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Abstract

:

Industrial Hemp, Cannabis sativa L., is characterized by low content of THC (<0.2%). An edible oil with excellent nutritional proprieties is obtained from cold pressing of hempseed. Since Hempseed oil is not reported in a Regulation yet, in order to ensure quality parameters, it is necessary to optimize standard methods (taken from the Regulation for EVOO). In this work, the standard method of quality parameters (free fatty acidity, peroxide number, and anisidine number) were miniaturized and optimized for Hempseed oil matrix. The miniaturized methods result in being sustainable, in environmental and economical perspectives, by using a smaller amount of chemicals (e.g., reagents, solvents), also reducing waste production and the sample needed in relation to the high cost of the Hempseed oil (60–70 €/L). The standard methods of miniaturization, carried out by using the Central Composite Design, allow for great saving of sample (5.35 g vs. 29 g) and reagents (up to 50%).






Keywords:


Hempseed oil; Quality parameters; CCD; Sustainability; Miniaturized methods












1. Introduction


Industrial hemp, Cannabis sativa L., is a herbaceous annual and its cultivation takes place in central Asia [1]. Hemp is probably one of the first plants to be cultivated and exploited by humans for centuries; its cultivation has been spread across all countries, including Italy [2]. Industrial hemp is a versatile plant that can be cultivated in order to obtain fibers, seeds, and oil, and consequently it can be used for food and nutraceutical purposes [3,4]. It is known that some cultivars, like Felina or Ferimon, contain less than 0.2% of Δ9-tetrahydrocannabinol in the whole plant [5]. These cultivars are mentioned in the EU Approved Common Catalogue of Cultivars [6] and can be planted in Europe. The former is legally regulated, and offers many advantages in the agricultural, economic, and ecological fields. The interest in hemp has risen during the last several years due to its multiple utilities and environmental adaptability [7]. The applications of hemp are different: paper, biodegradable plastics, construction sector, and biofuel [8]. The bast fiber from hemp stalk is still used for rope, paper, and weaving. Every part of some specific cultivars of Cannabis sativa L. [6] can be used in food, from its leaves (e.g., in cake, bread) to its seeds, used to extract an edible oil.



Hempseeds, coming from the inflorescence of the plant, are the main products of hemp and are usually transformed into hempseed oil and hempseed flour. Hempseeds are “akenes” and contain 22–25% proteins, 30–35% lipids and 35–37% carbohydrates (of which only 3% are sugar) [9]. The hempseed oil yield production is very high: the yield of extracted hempseed oil deriving from 1 kg of hempseeds can reach up to 300 mL (around 25–30%) [10].



Hempseed oil is a natural source of polyunsaturated fatty acids (PUFAs) and the main ones are the Linolenic acid (C18:2 ω-6) and α-linolenic acid (C18:3 ω-3) [11,12]. These two fatty acids are contained in hempseed oil respectively around 50–70% (linoleic acid) and 15–25% (α-linolenic acid), with a ratio of the two being 3:1, a value which is suggested as optimal for human nutrition [13]. These compounds are also known as essential fatty acids (EFAs) because they are essential for humans or other animals for good health, since they cannot synthesize them [14,15]. In addition to EFAs, hempseed oil also contains antioxidant, another category of important functional compounds. The hempseed phytochemicals with antioxidant activity belong to the class of phenolic compounds, including lignans, flavonoids, and phenolic acids [16]. Hempseed oil can be considered as functional food for the presence of antioxidant compounds (e.g., for rheumatoid arthritis) and nutraceutical for its fatty acid composition (e.g., hypercholesterolemy). For this reason, its assumption by diet is highly recommended [17,18].



In Europe, there is no quality regulation for oily products from seeds, but in the great organized distribution (G.D.O.) is possible to find seed oils labeled as “virgin”. In Italy there are some old norms (Law 35/68, MD 27/12/72, MD 18/12/75) that indicate the free fatty acidity (≤0.5% as oleic acid) as the only chemical parameter. Quality parameters of olive oils, on the contrary, are usually regulated by a set of rules, and specifically by the Regulation (UE) 2015/1830 (and its subsequent changes) [19]. In this Regulation are specified genuineness and quality parameters for olive oils. The maximum level of each parameter is defined in a table for each kind of oil, these levels defining the category of the exanimated oil (i.e. free fatty acidity ≤0.8% for extra virgin olive oil). The standard methods to determine these parameters are contained in the additional information of Regulation. These methods take into consideration the variety of each matrix and define the amount of sample and reagents that have to be used for the determination of the parameters.



To characterize Hempseed oil, quality and genuineness parameters of extra virgin olive oil (EVOO) were studied. Since Hempseed oil is not yet reported in the Regulation table, the optimization of the standard method for the hempseed oil matrix is required. In order to ensure quality of hempseed oil the parameters chosen were free fatty acidity, peroxide number, and anisidine number. Free fatty acidity and peroxide number are the first steps of the regulation decision tree to verify the olive oil category, while the anisidine number (or anisidine value) is an important quality parameter for animal and vegetable fats [20]. The methods involved to determine all these parameters required a great quantity of samples and reagents.



The aim of this work was to optimize the standard methods (reported in the Regulation) and make them environmentally and economically sustainable by using a smaller amount of chemicals (e.g., reagents, solvents), also reducing the production of waste and the sample required in relation to the high cost of the Hempseed oil [21].



Hempseed oil cost in Italy could be 60–70 € for 1 L of oil, almost ten times more expensive than extra virgin olive oil (EVOO), ranked as best-selling in Italy. Furthermore, the use of a great number of samples for the determination of the quality parameters is not economically sustainable. For this reason, in this work the standard methods were miniaturized and optimized by using a chemometrics approach [22].



With this approach, specifically the experimental design (DOE), all the parameters can be studied together and also information about the influence of the parameters between them can be obtained [23]. The DoE approach reduces the amount of experiments to optimize a method using a restricted number of analysis. Software could be used as a tool to identify the more significative experiment to carry out. Furthermore, the experiments chosen lead to predict the results of the other experiments on all the exanimated range.




2. Materials and Methods


2.1. Materials and Apparatus


Ethanol, Diethyl ether, Chloroform, Acetic acid, n-Hexane, i-Octane, p-Anisidine, acetic acid, potassium iodide, potassium hydroxide, and sodium thiosulfate were from Sigma Chemical Co. (St. Louis, MO, USA). Distilled water was purified using a Milli-Q system (Millipore, Bedford, MA, USA). A Lenway 6705 UV-Vis spectrophotometer was used for the Anisidine Number protocol.




2.2. Sampling


Ten samples of Hempseed oil (500 mL bottles) were collected, five of them coming from Italian GDO and the other five bought on e-marketplace, chosen as the best representatives of the consumers choices (most common hempseed oils from GDO and the ones with top customer reviews from e-marketplace). The year of production chosen for all the samples was 2017. The labels of all samples stated that the preparation was performed using cold extraction. Each bottle represents a sample of oil analyzed separately. The samples were kept in the dark at +4 °C before experiments. For each sample, once opened, the three parameters were determined in the same opening day.




2.3. Experimental Design


In this work, for the identification of the optimal parameters, a Central Composite Design (CCD) [24,25], with four factors and three levels for each factor, was chosen to explore and optimize the variables influence [26]. The variables and the levels chosen are reported in Table S1 for Free Fatty Acidity, Table S2 for Peroxides Number, and Table S3 for Anisidine Number. The upper levels were the values reported in the standard methods, despite of the lower levels were chosen to explore a limited range of the variables, in order to achieve robust results also with ordinary laboratory equipment. Since the methodologies used to determinate these quality parameters do not involve many variables, we did not perform a screening of relevant factors and preferred directly to go to the optimization.



From all the possible combinations, the experimental design was built with just 27 experiments (Table 1), previously chosen by the software and calculated by the following equation (Equation (4)):


N=2K(K−1)+ n0



(1)




where K is the number of variables (K = 4 in this study) and n0 is the number of central point (here n0 = 3). Table 1 recapitulates the different conditions for the design built for the three methods examined. Acidity value, Peroxides Number and Anisidine Number (Y) are selected as response. Results were fitted into the empirical second order polynomial model, as shown in the following equation (Equation (5)):


Y=Q0+ ∑i=1kBiXi+∑i>jkBijXiXj+∑i=1kBiiXi2+ei



(2)




where Y represents the response function; Q0 is a constant coefficient; Bi, Bij, and Bii are the coefficients of the linear, interactive terms, respectively, k is the number of the variables, and ei is the residual [27].



The optimized methods were tested on ten hempseed oil samples. At first, for each sample the reference value was found with the regulated methods. The optimized methods were carried out five times in a day and for five consecutive day. The repeatability intra-day and extra-day was evaluated with the standard deviation calculation. Moreover, the accuracy was tested as the degree of agreement between the reference values founded and the mean of the values founded with the optimized methods.




2.4. Free Fatty Acidity Determination—Regulated Method


An aliquot of 10 g of oil was dissolved in 100 mL of diethyl ether/ethanol (60/40) mixture. Then free fatty acids were titrated, by shaking, with KOH 0.1N until the color change of the indicator (pink phenolphthalein color dye for at least 10 s). Acidity expressed as a mass percentage is equal to:


Acidity % = V×C×M10×m



(3)




where: V = is the volume of the titrated solution of KOH used; C = is the exact concentration of KOH; M = is the molar weight, of the acid used for the expression of the result (oleic acid = 282); and m = is the weight of the substance analyzed [19].




2.5. Peroxides Number Determination—Regulated Method


The peroxides number is the quantity of substances present in the sample expressed in milliequivalents of active oxygen per kg (O2 meq/kg), which oxidize potassium iodide under the conditions below described. Five g of oil and 10 mL of chloroform were introduced in a flask. The substance analyzed was dissolved quickly by shaking, then 15 mL of acetic acid and 1 mL of potassium iodide solution were added. The flask was shaken for 1 min and then left, protected from light, at room temperature. After 5 min, 75 mL of distilled water were added. The iodine released was titrated with a sodium thiosulfate solution (0.002 N) by vigorously shaking, using the starch solution as indicator. The Peroxides Number expressed in meqO2/kg can be calculated as follows:


P.N. = V∗Tm×1000



(4)




where: V is the volume of the standardized sodium thiosulfate solution used for the test, T is the exact normality of the sodium thiosulfate solution used, and m is the weight in g of the substance to be analyzed [19].




2.6. Anisidine Number Determination—Regulated Method


The standard method “ISO 6885: 2016” provides for the use of 4 g of sample for analysis, dissolved in iso-octane and then treated with p-anisidine (4-methoxy-anyline) in acetic acid solution. The carbonilic compounds present give a yellow color to the solution that was measured by spectrophotometric examination at λ = 350 nm. The main contributors for this reaction are the 2-alchenals and alcandienals that could be present in a bed storage condition of an oil. So, in a 25 mL flask was introduced 4 g of oil and dissolved in iso-octane (2,2,4-trimethylpentane) until the final volume (solution A). Then the extinction at 350 nm were determinate in a 10 mm quartz cuvette. A 2.5% (w/v) solution of p-anisidine was prepared in glacial acetic acid. An aliquot of 5.0 mL of solution A was added to 1 mL of p-anisidine (2.5% in glacial acetic acid). The mixture (solution B) was shaken and let it rest for 10 min. Then the extinction at 350 nm were measured. To obtain the p-anisidine Number, the following expression is required:


A.N.=25 × (1.2 Ea−Eb)m



(5)




where Ea is the extinction of solution A, Eb is the extinction of the solution B, and m is the weight of the sample [20].




2.7. Statistical Analysis


For ANOVA analysis, in order to construct the central composite design, the JMP 13 (SAS, USA) software was used. All the experiments have been performed three times, with a RSD < 5%.





3. Results and Discussions


3.1. Free Fatty Acidity


The free organic acidity value (expressed in g% of oleic acid) is a degree marker of hydrolytic alteration of the oil glyceride component [28]. At first a portion of the substance to be analyzed was dissolved in a solvent mixture, then a titration of the free fatty acids was carried out with a potassium hydroxide solution. The organic free acidity parameter is the only included in the regulation of seed oils in Italy, which is also used to distinguish an extra-virgin olive oil from a non-extra virgin (Reg. EEC 2568/91). So, the acidity index was chosen to characterize hempseed oil. The legislation establishes an official method for determining this parameter.



For hempseed oil matrix, which has been found to have an acidity between 0–1% [29], a quantity of hempseed oil included by 10–20 g is required. At first a reference value was obtained by using the regulation method. The free fatty acidity found in the hempseed oil sample chosen to perform the experiments was 0.074 ± 0.002%. This value is determined three times on hemp oil using the standard method.



Subsequently, a miniaturization of the standard method was necessary, by using a chemometric approach, due to the high commercial value of this oil. The optimal miniaturized conditions were chosen by using a Central Composite Design (CCD).



To represent the response surface, a second polynomial equation was chosen, and the estimated coefficients are reported in Table 2.



Also, the other results were shown in Table 2. The linear regression coefficient of experimental vs predicted values was R2 = 0.97, this means that the 97% of variability was explained by the model. The adjusted coefficient (R2adj = 0.93) is very close to the R2, for this reason we can state that our model is a good statistical one [30]. Both the regression coefficients were close to 1 (R2 = 0.97 and R2adj = 0.93), this indicates a high degree of correlation between the observed and the predicted value. Also the low value of the coefficient of variation (CV = 2.14%) highlights the high degree of precision for the model and a good precision of the experimental values [26].



From this calculation were found high F-Test value (27.38) and low p-value (<0.0001), which indicates that the model is significant, and it can be used to optimize the variables of the process under observation.



Hence, the applied model is adequate for the prediction of the acidity value in the range of experimental variables [31]. The significance of each coefficient measured using p- and F-values is listed in Table 2. The combination of small p-value and great F-value means that the corresponding variables would be highly significant [32].



The variable that affects almost the totality of the model is the weight of the sample (p-value (X1) = 0.0005. p-value (X12) = 0.0001). The other variables considered (concentration of titrator and indicator volume) are therefore not significant for the system under consideration and then they will not be discussed. Moreover, the only exception was for the volume of solvent. Indeed, this variable alone does not affect the system, but its interaction with weight of sample had a great influence on the model (p-value (X1,2 < 0.0001). Figure 1 shows the three-dimensional response surface for the only significant interaction.



Since the concentration of the titrant and the volume of the indicator does not affect the system (as expressed by the high p-values in Table 2), these two variables were fixed at the minimum value (0.01 N titer and 0.05 mL indicator). This measure was taken in order to ensure greater environmental and economical sustainability. The grid, shown in the Figure 1A, is located at the acidity value of 0.074%.



The prediction profiler (Figure 1D) highlights that by selecting the minimum value of the variables with the best accuracy (solvent volume, titration concentration, and indicator volume). Moreover, for the indicator volume, the interval of confidence (grey area) suggests choosing a small amount of volume. Indeed, up to 0.2 mL this interval exceeded the 5% limit. The control acidity value can be obtained only by using about 3.15 g of hempseed oil. Instead, by selecting the minimum oil weight (1 g) and leaving the other variables free is not possible to obtain the reference acidity value. Nevertheless, the application at this method proved to be highly efficient, as it allowed the miniaturization of the system and reduce the oil sample needed.




3.2. Peroxides Number


The peroxides number (P.N.) defines the degree of oxidative alteration of an oil by determining the primary products of fatty acid oxidation [33]. The sample is dissolved in acetic acid and chloroform with a solution of potassium iodide, and then a titration of iodine released with standardized sodium thiosulfate solution was performed. To optimize the method for determination of P.N. in hempseed oil, the standard method provided by the rules for EVOO was followed. Annex III to Regulation (EEC) No 2568/91 provides for a necessary amount of oil. which varies according to the P.N. For the hemp, the matrix is reported in literature [29] a P.N. value of 0–12 meqO2/kg, which requires 5 g of oil for analysis.



At first, a reference value was obtained using the regulation method. The peroxides number found in the hempseed oil sample chosen to perform the experiments was 11.04 ± 0.86 meqO2/kg. This value is determined three times on hemp oil using the standard method.



In this case, DOE was also performed by Central Composite Design (CCD). All the statistical results were shown in Table 3. Also, in this case the model results in being statistically correct according to R2 and R2adj coefficients [30]. Low p-value and CV% of the model indicate that the model is significant and can be used to optimize the variables of the process under study and the model can be used for the prediction of P.N. [32]. From this calculation, high F-Test value (15.66) and low p-value (0.0002) were found, which indicates that the model is significant, and it can be used to optimize the variables of the process under observation.



The variables that affect almost the totality of the model are: weight of the sample (p-value (X1) < 0.0001. p-value (X12) = 0.0062), the volume of solvent involved (p-value (X2) = 0.0211), and interaction between KI volume and titrator concentration (p-value (X3,4) = 0.0128). The other variables considered are therefore not significant for the system under consideration and will not be discussed. Figure 1B shows the three-dimensional response surface for the only significant interaction, KI volume vs titrator concentration.



The grid, shown in the figure, is located at the P.N. of 11.04. This value is experimentally determined on hemp oil using the standard method (Figure 1B).



In order to ensure greater environmental and economical sustainability, the minimum value of the variables with the best accuracy was selected in the prediction profiler (Figure 1E). Moreover, for the titrator concentration, the interval of confidence (grey area) suggests choosing a low concentration. Indeed, up to 0.0025 N, this interval exceeded the 5% limit. The reference P.N. can be obtained by using only 1.5 g of hempseed oil. On the contrary, by selecting the minimum oil weight and leaving the other variables free, it is not possible to obtain a right P.N. Therefore, in this case the application of DOE also results in being highly efficient and allows for miniaturization of the method and the reduction of sample and reagents involved.




3.3. Anisidine Number


The p-anisidine number (A.N.) was determined for the evaluation of secondary oxidation compounds in hempseed oil [34].



At first a reference value was obtained by using the regulation method. The anisidine number found in the hempseed oil sample chosen to perform the experiments was 4.20 ± 0.26. This value is determined three times on hemp oil using the standard method.



Central Composite Design (CCD) was also herein applied to optimize the A.N. method. All the statistical results were showed in Table 4. The model results are statistically correct according to R2 and R2adj coefficients [30]. CV% was not very low, but this method involved a spectrophotometric analysis that result in being less accurate than the titration in a general way. From this calculation were found high F-Test value (17.71) and low p-value (<0.001), which indicates that the model is significant, and can be used to optimize the variables of the process under observation.



Almost all the variables studied affect the model. B solution volume and the interaction between weight of sample and A solution volume result in being highly significant for the method with a p-value (X3), (X1,2) < 0.0001. The other variables that affect the model are: weight of the sample (p-value (X1) = 0.0038, p-value (X12) = 0.0393), the A solution volume (p-value (X2) = 0.0020, p-value (X22) = 0.0002), and the Anisidine volume (p-value (X4) = 0.0021). Also, some interactions are significant: weight sample—B solution volume (p-value (X1,3) = 0.0002), A solution volume—B solution volume (p-value (X2,3) = 0.0005), and weight of the sample—Anisidine volume (p-value (X1,4)= 0.0113). The other variables considered are therefore not significant for the system under consideration and then they will not be discussed. Only the more significant interaction is shown in Figure 1C as three-dimensional response surface. The other ones are shown in Figures S1–S3. The grid is fixed and located at the standard A.N.



In order to ensure greater environmental and economical sustainability, the minimum value of the variables with the best accuracy was selected in the prediction profiler (Figure 1F). The reference A.N. can be obtained only by using about 0.7 g of hempseed oil. The miniaturized method results in efficiency and allows the reduction of sample and reagents involved.




3.4. Optimized Methods


The optimized methods were reported in Table 5. The optimized methods were evaluated for repeatability (intra/extra day) and the accuracy. The optimized methods were: for free fatty acidity 3.15 g of hempseed oil, 10 mL of solvent, 0.05 mL of indicator and KOH 0.01 N; for peroxides number 1.5 g of sample, 5 mL of solvent. 0.25 mL of KI, and sodium thiosulfate 0.0005 N; for anisidine number 0.7 g of sample, 10 mL of Solution A. 2.5 mL of Solution B, and 0.5 mL of p-anisidine. The method was tested on 10 sample of hempseed oil, founded on GDO.



To evaluate the repeatability for each method, the analysis was carried out 5 times in a day (intra-day) for 5 consecutive days (extra-day). To evaluate the accuracy each day, the optimized methods were applied 3 times on the same sample and the results are shown in Table S4. These results show good repeatability and accuracy, proving that highlighting these new methods could be used to determinate these parameters in Hempseed oil.



All kinds of optimization lead to a miniaturization of the system. It is noteworthy that the saving of sample results up to 70% (for P.N.) and reach also the 84% for Free Fatty Acidity. The Hempseed oil required in the all optimized methods are around 18% (5.35 g vs. 29 g) of the one of the standard methods. In addition, also a great saving of reagents was achieved (Table 5).



A remarkable saving was achieved for solvents and reagents involved in the methods, starting from 50% (KI volume in P.N. and Anisidine volume in A.N.) to 90% (solvent volume required for Free Fatty Acidity). The use of a chemometric approach give us the possibility to optimize the most representative parameters that ensure the good state of storage of edible oil and the discrimination of seed oils from EVOO.





4. Conclusions


This study provides an optimization of the standard methods to determinate Free Fatty Acidity, Peroxides Number, and Anisidine Number of Hempseed oil. According to European [19] and international regulation [20], these parameters highlight a lot of information on the origin and the good state of storage of the samples.



The standard methods required a great amount of sample and reagents. In relation to the high cost of Hempseed oil (60–70 €/L), a miniaturization of these methods was carried out by using a chemometric approach. The CCD was applied to optimize the variables involved in these methods. For all the parameters studied a good model was built, with high significance (p-value ≤ 0.001) and low variability.



The miniaturized methods had good repeatability and accuracy and result in environmental and economical sustainability by using a smaller amount of chemicals (e.g., reagents, solvents), also reducing the production of waste and the sample required. These optimizations could lead to a new quality Regulation for hempseed oil.
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Figure 1. Response surfaces and prediction profiles of free fatty acidity (A,D), peroxides number (B,E), and anisidine number (C,F). 
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Table 1. Variables and levels chosen for the experimental design built (* values reported in the standard methods).
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Quality Parameters

	
Variables

	
Levels






	
Free Fatty Acidity

	
Hempseed oil

	
1—10.5—20* g




	
Solvent Volume

	
10—55—100* mL




	
Indicator Volume

	
0.05—0.175—0.3* mL




	
KOH concentration

	
0.01—0.055—0.1* N




	
Peroxides Number

	
Hempseed oil

	
0.1—2.55—5* g




	
Solvent Volume

	
5—15—25* mL




	
KI Volume

	
0.1—0.3—0.5* mL




	
Na2SO4 concentration

	
0.0005—0.00275—0.005* N




	
Anisidine Number

	
Hempseed oil

	
0.1—2.05—4* g




	
A solution Volume

	
10—17.5—25* mL




	
B solution Volume

	
2.5—3.75—5* mL




	
p-Anisidine Volume

	
0.5—0.75—1* mL
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Table 2. Estimated regression coefficients for the quadratic polynomial model and the analysis of variance (ANOVA) for the experimental results for free fatty acidity method (* values reported in the standard methods).
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	Parameter
	Estimated Coefficient
	S.D.
	Sum of Square
	Log of Valence
	F-Value
	p > F





	MODEL
	-
	-
	0.58
	-
	27.38
	<0.0001 *



	Intercept
	
	
	
	
	
	



	Q0
	−0.79
	1.05
	-
	-
	-
	-



	Linear
	
	
	
	
	
	



	Weight(1,20)
	−0.31
	0.065
	0.034
	3.341
	22.75
	0.0005 *



	Volume(10,100)
	−0.03
	0.065
	0.0003
	0.193
	0.23
	0.6415



	Indicator(0,05,0,3)
	−1.16
	1.28
	0.0012
	0.417
	0.82
	0.3826



	Titrator(0.01.0.1)
	−0.13
	0.065
	0.0065
	1.220
	4.30
	0.0602



	Interaction
	
	
	
	
	
	



	Weight*Volume
	−0.06
	0.0097
	0.012
	4.660
	44.93
	<0.0001 *



	Weight*Indicator
	−0.11
	0.039
	0.003
	1.828
	8.07
	0.0149



	Volume*Indicator
	−0.01
	0.039
	0.0037
	1.484
	1.99
	0.1828



	Weight*Titrator
	−0.55
	0.0097
	0.0088
	0.840
	2.43
	0.1446



	Volume*Titrator
	−0.02
	0.0097
	0.0087
	0.738
	5.82
	0.0328



	Indicator*Titrator
	−0.09
	0.039
	0.012
	1.466
	5.71
	0.0342



	Quadratic
	
	
	
	
	
	



	Weight*Weight
	0.13
	0.024
	0.045
	3.834
	29.75
	0.0001 *



	Volume*Volume
	0.05
	0.024
	0.0059
	1.148
	3.92
	0.0711



	Indicator*Indicator
	−0.37
	0.39
	0.0014
	0.453
	0.94
	0.3524



	Titrator*Titrator
	−0.03
	0.024
	0.0021
	0.577
	1.37
	0.2648



	STATISTICS
	
	
	
	
	
	



	R2
	0.97
	-
	-
	-
	-
	-



	R2adj
	0.93
	-
	-
	-
	-
	-



	RMSE
	0.0039
	-
	-
	-
	-
	-



	CV %
	2.14
	-
	-
	-
	-
	-
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Table 3. Estimated regression coefficients for the quadratic polynomial model and the analysis of variance (ANOVA) for the experimental results for peroxides number method (* values reported in the standard methods).
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	Parameter
	Estimated Coefficient
	S.D.
	Sum of Square
	Log of Valence
	F-Value
	p > F





	Model
	-
	-
	19.9526
	-
	15.66
	0.0002*



	Intercept
	
	
	
	
	
	



	Q0
	10.26
	1.11
	-
	-
	-
	-



	Linear
	
	
	
	
	
	



	Weight(1.20)
	−4.13
	0.44
	113.22
	4.880
	88.85
	<0.0001 *



	Volume(5.25)
	1.25
	0.44
	10.43
	1.675
	8.18
	0.0211 *



	KI(0.1.0.5)
	0.73
	0.44
	3.54
	0.872
	2.78
	0.1342



	Titrator(0.0005.0.005)
	−2.16
	3.53
	0.48
	0.254
	0.37
	0.5569



	Interaction
	
	
	
	
	
	



	Weight*Volume
	0.33
	0.28
	1.78
	0.567
	1.39
	0.2709



	Weight*KI
	0.23
	0.28
	0.85
	0.359
	0.67
	0.4378



	Volume*KI
	−0.082
	0.28
	0.10
	0.107
	0.083
	0.7811



	Weight*Titrator
	−0.063
	0.59
	0.015
	0.038
	0.012
	0.9166



	Volume*Titrator
	0.21
	0.58
	0.16
	0.138
	0.13
	0.7284



	KI*Titrator
	1.85
	0.58
	12.98
	1.894
	10.18
	0.0128 *



	Quadratic
	
	
	
	
	
	



	Weight*Weight
	2.65
	0.72
	17.31
	2.210
	13.59
	0.0062 *



	Volume*Volume
	−1.13
	0.72
	3.16
	0.813
	2.48
	0.1537



	Indicator*Indicator
	0.48
	0.72
	0.57
	0.284
	0.45
	0.5205



	Titrator*Titrator
	−2.41
	2.91
	0.88
	0.365
	0.69
	0.4312



	STATISTICS
	
	
	
	
	
	



	R2
	0.97
	-
	-
	-
	-
	-



	R2adj
	0.91
	-
	-
	-
	-
	-



	RMSE
	0.36
	-
	-
	-
	-
	-



	CV %
	3.02
	-
	-
	-
	-
	-
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Table 4. Estimated regression coefficients for the quadratic polynomial model and the analysis of variance (ANOVA) for the experimental results for anisidine number method (* values reported in the standard methods).
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	Parameter
	Estimated Coefficient
	S.D.
	Sum of Square
	Log of Valence
	F-Value
	p > F





	Model
	-
	-
	118.36
	-
	17.71
	<0.0001 *



	Intercept
	
	
	
	
	
	



	Q0
	2.37
	0.32
	-
	-
	-
	-



	Linear
	
	
	
	
	
	



	Weight(0.2.4)
	−0.73
	0.20
	9.68
	2.415
	12.75
	0.0038 *



	A sol. (mL)(10.25)
	0.81
	0.20
	11.78
	2.706
	15.51
	0.0020 *



	B sol. (mL)(2.5.5)
	1.37
	0.20
	33.67
	4.632
	44.33
	<0.0001 *



	p-Anisidine (mL)(0.5.1)
	−0.80
	0.20
	11.58
	2.680
	15.25
	0.0021 *



	Interaction
	
	
	
	
	
	



	Weight (g)*A sol. (mL)
	−1.58
	0.22
	39.93
	4.994
	52.58
	<0.0001 *



	Weight (g)*B sol. (mL)
	−1.13
	0.22
	20.69
	3.668
	27.25
	0.0002 *



	A sol. (mL)*B sol. (mL)
	1.04
	0.22
	17.30
	3.343
	22.78
	0.0005 *



	Weight (g)*Anisidine (mL)
	0.65
	0.22
	6.79
	1.948
	8.94
	0.0113 *



	A sol. (mL)*Anisidine (mL)
	0.47
	0.22
	3.57
	1.292
	4.70
	0.0510



	B sol. (mL)*Anisidine (mL)
	−0.29
	0.22
	1.40
	0.702
	1.85
	0.1985



	Quadratic
	
	
	
	
	
	



	Weight*Weight
	−1.25
	0.54
	4.06
	1.406
	5.35
	0.0393 *



	A sol. (mL)*A sol. (mL)
	1.65
	0.54
	7.07
	1.998
	9.31
	0.0101 *



	B sol. (mL)*B sol. (mL)
	0.66
	0.54
	1.11
	0.604
	1.47
	0.2491



	Anisidine (mL)*Anisidine (mL)
	1.16
	0.54
	3.46
	1.267
	4.56
	0.0540



	STATISTICS
	
	
	
	
	
	



	R2
	0.95
	-
	-
	-
	-
	-



	R2adj
	0.90
	-
	-
	-
	-
	-



	RMSE
	0.26
	-
	-
	-
	-
	-



	CV %
	6.86
	-
	-
	-
	-
	-
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Table 5. Comparison of standard and optimized methods and their relative saving.
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Parameter

	
Variables

	
Standard Method

	
Optimized Method

	
Saving






	
Free Fatty Acidity

	
Weight (g)

	
20

	
3.15

	
84%




	
Solvent Volume (mL)

	
100

	
10

	
90%




	
Titrator Concentration (N)

	
0.1

	
0.05

	
50%




	
Indicator Volume (mL)

	
0.3

	
0.01

	
97%




	
Peroxides Number

	
Weight (g)

	
5

	
1.5

	
70%




	
Solvent Volume (mL)

	
25

	
5

	
80%




	
KI Volume (mL)

	
0.5

	
0.25

	
50%




	
Titrator Concentration (N)

	
0.002

	
0.0005

	
75%




	
Anisidine Number

	
Weight (g)

	
4

	
0.7

	
82%




	
Isooctane Volume (mL)

	
25

	
10

	
60%




	
Solvent Volume (mL)

	
5

	
2.5

	
50%




	
Anisidine Volume (mL)

	
1

	
0.5

	
50%
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