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A B S T R A C T   

The mixing of edible oils makes it possible to prevent lipid oxidation and preserve the nutritional 
and organoleptic quality of food. This study was conducted to determine the optimized blend 
ratio of groundnut (Arachis hypogea), olein, stearin, and sesame (Sesamum indicum L.) oils, to limit 
thermal oxidation of their lipids. The augmented simplex lattice design was used to study the 
effect of the edible oils (peanut, palm olein, palm stearin, and sesame oils) on the responses; 
peroxide value, thiobarbituric acid value, p-Anisidine value, iodine value, free fatty acid content, 
and total oxidation. The optimized blending oil proportions of peanut, olein, sesame, and stearin 
oils, were: 33.23%, 23.23%, 15.85%, and 27% respectively. Under this optimum condition, the 
following quality parameters were obtained: 1.75% oleic acid for the free fatty acid; 6.15 meq/kg 
for the peroxide value; 1.16 meq MDA/Kg for the thiobarbituric acid value; 55.39 g I2/100 g for 
the iodine value, 4.45 for the p-Anisidine value, and 19.85 for the total oxidation value. The 
resulting desirability was equal to 1. Thus, our results for the optimization indicate that the 
combination of oil makes it possible to best preserve the chemical quality of the lipids during heat 
treatments.   

1. Introduction 

Vegetable oils and fats are an integral part of human consumption and play an important function in the global diet [1]. Having 
been extracted from nuts, fruits such as the olive and palm, and oilseeds such as cottonseed, sesame seed, soybeans, and peanuts; via 
different methods, they are rich in lipids, consisting of triglycerides and varying proportions of fatty acids [2]. However, these oils and 
fats can undergo multiple alterations, such as the oxidation of lipids which is likely to modify their physicochemical and organoleptic 
characteristics [3]. These lipid oxidations can occur during storage and heat treatments of blended oils [4,5]. The oxidation reactions 
that produce toxic compounds, can release radicals which later, give a rancid smell and can induce several mutations, carcinogenic and 
cardiovascular diseases [6,7]. Faced with this, several researchers have initiated work focused on mixing edible oils, to limit their 
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oxidation and preserve their quality. Thus [8], demonstrated that by blending different types of oils, the consumer can be offered a 
better-quality product with respect to flavor and nutritive value. Also, it has been revealed that by mixing virgin olive oil with sun
flower and soybean oil, an oil with a high content of palmitic and oleic acid is obtained with low lipid oxidation index and enhanced 
nutritional and functional qualities [9]. In addition, it has been shown that the thermal stability of virgin olive oil increased signifi
cantly when mixed with palm oil when the composition of the olive oil was around 20% or less [10]. It has been demonstrated that by 
mixing vegetable oils, their physicochemical properties remain stable without any modification of their chemical composition because 
the plants have an antioxidant activity favoring oxidative stability [11]. However, little or no scientific work has been done to 
determine the optimized blend oil ratio from groundnut, olein, stearin, and sesame oils. Thus, the objective of this study was to 
determine the optimized mixing ratio of groundnut, olein, stearin, and sesame oils, capable of preserving the lipid quality of this 
mixture during heating. 

2. Materials and methods 

2.1. Materials 

The study was conducted in March 2021 where peanut oil was purchased in the local market of Ndjamena (Chad) from artisanal 
producers, sesame oil also produced traditionally was obtained in northern Cameroon (Garoua), olein oil and stearin (manufactured in 
march 2021) were obtained from oil-producing industry (SCS/RAFCA) of Cameroon. For each oil’s sample, five (05) liters were 
collected and transported in hermetic containers to the laboratory for further analysis. 

2.2. Methods 

2.2.1. Optimization of edible oil blends 
An augmented simplex lattice was applied in this study. It is a design that allows consideration of trials with different proportions of 

components [12]. Hence this plan was advantageous as the interest, was to have each trial with all the components’ proportions to 
study the effects that these different proportions of these oils could have in the mixtures. They were carefully mixed to form uniform 
mixtures. After mixing, the oils were heated in a ventilated oven (BMT Medical Technology, Czech Republic) at 180 ◦C for 1 h, cooled, 
and analyzed for their chemical characteristics using standardized methods. 

2.2.2. Presentation of the components, factor levels, and design matrix 
The criterion for choosing the factor levels (Table 1) was made based on literature reviews, which stipulate that when mixing oils, 

saturated edible oils must be in small proportions compared to unsaturated ones [13]. Also, preliminary tests were used in defining the 
extent of the different components. Based on this, the design matrix which presented the mixture experiments used in this study was 
obtained (Table 2). 

2.2.3. Evaluation of responses 
The responses evaluated were the parameters used to determine the lipid quality of oils.  

a Peroxide value (PV) 

The peroxide value was determined according to the standard spectrophotometric method of IDF 74 A:1991 [14]. Indeed, in a glass 
test tube of 10 ml volume containing 50–100 mg of oil sample, 9.8 ml of a chloroform-methanol mixture (7:3) was added, and the 
mixture was vortexed for 2–4 s. Subsequently, 50 μl of an aqueous solution of 30% ammonium thiocyanate was also added, and the 
mixture was again vortexed for 2–4 s. This was followed by the addition of 50 μl of an aqueous solution of iron II chloride and vortexed 
for 2–4 s. After 5 min of incubation at room temperature, the absorbance of the reaction mixture was read at 500 nm against a blank 
containing all the reagents except the oil, using a PerkinElmer UV–Visible Spectrophotometer (Norwalk CT, USA). The manipulation 
took place in a dimly lit enclosure and was accomplished within a maximum of 8 min per test of a sample. The samples were tested in 
triplicate. The peroxide index expressed in ppm was calculated from the Fe III calibration curve according to the formula (Eq. (1)): 

PV=
(As − Ab) × k

55.84 × m
(1)  

where, PV = peroxide index; k = Slope, obtained from the calibration curve (m was 38.46); AS = Sample absorbance; m = mass of the 

Table 1 
Factors level for the optimization of an edible oil blend.  

Components Abbreviations Low level (− 1) High level (+1) 

Groundnut oil (%) GO 20.00 60.00 
Olein palm (%) OP 10.00 50.00 
Stearin palm (%) SP 10.00 20.00 
Sesame oil (%) SO 20.00 40.00  
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sample in g; Ab = Absorbance of blank; 55.84 = Molar mass of iron.  

b Thiobarbituric acid value (TBA) 

The thiobarbituric acid value was evaluated according to the method described by Ref. [15]. Here, 0.25 g of oil was weighed into a 
10 ml test tube, then an aqueous solution of 0.1% trichloroacetic acid was added and the mixture vigorously vortexed. Subsequently, 1 
ml of a 0.375% thiobarbituric acid solution, 1 ml of a 15% trichloroacetic acid solution, and 1 ml of a 0.25 N hydrochloric acid solution 
were successively added to this tube and the contents of the tube were shaken again before being incubated in a water bath at 95 ◦C for 
30 min. After removing the tubes from the bath and cooling them to ambient temperature, the aqueous phase was sampled and its 
optical density was measured at 532 nm against a blank consisting of all the reagents except the oil. The thiobarbituric acid value was 
calculated using the following formula (Eq. (2)): 

TBA=

(
Abs × VTCA × 2 × M × 10− 2)

1.56 × m
(2)  

where, TBA = thiobarbituric acid value; Abs = Corrected absorbance of the sample; VTCA= Volume of TCA solutions; m = Mass of the 
sample; M = molecular mass of malonaldehyde (72 g/mol).  

c p-Anisidine value (p-AnV) 

The p-Anisidine value was determined according to the official AOCS Cd 18–90 “p anisidine value” method [16] using a Perki
nElmer UV–Visible Spectrophotometer (Norwalk CT, USA). A mass of oil between 0.5 and 1.0 g was weighed in a 25 ml volumetric 
flask, then dissolved and diluted with isooctane to the mark. The solution obtained was stirred and its absorbance (Abs1) was measured 
at 350 nm using a “PerkinElmer” brand spectrophotometer using isooctane as a blank. Five milliliters of this solution were taken using 
a pipette and introduced into a test tube. In a second tube, the same volume of isooctane was added. Subsequently, in each of these 
tubes, 1 ml of a p-anisidine solution prepared in glacial acetic acid was added and the mixture was vortexed for a few seconds. After 10 
min of incubation at room temperature, the absorbance (Abs2) of the solution from the first tube was measured at 350 nm using the 
solution from the second tube as a blank. The p-Anisidine value was calculated according to the formula (Eq. (3)): 

p − AnV=
25(1.2.Abs2 − Abs1)

m
(3)  

where, p-AnV = p-Anisidine value; Abs1 = Absorbance of the lipid solution after reaction with isooctane solution; Abs2 = Absorbance of the 
lipid solution after reaction with p-anisidine solution; m = mass of the sample (g).  

d Iodine value (IV) 

This parameter was determined according to the official AOCS Cd 1–25 method [16]. A mass of 0.2 g of oil was weighed into a flask 
into which 15 ml of carbon tetrachloride solution (CCl4) and 25 ml of Wijs reagent were introduced. The tightly closed bottle was 
shaken gently and placed in a dark place for 1 h, then 20 ml of the aqueous solution of potassium iodide (KI) (10 g/100 ml), 15 ml of 
distilled water, and 5 drops of 1% starch solution paste were added. The solution in the flask was titrated with a 0.1 N sodium 

Table 2 
Design matrix for experiments.  

Coded values Actual values 

Tests GO OP SP SO GO (%) OP (%) SP (%) SO (%) 

1 1.00 − 1.00 − 1.00 − 1.00 60.00 10.00 10.00 20.00 
2 − 1.00 − 0.50 0.00 − 1.00 20.00 40.00 20.00 20.00 
3 − 0.43 − 0.68 − 0.25 0.50 31.25 16.25 17.50 35.00 
4 0.50 − 1.00 0.00 − 1.00 50.00 10.00 20.00 20.00 
5 − 1.00 0.00 − 1.00 1.00 20.00 30.00 10.00 40.00 
6 − 1.00 − 0.50 0.00 1.00 20.00 20.00 20.00 40.00 
7 − 0.73 − 0.18 − 0.75 0.50 25.25 26.25 12.50 35.00 
8 − 0.68 0.06 − 0.25 − 0.50 26.25 31.25 17.50 25.00 
9 − 0.37 − 0.37 − 0.50 0.00 32.50 22.50 15.00 30.00 
10 0.06 − 0.68 − 0.25 − 0.50 41.25 16.25 17, 50 25.00 
11 − 0.68 0.31 − 0.75 − 0.50 26.25 36.25 12.50 25.00 
12 0.00 − 1.00 − 1.00 1.00 40.00 10.00 10.00 40.00 
13 0.31 − 0.68 − 0,75 − 0.50 46.25 16.25 12.50 25.00 
14 − 0.50 − 1.00 0.00 1.00 30.00 10.00 20.00 40.00 
15 − 0.18 − 0.68 − 0.75 0.50 36.25 16.25 12.50 35.00 
16 − 0.68 − 0.43 − 0.25 0.50 26.25 21.25 17.50 35.00 
17 − 1.00 1.00 − 1.00 − 1.00 20.00 50.00 10.00 20.00 

GO = groundnut oil; OP = olein palm; SP = stearin palm; SO = sesame oil. 
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thiosulfate solution (Na2S2O3) and the volume V1 of sodium thiosulfate used to turn the solution (disappearance of the blue color) from 
the flask was noted. This titration was also made with the blank test and the volume V0 of sodium thiosulfate used was noted. The 
iodine value (IV) expressed in Iodine was calculated according to the formula (Eq. (4)): 

IV=
(V0 − V1) × 12.69 × T

M
(4)  

where, Vo (ml): Volume of the thiosulphate solution for the blank; V1 (ml): Volume of thiosulfate solution for the sample; T: Titer of the 
sodium thiosulfate solution used; M (g): Mass of the test portion.  

e Free fatty acid (FFA) 

The free fatty acid content of the various oil samples was determined according to standard NFT60-204 of the French Association 
for Standardization [17]. Approximately, 0.5 g of oil (M) was weighed into a 250 ml beaker into which 12.5 ml of 95 ◦C of ethanol was 
introduced. Two drops of 1% phenolphthalein solution were then added to the contents of the beaker and titrated with 0.1 N potassium 
hydroxide solution. The volume V1 of KOH solution was used to reach the indicator end-point (pink phenolphthalein staining, per
sisting for 10 s was noted). The blank test was also made and its volume V0 of KOH used was noted. The free fatty acid (FFA) content 
was calculated by the following formula (Eq. (5)): 

FFA=
(V1 − V0) × 56.1 × T

M
(5)  

where, Vo (ml): Volume of the KOH solution for the blank; V (ml): Volume of KOH solution for the sample; T: Titer of the ethanolic 
KOH solution used; M (g): Mass of the test portion.  

f Total oxidation value 

The total oxidation value (Totox) of oil samples was determined based on the obtained peroxide and p-Anisidine values using the 
following formula (Eq. (6)), according to Ref. [18]. 

Totox= 2PV + p − AnV (6)  

Where, PV = Peroxide value; p-AnV = Anisidine value. 

2.2.4. Mathematical model, validation of postulated models, and optimal conditions for individual responses 
The postulated model can either be linear, quadratic, or cubic. This model has the property of representing well the experimental 

responses studied in the experimental domain of interest and thus, making it possible to obtain an estimate of the value of the response 
studied for the acceptable quality. The mathematical models used were: 

Linear : Y= b1X1 + b2X2 + b3X3 + b4X4 (7)  

Quadratic : Y= b1X1 + b2X2 + b3X3 + b4X4 + b1b2X1X2 + b1b3X1X3 b1b4X1X4 + b2b3X2X3 + b2b4X2X4 + b3b4X3X4 (8)  

Cubic : Y= b1X1 + b2X2 + b3X3 + b4X4 + b4X4 + b1b2X1X2 + b1b3X1X3 b1b4X1X4 + b2b3X2X3 + b2b4X2X4 + b3b4X3X4

+ b1b2b3b4X1X2X3X4 (9)  

where Y is the expected response; b₁, b₂, b₃, and b₄ are the coefficients of the equations; X₁, X2, X₃, and X₄ are the proportions of the 
different components. 

To put the observed phenomenon in the form of an equation and make it possible to predict the responses in the field defined for the 
study, it was important to validate the empirical models obtained. So, the coefficient of determination (R2), the Absolute Mean De
viation Analysis (AMDA) which provides information on the average handling error, and the Bias factor (Bf) were determined [19]. For 
a valid model, the value of R2 must be greater than 75%; the AMDA must be equal to 0 and the Bf must be between 0.75 and 1.25. 
Concerning the validation of the optimum conditions, the desirability results were determined, and also the level of significance (p <
0.05) of the experimental and the predicted values of the responses were evaluated [20]. 

2.2.5. Statistical analysis 
Minitab software version 18.0 was used for the experimental design and the statistical analysis of the data. All the responses were 

determined in triplicate (n = 3) and the validity of the model was determined by evaluating the coefficient of determination R2 ob
tained from the analysis of variance (ANOVA). The statistical significance of the model variables was determined at the 5% probability 
level. Contour plots were also made using the same software. 
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3. Results and discussion 

3.1. Results 

Table 3 shows the experimental values of the free fatty acid content, the peroxide value, thiobarbituric acid value, iodine value, 
anisidine value, and total oxidation value of the blend oils. From this table, it has been observed that the free fatty acid content is in the 
range of 0.55%− 1.65% Oleic acid, the peroxide value varies from 2.46 to 8.2 meq/kg, the thiobarbituric acid value from 0.44 to 1.64 
meq MDA/kg, iodine value from 37.43 to 45.04 g I2/100 g, the p-anisidine value from 2.63 to 26.66 and the total oxidation values vary 
from 11.96 to 32.55. 

3.1.1. Analysis of variance and regression coefficient for the optimization of edible oil blends 
The analysis of variance, p-values, and coefficients of determination (R2) of the factors are summarized in Table 4. It has been 

observed that the oil’s quality parameters assessed in this study are significantly (p < 0.05) influenced by the different components. 
Specifically, the free fatty acid (FFA) content was influenced by the interactions of the components GO, OP, and SP; GO and OP (GO- 
OP), GO and OP (GO-OP); GO and SP (GO-SP). The peroxide value (PV) on the other hand was influenced by GO and SP interactions of 
OP and SP. However, the thiobarbituric acid value (TBA), iodine value (IV), p-anisidine value (p-AnV), and total oxidation value 
(Totox) were significantly influenced by the individual components. 

3.1.2. Effects of the different components on the responses 
The following figures represent the iso-response curves of the different responses as a function of the different proportions of 

groundnut oil (GO), olein (OP), stearin (SP), and sesame oil (SO). These different iso-response curves make it possible to study the 
effect of the different components on the responses. Each curve is materialized by 3 factors and the last factor was maintained at 
optimum.  

a Peroxide value (PV) 

Fig. 1 shows the effects of the components on the peroxide value (PV). It can be observed that the increase in groundnut oil and 
olein leads to an increase in the peroxide value. On the other hand, the increase in stearin leads to a decrease in this parameter. 

The effects of the components on the thiobarbituric acid value (TBA) are shown in Fig. 2. It appears that increases in GO, and olein, 
lead to an increase in the thiobarbituric acid value. However, an increase in stearin leads to a decrease in the thiobarbituric acid value. 

The effects of the components on the anisidine value are illustrated in Fig. 3. Here, the increase in the proportion of stearin and 
groundnut oil leads to the increase of this parameter; while the increases in olein lead to a decrease in the anisidine value. 

The effects of the components on the iodine value (IV) are shown in Fig. 4. It is apparent that the increases in olein, groundnut oil, 
and stearin, lead to an increase in the iodine value. 

Fig. 5 shows the effects of components on free fatty acid (FFA) content. It appears that an increase in stearin leads to a decrease in 
the free fatty acid. However, increases in groundnut oil and olein lead to an increase in this parameter. 

The effects of the components on the total oxidation value (Totox) are shown in Fig. 6. It can be observed that an increase in olein 
and groundnut oil increases the total oxidation value; while an increase in stearin leads to a decrease in this parameter. 

Table 3 
Experimental design and experimental values of the responses.  

Trail number GO (%) OP (%) SP (%) SO (%) PV (meq/kg) TBA (meq MDA/kg) p-AnV FFA (% Oleic acid) IV (I2/100 g) Totox 

1 60.00 10.00 10.0 20 2.46 1.32 26.66 0.82 43.78 32.55 
2 20.00 40.00 20.0 20 4.95 0.81 5.18 0.55 37.43 11.96 
3 31.25 16.25 17.5 35 3.05 0.94 4.35 0.82 41.24 14.31 
4 50.00 10.00 20.0 20 8.20 0.86 4.04 0.55 43.78 18.89 
5 20.00 30.00 10.0 40 3.92 1.23 5.51 1.10 42.51 12.80 
6 20.00 20.00 20.0 40 4.42 1.54 6.82 0.55 41.24 15.54 
7 26.25 26.25 12.5 35 5.04 0.78 6.38 0.82 42.51 21.89 
8 26.25 31.25 17.5 25 6.24 1.27 2.63 0.55 39.94 15.85 
9 32.50 22.50 15.0 30 5.26 1.12 3.43 0.82 39.97 12.05 
10 41.25 16.25 17.5 25 6.90 1.25 4.24 0.55 41.24 18.39 
11 26.25 36.25 12.5 25 5.53 1.42 11.81 0.55 41.24 21.75 
12 40.00 10.00 10.0 40 5.55 1.64 11.60 0.82 43.78 23.45 
13 46.25 16.25 12.5 25 5.20 1.10 11.44 0.82 42.51 24.35 
14 30.00 10.00 20.0 40 4.98 0.91 9.15 1.65 42.51 21.36 
15 36.25 16.25 12.5 35 5.25 0.44 10.76 0.55 45.04 23.37 
16 26.25 21.25 17.5 35 4.93 1.23 18.19 1.10 42.51 26.71 
17 20.00 50.00 10.0 20 4.42 0.93 21.32 0.55 41.24 28.79 

FFA: free fatty acid (in % Oleic acid); PV: peroxide value (in meq/Kg of oil), TBA: thiobarbituric acid value (in meq MDA/Kg), IV: iodine value (in g I2/ 
100 g), p-AnV: p-anisidine value, Totox: total oxidation value, GO: groundnut oil; OP: olein palm; SP: stearin palm; SO: sesame oil. 
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3.1.3. Mathematic models of the responses 
The regression equations obtained for the independent and response variables for the peroxide value (Y1); thiobarbituric acid value 

(Y2); p-anisidine value (Y3); iodine value (Y4); free fatty acid content (Y5) and total oxidation (Y6) are as shown in equations (10),(11), 
(12),(13),(14),(15). 

Y1 = − 0.10079GO − 0.07725OP − 3.37581SP − 0.04093GO*SO − 0.04426OP*SO (10)  

Y2 = − 45.0763SP − 0.4704GO*SO − 0.4859OP*SO − 0.0026GO*OP*SP + 0.0011GO*OP*SO + 0.0099GO*SP*SO

+ 0.0103OP*SP*SO (11)  

Y3 = − 7.8643SO − 0.0835GO*OP − 0.2601GO*SP − 0.2406OP*SO (12)  

Y4 = − 0.16565SO − 0.00918GO*OP − 0.00979GO*SP + 0.01320GO*SO − 0.02197OP*SP + 0.01404OP*SO (13)  

Y5 = − 30.6206SP + 0.0416GO*OP − 0.3013GO*SO − 0.3202OP*SO − 0.0062GO*OP*SP + 0.0012GO*OP*SO

+ 0.0040GO*SP*SO + 0.0073OP*SP*SO + 0.0005GO*OP(GO − OP) − 0.0039GO*SP (GO − SP) (14)  

Y6= − 47.89GO − 42.93OP − 544.45SO − 1.03GO*OP − 13.70GO*SP − 16.51OP*SP + 0.01GO*OP*SP − 0.06GO*OP*SO

− 0.30GO*SP*SO − 0.24OP*SP*SO + 0.01GO*OP − 0.05GO*SP (15)  

3.1.4. Validation of the model for the responses 
Table 5 presents the values of the coefficient of determination (R2), the Absolute Mean Deviation Analysis (AMDA), and the Bias 

Table 4 
Analysis of variance of the responses.  

Parameters FFA PV TBA IV p-AnV Totox 

GO <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
OP <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
SP <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
SO <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
GO*SP / 0.018 / / /  
OP*SP / 0.042 / / / / 
GO*OP*SP 0.039 / / / / / 
GO*OP (GO-OP) 0.047 / / / / / 
GO*SP (GO-SP) 0.043 / / / / / 

FFA: free fatty acid (in % Oleic acid); PV: peroxide value (in meq/Kg of oil), TAV: thiobarbituric acid value (in meq MDA/Kg), IV: iodine value (in g I2/100g), 
p-AnV: p-anisidine value, Totox: total oxidation value, GO: groundnut oil; OP: olein; SP: stearin; SO: sesame oil;/: not significant; *: interaction. 

Fig. 1. Iso-response curve of peroxide value.  

b Thiobarbituric acid value  

PV: peroxide value (in meq/Kg of oil), GO: groundnut oil; OP: olein; SP: stearin; SO: sesame oil. 
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Factor (Bf) obtained for the various responses. It can be highlighted that the R2 of the different responses is greater than 75%, the 
AMDA is between 0 and 0.07 and the Bf is between 0.75 and 1.25; thus, the models of the responses are valid. 

3.1.5. Multiple optimizations and validation of compromised optimum condition 
After analyzing the different responses, a compromise optimum condition was made for all the different responses shown by the 

arrow in Fig. 7. This condition is as thus 33.23%, 23.23%, 15.85%, and 27.67% respectively for the groundnut oil, olein, stearin, and 
sesame oil. This resulted in experimental values of the quality parameters that were not significantly different from the model pre
dicted value with high desirability (Table 6). 

Fig. 2. Iso-response curve of thiobarbituric acid value.  

c p-Anisidine value  

TBA: thiobarbituric acid value (in meq MDA/Kg), GO: groundnut oil; OP: olein; SP: stearin; SO: sesame oil. 

Fig. 3. Iso-response curve of anisidine value.  

d Iodine value  

p-AnV: anisidine value, GO: groundnut oil; OP: olein; SP: stearin; SO: sesame oil. 
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3.2. Discussion 

The peroxide value is a good indicator to assess the quality of the main primary oxidation products such as hydroperoxides. The R2 

of the peroxide index (79.96%) indicates that these mixtures contribute to 79% of the variation in this response [21]. Regarding the 
absolute mean deviation analysis (AMDA) and the Bias factor (Bf), these values were within the norm, which is 0 and 0.75 ≤ Bf ≤ 1.25 
respectively [22]. The decrease in peroxide value with the increase in stearin is due to the low content of this oil in unsaturated fatty 
acids which is more sensitive to oxidation than saturated fatty acids, hence the low rate of primary oxidation products [13]. However, 
the increase in the peroxide value with the increase in groundnut and olein oil is attributed to their high content in unsaturated fatty 

Fig. 4. Iso-response curve of iodine value.  

e Free fatty acid  

IV: iodine value (in g I2/100 g), GO: peanut oil; OP: olein; SP: stearin; SO: sesame oil. 

Fig. 5. Iso-response curve of free fatty acid content.  

f Total oxidation value  

FFA: free fatty acid (in % Oleic acid), GO: groundnut oil; OP: olein; PS: palm stearin; SO: sesame oil. 
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Fig. 6. Iso-response curve of total oxidation value. 
Totox: total oxidation value, GO: groundnut oil; OP: olein; SP: stearin; SO: sesame oil. 

Table 5 
Coefficient of determination (R2), AMDA, and Bf of the different responses.  

Responses R2 AMDA Bf 

FFA 98.50 0.07 1.21 
PV 79.96 0.1 1.05 
TBA 90.29 0.02 1.24 
IV 93.21 0.00 0.99 
p-AnV 80.43 0.03 1.24 
Totox 89.58 0.01 1.03 
Standard values >75% 0 0.75 < Bf < 1.25 

FFA: free fatty acid (in % Oleic acid); PV: peroxide value (in meq/Kg of oil), TBA: thiobarbituric acid value (in meq MDA/Kg), 
IV: iodine value (in g I2/100 g), p-AnV: p-anisidine value, Totox: total oxidation value, R2: coefficient of determination, AMDA: 
absolute mean deviation analysis, Bf: Bias factor. 

Fig. 7. Overlaid iso-respond curve for the responses. 
FFA: free fatty acid (in % Oleic acid); PV: peroxide value (in meq/Kg of oil), TBA: thiobarbituric acid value (in meq MDA/Kg), IV: iodine value (in g 
I2/100 g), p-AnV: p-anisidine value, Totox: total oxidation value, GO: groundnut oil; OP: olein; SP: stearin; SO: sesame oil. 
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acids which would have been transformed into oxidation products such as hydroperoxides during heating. In fact, it has been shown 
that oil extracted from Manga groundnut (Arachis hypogea), contains high levels of oleic acid (53.18%), followed by linoleic acid 
(29.74%) and palmitic acid (12.43%) [23]. These observations agree with the statement of [24] who suggested that an increase in the 
peroxide value of oils would be due to the formation of hydroperoxides by degradation of the double bonds of fatty acids, while a drop 
would be attributed to low production or the volatilization of compounds resulting from the decomposition of hydroperoxides formed 
during the primary oxidation phase. In addition [25], demonstrated that mixtures of Boerhavia and groundnut seed oils as well as 
mixtures of moringa, sunflower and soybean oils, treated at a high temperature (180 ◦C/2 h) gave low peroxide values (6.97–6.02 meq 
O2/kg of oil). Also, it has been observed a decrease of peroxide value in a mixture made up of sesame and corn oils during frying, 
compared to that of sesame oil alone, and this was associated to the proportion of saturated fatty acid present in corn oil [5]. The value 
of peroxide value obtained from the optimal combination in this study is lower than that recommended by Codex [26] which is 10 
meqO2/kg, indicating a good quality of the oil. 

The thiobarbituric acid value provides information on the presence of secondary lipid oxidation products such as aldehydes, al
cohols, and ketones, specifically malondialdehydes. The coefficient of determination (R2) of the thiobarbituric acid value is greater 
than 75% (90.29%). The absolute mean deviation analysis (AMDA) is close to 0 and the Bias factor (Bf) is between 0.75 and 1.25; thus, 
the model response is valid [22]. Concerning the effect of the components on the thiobarbituric acid value, the increase of this 
parameter with the increase in groundnut and olein oils can be attributed to the rapid decomposition of hydroperoxides which are 
unstable substances to secondary oxidation products such as malondialdehyde which are responsible for the change in odour and color 
[27]. This result corroborates with those obtained by Ref. [10]; who found a production of a high amount of thiobarbituric acid value 
by mixing palm oil with extra virgin olive oil during heating. However, the decrease in the thiobarbituric acid value with the increase 
in stearin would be due to the low content of this oil in unsaturated fatty acids likely to undergo primary and secondary oxidation [13]. 

The p-Anisidine value is the measure of the secondary product produced when hydroperoxide decomposed to non-volatile car
bonyls during lipid oxidation leading to the rancid flavor of the oil [28]. The value of the coefficient of determination (R2) of 80.43% 
indicates there is a match between the experimental values and the values predicted by the model. Also, the AMDA and Bf values are 
within the required range. The decrease in the anisidine value with groundnut and olein oil would be due to the less polyunsaturated 
fatty acids (PUFA) content in white sesame oil as described by Ref. [29]. Yacoub et al. (2008) noted that the anisidine value increased 
much slower in nuts that contain less PUFA during roasting than in other nuts which contain high PUFA. Also, the fact that oxidative 
degradation of oleic acid forms fewer α and β-unsaturated aldehydes than do linoleic and linolenic acid, explains the lower value of the 
response observed [30]. These results are consistent with those of [3] who demonstrated that the mixture of groundnut, palm olein, 
and sunflower oils significantly reduces the anisidine value when frying potato chips. Furthermore, the increase in the anisidine value 
with the increase in palm stearin would be the consequence of a rapid formation of hydroperoxides and alkoxyl radicals due to the 
absence of antioxidants, and their decomposition in favor of secondary oxidation products, mainly carbonyls, 2-alkenals and 2,4-dec
adienals [31]. 

The iodine value is a parameter that measures the degree of fatty acid unsaturation in an oil. The coefficient of determination (R2) 
of the iodine value (93.21%) is greater than 75%, which indicates that there is a match between the experimental values and the values 
predicted by the model. Regarding the absolute mean deviation analysis (AMDA) and the Bias factor (Bf), these values were within the 
norm, which is 0 and 0.75 ≤ Bf ≤ 1.25 respectively [22]. The high values of the iodine number with the increase in the proportion’s 
components would be due to the high proportion of unsaturated fatty acids in the mixture of oils; and also, the low destruction of these 
unsaturated fatty acids during heating [32]. This result corroborates that obtained by Roiaini et al. (2015) who found a high content of 
iodine value when mixing canola, olive, and palm olein oils. When oil with high content of linoleic acid is blended with palm olein, the 
linoleic acid tends to migrate into the oil blends [33]. Then, the increase of iodine value could be due to the fact that after the oils are 
blended together, their degree of unsaturation changed leading to change iodine value [34]. 

The free fatty acid content is a parameter used to assess the presence of free fatty acids in the oil. The coefficient of determination 
(R2) is an indicator that makes it possible to judge the quality of simple linear regression. Thus, the R2 of the free fatty acid content 
(98.50%) is greater than 75%, which indicates that there is a match between the experimental values and the values predicted by the 

Table 6 
Compromised optimum condition and validation.  

Compromised condition GO OP SP SO 
33.23% 23.23% 15.85% 27% 

Verification of the conditions of the optima 
Responses model predicted value experimental values 

FFA 1.75a 1.69 ± 0.01a 

PV 6.15a 6.14 ± 0.03a 

TBA 1.16a 1.05 ± 0.06a 

IV 55.39a 54.18 ± 0.26a 

p-AnV 4.45a 4.47 ± 0 .02a 

Totox 
Desirability 

19.85a 

0.99 
19.81 ± 0.15a 

The values of the column with the same letter do not differ significantly (p > 0.05). FFA: free fatty acid (in % Oleic acid); PV: peroxide value (in meq/ 
Kg of oil), TBA: thiobarbituric acid value (in meq MDA/Kg), IV: iodine value (in g I2/100 g), p-AnV: p-anisidine value, Totox: total oxidation value, 
GO: groundnut oil; OP: olein; PS: palm stearin; SO: sesame oil. 
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model [21]. Regarding the absolute mean deviation analysis (AMDA) and the Bias factor (Bf), these values were within the norm, 
which is 0 and 0.75≤ Bf ≤ 1.25 respectively [22]. This means that the model is valid. Indeed, the decrease in the free fatty acid content 
with the increase in stearin could be explained by the rapid transformation of the fatty acids released into primary and secondary 
oxidation products. These results obtained do not differ from those obtained by Ref. [35] who showed that the decrease in the free 
acidity of oil would be the consequence of a faster formation of hydroperoxides. However, the increase in the acid number with the 
increase in groundnut oil and palm olein would be explained by the high content of these oils in free fatty acids. This can also be due to 
a high hydrolysis rate of their triglycerides during heating [36]. 

The Totox value reflects the initial and later stages of the oil oxidation. It measures both hydroperoxides and their break-down 
products and provides a better estimation of the progressive deterioration of the oil. The lower Totox value indicates a good qual
ity of oil [37]. The coefficient of determination (R2) of the total oxidation index is greater than 75% (89.58%). This justifies that the 
response meets the quality of the optimal combination and that there is a match between the experimental values and the values 
predicted by the model. The absolute mean deviation analysis (AMDA) is close to 0 and the Bias factor (Bf) is between 0.75 and 1.25 
showing that the model is valid [22]. The increase in the total oxidation index with the increase in groundnut oil and palm olein is 
explained by the alteration of the unsaturated fatty acids of these oils during heating. Furthermore, the decrease in the Totox value 
with the increase in stearin is due to the stability of these oils at a high temperature by their saturated fatty acids. Indeed, it has been 
shown that oil mixtures can limit the total oxidation of oils during storage [38]. However, the products of oxidation reactions have 
been concerned with negative health effects, and as they destroy vitamins, prohibit enzymes and could cause mutations or gastro
intestinal irritations [39]. 

Multiple optimizations make it possible to construct an appropriate iso-response curve model that aggregates all the responses and 
then tries to find defined operating conditions for all the responses by keeping them within the desired range [40]. Here, the desir
ability of the optimum responses is close to 1, so the condition is satisfied. Moreover, the fact that there is no significant difference 
between the experimental result and the predicted result of these responses shows that the condition is valid [20]. 

4. Conclusion 

This study showed that the combination of groundnut, olein, stearin, and sesame oil in the proportion of 33.23%, 23.23%, 15.85%, 
and 27% respectively, make it possible to best preserve the chemical quality of their lipids during heat treatment. Thus, it may be 
possible to combine these edible oils in households to limit their oxidation during cooking. 
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[30] B. Muik, B. Lendl, A. Molina-Diaz, M.J. Ayora-Cañada, Direct monitoring of lipidoxidation in edible oils by Fourier transform Raman spectroscopy, Chem. Phys. 
Lipids 134 (2005) 173–182, https://doi.org/10.1016/J.CHEMPHYSLIP.2005.01.003. 
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