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ABSTRACT 
 
 
Background: Stakeholders in the corn sector are faced with a storage and / or conservation problem, which affects the quality of 
the fat in the grains. Objectives: to evaluate, during storage, the quality of the oil from corn kernels stored in a triple bagging 
system, whether or not associated with the leaves of aromatic plants. Methods: Ten batches including one control in 
polypropylene bag, one batch in triple bagging without biopesticides and eight batches in triple bagging with variable proportions 
and / or combination of Lippia multiflora and Hyptis suaveolens (between 1.01% and 5% and a combination 0 to 100% Lippia) 
were set up to follow the evolution of the quality indicators of the grains and oils extracted during six observation periods (0 ; 1 ; 
4.5 ; 9.5 ; 14.5 and 18 months). Results: storage time and type of packaging have a significant effect on lipid quality. After 18 
months of grains storage, the oil obtained from the grains of the triple bagging systems associated with at least 2.5% of 
biopesticides exhibits better physicochemical characteristics. These values are of the order of 0.912 (density), 52.65 mPa.s-1 
(viscosity), 1.465, 110 g I2 / 100g, 4.07 meq O2 / kg and 190 mg KOH / g (respectively for refractive, iodine, peroxide and 
saponification indices), 3.31% (acidity) and 1.14% (unsaponifiable content). On the other hand for the oil obtained from the grains 
of the triple bagging system without biopesticides, these indices have respective values of 0.941 and 47.34 mPa.s-1, 1.462, 90.04 g 
I2 / 100g, 10.70 meq O2 / kg 170.43mg KOH / g, 7.92 % and 0.80 %. In addition, in the triple bagging systems associated with 
biopesticides, the moisture and oil levels of the grains are around 12.35 % and 5 % against 13 % and 4 % for the triple bagging 
lot without biopesticides at the end of storage. Conclusions: a proportion of 2.5 % of Lippia multiflora and / or Hyptis suaveolens 
leaves is sufficient to preserve the quality of the oil obtained from the corn stored for 18 months. 
Keywords: corn storage, oil quality, biopesticides, triple layed bag 

 
1. INTRODUCTION  
 
Maize is a widely cultivated cereal in Côte d'Ivoire [1]. Ivorian production has experienced strong growth in recent 

decades, reaching around one million tonnes [2]. In addition to the importance of its starch in human nutrition, corn 
kernels provide a better quality edible vegetable oil [3, 4]. In fact, this oil, which is mostly extracted from the germ 

and rich in nutrients (unsaturated fatty acids, tocopherols and phytosterol), has advantages for human health [5, 6]. 

Corn oil is heavily produced in the United States while in sub-Saharan Africa, where palm oil is king, it is hardly 
produced but rather imported. However, corn oil could be a complementary oil to fill the qualitative deficit in fat that 

has existed for years at the level of populations and industries [7-8-9]. To achieve this, it will not only be necessary to 
resolve upstream, the problem of huge post-harvest losses that producers have difficulty in dealing with [10]and 

which does not allow industries to continuously supply. Which does not arouse enthusiasm among these 
manufacturers looking for raw materials; but also downstream to remedy the difficulties of eliminating undesirable 

compounds resulting from poor storage practices of producers [11, 12]. Indeed the inadequacy of traditional storage 

methods such as the excessive use of chemical pesticides by producers [13, 14] lead to the presence of spoilage 
products, mycotoxins as well as pesticide residues in the industrial oils [15, 11]. Therefore, the quality of the oil 

depends on the quality of the grains from storage. The interest is therefore to find alternative conservation techniques 
and methods for corn kernels that are simpler and less expensive which guarantee the quality of the oil during 

storage. 
 

In Ivory Coast, the use of aromatic plants and triple bottom bags (double polyethylene layer placed inside a woven 

polypropylene bag) made it possible to optimize storage conditions and maintain the nutritional quality of corn kernels 
over a long period [16, 17]. The objective of this study is to evaluate, during storage, the quality of the crude oil 

obtained from corn kernels stored in a triple bagging system, whether or not associated with the leaves of aromatic 
plants (Lippia multiflora and Hyptis suaveolens). 
 

ORIGINAL ARTICLE  

EFFECT OF A TRIPLE BAGGING SYSTEM AND LEAVES OF AROMATIC 
PLANTS (Lippia multiflora AND Hyptis suaveolens) ON THE 

PHYSICOCHEMICAL PARAMETERS OF THE OIL OBTAINED FROM THE 
KERNELS OF CORN (Zea mays L.) STORED  
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2. MATERIAL AND METHODS 
2.1. Study site 
 

The experimental trials were carried out in the conservation chamber of the Pedagogical and Research Unit of 

Biochemistry and Food Sciences at the Félix Houphouët-Boigny University. Within this enclosure, the temperature and 

relative humidity averages were of the order of 27.27ºC ± 1.41 and 81.58 ± 3.02%, respectively. The storage bags 
were placed on wooden pallets for support. 
 

2.2. Biological material 
 

2.2.1. Corn used in the study: The dry maize kernels used in this study were obtained from producers in the 

Hambol region in the Center-North of Côte d'Ivoire in the department of Katiola, between 8°10' North and 5°40' West, 
just after harvest. It is an improved GMRP-18 variety of the yellow morphotype and is characterized by a short 

production cycle of 90-95 days. 
 

2.2.2. Selected plants: The leaves of Lippia multiflora and Hyptis suaveolens, were collected in the region of Gbêkê 
(7°50 'North and 5°18' West). They were dried out of the sun for a week and then chopped into fine particles before 

use. 
 

2.3. Packaging material: Polypropylene and polyethylene bags with a capacity of 120 kg were obtained from 
suppliers in the Adjamé market (municipality of Abidjan) for the storage of maize. The triple bagging system consists 

of a combination of two internal polyethylene bags (high density, 80 mm thick and not very permeable to air) and an 

external synthetic fabric bag (polypropylene). 
 

2.4. Grain storage protocol: The experiment was carried out over a period of 18 months. It was implemented on 
the basis of an experimental design (central composite design) using the method of storage by bagging maize kernels 

with or without the leaves of Lippia multiflora and Hyptis suaveolens. Nine experimental batches and a control batch 
were made up as follows: TSP: control batch = 50 kg of maize stored in a woven polypropylene bag without 

biopesticides, MET 1: 50 kg of corn stored in a triple bagging system with 0% biopesticides, MET 2: 50 kg ofmaize 

stored in a triple bagging system with 1.01% biopesticides (79.73% L. multiflora and 20.23% H. suaveolens); MET 3 
= 50 kg of corn stored in a triple bagging system with 1.01% biopesticides (20.73% L. multiflora and 79.73% H. 
suaveolens) ; MET 4 = 50 kg maize stored in a triple bagging system with 2.5% biopesticides (50% L. multiflora and 
50% H. suaveolens); MET 5 = 50 kg of maize stored in a triple bagging system with 2.5% biopesticides (100% L. 
multiflora and 0% H. suaveolens); MET 6 = 50 kg of cornstored in a triple bagging system with 2.5% biopesticides 
(0% L. multiflora and 100% H. suaveolens); MET 7 = 50 kg of corn stored in a triple bagging system with 3.99% 

biopesticides (79.73% L. multiflora and 20.27% H. suaveolens); MET 8 = 50 kg of cornstored in a triple bagging 

system with 3.99% biopesticides (20.27% L. multiflora and 79.73% H. suaveolens) and MET 9 = 50 kg of maize 
stored in a triple bagging system with 5% biopesticides (50% of L. multiflora and 50% of H. suaveolens).  
 

2.5. Sampling:Sampling for analyzes was carried out according to sampling times as foreseen by the central 

composite design applied by Akoun et al. [17]. Before conditioning the grains in the bags, a sample of 5 kg of corn 
was taken from the initial stock to determine the initial parameters of the oil. Thus, these initial values will serve as a 

reference for the values obtained during storage. On the dates planned (1; 4.5; 9.5; 14.5 and 18 months) for the 

samples, five (5) kg of corn were taken from each batch. For each grain sampling period, sampling was done in 
triplicate and randomly in each lot throughout the period of the experiment. Then, the samples were ground in the 

laboratory to determine the physico-chemical parameters of the oils obtained from the grains during storage. 
 

2.6. Determination of moisture and oil levels in grain:The moisture content of the corn kernels was determined 
by steaming the samples until a constant weight was obtained according to standard 952.08 of the AOAC method 

[18]. The extraction of the oil was carried out according to the method described by the French standard AFNOR [19], 
using Soxhlet as extractor and hexane as solvent after 6 hours of extraction. This made it possible to determine the 

content.  
 

2.7. Determination of the oil quality parameters of stored corn kernels: Density was determined using the 

method described by UIPAC [20]. It consists in measuring the mass, at a given temperature, of a volume of fatty 
substance contained in a pycnometer previously calibrated at the same temperature. The viscosity was determined 

according to the French standard AFNOR [19] using the principle of gravity by means of a viscometer tube. The 
refractive index of oils was determined by the method described by IUPAC [20]. Thus after having calibrated the 

digital optical refractometer of ABBE brand, a drop of oil brought to 40 ° C was deposited between the prisms of the 

apparatus. The refractive index value is displayed automatically. 
 

The determination of the oil acidity of the corn samples was made according to standard 940.28 of the method of 
AOAC [18]. It consisted in titrating with a solution of diethyl / ethanoic corn oil with an ethanolic solution of sodium 

hydroxide using phenolphthalein as color indicator. The acidity was expressed as a percentage of oleic acid per gram 
of fat. The peroxide value of the oil of the corn samples was determined according to the method described by the 
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standard 965.33 of the method of AOAC (2000) [18]. This method consisted in treating a test portion of fat dissolved 
in a mixture of chloroform and acetic acid, with a saturated solution of potassium iodide, then in titrating the iodine 

released with a solution of sodium thiosulphate. The determination of the iodine number of the fat of the maize 
samples was carried out by the Wijs method described by standard 993.20 of AOAC (2000) [18]. This method 

consisted in treating the fat with an excess of iodine trichloride in acetic acid (Wijs reagent) and the excess of reagent 

was then titrated with a solution of sodium thiosulphate after liberation of the iodine. The saponification index was 
determined according to the 920.160 standard of the method of AOAC (2000) [18]. The method consisted in treating 

the fat with an excess of hot alcoholic potassium hydroxide solution and then in titrating the excess alcoholic 
potassium hydroxide with a hydrochloric acid solution. 

The unsaponifiable content was determined using the method described by UIPAC (1979) [20]. This method consists 

in first saponifying the fatty substance with methanoic potash and then extracting the unsaponifiable material with a 
specific solvent. The evaporation of the solvent made it possible to obtain a dry residue of precise mass. 
 

2.8. Statistical methods 
 

The statistical analyzes of the data were carried out using SPSS “Statistical Program for Social Sciences” software 

version 22.0 and STATISTICA (version 7.1). All the tests for all the grain and oil quality parameters were carried out 
in triplicate and the results are expressed as a mean ± standard deviation. With SPSS, the analysis of variance 

(ANOVA) with two factors in this case the shelf life and the type of packaging, was carried out on all the results 
obtained in order to determine the existence of statistically significant differences between calculated mean values. 

Statistically significant differences were demonstrated by Tukey's test at the 5% significance level. Using the 

STATISTICA software (version 7.1), the correlations existing between the parameters were evaluated according to the 
Pearson index. Multivariate exploratory techniques such as principal component analysis (PCA) and hierarchical 

ascending classification (HAC) were used to process the data generated during storage. 
 

3. RESULTS 
 

3.1. Evolution of moisture and oil content of grains 
 

The data from the statistical tests indicate a significant influence at the 5% level of both the duration and the type of 

conditioning on the moisture and fat content of the grains (Table 1). The moisture content of the corn kernels 
increases over time depending on the type of packaging. With an initial average rate of around 9.02 ± 0.01% at the 

start of storage (0 months), the humidity level reaches, after 18 months of storage, an average value of 17.10 ± 0.20 
% in the control batch in polypropylene (TSP) (Table 2). In the triple bagging batch without biopesticides (MET 1), 

this value is 13.01 ± 0.10% against less than 13% in the batches with different proportions and / or combinations of 

biopesticides. However, significant differences (P <0.05) were observed between the moisture levels of the grains of 
the batches triple bagged with biopesticides at the 18th month (Table 2). 
 

Storage of the corn kernels also revealed a significant drop (P< 0.05) in lipid contents, depending on the different 

packaging. After 18 months of storage, the lowest values were recorded in the polypropylene control lot (3.33 ± 
0.10%) and the tri-bagged lot without biopesticides (4.00 ± 0.06%). No significant variation (P> 0.05) was observed 

in the lipid levels of corn kernels stored in the triple bagging systems associated with a proportion of biopesticides 
greater than or equal to 3.99% (MET 7, MET 8 and MET 9) throughout the storage period (Table 2). After 18 months 

of storage, these samples show the highest values with a minimum average of 5.32 ± 0.02 %. 
 

3.2. Characterization of grain oil quality: The variance analysis shows that the type of packaging and the shelf 

life have an influence on the quality parameters of the oil obtained from the stored grains (Table 2). 
 

3.2.1. Evolution of the density, viscosity and refractive index of the extracted oils: Figures 1, 2 and 3 
illustrate the evolution of the density, viscosity and refractive index of the oils obtained from the grains during 

storage. Concerning the density, a significant increase (P <0.05) was generally observed in the oils obtained from the 
preserved grains. With an initial value of 0.910 ± 0.001 (at month 0), the density of the oils increases to reach, after 

eighteen months of storage, values 0.983 ± 0.001 and 0.941 ± 0.005 respectively for the TSP and MET 1 batches. In 

the different batches in triple bagging with different proportions and / or combination of biopesticides, the average 
density is 0.917 ± 0.001 (MET 4). As for the viscosity of the oils obtained from the stored corn kernels, a significant 

drop (P <0.05) is observed at the batch level. Thus for an initial value of 58.10 ± 0.10 mPa.s-1 at the start of storage, 
the lowest values were obtained after 18 months of storage in TSP (29.12 ± 0.01mPa.s-1) and MET 1 (47.34 ± 0.04 

mPa.s-1). The oils obtained from the grains stored in the triple bagging systems with different proportions and / or 
combination of biopesticides have an average viscosity of between 50 and 56 mPa.s-1 (Figure 3). In the refractive 

index of oils obtained from the grains, the lowest values were recorded after 18 months of storage in batches TSP 

(1.459 ± 0.00) and MET 1 (1.461 ± 0.000) with an initial value of 1.467 ± 0.000. On the other hand, oils obtained 
from grains preserved with a minimum proportion of 2.5% of biopesticides have a constant refractive index (1.465 ± 

0.00) throughout the storage period.  
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3.2.2. Evolution of chemical parameters: The peroxide index and the acidity of the oils increase significantly (p 
<0.05) during the storage period of the grains regardless of the type of packaging used. With respective initial 

averages of 1.12 ± 0.02meq O2/kg and 1.04 ± 0.02% (figures 4 and 5), the grain oil from the control batch in 
polypropylene bag recorded very high values (18.92 ± 0.04 meq O2/kg and 15.26 ± 0.32%) after eighteen months of 

storage. For the oil obtained from the grains stored in the triple bagging system without biopesticides, the peroxide 

number and the acidity are respectively of the order of 10.70 ± 0.07meq O2/kg and 7.92 ± 0,01%. The lower values 
were obtained with the oils obtained from the batches in triple bottom bag associated with a minimum proportion of 

biopesticides of 3.99% (3.43 ± 0.01meq O2/kg and 3.07 ± 0.01%). In addition, the averages of the iodine and 
saponification indices as well as the unsaponifiable content fell in all the lots. This decrease is more pronounced in the 

TSP batch than in the MET 1 batch. The initial values of these parameters are respectively 131.03 ± 0.03g I2/100g 

(iodine number), 205.70 ± 0.56mg KOH/g (saponification number) and 1.20 ± 0.01% (unsaponifiable content). At the 
end of storage, the oil from the grains of the TSP batch has the lowest values (respectively 70.45 ± 0.56g I2/100 g, 

155.68 ± 0.55 mg KOH / g and 0, 68 ± 0.01%). For the oil obtained from the grains of batch MET 1, these values are 
90.04 ± 0.04 g I2/100 g, 170.43 ± 0.50 mg KOH / g and 0.80 ± 0.01%. On the other hand, the averages are higher 

for the oil obtained from the bagged batch of the triple bagging system with 5% of biopesticides (from 114.96 ± 1.01 
g I2/100g, 191.43 ± 0.05mg KOH/g and 1.14 ± 0.00%) (Figures 6, 7 and 8).  
 

3.2.3. Correlation between grain quality and quality parameters of extracted oils: Pearson's coefficients 

indicate positive and negative correlations between the 10 parameters evaluated (Table 3). Thus humidity is strongly 

and positively correlated with the peroxide number, acidity and density with correlation coefficients varying between 
0.88 and 0.91. On the other hand, it is negatively correlated with the other parameters evaluated with respective 

correlation coefficients of -0.82 (oil content), -0.87 (viscosity), -0.93 (iodine number), - 0.94 (saponification index), -
0.93 (refractive index) and -0.83 (unsaponifiable). Similarly the oil content is strongly and positively correlated with 

viscosity (0.93), iodine number (0.93), saponification index (0.94), refractive index (0.93) and the unsaponifiable 

content (0.96). On the other hand, it exhibits a negative correlation with the peroxide number, acidity and density 
respectively at the correlation coefficients –0.96, -0.95 and -0.94. As for the various oil quality parameters, the table 

reveals a strong positive correlation at two levels. On the one hand, a positive correlation exists between the viscosity, 
iodine index, saponification index, the refractive index and the content of unsaponifiables (between 0.87 and 1.00). 

On the other hand, a positive relationship between the peroxide number, acidity and density (0.97 and 1.00) has 
been demonstrated. However, these two groups of parameters remain negatively correlated with each other.  
 

3.2.4. Differentiation of the type of packaging in relation to the quality parameters of the oil: The 

variability between the physico-chemical parameters of the oils and the types of conditioning of the corn kernels was 
structured through principal component analyzes (PCA). These analyzes were made with components (or factors) 

which record an eigenvalue greater than or equal to 1, according to Kaïser's rule. Then the specificities of the 

groupings resulting from the PCA were specified using the ascending hierarchical classification (AHC) carried out by 
the euclidean distance method with a truncation of the dendrogram at a euclidean aggregation distance of 50. 
 

The eight parameters were correlated with eight factors. However, only the first factor, having an eigenvalue greater 

than or equal to 1, is considered for the interpretation of PCA data. It accumulates 94.75% of the total variability. 
Nevertheless, the second factor of eigenvalue 0.20 and total variability 2.49 % was associated with the first factor for 

the representation of PCA. The factor (F1) has an eigenvalue of 7.58 and is mainly formed by all the parameters 
considered. These are positively correlated with it for some (viscosity, refractive index, iodine index, saponification 

index, unsaponifiable content) and negatively for others (density, peroxide index and acidity) (Table 4). The 

projection of the oil samples of the stored corn kernels divides them into 3 groups (Figure 9). Group 1 consists of oil 
samples only from the control batch in polypropylene at 14.5 and 18 months of storage (noted A4 and A5). These 

samples are characterized by very high values of peroxide index, acidity and density, but also by low values of 
saponification, iodine and refractive indexes, unsaponifiables as well as a very low viscosity. 
 

The second group consists of oil samples from the grains of the control lot in polypropylene bag at 4.5 and 9.5 

months (marked A2 and A3 respectively) and two samples of oil from the corn lot of the triple bag background 
without biopesticides at 14.5 and 18 months of storage (noted B4 and B5) the samples of this group are characterized 

by median values for all the parameters and therefore by a less advanced alteration than that of the individuals of the 

first group. This second group also characterizes the limit of effectiveness between the methods of simple bagging in 
polypropylene and triple bagging without biopesticides. The third group consists of oil samples from all batches in a 

triple bagging system associated with biopesticides (noted C; D; E; F; G; H; I and J) throughout the storage period; 
oil samples from the lot in the triple bagged bag withoutbiopesticides at 1, 4.5 and 9.5 months (noted B1; B2; B3 

respectively) and that of the grains of the lot in the polypropylene bag at 1 month (A1) and of the oil sample T0 from 

the initial lot. They have better characteristics for all the physicochemical parameters compared to the two previous 
groups. They characterize the efficiency limits of triple bagging with or without aromatic plants (biopesticides). 
 

In addition, the ascending hierarchical classification (CAH) established by the Euclidean distance method confirms the 

variability observed at the PCA level and reveals three classes observed during storage of maize. The first class 
consists of the only individual which is the oil sample from the control batch of grains in the polypropylene bag at 18 
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months of storage (A5). This individual has the highest values for density, peroxide number and acidity and the 
lowest for the other parameters, ie very advanced degradation. The samples of oil from the grains of the 

polypropylene control batch taken during storage periods of 4.5 to 14.5 months (respectively marked A2, A3 and A4) 
and associated with the oil from the batch in triple bagging without biopesticides at 18 months (B5) constitute the 

second class. In this class, the values presented by these individuals are appreciably better for the set of parameters 

chosen, compare to A5. The third class is composed of the oil sample noted A1 from the polypropylene batch at 1 
month, oil samples from the grains of the tri-bagged batches without biopesticides noted B1, B2, B3 and B4, oil 

samples from all batches in a triple bagging system associated with biopesticides (noted C; D; E; F; G; H; I and J) as 
well as T0, oil extracted from the initial batch. This class is distinguished by the best values of the parameters of all 

the oil samples. They are characterized by the lowest values for the density, the peroxide value of the acidity and the 

high values for the content of oil, iodine number, saponification number and for the content of unsaponifiables. 
However, if the aggregation distance is reduced to 40 instead of 50, only the samples of oils obtained from grains 

stored in the triple bagging systems in the presence of at least 2.5 % of aromatic plants leaves constitute the subclass 
exhibiting characteristics better physicochemicals. 

 
Table 1: Statistical data of the parameters during storage according to the type of packaging 

Sources of 
variation 

Stat. 
Para. 

MST OCT RFI DEN VIS PEI IOI SPI COU ACD 

Duration 

dof 3.32 1.42 0.00 2.56 2.951 2.29 2.128 2.83 2.50 5 

SS 393.14 6.68 1.15 0.01 1398.809 633.81 14341.59 9114.69 0.46 378.32 

F 11724.27 366.69 1481.49 154.43 16312.53 11105.67 3658.68 5506.70 698.84 51793.62 

P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Error 
(duration) 

dof 66.44 28.32 23.06 51.202 59.017 45.72 42.56 56.61 50.01 74.41 

SS 0.67 0.36 2.65.10-6 0.001 1.715 1.141 78.40 33.10 0.013 0.15 

Methods 

dof 9 9 9 9 9 9 9 9 9 9 

SS 183.31 16.07 0.00 0.012 1557.46 842.85 16099.12 6245.56 1.28 542.43 

F 2469.52 426.89 289.81 132.81 7089.52 7891.19 1123.75 1678.33 982.22 20940.51 

P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Error 
(methods) 

dof 20 20 20 20 20 20 20 20 20 20 

SS 0.17 0.08 1.68.10-6 0.000 0.488 0.24 31.84 8.27 0.00 0.06 

Duration 
X 

Methods 

dof 29.90 12.75 10.38 23.041 26.558 20.57 19.15 25.47 22.50 45 

SS 73. 32 7.93 5.66.10-5 0.008 1149.223 500.68 4271.44 2397.84 0.58 298.63 

F 242.97 48.36 48.20 18.608 1489.103 974.76 121.08 160.96 98.36 4542.74 

P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

Stat.Para = statistical parameters; dof: degree of freedom; SS: sum of squares; F: Fischer test; P: Probability value of statistical 
test. MST = moisture of grain; OCT = grain oil content; IOI = iodine index; SPI = Saponification index; COU = content of 
unsaponifiables; PEI = Peroxide index, ACD = Acidity, RFI = Refractive index; DEN = Density and VIS = Viscosity 
 

Table 2: Evolution of the moisture content and the oil content of the grains during storage for 18 months. 

Parameter

s 

Storage 
time 

(months) 

TSP MET 1 MET 2 MET 3 MET 4 MET 5 MET 6 MET 7 MET 8 MET 9 

M
o

is
tu

re
 (

%
) 

0 9.02±0.01aD 9.02±0.01aF 9.02±0.01aE 9.02±0.01aE 9.02±0.01aE 9.02±0.01aE 9.02±0.01aE 9.02±0.01aE 9.02±0.01aE 9.02±0.01aE 

1 10.20±0.10aC 9.23±0.06bE 9.17±0.06bcE 9.12±0.03bcE 9.10±0.02bcE 9.14±0.04bcE 9.09±0.03cE 9.09±0.07cE 9.07±0.04cE 9.09±0.04cE 

4.45 14.05±0.07aB 11.40±0.08bD 11.00±0.07cD 10.50±0.06dD 10.30±0.13dD 10.45±0.07dD 10.35±0.09dD 10.40±0.06dD 10.07±0.13eD 10.07±0.07eD 

9.5 16.67±0.27aA 12.00±0.04bC 11.75±0.08bcC 11.51±0.05cdC 11.10±0.03eC 11.50±0.02cdC 11.20±0.05deC 11.17±0.02eC 11.02±0.01eC 10.95±0.02eC 

14.5 16.97±0.07aA 13.70±0.06bB 12.30±0.06cB 12.00±0.06dB 11.68±0.05efB 11.87±0.05deB 11.60±0.02fB 11.45±0.10fgB 11.25±0.04fgB 11.19±0.05gB 

18 17.10±0.20aA 13.05±0.10bA 12.72±0.06eA 12.45±0.18cdA 12.35±0.02deA 12.37±0.03deA 12.29±0.06deA 12.20±0.01deA 12.07±0.02eA 12.07±0.03eA 

O
il

 c
o

n
te

n
t 

(%
) 0 5.51±0.04aA 5.51±0.04aA 5.51±0.04aA 5.51±0.04aA 5.51±0.04aA 5.51±0.04aA 5.51±0.04aA 5.51±0.04aA 5.51±0.04aA 5.51±0.04aA 

1 4.85±0.13bB 5.38±0.16aA 5.42±0.22aAB 5.50±0.15aA 5.50±0.25aA 5.48±0.07aA 5.50±0.021aA 5.52±0.32aA 5.51±0.29aA 5.52±0.27aA 

4.45 4.59±0.05dC 5.25±0.39cB 5.30±0.01cB 5.48±0.01bcB 5.47±0.01aA 5.38±0.02aA 5.49±0.03aA 5.50±0.01aA 5.50±0.01aA 5.51±0.01aA 

9.5 4.53±0.00gC 5.10±0.00fC 5.20±0.00eD 5.37±0.02cC 5.40±0.01bA 5.29±0.00dA 5.40±0.01bA 5.42±0.00bA 5.49±0.01aA 5.50±0.01aA 

14.5 3.99±0.10gD 4.70±0.78fD 5.10±0.02eE 5.20±0.01dD 5.34±0.01cB 5.23±0.01dB 5.38±0.01bcA 5.37±0.01bcA 5.45±0.01aA 5.48±0.01aA 

18 3.33±0.10gE 4.00±0.06fE 5.00±.00eF 5.11±0.02dE 5.25±0.01bcC 5.20±0.00cdB 5.28±0.01bB 5.32±0.02abA 5.40±0.01aA 5.40±0.01aA 

The tests were carried out in triplicate.the means (± standard deviation) with different lowercase / uppercase letters on the same row / in the same 
column are different at the 5% probability test; TSP = Control without biopesticides with polypropylene bag; MET 1 = Control without 
biopesticides with triple bagging bag; MET 2 = bag oftriple bagging with 1.01% biopesticides (79.73% L. multiflora and 20.23% H. suaveolens); 
MET 3 = triple bagged bag with 1.01% biopesticides (20.73% L. multiflora and 79.73% H. suaveolens); MET 4 = Triple bagged bag with 2.5% 
biopesticides (50% L. multiflora and 50% of H. suaveolens); MET 5 = triple bagged bag with 2.5% biopesticides (100% L. multiflora and 0% H. 
suaveolens); MET 6 = triple bagged bag with 2.5% biopesticides (0% L. multiflora and 100% H. suaveolens); MET 7 = Triple bagged bag with 
3.99% ofbiopesticides (79.73% of L. multiflora and 20.27% of H. suaveolens); MET 8 = triple bagged bag with 3.99% biopesticides (20.27% L. 
multiflora and 79.73% H. suaveolens) MET 9 = triple bagged bag with 5% biopesticides (50% L . multiflora and 50% of H. suaveolens).  
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Figure 1: Evolution of the refractive index of oils in grains stored for 18 months. 

 

 
Figure 2: Evolution of the density of the oils in the grains stored for 18 months. 

 

 
Figure 3: Evolution of the viscosity of the oils of the grains stored for 18 months. 

 

 

 
Figure 4: Evolution of the peroxide index of grain oils stored for 18 months. 
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Figure 5: Evolution of the acidity of the oils of the grain stored for 18 months. 

 

 
Figure 6: Evolution of the iodine index of the oils of the grain stored for 
18 months. 

 

 
Figure 7: Evolution of the saponification index of the oils of the grains 
stored for 18 months. 

 

 
Figure 8: Evolution of the unsaponifiable content of the oils of the grains 

stored for 18 months. 
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Table 3: Correlation matrix between the studied parameters. 

 
Table 4: Matrix of the eigenvalues of the factors resulting from the analysis in principal components and correlation 

with physicochemical parameters of quality of the oils during the storage of the grains. 

 

 

 (A) (B) 

Figure 9: Projection of the variables (A) and of the individuals (B) deriving from the corn kernels 

stored in the factorial plane 1-2 of the principal component analysis. 
With IOI = iodine index; SPI = Saponification index; COU = content of unsaponifiables; PEI = Peroxide index, ACD = Acidity, 
RFI = Refractive index; DEN = Density and VIS = Viscosity 

 

Projection des variables sur le plan factoriel (  1 x   2)

 Active

 PEI

IOI

SPI
COU

ACD

RFI
DEN

VIS

-1,0 -0,5 0,0 0,5 1,0

Fact. 1  : 94,75%

-1,0

-0,5

0,0

0,5

1,0

F
a

c
t.

 2
  

: 
 2

,4
9

%

 Moisture 
Oil 

content 

Peroxide 

index 

Iodine 

index 

Saponification 

index 

Unsaponifiable 

content 
Acidity 

Refractive 

index 
Density viscosity 

Moisture 1.00          

Oil content -0.82 1.00         

Peroxide index 0.90 -0.96 1.00        

Iodine index -0.93 0.93 -0.93 1.00       

Saponification 

index 
-0.94 0.94 -0.97 0.96 1.00      

Unsaponifiables 

content 
-0.83 0.96 -0.96 0.92 0.94 1.00     

Acidity 0.91 -0.95 1.00 -0.93 -0.97 -0.96 1.00    

Refractive 

index 
-0.93 0.93 -0.93 1.00 0.96 0.92 -0.93 1.00   

Density 0.88 -0.94 0.97 -0.91 -0.93 -0.93 0.97 -0.91 1.00  

viscosity -0.87 0.93 -0.95 0.90 0.92 0.87 -0.95 0.90 -0.97 1.00 

Factors 1 2 3 4 5 6 7 8 

Eigen value 7.58 0.20 0.13 0.05 0.02 0.01 0.00 0.00 

Variance (%) 94.75 2.49 1.62 0.65 0.27 0.17 0.04 0.00 

Cumulative Variance (%) 94.75 97.24 98.86 99.51 99.78 99.95 100.00 100.00 

Moisture -0.99 0.09 -0.08 -0.06 0.01 -0.06 -0.04 0.00 

Oil content 0.97 0.23 -0.09 -0.04 -0.00 0.02 -0.00 -0.01 

Peroxide index 0.98 0.08 0.02 0.16 0.03 -0.06 0.00 -0.00 

Iodine index 0.96 0.02 0.25 -0.09 -0.05 -0.04 -0.00 -0.00 

Saponification index -0.99 0.09 -0.07 -0.05 -0.02 -0.06 0.04 -0.00 

Unsaponifiables content 0.97 0.23 -0.09 -0.04 -0.00 0.02 0.00 0.01 

Acidity -0.97 0.17 0.05 0.10 -0.10 0.02 -0.01 -0.00 

Refractive index 0.96 -0.20 -0.20 0.00 -0.08 -0.03 -0.00 -0.00 

http://www.american-jiras.com/


American Journal of Innovative Research and Applied Sciences. ISSN 2429-5396 I www.american-jiras.com                             

 
 

 
328 

 

 
Figure 10: Ascending hierarchical classification (dendrogram) of the different types of packaging 
with the different parameters of grain and oil quality during storage. 
Various uppercase letters indicate the storage methods. A: Batch TSP = Control without biopesticides with polypropylene 
bag; B: batch MET 1 = Control without biopesticides with triple bagging bag; C: batch MET 2 = triple bagged bag with 
1.01% biopesticides (79.73% L. multiflora and 20.27% H. suaveolens); D: Lot MET 3 = triple bagging bagwith 1.01% of 
biopesticides (20.27% of L. multiflora and 79.73% of H. suaveolens); E: batch MET 4 = Triple bagged bag with 2.5% 
biopesticides (50% L. multiflora and 50% H. suaveolens); F: batch MET 5 = triple bagged bag with 2.5% biopesticides 
(100% of L. multiflora et0% H. suaveolens); G: batch MET 6 = triple bagged bag with 2.5% biopesticides (0% L. multiflora 
and 100% H. suaveolens); H: MET batch 7 = Triple bagged bag with 3.99% biopesticides (79.73% L. multiflora and 
20.27% H. suaveolens); I: MET batch 8 = triple bagbagging with 3.99% biopesticides (20.27% L. multiflora and 79.73% H. 
suaveolens); J: batch MET 9 = triple bagged bag with 5% biopesticides (50% L. multiflora and 50% H. suaveolens). With 
the periods: (0) = 0 month; (1) = 1 month; (2) = 4.5 months; (3) = 9.5 months; (4) = 14.45 months and (5) = 18 
months. And T = initial lot 

 

4. DISCUSSION 
 

This study showed that the preservation of corn kernels in triple bagging systems with the leaves of Lippia multiflora 
and Hyptis suaveolens is effective in maintaining the physicochemical quality of the oil. Triple bagging makes it 

possible to maintain grain moisture at the threshold rate (13%) recommended for good conservation [21,22]. Thus, 

triple bagging would constitute a barrier against gas exchange between the surrounding ambient humidity and that of 
the grains, limiting the water exchanges of the grains with the ambient air [23,24].  This efficiency is reinforced by 

the incorporation of the leaves of aromatic plants (biopesticides). Niameketchi et al. (2015) and Ezoua et al. (2017) 
also observed such results with corn kernels stored respectively in improved granaries (11.85%) and in polypropylene 

bags (less than 13%) in the presence of these plant species [24,25]. In fact, the sheets would act as films on top of 

the grains protecting them against the effective uptake of moisture. 
 

Concerning the oil content of the grains, it remains constant in the triple bagging systems having a proportion of 
biopesticides greater than 2.5% and significantly decreases in the other batches and in particular the control batch 

(TSP). Di Domenico et al., (2015) observed a similar decrease in the fat content of corn kernels stored in 
polypropylene bags, metal silos and airtight bags [26]. These reductions could come from the natural degradation of 

grains linked to the processes of respiration and to the enzymatic activity of the grains [27] also to the metabolism of 
insects and molds [26-28].  In fact, these stock pests produce lipolytic enzymes allowing them to degrade lipids and 

use them for their growth [29]. Moreover, this moisture uptake and the loss of fat from the grains explains the 

significant variations observed in the physicochemical parameters of the oils extracted during storage in the TSP and 
MET 1 batches, given the correlations existing between the grain quality parameters and extracted oil. 
 

These results corroborate the remarks of O'Brien (2009) according to which the quality of vegetable oils is 

consecutive to the quality of grain storage practices [30]. Also Alencar and Faroni (2011) reported a positive 
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correlation between the damage suffered by the grains and the poor quality of these extracted oils [12]. During 
storage, the density values increase significantly while those of the viscosity and the refractive index decrease at the 

level of the extracted oils. This drop rate depends on the type of packaging. In fact, after a period of eighteen months 
of storage, these indicators have respective values of 0.983; 29.12 mPa.s-1 and 1.459 for the oil from the grains of the 

polypropylene packaging (TSP), 0.941; 47.34 mPa.s-1 and 1.462 for that obtained from the grains of the batch of the 

simple triple bagging (MET 1). On the other hand, the oils obtained from the batches kept in the triple bottom bags 
with a minimum proportion of biopesticides of 2.5% recorded averages of the order of 0.917, 52. 65mPa.s-1 and 

1.465 respectively for density, viscosity and refractive index. These values thus remain in conformity with the 
identification recommendations which are 0.917 (maximum value) for the density and 1.465 (minimum value) for the 

refractive index of corn oil [31,32] then 50 mPa.s-1 (minimum value) for the viscosity of vegetable oils [33]. The triple 

bagging method associated with biopesticides makes it possible to inhibit the development of acidity and the peroxide 
index. Usually, failure to master good storage practices results in an exponential increase in these indices during grain 

storage under the effect of grain moisture and pest activity as evidenced by the results of oils obtained from grains of 
the bag inpolypropylene (TSP). Under these conditions, the grains are victims of hydrolysis and oxidation reactions. 

According to Whetje and Adlercreutz (1997), Aïssi et al. (2011) and Ahouanou et al. (2013), the increase in acidity 
and the peroxide index observed would be consecutive respectively to the hydrolysis of triglycerides as well as to the 

oxidation of fatty acids catalyzed by the action water and enzymes from grains and molds [34,35,36]. Joaquim and 

Carmen (2002), Laguerre et al. (2007) and Rahmani (2007) reported the very negative impact of oxidation and acidity 
on the nutritional, organoleptic and health properties of oils [37,38,39]. They promote the degradation of essential 

fatty acids, a negatively modified flavor, and the formation of cytotoxic, mutagenic and carcinogenic secondary 
oxidation compounds. The effectiveness of the leaves of Lippia multiflora and Hyptis suaveolens in limiting the 

rancidity of the fat of the grains would have been reported by Niamkétchi et al. (2016) and Ezoua et al. (2017) [40-

25]. This makes it possible to have an oil having a peroxide number well below the maximum of 10 meq O2 / kg 
recommended for a vegetable oil by Codex Alimentarus [32].  
 

Moreover, this degradation is also reflected in the drop in the iodine and saponification indices and in the 

unsaponifiable content. The small variations of these indicators for oils obtained from grains stored in triple bagging 
systems containing biopesticides would inform the capacity of Lippia multiflora and Hyptis suaveolens leaves to retain 

the lipid quality of the grains. Crude oils produced from grains preserved by such a technology are of high quality 
because the initial values remain better preserved or remain within the recommendations of Apertei and Apertei 

(2015) and Codex Alimentarus (1999) [41-32]. According to these sources, the minimum values for corn oil are 103 g 

I2 / 100 g, 187 mg KOH / g and 1% respectively for the iodine number, the saponification number and the content of 
unsaponifiable. These different forms of degradation would be the source of enormous losses (greater than 4%) 

during the oil refining process, particularly in the context of high acidity [42]. Thus biopesticides, by promoting good 
storage, would guarantee a vegetable oil with better physical characteristics, of low hydrolytic and oxidative rancidity, 

rich in fatty acids and unsaponifiables like the work of Arujo (2004) and Alencar et al. (2010) on soybeans [43,44]. 

Moreover, the oil would be exempt from residues of synthetic pesticides [11].  
 

These plant species would contribute to further inhibit the changes in nutritional value, functionality, integrity and 

safety of fat as mentioned by Silva et al. (1999), Arujo (2004), Naz et al. (2004) and Ramalho and Jorge (2006) [45-

43-46,47]. Consequently, the use of triple bagging associated with the leaves of Lippia multiflora and Hyptis 
suaveolens would be advantageous for the actors of the maize sector. Producers will be able to speculate more easily. 

For the oil industry, the practice of such a method would ensure economical refining [11]. 

 

5. CONCLUSION  
 
The objective of this study was to assess the quality of the oils extracted from the corn kernels stored in a triple 

bagging system, whether or not associated with biopesticides in order to offer actors in the corn sector a sustainable 

technology, accessible and capable of guaranteeing the quality of these oils. The results of this study confirm the 
importance of establishing an adequate storage system to preserve grain quality. The triple bagging has the 

particularity of extending the shelf life of the grains while the effectiveness of the leaves of Lippia multiflora and 
Hyptis suaveolens lies in maintaining the lipid quality and the physicochemical properties of the grain oil. The 

methodology used in this study from triple bagging containing biopesticides is more advantageous for producers and 
oil mills who should benefit from it. Nevertheless, this study could be deepened for the preservation of minority 

compounds of oils during grain storage.  
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