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EVOLUTION OF OCHRATOXIN A CONTENTS DURING STORAGE OF COWPEA 3 
(Vigna unguiculata L Walp) BAGGED PICS WITH BIOPESTICIDE (Lippia 4 

multiflora Moldenke) AND ESTIMATION OF DAILY INTAKE IN ADULT IVORIAN 5 
 6 

 7 

ABSTRACT  8 
 9 
Aims: This study aims to test the effectiveness of the cowpea conservation method in PICS bags with 
a biopesticide on the evolution of ochratoxin A and the estimated daily intake in adult Ivorian  
Study Design: Cowpea grains that have undergone any treatment were collected between May and 
June 2015 in the southwest of Côte d’Ivoire. The fresh leaves of Lippia multiflora were collected and 
dried in sunlight for 7 days in the center of Cote d'Ivoire. The supply PICS bags was made in Abidjan. 
All this material was sent to the Laboratory of Biochemistry and Food Sciences, Félix Houphouët-
Boigny University, Côte d’Ivoire, to perform the experiment. 
Place and Duration of the Study: This study was carried out during June 2015 to February 2016 in 
the Laboratory of Biochemistry and Food Science, Félix Houphouët-Boigny University, Côte d’Ivoire 
Methodology: A central composite design was used for sample constitution. Thus, a control group 
with polypropylene bags (TSP), a control group in PICS bags without biopesticide (H0) and 4 
experimental lots of PICS bags containing different proportions (0.7%, 2.5%, 4.3% and 5% (w / w)) 
biopesticide respectively noted H1, H2, H3 and H4, have been used. Changes in moisture, the water 
activity (Aw) and the levels of ochratoxin A (OTA) cowpea grains stored for 8 months were studied 
Results: The results reveal the presence of OTA in all samples analyzed. However, only 17.65% of 
the samples had higher levels of OTA than the reference values set by the European Union. PICS 
bags contain lower levels of OTA. These levels are even lower when the cowpea is stored in PICS 
bags containing different concentrations of biopesticide. The estimated daily intake of OTA under the 
cowpea consumption stored for 8 months were respectively 0.58 ± 0.06 ng / kg body weight/day, 
0.66±0.03 ng / kg bw / day , 0.30 ± 0.05 ng / kg body weight / day, 0.30 ± 0.00 ng / kg body weight / 
day and 0.28 ± 0.00 ng / kg body weight / day for H0 , H1, H2, H3 and H4. These levels are below the 
maximum permissible reference value set by the WHO. 
Conclusion: Storage of cowpeas in PICS bags with the leaves of Lippia multiflora appears as a 
method of effective and inexpensive conservation to ensure the health quality of cowpea. 
 
 10 
Keywords: Ochratoxin A, cowpea, PICS bags, storage using biopesticide 11 
 12 
1. INTRODUCTION  13 
Ochratoxin A (OTA) is a mycotoxin produced by fungi of the genus Aspergillus and Pencillium mainly 14 
Pencillium verrucossum in temperate climates and Aspergillus ochraceus in warm regions [1] It is 15 
transmitted to humans through the usually contaminated food chain toxin [2, 3]. OTA is found mainly 16 
in grains (wheat, corn, rice, rye, oats, etc.), offal and meat from animals receiving contaminated food, 17 
dried food such as roasted or coffee, cocoa, beans, peas, peanuts and dried fruit [3]. OTA have 18 
multiple toxic effects. Indeed, the toxicological studies in laboratory animals showed nephrotoxic, 19 
genotoxic, immunosuppressive, teratogenic, neurotoxic and carcinogenic [4-7]. Moreover, the risks 20 
that result from human exposure to OTA in foods is considered a major public health problem [8]. 21 
Thus, cowpea (Vigna unguiculata L. Walp.), legume native to Africa, is grown for its rich nutritional 22 
components [9] In West Africa, cowpea is 85% of the area of pulses and 10% of total cultivated land 23 
[10]. Sub-Saharan Africa accounts for about 95% of the world's cowpea production. 24 
However, the big problem in the industry is that cowpea storage because of its nutritional richness. 25 
Consequently, storage is an important step in preserving the marketability for productions that will be 26 
able to speculate. It also represents an important step in preserving hygienic and nutritious qualities 27 
for consumers [11]. Indeed, the pest activity creates an environment for mold growth of Aspergillus, 28 
Penicillium and Fusarium responsible for the deterioration of the quality of cowpea stocks [12-16]. 29 
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Mold, in addition to altering the appearance, smell and taste of grain, also produce ochratoxin A 30 
harmful to the health of animals and humans [12, 17]. 31 
Also maintaining an ambient humidity levels below the range of mold development is essential to 32 
preserve food against fungal colonization. In attics or stores food strike a balance with the ambient 33 
relative humidity. General manner, moisture is the presence of water or water vapor in air or in a 34 
substance. It represents a parameter for growth, mold and toxinogenesis growth [18]. 35 
Legal and regulatory provisions are being taken at the international level by the Codex Alimentarius 36 
and most governments to strengthen food safety requirements to protect consumers and the 37 
environment from harmful effects of chemical contaminants and mycotoxins, including the ochratoxin 38 
A [19, 20]. 39 
The methods used as a solution to the storage and preservation of cowpeas, based on the use of 40 
pesticides whose residues may cause danger for the consumer and also environmental pollution. 41 
Moreover, these products are applied without following good agricultural practices and use [21, 22]. 42 
This use can lead to toxicity in the consumer, resistance in pests and also a negative impact on the 43 
environment [23]. Thus the need to find an alternative, lower cost, respecting the environment safe for 44 
the consumer becomes capital [24, 25]. The current trend is towards the use of aromatic plants 45 
containing active molecules insecticidal, insect repellents, fungicides, nematicides and rodenticides 46 
[26-33]. These plants, mostly used by people to fight cons diseases remain very low status [24]. 47 
These plants biopesticides limit the risk of development of resistance by pests and certain pathogenic 48 
microorganisms [31, 34]. Therefore, the study aims to monitor the evolution of ochratoxin A, moisture 49 
and water activity during storage of cowpea in PICS bags with leaves of Lippia multiflora. 50 
 51 
2. MATERIAL AND METHODS  52 
 53 
2.1 Experimental site 54 
The experiment was performed at Laboratory of Biochemistry and Food Sciences (LABSA) UFR 55 
Biosciences at the University Félix HOUPHOUET-BOIGNY. The different bags were kept in a 56 
laboratory storeroom to 27.78 ± 0.19ºC temperature and 75.0 ± 0.99% relative humidity. Wooden 57 
pallets were arranged floored as support for PICS bags (Purdue Improved Cowpea Storage). 58 
 59 
2.2 Collection of cowpea beans used in the study 60 
Cowpea grains used belong to the local variety "Vya". They were collected from producers of the Loh-61 
Djiboua region (5 ° 50 'North 5 ° 22' West) from April to May 2015, just after harvest. After the 62 
shelling, the grains have not undergone any treatment were sent to the laboratory for packaging. 63 
 64 
2.3 Collection and processing of biopesticides 65 
The Laboratory of Biochemistry and Food Science has a scope on the conservation of cereals, pulses 66 
and other agricultural products for many years. Biopesticides are a good alternative in the fight 67 
against pests and fungus. Thus, Lippia multiflora was used in this study for these phytosanitary 68 
properties. It is perennial and fragrant shrubs spontaneously encountered in areas of central and 69 
northern Côte d'Ivoire [29, 35]. The leaves of L. multiflora were harvested and dried in the sunlight for 70 
a week in GBEKE region in May 2015. The dried leaves were chopped into fine particles before use. 71 
 72 
2.4 Using the triple bagging 73 
Storage bags used in our study, were made of polypropylene bags and polyethylene bags (Purdue 74 
Improved Cowpea Storage: PICS) developed by Purdue University for storing cowpeas from Niger. 75 
These bags, obtained from suppliers, are composed of a triple bagging system. 76 
 77 
2.5 Retention method for cowpea grains 78 
Storage of cowpea grains was conducted from June 2015 to February 2016, according to a central 79 
composite design with 5 levels and 2 variables. The latter has set up 6 lots (1 control polypropylene 80 
bag, 1 control with PICS bag, and 4 lots in PICS bags containing different proportions of biopesticides 81 
(0.7%, 2.5%, 4.3% and 5% of the mass of bag per sheet). the filling of the bags of 50 kg was made in 82 
stratum, alternating cowpea seeds and leaves of biopesticides. 83 
 84 
2.5.1 Sampling 85 
The sampling was performed at the beginning of the storage (0 month), then 1; 2; 4,5; 7 and 8 months 86 
later, in triplicate. Thus, 1 kg of cowpea samples from each granary was gathered through the top, the 87 
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centre and the bottom opening sides. Cowpea samples were ochratoxine A and physicochemical 88 
properties measurements were achieved. 89 
 90 
2.5.2 Determination of moisture content  91 
The moisture content was valued according to the method described by [36]. A cowpea sample of 5 g 92 
was dried at 105°C into an oven till constant weight. The result was expressed from the equation 93 
below:  94 
Moisture content (%) = 100-(Wl x 100/Ws) 95 
With Wl, weight lost from samples after drying; Ws, weight of raw samples. 96 
 97 
2.5.3 Determination of water activity 98 
The water activity was measured with a HygroLab Rotronic hygrometer according to indications of 99 
McCormick (1995) [37]. Prior to assays, the hygrometer was calibrated with specific water activity 100 
salts. Then, samples of 5 g of ground cowpea were put into standard dry empty containers for the Aw 101 
analysis. The water activity digital measures were directly displayed by the hygrometer. 102 
 103 
2.5.4 Ochratoxin A analysis 104 
Chemical reagents and OTA standard were used for the study. Reagents were purchased from Carlo 105 
Erba (Spain) with analytical grade, while standard were provided from Sigma (Sigma, St Louis, MO, 106 
USA). 107 
 108 
2.5.4.1 Extraction and purification of OTA 109 
The entire sample was crushed in a hammer mill to obtain a homogeneous fine grind. In a Nalgene jar 110 
containing 15 g of homogenate, 150 mL of aqueous methanol-bicarbonate 1% (m / v, 50:50) were 111 
added. The mixture was homogenized by Ultra-Turax for 3 minutes and the homogenate was 112 
centrifuged at 5000 rpm for 5 min at 4°C. The supernatant was filtered through a Whatman paper 113 
(Wathman N°4) into tubes of 25 mL. To 11 mL of filtrate were added 11 ml of saline phosphate 114 
buffered (PBS) at pH 7.3. Immunoaffinity columns brand Ochraprep and R-Biopharm were 115 
conditioned with 10 mL of PBS. Purification of 20 ml of the mixture was made on immunoaffinity 116 
columns and OTA extraction was performed with two volumes of 1.5 mL of PBS at a flow rate of 5 117 
mL/minute. The resulting sample was packed in a chromatographic tube and the analysis of OTA was 118 
made by HPLC using the European community regulation [38]. 119 
 120 
2.5.4.2 OTA determination 121 
Determination of OTA contents was achieved with high performance liquid chromatography column, 122 
using a Shimadzu liquid chromatography (Kyoto, Japan) fitted with fluorescence detector. The 123 
operating conditions are described in Table 1. 124 
 125 
 126 
Table 1. Conditions of OTA analysis by HPLC 127 
 128 

 OCHRATOXINE A 

Pre-column Shim-pack GVP-ODS 10 x 4.6 mm 
Column Shim-pack GVP-ODS 250 x 4.6 mm 
Detector Fluorescence, λ excitation: 330 nm 

λ emission: 460 nm 
Mobile phase Acetonitrile/Water/Acetic acid (99/99/2) 
Inject volume 100µL 
Flow rate 1 mL/minute 
Column temperature 40°C 
Rising solvent Acetonitrile 
Analysis duration 12 minutes 

 129 
2.5.5 Assessment of ochratoxin A daily intake in adult Ivorian 130 
According to the definition of the Codex Alimentarius, the estimate of the exposure is the assessment 131 
of the quantitative exposure of the probable ingestion of chemical dangers through foods [39]. To 132 
assess ochratoxin A exposure, the mean level of these mycotoxins found in cowpea grains stored at 8 133 
months together with the mean consumption of cowpea and the average body weight of individual 134 
adult were used to estimate the daily intake of OTA [40] [41]. According to Langyintuo et al (2003) 135 
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[42], the daily consumption of cowpea is 4.93 g per capita/day. The OTA intake was calculated using 136 
formula 1:  137 
EAI = (T x Q)/ bw 138 
With EAI, the estimated of OTA daily intake in pg kg-1 of body weight (b.w.) day-1; T, the OTA 139 
concentration found in cowpea grains stored (pg/kg); Q, the daily consumption of cowpea grains 140 
(g/day); bw, the body weight of the individual adult (70 kg). 141 
The estimated intakes were also expressed from the average and maximum levels of mycotoxins 142 
fixed by the European Commission [43]. for cowpea “to be subjected to sorting or other physical 143 
treatment before human consumption or use as an ingredient in foodstuffs” at level of 2 µg/kg for 144 
OTA. Moreover, the estimated intakes were compared to Tolerable Daily Intake (TDI) set at 5 ng/kg 145 
bw/day for OTA established by WHO [44] [45]. 146 
 147 
2.6 Statistical analysis 148 
All analyzes were performed in triplicate and data were statistically processed using the SPSS 149 
software (version 20.0). It consisted of an analysis of variance according to two factors: the shelf life 150 
and the storage method that is to say, different types of packaging. The comparison of the average 151 
values of the measured parameters was performed by one-way ANOVA (STATISTICA Version 7.1) 152 
using post hoc test of small statistical difference (LSD). Mean values were considered significantly 153 
different at P = 0.05. The significant parameters were emerged and compared using the tukey test 154 
with a tolerance of difference less than or equal to 5%. Correlations between parameters were also 155 
assessed according to Pearson index then corrected by multiple statistical analysis variances (MSA) 156 
using STATISTICA software (version 7.1). The Excel 2007 software was used to build curves of 157 
evolution of the parameters over time. 158 
 159 
3. RESULTS  160 
 161 
3.1 Validation of OTA determination method using HPLC 162 
Using HPLC device, Limit Of Detection (LOD) of ochratoxin A is 5 ng/kg and the Limit Of 163 
Quantification (LOQ) is 20 ng/kg. The mean recoveries fluctuate between 0.26% and 3.75% for the 164 
repeatability assays and between 0.89% and 5.67% for reproducibility assays. The rate of extraction 165 
recorded is 86.92±0.39%. 166 
 167 
3.2 Evolution settings 168 
Statistical tests indicate a significant change (P <0.01) the content of the parameters evaluated 169 
according to storage time and the type of packaging, if the cowpea was in PICS bags or not and 170 
whether it was treated or not treaty with the biopesticide (Tables II and III). 171 
 172 
3.2.1 Evolution of moisture during storage 173 
Table 2 shows the moisture content of cowpea grains stored in different PICS bags. With an average 174 
of 10.03 ± 0.21% at baseline (0 months), the moisture content increased significantly (P ˂ 0.001) 175 
during the storage period (Table 3). The higher moisture values were recorded after 4.5 months of 176 
storage in the control bag without PICS (14.67 ± 0.15%) and 8 months of storage in the PICS control 177 
without biopesticide (14.10 ± 0.11%) (Figure 1). In PICS bags with different proportions of biopesticide 178 
moisture contents after 8 months of storage were similar with a average at 12.06 ± 0.11%. 179 
Furthermore, the interaction between the type of packaging and the storage period has a significant 180 
effect on this parameter as found in Tables 2 and 3. 181 
 182 
3.2.2 Evolution of water activity values during storage 183 
Table 2 shows the values of the water activity of cowpea grains stored in different PICS bags. The 184 
water activity of cowpea grains in control without PICS (TSP) increases faster in 4.5 months from 0.61 185 
± 0.01 (0 month) to 0.96 ± 0.01 (4.5 months). This pace is followed by the PICS bag without 186 
biopesticide (H0) that in 8 months increased from 0.61 ± 0.01 to 0.92 ± 0.01 (Figure 2). The water 187 
activity in 8 months cowpea storage was 0.86 ± 0.01 for H1 and H2. For H3 and H4 the variation is 188 
significant, but the average value is 0.70 ± 0.01. The interaction between the type of packaging and 189 
the storage time is significant with P = 0,001 190 
 191 
3.2.3 Evolution of ochratoxin A content during storage 192 
Table 2 shows the OTA content of cowpea grains stored in different PICS bags. With an average of 193 
1.12 ± 0.01 µg/kg at the start (0 months), the OTA content increased significantly (P = 0.001) with a 194 
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steep slope during the storage period and depending on the type of packaging (Table 2 and Figure 3). 195 
The highest OTA values were recorded after 4.5 months of storage in the control bag without PICS 196 
(TSP) (23.80 ± 0.40 µg/kg) and 8 months of storage in the control PICS bag without biopesticide (H0) 197 
(22.50 ± 0.87 µg/kg) (Figure 3). In PICS bags containing different proportions of biopesticide, the OTA 198 
content increased slightly over time (from 0-7 months) (Figure 3), regardless of the amount of 199 
biopesticide use, the variation was identical during the same period (Table 2). After 8 months of 200 
storage, a difference between the variations was found. Thus, the following values were observed: 201 
9.37 ± 0.42 µg/kg, 4.25 ± 0.69 µg/kg, 4.33 ± 0.06 µg/kg and 4.0 ± 0.01 µg/kg respectively for H1, H2, 202 
H3 and H4. Furthermore, the interaction between the type of packaging and the storage period has a 203 
significant effect on this parameter as found in Tables 2 and 3. 204 
 205 
Table 2. Evolution of the following parameters during storage of cowpea 206 

The mean (± SD) with different lowercase / uppercase letters on the same line / in the same column are different 207 
test probability of 5%, Mo: moisture, Aw: water activity, OTA: Ochratoxins A, TSP = Control without PICS bag 208 
(polypropylene bag); H0 = Control with PICS bag (no biopesticide); H1 = PICS bag with 0.7% of biopesticide (w / 209 
w); H2 = PICS bag with 2.5% biopesticide (w / w);  H3 = PICS bag with 4.3% of biopesticide (w / w); H4 = PICS 210 
bag with 5.0% of biopesticide (w / w) 211 
 212 
Table 3. Statistical data for moisture, water activity and Ochratoxins A in cowpea grains 213 
according to the type of packaging during the storage period 214 
 215 

Source of df  Parameters 

Variation  Moisture Aw OTA 

Types 5 SS 26,21 0,563 1291,73 
F-value 394,75 696,49 2774,60 
P-value <0,001 <0,001 <0,001 

Duration 5 SS 97,55 0,42 1079,31 
F-value 1469,06 517,76 2318,33 
P-value <0,001 <0,001 <0,001 

Types x 
duration 

23 SS 30,78 0,27 1337,41 
F-value 100,75 72,46 624,51 
P-value <0,001 <.0,001 <0,001 

Error 68 SS 0,90 0,01 6,33 
Total 102 SS 12543,21 49,25 5131,83 

SS: sum of squares; F-value: value of the statistical test; P-value: probability value of the statistical test; df: 216 
degree of freedom, Aw: water activity; OTA : ochratoxine A 217 

 

Parameters 
Storage 

duration 
 

TSP 
 

H0 
 

H1 
 

H2 
 

H3 
 

H4 

 

 

 

Mo (%) 

0 10,03±0,21aA 10,03±0,21aA 10,03±0,21aA 10,03±0,21aA 10,03±0,21aA 10,03±0,21aA 
1 10,24±0,06bA 10,03±0,06aA 10,07±0,03abA 10,03±0,06aA 10,09±0,10abA 10,00±0,10aA 
2 12,30±0,10bB 10,22±0,02aA 10,17±0,03aA 10,18±0,03aA 10,18±0,03aA 10,17±0,01aA 

4,5 14,67±0,15bC 11,17±0,06aB 10,99±0,01aB 11,05±0,06aB 11,01±0,03aB 10,99±0,01aB 
7 - 12,55±0,11bC 11,63±0,06aC 11,72±0,06aC 11,54±0,04aC 11,56±0,19aC 
8 - 14,10±0,11bC 12,06±0,12aD 12,10±0,10aD 12,06±0,06aD 11,83±0,14aC 

 

 

 

Aw 

0 0,61±0,01aA 0,61±0,01aA 0,61±0,01aA 0,61±0,01aA 0,61±0,01aA 0,61±0,01aA 
1 0,87±0,01bB 0,62±0,01aA 0,62±0,01aAB 0,61±0,01aA 0,61±0,00aA 0,61±0,01aA 
2 0,90±0,01cB 0,68±0,01bB 0,63±0,00aAB 0,63±0,01aAB 0,62±0,00aA 0,62±0,01aAB 

4,5 0,96±0,01cC 0,73±0,00bC 0,64±0,01aB 0,63±0,01aAB 0,63±0,01aAB 0,63±0,00aAB 
7 - 0,87±0,01cD 0,71±0,01bC 0,67±0,01aB 0,65±0,01aB 0,64±0,01aB 
8 - 0,92±0,00dE 0,86±0,01cD 0,86±0,01bC 0,71±0,01abC 0,70±0,01aC 

 
 
 

OTA 

(µg/kg) 

0 1,12±0,01aA 1,12±0,01aA 1,12±0,01aA 1,12±0,01aA 1,12±0,01aA 1,12±0,01aB 
1 7,02±0,19bB 1,09±0,00aA 1,08±0,01aA 1,09±0,00aA 1,11±0,01aA 1,07±0,01aA 
2 10,77±0,44bC 1,60±0,05aA 1,21±0,00aA 1,09±0,01aA 1,09±0,00aA 1,09±0,00aAB 

4,5 23,80±0,40cD 2,94±0,04bB 2,21±0,01aA 2,12±0,01aA 2,10±0,01aA 2,10±0,01aB 

7  15,11±0,08dC 3,45±0,01cB 3,03±0,01bB 2,99±0,01bB 2,00±0,01aC 
8  22,50±0,87dD 9,37±0,42cC 4,25±0,69bC 4,33±0,06abC 4,00±0,01aD 
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 218 

Figure 1: Evolution of moisture content during storage 219 
 220 
 221 

 222 

Figure 2 : Evolution of water activity during storage 223 
 224 
 225 

 226 

Figure 3: Evolution of Ochratoxins A contents during storage 227 
 228 
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H0 : Control with PICS bag (no biopesticide); H1: PICS bag with 0.7% of biopesticide (w / w); H2: PICS bag with 229 
2.5% biopesticide (w / w), H3: PICS bag with 4.3% of biopesticide (w / w), H4: PICS bag with 5.0% of 230 
biopesticide (w / w) 231 
 232 
 233 
3.2.4 Correlations between moisture, water activity and the content of ochratoxin A 234 
Table 4 depicts the correlation between moisture, water activity and the content of ochratoxin A in 235 
various types of packaging. The Pearson indexes (r) indicate positive and significant correlations 236 
between the three parameters studied for different types of packaging. Thus, moisture, water activity 237 
and the content of ochratoxin A are closely correlated during storage of cowpea, with r varying from 238 
0.79 to 0.90. In addition, moisture and water activity change closely (r = 0.79). The ochratoxin A 239 
content is directly correlated with the moisture and water activity (respectively r = 0.88 and r = 0.90). 240 
 241 

Table 4: Matrix of Pearson correlation indexes between moisture, water 
activity and Ochratoxin A during storage 
  Moisture Aw OTA 

Moisture 1,00   

Aw 0,79 1,00  

OTA 0,88 0,90 1,00 

The values are significant at P = 0.05 ; Aw : water activity, OTA : Ochratoxine A   242 
 243 
 244 
3.2.5 Variability between types of packaging, moisture, water activity and ochratoxin A levels 245 
Variability among the parameters studied and cowpea storage types was structured, first, by a 246 
principal component analysis (PCA). These analyzes were performed with the component (or factor) 247 
F1 which recorded an intrinsic value greater than 1, according to Kaïser rule (Table 5). The moisture 248 
content, water activity and ochratoxin A show negative significant correlations with F1. However, the 249 
component F2 (own value 0.22) is associated with F1 for the realization of PCA. 250 
Figure 4.a shows the factors of the correlation circle of principal components analysis with the studied 251 
parameters of the stored cowpea. The first two factors (F1 and F2) respectively have values of 2.71 252 
and 0.22. They express 97.55% of the variability (Table 5). The projection of the characters and 253 
individuals is made in the plane formed by the factors 1 and 2 (Figure 4b). There are 4 groups. Group 254 
1 consists of two individuals namely the control without PICS at 4.5 months storage (noted TSP5) and 255 
PICS bag control without biopesticide at 8 months of storage (noted H08). The individuals in this 256 
group 1 parameters have similar values. Thus, this group is characterized by higher values of 257 
ochratoxin A, in moisture and water activity. The second group or individual is a control with PICS at 7 258 
months storage (H07). The characteristics of its parameters differ from other individuals. Its 259 
parameters have similar trends to those of TSP5 and H08 but with slightly lower values. The third 260 
group is composed of three individuals who are the control without PICS at 1 and 2 months (TSP1, 261 
TSP2) and the PICS bag with 0.7% of biopesticide (H18). The values of their parameters are 262 
significantly different from other groups. These values are higher than those of group 4 settings and 263 
lower than those of group 2. The fourth group contains all samples PICS bags with biopesticide 264 
storage every month except H18 and control bag with PICS at 1 to 4, 5 months. This group is 265 
characterized by low levels of ochratoxin in moisture content and water activity. 266 
The Ascending hierarchical classification (AHC) established by the "group method with arithmetic 267 
average" method (UPGMA) confirms the observed variability in the PCA (Figure 5). Indeed, at the 268 
distance of aggregation of 40, the dendrogram indicates four classes observed during storage of 269 
cowpea. The first class consists of 2 individuals TSP5 and H08 as the PICS bag control at to 7 270 
months is the second class (H07). The third class consists of 3 individuals (TSP1, TSP2 and H18). 271 
These individuals are distinguished separately with relatively high values of the parameters studied. 272 
The fourth class includes all PICS bags with biopesticide except H18 and PICS bags control at 1, 2 273 
and 4.5 months. Individuals in the latter group have low values of parameters and substantially 274 
similar. 275 
 276 
 277 
 278 
 279 
 280 
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Table 5: Matrix of eigenvalues of factors resulting from the Principal Components Analysis 281 
and correlation with the moisture content, the water activity and the Ochratoxin A levels of the 282 
cowpea stored for 8 months 283 

 Fact. 1 Fact. 2 Fact. 3 

Eigenvalues 2,71 0,22 0,07 

Variance (%) 90,35 7,20 2,45 

Cumulative Variance (%) 90,35 97,55 100,00 

Moisture -0,93 0,35 0,09 

Aw -0,94 -0,30 0,13 

OTA -0,98 -0,04 -0,22 

Aw : water activity, OTA : Ochratoxine A  284 
 285 
 286 
 287 

Figure 4: Correlation drawn between the f1-f2 factorial of the principal components analysis 288 
and the chemical parameters (a) and the individuals (b) deriving from the cowpea samples 289 
studied 290 
TSP (1 to 4,5 months), Control without PICS bag (polypropylene bag); H0 (1 to 8 months), Control with PICS 291 
bag (no biopesticide); H1 (1 to 8 months), PICS bag with 0.7% of biopesticide (w / w); H2 (1 to 8 months), PICS 292 
bag with 2.5% biopesticide (w / w); H3 (1 to 8 months), PICS bag with 4.3% of biopesticide (w / w); H4 (1 to 8 293 
months), PICS bag with 5.0% of biopesticide (w / w); Aw, water activity; OTA,  ochratoxine A 294 
 295 
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Figure 5: Dendrogram deriving with the ascending hierarchical classification of cowpea 297 
samples stored for 8 months according to the parameters assessed 298 

TSP (1 to 4,5 months), Control without PICS bag (polypropylene bag); H0 (1 to 8 months), Control with PICS 299 
bag (no biopesticide); H1 (1 to 8 months), PICS bag with 0.7% of biopesticide (w / w); H2 (1 to 8 months), PICS 300 
bag with 2.5% biopesticide (w / w); H3 (1 to 8 months), PICS bag with 4.3% of biopesticide (w / w); H4 (1 to 8 301 
months), PICS bag with 5.0% of biopesticide (w / w) 302 

 303 
3.2.6 Assessment of ochratoxin A intake from cowpea grains after storage 304 
Table 6 shows the OTA intake estimated from the consumption of cowpea grains stored for 8 months. 305 
The estimated daily intake (DI) in the Ivorian adult consumers for OTA are 1,58±0,06 ng/kg bw/day, 306 
0,66±0,03 ng/kg bw/day, 0,30±0,05 ng/kg bw/day, 0,30±0,00 ng/kg bw/day et 0,28±0,00 ng/kg bw/day 307 
respectively H0, H1, H2, H3 and H4 from the cowpea grain result. These traits appear to be largely 308 
below the tolerable daily intake set by WHO for respectively OTA (5ng/kg bw/day). Estimates of 309 
exposure to ochratoxin A witness without PICS (TSP) have not been calculated because its shelf life 310 
could not reach 8 months. At 4.5 months of storage pests have created significant damage such as 311 
market and hygienic qualities. So it was removed from storage. Recorded values represent 17.65%, 312 
of the maximum quantities of 5 µg/kg for ochratoxin A permitted 313 
 314 
Table VI: Ochratoxin A intake estimated from the consumption of cowpea grains from Ivorian 315 
adult (intake ng/kg body weight/day) 316 
 317 

 AFB1 

H0 H1 H2 H3 H4 

Daily Intake (DI) (ng/kg of 
boby weigth/day) 

1,58±0,06 0,66±0,03 0,30±0,05 0,30±0,00 0,28±0,00 

Estimated intake to MRL 
(AELMR1) (µg/kg of cowpea) 

2 

Reference value SCF (ng/kg 
of boby weigth/day) 

5 

DI / SCF 0,32 0,13 0,06 0,06 0,06 

AELMR1: estimated intake for a maximum residue level of Ochratoxin A in cowpea 318 
SCF: Tolerable daily Intake recommended by the Scientific committee on food 319 
H0 : Control with PICS bag (no biopesticide); H1: PICS bag with 0.7% of biopesticide (w / w); H2: PICS bag with 320 
2.5% biopesticide (w / w), H3: PICS bag with 4.3% of biopesticide (w / w), H4: PICS bag with 5.0% of 321 
biopesticide (w / w) 322 
 323 
 324 
 325 
 326 
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4. DISCUSSION 327 
The results observed in this study show that the post-harvest storage method cowpea in PICS bags 328 
with a biopesticide used to limit the evolution of the concentration of ochratoxin A by mycotoxinogene 329 
germs. Thus, the values obtained in OTA cowpeas stored in PICS bags with biopesticide are lower 330 
and closer than those measured in the control polypropylene bag (TSP) or PICS bag control without 331 
biopesticide (H0). The good conservation properties of PICS bag on OTA production were observed 332 
over a period of 4.5 months. The measured values remain low and below the normative value set by 333 
the European Union which is 5 µg/kg [43]. However, beyond the shelf life (7 and 8 months), OTA 334 
levels increase significantly and exceed the normative value. 335 
On storage PICS bag with the leaves of Lippa multiflora, insecticides effects and/or repellents are 336 
proven because the concentrations of OTA remain low and below the standard of the 8 months of 337 
storage with the exception of storage bag with PICS at 0.7% of biopesticide. These results are 338 
consistent with literature data [23]. These results also highlight the inhibitory properties or fungicides 339 
of leaves of Lippa multiflora on Aspergillus and Penicillium responsible for OTA production [46-47]. 340 
Similar results were also obtained by Gueye et al. (2013) [48] in the region of Kedougou in eastern 341 
Senegal. The moisture content of cowpea grains as well as the values of the water activity (Aw) are 342 
positively and strongly correlated with the concentrations of OTA (Table III). The water activity is an 343 
important parameter in food preservation. The most favorable conditions for development of species 344 
Apergillus ochraceus and Penicillium verrucosum producing OTA is a water activity (Aw) greater than 345 
0.88 and temperatures between 6°C and 47oC [49-50]. The water activity in the polypropylene bag 346 
(TSP) and the PICS bag control without biopesticide (H0) could be the basis for increased 347 
concentrations of ochratoxin A in them because the values of water activity measured is high; that is 348 
to say favor the development of fungal species. For the lot PICS with 2.5% biopesticide, 349 
concentrations of ochratoxin A obtained remain below the normative value despite the value of the 350 
high water activity (Aw = 0.86) in the eighth month of storage. The water activity is correlated to the 351 
moisture content of cowpea grains, increasing the moisture content promote the increase of the 352 
concentration ochratoxin A. Therefore, we suggest that for a better storage cowpea in PICS bags 353 
biopesticide with a 8 month period will require a minimum concentration of 2.5% biopesticide of 354 
incorporation for a satisfactory sanitary quality in relation to OTA. 355 
Daily consumption of cowpea and its derivatives in Cote d’Ivoire is 4.93 grams per person [42]. 356 
Whereas the average weight of the adult population is 70 kg and the average concentrations of OTA 357 
after 8 months of cowpea storage, Acceptable Daily Intake (ADI) of each type of packaging is below 358 
the reference value. If the daily consumption of cowpeas in Côte d'Ivoire increases relative to a 359 
change in diet in rural areas, the daily dose of exposure to ochratoxin A could increase above the 360 
reference value. Right now a greater awareness should be conducted at the place of actor’s cowpea 361 
to avoid toxigenic effects of OTA on consumers. 362 
 363 
5. CONCLUSION 364 
The study of the evolution of Ochratoxin A content during storage of cowpea in PICS bags with or 365 
without biopesticides has demonstrated the effectiveness of PICS bag and leaves of Lippia multiflora 366 
during the cowpea storage. We have seen a deterioration of the health quality of cowpea quickly 367 
when stored in polypropylene bag (shelf life of less than 4.5 months). This quality degradation results 368 
in a significant increase in moisture, the water activity values and concentrations of ochratoxin A. The 369 
triple bagging technique allows to extend the shelf life of cowpea grains up to 6 months. Using leaves 370 
of Lippia multiflora has potentially extended the sanitary quality of cowpea during the 8 months of 371 
storage. The inhibitory properties, fungicides, insecticides and repellents of leaves of Lippia multiflora 372 
were found. Therefore, the technology developed in this study could be an alternative to the use of 373 
synthetic pesticides in the storage and conservation of cereals and pulses. It is inexpensive, easy to 374 
perform and enter the Millennium guidelines for environmental protection. 375 
 376 
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