 min before filtration using 119 

Whatman paper. Aflatoxins were extracted from the outcoming filtrate with 3 volumes of 10 mL of 120 

chloroform. The extracts were collected into a 50 mL flask and processed with rotatory evaporator 121 

(Buchi Rotavapor R-215) at 40°C to evaporate the chloroform reagent. Finally, 0.4 mL of 122 

hydrochloric acid and 4.6 mL of bidistillated water were added to the dry extract, and the solution 123 

was filtered through filter Rezist in a chromatographic tube then passed through an 124 

immunoaffinity column (column RiDA aflatoxin, Biopharm, Germany). 125 

 126 

2.5. Aflatoxins and OTA determination 127 

 128 

Determination of AFs and OTA contents was achieved with high performance liquid 129 

chromatography column, using a Shimadzu liquid chromatograph (Kyoto, Japan) fitted with 130 

fluorescence detector (Table I) 131 

 132 

 133 

 134 

 135 

 136 



 

 

Table I: Conditions of AFB1 and OTA analysis by HPLC 137 

 Aflatoxin B1 Ochratoxin A 

Pre-column Shim-pack GVP-ODS 10 x 4.6 mm 

Column Shim-pack GVP-ODS, 250 mm x 4.6 mm 

Detector 

Fluorescence, λ excitation : 365 
nm,  Fluorescence, λ excitation : 330 nm,  

λ émission : 435 nm λ émission : 460 nm 

Phase mobile 
Acetonitrile/Water/Methanol 

(20/20/60) Acetonitrile/Water / Acetic acid (49/49/2) 

Inject volume  20 µL 100 µL 

Flow rate 1 mL/minute 

Column temperature  40°C 

Rising solvent  Methanol Acetonitrile 

Analysis duration 15 minutes 12 minutes 

Limit of Detection 
(LD ; ng/kg) 

6.18±0.55 5±0.06 

Limit of quantitation  
(LQ ; ng/kg) 

6.50±0.45 20±0.8 

Recovery rate (%) 98.92±2.49 86±0.39 

 138 

 139 

2.6. Estimated daily intake of aflatoxin B1 and ochratoxin A from maize grains 140 

 141 

According to the definition of the Codex Alimentarius, the estimate of the exposure is the 142 

assessment of the quantitative exposure of the probable ingestion of chemical dangers through 143 

foods [21]. To assess OTA and AFB1 exposure, the mean level of these mycotoxins found in maize 144 

grains stored on 8 months together with the mean consumption of maize and the average body 145 

weight of individual adult were used to estimate the daily intake [22]. According to the national 146 

agricultural statistics of Cote d’Ivoire, the daily consumption of maize is 28.4 g per capita/day [23]. 147 

The OTA and AFB1 intake was calculated using formula 1: 148 

 149 

EDI = (C x Q)/ bw 150 

 151 

With: 152 

EDI: the Estimated of OTA and AFB1 Daily Intake in pg kg-1 of body weight (b.w.) day-1; 153 

C: the OTA and AFB1 concentration found in maize grains stored (pg/kg);  154 

Q: the daily consumption of maize grains (g/day); 155 

bw: the body weight of the individual adult (average 70 kg). 156 

 157 

The Estimated Daily Intakes were also expressed from the average and maximum levels of 158 

mycotoxins fixed by the European Commission (CE 2006; CE 2007 and CE 2010) [24-26] for 159 

maize “to be subjected to sorting or other physical treatment before human consumption or use as 160 

an ingredient in foodstuffs” at level of 5 µg/kg for OTA and AFB1. Moreover, the estimated intakes 161 

were compared to Tolerable Daily Intake (TDI) set at 5 ng/kg bw/day for OTA and AFB1 162 

established by WHO [27-28]. 163 

The characterization of the Risk of Exposure (RE) to aflatoxin B1 and ochratoxin A is calculated 164 

with the following formula [29]. This result allows only concluding on the potential occurrence of 165 

effects but not on their importance. 166 

 167 

 168 

 169 

 170 

RE = (EDI) / (TDI) 



 

 

If: 171 

- RE <1 means that the exposed population is theoretically out of danger, that is, this exposed 172 

population is not likely to develop the health effects studied. 173 

- RE> 1 means that the toxic effect can occur without it being possible to predict the probability of 174 

the occurrence of this event. 175 

 176 

2.7. Statistical analysis 177 

 178 

All analyses were performed in triplicate. The mean concentrations of AFB1 and OTA were 179 

calculated with their standard deviations. The corresponding proportions of daily intake of 180 

mycotoxins by maize consumption and exposure risk were calculated. The homogeneity of the 181 

mean concentrations of AFB1 and OTA was assessed by an analysis of variance by the Fischer 182 

test using SPSS version 20.0 for windows at 5% risk. The Excel 2007 software was used to build 183 

curves of evolution of the parameters over time. 184 

 185 

3. RESULTS  186 

 187 

3.1. Measuring the concentration of aflatoxin B1 and ochratoxin A 188 

 189 

The evolution of the AFB1 content was different according to the treatments applied to the 190 

storage of maize grains. In the control batches, the AFB1 content increased significantly from 0.10 ± 0.00 191 

µg/kg and 2.00 ± 0.00 µg/kg at 1 month, respectively, to 112.26 ± 2.50 µg/kg and 187.26±5.00 µg/kg at 192 

9 months respectively for samples from Katiola and Bondoukou. For the experimental batches, this 193 

evolution was very low. Up to 7 months of storage, the AFB1 content were approximately 3.30 ± 0.01 194 

µg/kg and 8.00 ± 0.02 µg/kg for samples from Katiola and Bondoukou respectively whatever the type of 195 

treatment applied. At 9 months of storage, the AFB1 content in batch B was the lowest, followed by 196 

batch A and finally batch A + B. These AFB1 content was much lower than those of the control batches 197 

(Table II). 198 

The evolution of the OTA content differs according to the different lots of maize grains. In the 199 

control batches, OTA levels increased significantly from 0.80 ±0.01 µg/kg and 1.90 ± 0.01 µg/kg at 1 200 

month to 112.25 ± 1.05 µg/kg and 142.26 ±1.31 µg/kg at 9 months, respectively, for samples from Katiola 201 

and Bondoukou. For the experimental batches, this evolution remains very low. Up to 7 months of storage, 202 

OTA content were approximately 11.27 ± 0.06 µg/kg and 23.79 ± 0.22 µg/kg, respectively, for samples from 203 

Katiola and Bondoukou. At 9 months of storage, the OTA content in batch B was the lowest, followed by 204 

batch A and finally batch A + B. These OTA content were much lower than those of the control batches 205 

(Table II). 206 

Table II: Aflatoxin B1 and Ochratoxin A contents during the storage of maize grains  207 

AFB1 (µg/kg) 
 KATIOLA BONDOUKOU 
      Months 
 
Sample 

1 4 7 9 1 4 7 9 

C 0.10±0.00 26.25±1.25 70.26±2.56 112.26±2.50 2.00±0.00 51.24±2.05 152.25±4.55 187.26±5.00 
A 0.10±0.00 2.16±0.05 3.25±0.05 15.26±0.15 2.00±0.00 3.51±0.2 7.98±0.40 26.25±1.05 
B 0.10±0.00 1.15±0.01 2.98±0.03 10.26±0.08 2.00±0.00 2.16±0.1 5.98±0.25 16.26±0.64 
A+B 0.10±0.00 2.88±0.08 4.26±0.06 21.26±0.35 2.00±0.00 4.26±0.3 10.26±0.38 37.82±1.85 

OTA (µg/kg) 
C 0.80±0.00 29.21±2.03 42.16±0.05 112.25±3.01 1.90±0.01 79.84±2.81 89.26±1.86 142.26±4.05 
A 0.80±0.00 2.15±0.02 4.26±0.02 7.26±0.50 1.90±0.01 4.26±0.06 6.26±0.7 12.26±0.91 
B 0.80±0.00 1.74±0.01 2.98±0.02 5.26±0.25 1.90±0.01 3.00±0.5 4.26±0.05 7.26±0.50 
A+B 0.80±0.00 2.87±0.05 4.87±0.05 12.26±0.65 1.90±0.01 5.22±0.1 7.52±0.45 18.29±0.72 

 208 

C: Control lots without biopesticides 209 

A: Lot containing the dried leaves of Hyptis suaveolens 210 

B: Lot containing the dried leaves of Lippia multiflora 211 

A + B: Lot containing the mixture of dried leaves of Hyptis suaveolens and Lippia multiflora 212 

 213 



 

 

3.2. AFB1 and OTA daily intake estimated from the consumption of maize grains 214 

by Ivorian adult  215 

 216 

The estimated daily intake (EDI) was calculated from the different concentrations of AFB1 and OTA 217 

found in the samples analyzed during the 9 months storage of maize in the two storage areas. 218 

Tables III and IV presents the results of the estimated intakes of AFB1 and OTA using the 219 

consumption of stored maize grains from the concentrations of AFB1 and OTA determined during 220 

the experiment. 221 

For the control batches, estimated AFB1 intake increased significantly during the 9 month storage 222 

period from 0.05 ± 0.00 and 0.81 ± 0.03 ng / kg body weight / day for the Katiola and Bondoukou 223 

area at one month storage to 45.54 ± 1.50 and 75.97 ± 1.83 ng / kg body weight / day at 9 months 224 

storage for the Katiola and Bondoukou area, respectively. The estimated values for AFB1 in the 225 

Katiola area ranged from 0.05 ± 0.00 ng / kg body weight / day at the start of storage to 6.19 ± 226 

0.03; 4.16 ± 0.02 and 8.62 ± 0.03 at 9 months storage, respectively, for experimental batches A, B 227 

and A +B. The estimated values for AFB1 in the Bondoukou area ranged from 0.81 ± 0.03 ng / kg 228 

body weight / day at the start of storage to 10.65 ± 0.64; 6,60 ± 0,02 and 15,34 ± 0,80 at 9 months 229 

storage, respectively, for experimental lots A, B and A+B. The estimated intakes of AFB1 in the 230 

Katiola area were lower than those of Bondoukou area (Table III). 231 

For the control batches, estimated OTA intakes increased significantly during the 9 month storage 232 

period from 0.36 ± 0.00 and 0.80 ± 0.02 ng / kg body weight / day for the Katiola and Bondoukou 233 

area at one month storage to 45.54 ± 1.20 and 57.72 ± 1.63 ng / kg body weight / day at 9 months 234 

storage for the Katiola and Bondoukou area, respectively. Estimated values for OTA in the Katiola 235 

area range from 0.36 ± 0.00 ng / kg body weight / day at the start of storage to 2.94 ± 0.01; 2.13 ± 236 

0.01 and 4.97 ± 0.02 at 9 months storage, respectively, for experimental batches A, B and A+B. 237 

Estimated values for OTA in the Bondoukou area ranged from 0.80 ± 0.02 ng / kg body weight / 238 

day at the start of storage to 4.97 ± 0.14; 2.94 ± 0.01 and 7.42 ± 0.65 at 9 months storage, 239 

respectively, for experimental lots A, B and A+B. The estimated intakes of OTA in the Katiola area 240 

were lower than those of Bondoukou (Table IV). 241 

 242 

Table III: Estimated intakes of Aflatoxin B1 of Ivorian adults by consumption of stored maize 243 

 
Lots 

 
Month 

EDI (ng/kg bw/day) TDI  
recommended by 

SCF (ng/kg 
bw/day) 

AFB1 (Katiola) AFB1 (Bondoukou) 

 
Control 

1 0.05±0.00 0.81±0.03  
 
 
 
 
 
 
5 

4 10.65±0.64 20.79±0.84 
7 28.50±0.65 61.77±1.02 
9 45.54±1.50 75.97±1.83 

 
 

A 

1 0.05±0.00 0.81±0.03 
4 0.88±0.02 1.42±0.07 
7 1.32±0.06 3.24±0.12 
9 6.19±0.20 10.65±0.76 

 
 

B 

1 0.05±0.00 0.81±0.03 
4 0.47±0.01 0.88±0.03 
7 1.21±0.03 2.42±0.06 
9 4.16±0.02 6.60±0.41 

 
 

A+B 

1 0.05±0.00 0.81±0.03 
4 1.17±0.01 1.73±0.01 
7 1.73±0.01 4.16±0.02 
9 8.62±0.03 15.34±0.50 

 244 

C: Control lots without biopesticides 245 

A: Lot containing the dried leaves of Hyptis suaveolens 246 

B: Lot containing the dried leaves of Lippia multiflora 247 

A + B: Lot containing the mixture of dried leaves of Hyptis suaveolens and Lippia multiflora 248 

EDI: Estimated Daily Intake 249 

TDI: Tolerable Daily Intake 250 

SCF: Scientific Committee on Food 251 

 252 



 

 

Table IV: Estimated intakes of Ochratoxin A of Ivorian adults by consumption of stored maize 253 

 
Lots 

 
Month 

EDI (ng/kg bw/day) TDI  
recommended by 

SCF (ng/kg 
bw/day) 

OTA (Katiola) OTA (Bondoukou) 

 
Control 

1 0.36±0.00 0.80±0.02  
 
 
 
 
 
 
5 

4 11.85±0.40 32.39±0.96 
7 17.10±0.48 36.21±1.05 
9 45.54±1.20 57.72±1.63 

 
 

A 

1 0.36±0.00 0.80±0.02 
4 0.87±0.00 1.73±0.01 
7 1.73±0.04 2.54±0.03 
9 2.94±0.05 4.97±0.14 

 
 

B 

1 0.36±0.00 0.80±0.02 
4 0.71±0.01 1.22±0.01 
7 1.21±0.02 1.73±0.01 
9 2.13±0.01 2.94±0.01 

 
 

A+B 

1 0.36±0.00 0,80±0.02 
4 1.17±0.01 2.12±0.01 
7 1.98±0.01 3.05±0.03 
9 4.97±0.02 7.42±0.65 

 254 

Control: Lot containing no leaves with biopesticide effect; 255 

A: Lot containing the dried leaves of Hyptis suaveolens; 256 

B: Lot containing the dried leaves of Lippia multiflora;  257 

A + B: Lot containing the mixture of dried leaves of Hyptis suaveolens and Lippia multiflora 258 

EDI: Estimated Daily Intake; 259 

TDI: Tolerable Daily Intake;  260 

SCF: Scientific Committee on Food 261 

 262 

3.3. Aflatoxin B1 and ochratoxin A exposure risk during storage of maize 263 

 264 

The ratio of Estimated Daily Intake (EDI) to Tolerable Daily Intake (TDI) was determined to assess the 265 

risk of exposure to consumers. Compared to the TDI, for the control batches in the two storage zones, 266 

from 2 months of storage, the risk of exposure to AFB1 becomes real because EDI ˃ TDI. For 267 

experimental batches A, B and A + B the risk of exposure to AFB1 was very low up to 7 months of 268 

storage in the two experimental zones because the EDI was lower than the TDI. After 7 months 269 

storage, all the experimental batches presented a real risk of exposure in AFB1 except lot B of the 270 

zone of Katiola (Fig. 1 and 2). 271 

Regarding the risk of exposure to OTA for the Ivorian adult, in the two storage areas, the control 272 

batches showed high risks of exposure after 2 months of storage because EDI becomes higher than 273 

the TDI. For experimental batches A, B and A + B the risk of exposure to OTA was low over the 9 274 

months of storage in the two experimental zones with the exception of the lot A+B in the Bondoukou 275 

area. Indeed, the risk of OTA exposure in the lot A+B of the Bondoukou zone at 9 months of storage 276 

was 1.48 ng / kg of body weight / day greater than 1 ng / kg of body weight / day (Fig. 3 and 4). 277 

The proportion of samples with EDI ˃ TDI, 16.66% and 18.75% were exposed to high risk of exposure 278 

to AFB1 in the Katiola and Bondoukou areas, respectively, and 0% and 8.33% which pose high risks 279 

of OTA exposure in the Katiola and Bondoukou areas, respectively. 280 

 281 
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 300 

 301 

Fig.1: Aflatoxin B1 Exposure Risk during storage of maize grains at Katiola 302 
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 329 

Fig.2: Aflatoxin B1 Exposure Risk during storage of maize grains at Bondoukou 330 

 331 

Control: Lot containing no leaves with biopesticide effect; 332 

A: Lot containing the dried leaves of Hyptis suaveolens; 333 

B: Lot containing the dried leaves of Lippia multiflora;  334 

A + B: Lot containing the mixture of dried leaves of Hyptis suaveolens and Lippia multiflora 335 

EDI: Estimated Daily Intake; 336 

TDI: Tolerable Daily Intake;  337 
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 361 

Fig.3: Ochratoxin A Exposure Risk during storage of maize grains at Katiola 362 
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 387 

Fig.4: Ochratoxin A Exposure Risk during storage of maize grains at Bondoukou 388 

 389 

Control: Lot containing no leaves with biopesticide effect; 390 

A: Lot containing the dried leaves of Hyptis suaveolens; 391 

B: Lot containing the dried leaves of Lippia multiflora;  392 

A + B: Lot containing the mixture of dried leaves of Hyptis suaveolens and Lippia multiflora 393 

EDI: Estimated Daily Intake; 394 

TDI: Tolerable Daily Intake;  395 
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4. DISCUSSION 397 

 398 

The maize storage system, which combines triple bagging and dried leaves of Lippia 399 

multiflora and Hyptis suaveolens, has helped to maintain sanitary quality and thus reduce the risk of 400 

exposure to mycotoxins (AFB1 and OTA) during storage. 401 

In the control batches, the estimated intakes of Aflatoxin B1 in adult Ivorian were high and well above 402 

the Tolerable Daily Intake (TDI) recommended by the European Commission's Scientific Committee 403 

on Food (SCF) after two months of storage. This constitutes a real risk of exposure to AFB1. The 404 

same is true of the estimated intakes of ochratoxin A (OTA). This means that if the maize 405 

conservation in these two areas is done without treatment, the consumer populations are exposed to 406 

the harmful effects of these two mycotoxins (AFB1 and OTA). AFB1 and OTA are the basis of various 407 

problems such as nutritional deficiencies, immunosuppression, liver cancer, mutagenic and 408 

teratogenic effects [30-33]. 409 

For the different experimental batches, the estimated intakes of AFB1 and OTA remained 410 

below the Tolerable Daily Dose (TDI) over a 7-month storage period. In these experimental batches, 411 

the dried leaves of Lippia multiflora and Hyptis suaveolens are used as biopesticides. The leaves of 412 

Lippia multiflora and Hyptis suaveolens used in this study have positively influenced the sanitary 413 

quality of the stored maize grains and thus reduced the risk of exposure in AFB1 and OTA [33]. This 414 

observation is made at the two storage sites (Katiola and Bondoukou). These data therefore indicate 415 

better preservation of the sanitary quality of stored maize after the addition of leaves of Lippia 416 

multiflora, Hyptis suaveolens or the mixing of the two leaves, unlike the storage without any treatment 417 

(the control batches). 418 

Indeed, the low levels recorded in the experimental batches after 7 months of storage could 419 

be attributed to the insecticidal and / or insect repellent effect of leaves of Lippia multiflora and Hyptis 420 

suaveolens due to the release of essential substances (bioactive molecules) [34 - 35]. These results 421 

are similar to those of Niamketchi et al. [36] in the central region of Côte d'Ivoire. These authors 422 

demonstrated the effectiveness of dried leaves of Lippia multiflora and Hyptis suaveolens against the 423 

development of pests responsible for maize grains alteration in traditional and improved granaries. 424 

The results obtained are also in agreement with those of Rose de Lima et al. [37] in Benin, which 425 

showed that the essential oils of Pimenta racemosa and Syzygium aromaticum considerably reduce 426 

the fungal flora responsible for the production of mycotoxins during the storage of cowpea for a period 427 

of 3 months. In addition, studies by Makun et al. [38] demonstrated the inhibitory effect of ethanolic 428 

extracts of leaves of Lippia multiflora, Azadirachta indica and Blumea perotitiana on toxigenous cereal 429 

molds. The bioactive molecules of Lippia multiflora consist mainly of oxygenated monoterpenes such 430 

as linalool and 1.8 cineole [11, 39]. While monoterpene hydrocarbons, especially sabinene, β-pinene 431 

and limonene, predominate in hyptis suaveolens. These various mono and sesquiterpene compounds 432 

have contributed to the inhibitory activity of antifungal and mycotoxin production (AFB1 and OTA) [40-433 

43]. These antimicrobial agents induce morphological perturbations, rupture of the plasma membrane 434 

and alteration of the mitochondrial structure in molds [44]. Tatsadjieu et al. [14] also showed that the 435 

essential oil of lippia rugosa inhibited the development of Aspergillus flavus and limited the production 436 

of aflatoxin B1 by an inhibitory concentration of 1 g / L. Sharma et al. [43] showed that the essential oil 437 

of hyptis suaveolens has inhibitory activity on Aspergillus flavus, Aspergillus niger and Aspergillus 438 

ochraceous producing aflatoxin B1 and ochratoxin A at a concentration of 0.5 g / kg. 439 

The leaves of Hyptis suaveolens have much more inhibitory and fungicidal effects than Lippia 440 

multiflora and the mixture of the two plants. The composition of the bioactive molecules of Hyptis 441 

suaveolens which differ in quantity and quality with the bioactive molecules of Lippia multiflora could 442 

explain this finding. Therefore, the combination of the different bioactive molecules of the two plants 443 

could have low-level antagonistic effects [45], which explain the low level of protection of maize from 8 444 

months on compared to individual plants. 445 

 446 

5. CONCLUSION 447 

 448 

This work contributes to improving the storage of maize in a farming environment and to the 449 

preservation of the health of maize consumers. The results showed that the leaves of the two plants 450 

used reduced the risk of exposure to mycotoxins (AFB1 and OTA) over a period of 7 months. Beyond 451 

7 months, the leaves of Hyptis suaveolens would preserve better the maize grains than the leaves of 452 

Lippia multiflora and the combination of the leaves of these two plants. The technique used is 453 

effective and safe for the consumer. 454 
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