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[bookmark: _Hlk42207339]Abstract
The increase in healthy lifestyle has resulted in an increased demand of both the avocado fruit and its oil production. The growth in demand has prompted a need for an industry expansion and an efficient process that produces high quality oil. This study therefore explored solid-liquid oil extraction using hexane at different process parameters to determine the optimum conditions which produce a higher yield of avocado oil. Furthermore, the study analysed oil produced from different parameters and evaluated its stability and fatty acid content. The oil stability was evaluated by analyzing oxidative stability and peroxide value. Observations at higher temperatures showed oil production of high stability containing lower content of trans fats, which are undesired and detrimental for human consumption. The efficient extraction conditions found with the aid of response surface methodology (RSM) optimization were found to be a solvent ratio of 1.53 ml/g at a temperature of 60  ̊ C for 128 minutes. The overall aim of the study was to improve the efficiency of the extraction process by increasing the yield of oil without compromising quality. The oil production process was found to be efficient such that the industry can be expanded to have avocado cultivars dedicated to oil production using hexane.
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1. Introduction
Avocado (Persea Americana) fruit originates from Central America, Southern Mexico and belongs to the Lauraceae family. It is rich in unsaturated fats, antioxidant and many other health-promoting compounds like plant sterols. The antioxidants rich in avocado helps eliminate free radicals from body cells and may also help prevent and reduce the damage caused by oxidation; plant sterols helps prevent and reduce cholesterol and heart disease. These have led to an increase in consumption and growth in cultivars annually. An increase in consumption of avocado fruit and processing has been noticed over the years due to an increased demand of bioactive compounds like antioxidants for human health (Costagli et al., 2015). The avocado fruit is primarily grown for consumption as a fruit; however, it has since been referred to as “butter pear” due to its high oil content. 
Avocado oil production has been growing gradually over the recent years. New Zealand is one of the leading producers of avocado oil since its production inception in 2000. Within the years 2008/2009, the country had produced more than 150 000 liters of avocado oil which was expected to increase in the following years (Wong et al., 2010). According to Wong et al (2010) , the leading world producers of avocado oil are New Zealand, Chile, South Africa and Kenya. The current avocado oil industry relies on the rejected avocado fruits from the retailers and export markets (Woolf et al., 2009). However, countries like South Africa and New Zealand have started using dedicated cultivars for avocado oil production, New Zealand is reported to use about 3% of the avocado grown for oil production (Wong et al., 2010) .
Avocado oil is used predominantly in culinary and cosmeceuticals industry; the oil used for cosmeceuticals is extracted by solid-liquid extraction method using organic solvents and the oil used for culinary is mostly extracted through a cold press method (Costagli et al., 2015). These two processing methods differ in the yield and quality of oil produced. The avocado oil processing industry applies different methods and pretreatment techniques to improve the efficiency of the oil extraction process. Pretreatment methods include; oven drying the avocado paste, preheating the paste with microwave and addition of enzymes prior to extraction. Extraction methods applied are cold pressing, solid-liquid solvent extraction and enzymatic extraction. Solid-liquid oil extractions are done using different solvents based on solubility of the solute; solvents frequently used are ethanol, hexane and petroleum ether. Amarante et al., (2014) extracted oil from castor cake using ethanol as solvent and Sulaiman et al., (2013) extracted oil from waste coconut cake using hexane and petroleum ether. There are different modes of solvent extraction applied like batch maceration and Soxhlet extraction. Enzymatic extraction can be done together with physical methods like centrifuging; Qin & Zhong, (2016) reported the use of exogenous enzymes like pectinases, alpha-amylase and celluloses enzymes to degrade the cell walls and expose the oil cells to release the oil. The material would then be ready for centrifuging to extract the oil. These methods are also explored and applied not only to improve the yield of oil but to also improve the quality of oil produced (Reddy et al., 2012).
Avocado fruit are prone to spoilage due to its rapid ripening post harvesting. The other problem facing the industry currently is that the entire industry relies on spoilt and rejected avocados from the export and retail sectors. In an attempt to answer this question; can the avocado oil extraction process be efficient enough in order to incorporate more use of fresh avocados in the avocado oil industry?  The two objectives of the study aim to address the aforementioned concerns of the avocado oil production.
The first objective considered the effects of the different process parameters in the yield of avocado oil extracted with hexane. A process improvement study was conducted using response surface methodology to evaluate the significance of each process parameter on the yield of the oil. The second objective involved the inspection of the quality of oil produced from different methods and process parameters. The quality parameters investigated were the fatty acid profile and the stability of the oil. These objectives were motivated by the problems found both in the avocado fruit and avocado oil industries in South Africa. 
2. Materials and Methods 
2.1 Raw materials
The raw material chosen for this study was the Haas avocado variety grown locally in South African farms in Limpopo province. This variety of avocado was chosen based on its abundance in availability, it is said to be the most grown avocado variety in South Africa.
The avocados used in this study were sourced from the market wholesaler kept under controlled temperature of 20⁰C - 24°C in order to slow the ripening. The avocado fruits were then kept at ambient temperature in the laboratory for 5 days to have a natural ripening. 
The ripened fruits were peeled and deseeded; the flesh was meshed up into a paste using a blender. The paste was placed in pans and dried for 48 hours in an oven at 70°C. The dry avocado paste was grounded and stored in a closed cupboard to avoid direct light. 

2.2 Oil extraction 
Avocado oil was extracted from the flesh of the avocado fruits after the fruit was deseeded and peeled. Preliminary runs of oil extraction were done using different extraction methods. The maximum oil yield was found in the Soxhlet extraction method using hexane (Science World Co., Cape Town, South Africa) as the solvent. Solid-liquid extraction using organic solvent was an extraction technique chosen and hexane was the solvent selected for these extractions. For optimization of the process, two studies and experimental runs were done in order to make an evaluation. The first study and run of experiments were done to study the reaction kinetics and thermodynamic models of the extraction. The second study was a response surface methodology with a randomized central composite design of experiments. 

2.3 Thermodynamic and kinetic study
Extraction of oil was done at four different temperatures from the oven dried flesh of the avocado using hexane as the solvent. All the extractions were done with a solid-liquid ratio of 3.05 ml of solvent per gram of avocado. The temperatures used were 40°C, 50°C, 60°C and 70⁰C respectively. Extractions took place in a three-necked round bottomed flasks used as batch reactors. One neck was used for the condenser, one neck was used for the thermometer and the third neck had a stopper and was used to sample the mixture every 10 minutes as the oil diffuses from the avocado solids into the solution. During sampling, 3 ml was collected into a beaker and placed in an oven to evaporate the solvent. The beaker was weighed before and after sampling to determine the weight of the oil at the time of sampling. A trend was observed as the oil is extracted over time at different temperatures.

2.4 Response surface methodology
The response surface methodology was used for process improvement of the avocado oil extraction process using hexane as a solvent of extraction. The central composite design (CCD) was used for the design of the experiments in this study. This design was adopted from a study done by Mewa-ngongang et al., (2019) by extracting grape pomace extracts from waste grape pomace. There were three independent variable factors to be evaluated on how they influence one dependent variable to be measured. The independent factors studied were time, temperature and solid-liquid ratio. These were all selected with specified ranges guided by the preliminary runs of experiments. The response evaluated was the oil yield concentration in the oil and solvent mixture. The experimental design gave 20 experiment runs to be conducted with randomized changes in the three independent factors within the given ranges. The experiments were also run as batch reactions in three necked round bottomed flasks with a condenser and a thermometer. 
The oil yield response was measured and quantified by the amount of oil (mass) in the mixture (volume) of oil and solvent; which was expressed as grams per liter (g/L). The results of the experiment are shown in table 2 below as actual values. An analysis of variance was done, and the data was analysed using a quadratic model. The results of the analysis of variance (ANOVA) generated with the quadratic model was used to explain the effects of each individual and combined parameters on the yield of the oil. The model also generated 3D plots of response surfaces to graphically represent the interactive relationship between two parameters on the oil yield.

2.5 Determining the Peroxide value using auto titration
The avocado oil extracted from different methods and conditions was analysed for peroxide value by the method adapted from the American Oil Chemists Society (AOCS) Cd 8-53 method (International Union of Pure and Applied Chemistry Commission on Oils, 1992). The method used an auto-titrator with a platinum electrode (Metrohm, Switzerland). A sample of approximately 2.0 g of oil was weighed in a glass beaker and a 10 ml of acetic acid:1-decanol mixture at a ratio of (3:2) by volume (v/v) that was freshly prepared was also added. The solution was gently stirred for 30 seconds and 0.2 ml of freshly prepared solution of potassium iodide was added to the mixture and stirred. The mixture was placed in the dark for 1 minute and after 50 ml of deionized water was added. The solution was continuously stirred and placed under the auto-titrator, a titration with 0.01 M solution of sodium thiosulfate was performed. A control sample where the oil was replaced by the deionized water was also subjected to the same treatment. The volume of the sodium thiosulfate solution added during the titration was recorded for both the control sample and the oil samples. The Peroxide value was then calculated using the following formula:		

		(1)
Where CV01 is 10 for the sodium thiosulfate concentration of 0.01 mol.dm-3. EP1 is the end point volume (ml) of the sodium thiosulfate required to titrate the sample, CV02 is the volume (ml) of sodium thiosulfate required for the titration of the control sample. Titre is the titre of the standardized sodium thiosulfate solution, and COO is the weight of the oil sample (g).  The results were expressed in milli-equivalents of O2 per kg sample.

2.6 Determining the Oxidative stability using the Rancimat
The Rancimat method was used to determine the oxidative stability of all the avocado oil. This stability was determined by estimating the oxidation induction time using the equipment Metrohm Rancimat model 743 (Metrohm Co., Switzerland). The oil samples of 5 ml were added to test tubes and heated to a temperature of 110°C. After the oil reached its set temperature of 110°C, purified air at 20 L/h was bubbled into the oil while the increasing water conductivities were continually measured and the volatile compounds which result from the air ran through the heated oil. At the end of the oxidation induction, the stability of the oil against the oxidation was indicated by the induction time in hours.

2.7 Fatty acids profiles
The fatty acid profiles of the oil were determined using the gas chromatography (GC) with a flame ionization detector (FID). The avocado oil was derivatized, firstly prepared into fatty acid methyl esters (FAME). The oil was first extracted with diethyl ether and petroleum ether, then it was methylated (AOAC, 2005). The methyl esters were put in tubes and kept in water bath to be ready for analysis. The equipment Agilent 6890 GC – 5973 MS/FID (Agilent Technologies Co., USA) system with a DB 23 – Capillary column (60 mm x 250 µm, 0.25 µm) was used for this analysis. The equipment used a temperature program of 100°C – 240°C with a 3°C/min ramp gradient. The carrier gas was nitrogen at a flow rate of 24 ml/min and a split ratio of 25:1. The injection temperature of the analysis was 250°C and the detection temperature was 325°C. The fatty acids were detected and were identified by comparison of retention times with the reference standards from library.

3. Results
During the preliminary experiments, the average oil content of the avocados was determined through an exhaustive extraction using the Soxhlet extraction method. According to Kumar (2015), the Soxhlet operation makes use of fresh solvent every time there is contact between solid and liquid since the solvent and the solid are not in constant contact. Therefore, the solid and liquid never reach equilibrium. The average maximum amount of oil content found in the Haas avocados at maturity was found to be 67.07% of the fruit dry weight.

3.1 Process conditions optimization using response surface methodology (RSM)
The study evaluated process parameters that have significant effects on the yield of the avocado oil produced. Furthermore, the study correlated these process parameters to the quality of oil. Central composite design (CCD) was used to evaluate the non-linear correlation of time, temperature and solid-liquid ratio on the avocado oil yield. Three independent variables/parameters were selected for the design of the study; Time (A), Temperature (B) and solid-liquid Ratio (C). The model equation was generated representing the relation of individual and combined input variables on the output; the model equation is shown in equation 2. The quadratic fitness model was found to be significant to explain the avocado oil extraction system. This was based on the analysis of variance parameters shown Table 1 below. The table indicate that the model was found to have p<0.05, which proved that the model was significant. The table also indicates that the linear effect of temperature (B) and solid-liquid ratio (C) were significant (p<0.05). The individual effect of time (A) and the combined linear effects (AB), (AC), (BC), and the quadratic effects (A2), (B2), and (C2) were found to be insignificant (p>0.05). Removing the insignificant variables from the model equation resulted in equation 2 below. This was done due to the linear nature of the model according to the analysis. 
	   				    (2)

  			(3)
The coefficient of determination (R2) from the model was 0.82; this indicates that 81.7% of the overall variability of the extraction process system can be explained by the model equation (Mewa-ngongang et al., 2017; Uzoh et al., 2014). The adjusted coefficient of determination (R2adj) was found to be 0.6523 which was in reasonable agreement with the coefficient of determination (R2). However, the predicted coefficient of determination was 0.42 which was found not in agreement with both the R2 and the adjusted R2adj. The adequate precision ratio of 85.48 was found for the model, the adequate precision of greater than 4 is desired (Uzoh et al., 2014). This high adequate precision of 85.48 demonstrated the adequate signal-to-noise ratio which made the model acceptable in terms of reliability and precision in describing the system (Mewa-ngongang et al., 2019). 


Table 1: A table showing the analysis of variance (ANOVA) table of the quadratic model for optimization of extraction of avocado oil with hexane using Time (A), Temperature (B) and Solid-liquid ratio (C) as independent variables
	Source
	Sum of Squares
	df
	Mean Square
	F-value
	p-value
	 

	Model
	1.70E+08
	9
	18833.61
	4.96
	0.01
	significant

	A-Time
	10466.60
	1
	10466.60
	2.76
	0.13
	 

	B-Temp
	20889.79
	1
	20889.79
	5.50
	0.04
	 

	C-Ratio
	91757.53
	1
	91757.53
	24.17
	0.00
	 

	AB
	5364.32
	1
	5364.32
	1.41
	0.26
	 

	AC
	3817.56
	1
	3817.56
	1.01
	0.34
	 

	BC
	11586.86
	1
	11586.86
	3.05
	0.11
	 

	A²
	7657.26
	1
	7657.26
	2.02
	0.19
	 

	B²
	15541.86
	1
	15541.86
	4.09
	0.07
	 

	C²
	2153.26
	1
	2153.26
	0.57
	0.47
	 

	Residual
	37965.08
	10
	3796.51
	 
	 
	 

	Lack of Fit
	37965.08
	5
	7593.02
	 
	 
	 

	Pure Error
	0.00
	5
	0.00
	 
	 
	 

	Cor Total
	2.08E+08
	19
	 
	 
	 
	 

	
	
	
	
	
	
	

	Std. Dev.
	61.62
	 
	
	R²
	0.82
	

	Mean
	185.12
	 
	
	Adjusted R²
	0.65
	

	C.V. %
	33.28
	 
	
	Predicted R²
	0.42
	

	 
	 
	 
	 
	Adeq Precision
	85.48
	 



The analysis of variance table gives the data analysis and indicates that the model is significant (p<0.05). Although the variable of time was found to be insignificant, but this only meant that the effect of time does not have much effect on the yield of the oil extracted. This means that there will be oil extracted with this process regardless of the process time selected for extraction, provided there is sufficient hexane solvent available for extraction with reasonable temperature. However, the amount of oil extracted can only be maximized with an optimum solid-liquid ratio and a favourable temperature high enough to increase the rate of extraction. According to Topallar & Geçgel, (2000), the rate of extraction is proportional to temperature because the extraction rate constant is defined and explained by the Arrhenius equation, which is a correlation that relates the rate of reaction to the temperature. Hence, the model confirms what was found in kinetics literature by (Amarante et al., 2014; Santos et al., 2015; Sulaiman et al., 2013).
The relationship between all the independent variables were assessed and graphically represented by 3D plots of the response surface (Figures 1-3). These plots represent the interactive effects between two independent variables on the response (Uzoh et al., 2014). The interaction between temperature and solid-liquid ratio show that there was an optimum condition realized when the ratio of 100% (1:1) and the maximum temperature of extraction is 68°C depicted in figure 3. This was found to be mainly the washing stage of the mass transfer process as explained by Richardson et al. (2002). The amount of solvent is enough to initiate the extraction process by extracting the oil that is exposed to the surface of the solid and is exposed to the solvent, the process was also found to have taken place rapidly due to the high temperature which aids the high rate of extraction according to the extraction kinetics.

[image: ]
Figure 1: A 3D plot of Response surface interaction between Time and Temperature on the oil Yield
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Figure 2:  A 3D plot of Response surface interaction between Time and Solid-liquid ratio
[image: ]
Figure 3: A 3D plot of Response surface interaction between Temperature and Solid-liquid ratio

Figure 4 is a plot of residuals which shows the normal probability against the studentised residuals. This plot represents a probability assessment of the model to see whether the model follows a linear trend. The points of the actual experimental data were found to be closely along the predicted straight line which confirms that the model is a good fit. This shows that the model follows the linear trend meaning the residuals follow a normal distribution. This confirms that the developed model is adequate and its normality assumptions are satisfactory (Mewa-ngongang et al., 2019; Myers et al., 2015; Uzoh et al., 2014). 

	Table 2: Table represents the results of predicted and actual oil yield responses

	Run Order
	Predicted Value
(g/L)
	Actual Value
(g/L)

	1
	156,02
	105,40

	2
	196,30
	247,74

	3
	214,94
	216,42

	4
	56,28
	20,00

	5
	214,94
	216,42

	6
	362,14
	347,92

	7
	196,13
	255,67

	8
	103,18
	0,0000

	9
	214,94
	216,42

	10
	111,89
	142,83

	11
	214,94
	216,42

	12
	214,94
	216,42

	13
	165,78
	142,83

	14
	214,94
	216,42

	15
	14,93
	102,14

	16
	187,83
	172,37

	17
	111,66
	42,48

	18
	64,62
	115,43

	19
	298,68
	304,32

	20
	387,37
	404,81
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Figure 4: A Normality probability versus Studentized Residuals plot of Avocado oil extraction process

The model and the 3D plots were developed by the data of each run of the actual response and assessed against the predicted response. Table 2 shows the predicted oil yield responses and the actual experimental responses of the oil yield. The predicted responses are based on the quadratic model generated by the extraction process study and the actual responses are the results from the experiments. 

3.2. Optimum conditions recommended by RSM
The model generated the optimized solutions according to the results from the experiments; the model generated 52 responses with different parameters and responses. The results found the maximum oil concentration yield of 404.81 grams per liter which was a response of an alpha plus parameter of solid-liquid ratio which was 1.24 ml/g. The significant parameters from this study were the temperature and the solid-liquid ratio according to the ANOVA in table 1 above. From this analysis the solutions proposed by the model were found to have identified the optimum temperature to be 60°C and the solid-liquid ratio of 1.53 ml/g, which are found to be consistent in all the optimized solutions. The parameter that was found to be insignificant was time, which was varied in the 52 optimized solutions from the model. Some of the solutions were selected and are shown in table 3 below. 




Table 3: Optimized solutions generated from the RSM model
	Time (A) min
	Temperature (B) °C
	Solid-liquid ratio (C)
	Oil Concentration yield
	Desirability

	128.04
	59.99
	1.53 ml/gram
	344.35 g/L
	0.851

	191.50
	60
	1.53 ml/gram
	363.19 g/L
	0.897

	198.02
	60
	1.53 ml/gram
	363.83 g/L
	0.899

	205.35
	60
	1.53 ml/gram
	364.26 g/L
	0.900



Table 3 shows that with the optimum temperature and solid-liquid ratio constant, the extraction time was varied to give a slight difference in oil concentration yield. Therefore, the effect of time on the oil concentration yield can be compared and discussed. The solutions predict that variation by 77.31 minutes of extraction time increases the oil concentration yield by 19.91 g/L with an oil yield from 128.04 g/L to 205.35 g/L. The difference of 19.91 g/L against the energy used to maintain 60oC for over an hour. The energy can be calculated according to the following equation:

			(4)
The equation shows that the energy is directly proportional to the power (Watts) and the time. Therefore, the longer the extraction time the higher the energy used; the energy increases in multiple proportion. According to equation 4; the comparison of 77.31 times more power used may not be worth only the increase of 5% in the oil yield. Therefore, the optimum extraction conditions according to the predicted solution can be concluded to be the one with the lowest extraction time. Thus the optimum conditions are the extraction with hexane at 1.53 ml/g, at 60°C and the extraction time of 128 minutes. 


3.3. Characterization of the avocado oil
Furthermore, the avocado oils from solvent extraction with different process parameters were analysed to determine its stability and fatty acid profiles. The oils extracted were selected and analysed for fatty acid profile and oxidative stability to compare the quality of the oil produced through the solvent extraction and different process parameters. 


Table 4: The Fatty Acid Profile of Avocado oil in total fat content (g/100g)
	Sample
	Total Fats
(g/100g)
	C12
	C14
	C16
	C16:1
	C18
	C18:1c
	C18:1t
	C18:2c
	C20

	
	
	
	Myristic
	Palmitic
	Palmitoleic
	Stearic
	Oleic
	Elaidic
	Linoleic
	Arachidic

	Avocado oil - Hex25
	24.5119
	-
	0.1259
	9.5317
	0.4774
	0.2860
	7.2715
	0.1260
	6.3282
	0.3651

	Avocado oil - Hex40
	22.0012
	-
	-
	8.3303
	0.3627
	0.2615
	7.5646
	0.1180
	5.0546
	0.3096

	Avocado oil - Hex50
	27.8432
	-
	-
	10.9572
	0.5001
	0.3572
	8.9506
	0.0627
	6.6623
	0.3531

	Avocado oil - Hex60
	21.8046
	-
	0.1423
	9.1658
	0.5419
	0.2769
	5.8009
	0.0451
	5.3718
	0.4599

	Avocado oil - Hex70
	26.4664
	-
	-
	10.4231
	0.4801
	0.3324
	8.1218
	0.0876
	6.6155
	0.4058

	Avocado oil - Ethanol
	20.4736
	-
	-
	9.0019
	0.7285
	0.5587
	3.7118
	-
	6.1137
	0.3591

	Avocado oil - Soxhlet
	22.9040
	-
	-
	10.2157
	0.7849
	0.4151
	5.5742
	0.0563
	5.4987
	0.3590



Table 5: The Fatty Acid Profiles of Avocado oil in % fat content
	Sample
	Total Fats
%
	C12
	C14
	C16
	C16:1
	C18
	C18:1c
	C18:1t
	C18:2c
	C20

	
	
	
	Myristic
	Palmitic
	Palmitoleic
	Stearic
	Oleic
	Elaidic
	Linoleic
	Arachidic

	Avocado oil - Hex25
	100
	-
	0.51
	38.89
	1.95
	1.17
	29.67
	0.51
	25.82
	1.49

	Avocado oil - Hex40
	100
	-
	-
	37.86
	1.65
	1.19
	34.38
	0.54
	22.97
	1.41

	Avocado oil - Hex50
	100
	-
	-
	39.35
	1.80
	1.28
	32.15
	0.23
	23.93
	1.27

	Avocado oil - Hex60
	100
	-
	0.65
	42.04
	2.49
	1.27
	26.60
	0.21
	24.64
	2.11

	Avocado oil - Hex70
	100
	-
	-
	39.38
	1.81
	1.26
	30.69
	0.33
	25.00
	1.53

	Avocado oil - Ethanol
	100
	-
	-
	43.97
	3.56
	2.73
	18.13
	0.00
	29.86
	1.75

	Avocado oil - Soxhlet
	100
	-
	-
	44.60
	3.43
	1.81
	24.34
	0.25
	24.01
	1.57

	
	100
	 -
	0.58
	40.87
	2.38
	1.53
	27.99
	0.29
	25.17
	1.59

	
	
	
	
	
	
	
	
	
	
	




Table 6: Summary of the Total percentage of fatty acids by type
	
	Saturated Fatty Acids
	Monounsaturated Fatty Acids
	Polyunsaturated Fatty Acids

	% Content
	44.57
	30.67
	25.17

	% Total
	44.57
	55.84 otal unsaturated fats



3.4. Fatty acid profile
The fatty acid profiles of the oils are influenced by the fruit variety, geographic area, harvesting practice and methods of extraction (Reddy et al., 2012). The fatty acid composition of the avocado oil is shown in Table 6, the predominant fatty acids found from the avocado oil in this study (in decreasing order) Palmitic acid (37.89 - 44.60%) which is the saturated fatty acid; Oleic acid (18.13 – 34.38%) which is monounsaturated fatty acid and Linoleic acid (22.97 – 29.86%) which is a polyunsaturated fatty acid. 
The results were found to have been contrary to the data of previous research done on avocado oil by Ortiz Moreno et al.,(2003) and Qin & Zhong,(2016) where Oleic acid has the highest content.  In this study, Palmitic fatty acid which is a saturated fat, was the predominant fatty acid as opposed to the expected to be Oleic fatty acid, which is the monounsaturated fat to be dominant according to previous studies done by Reddy et al., (2012), Ortiz Moreno et al.,(2003) and Qin & Zhong,(2016) . It was found that from the average of all the saturated fats in the oil a total of 44.57% were present and total of unsaturated fats were 55.84%, which g a ratio of 1.25:1 of unsaturated fats: saturated fats. This still confirms that the avocado oil is an essential oil as it maintains the high content of essential components of the oil like Oleic and Linoleic fatty acids. 
The fatty acid profile also shows presence of Elaidic which is a trans fatty acid; trans fats are undesirable as they are known to contribute to the many cases of heart disease (Candidate & Angeles, 2006). According to Candidate & Angeles (2006), Food and Drug Administration (FDA) in America have restricted the amount of Trans fatty acids in the oil/food to be <0.5 g/100g. The results of this study confirm that the average of the oils extracted still lies within the guidelines of the FDA and are acceptable to be used as edible oil. However, the oil extracted at 25°C and 40°C were found to be non-compliant to this standard. This means that the oils may not be used for any food products or drugs. Ortiz Moreno et al. (2003) studied the effect of microwave power on the trans fatty acid and found that the increase in energy of the microwave for pretreatment increases the trans fatty acid content of the avocado oil. This may be further explored in future studies to optimize the microwave-aided extraction technique for oil that will be compliant with the food and pharmaceutical standards. 
Reddy et al. (2012) studied the fatty acid profile of the avocado oil from Haas and Fuerte varieties of South African cultivars. The study found that the Haas variety had a lower content of monounsaturated fatty acids than that of the fuerte variety. It was also observed that the study done by Reddy et al. (2012) with avocados from South Africa, the Oleic fatty acid content was lower than that of other studies done with avocado fruits from other countries with the same variety. Oleic fatty acid content differed with different countries. Ortiz Moreno et al. (2003) found a content of 60 g/100g with avocados from Mexico; Ozdemir & Topuz (2004) found a content of 53% and (47%-59%) with the avocados from Turkey. Flores (2018) also studied the fatty acids difference in the avocado oil from Chile and the oil they extracted from avocados from Spain of Haas variety. The study showed that the Oleic acid of the oil from Chile was 67.7% and that of avocados from Spain was 65.4%. Reddy et al. (2012) found an Oleic acid content of 41%-49% from South African Haas variety.

3.5. Lipid oxidation determination 
Lipid oxidation was studied by analysis of the avocado oil extracted through different process parameters. The analytic parameters that were evaluated were peroxide value and oxidative stability. The results of these analyses are presented in table 7 and table 8 below and these results are further discussed in the subsequent sections.

  		Table 7: Results of the Peroxide Values of Avocado oil
	Sample
	Peroxide value

	Avocado oil - Hex25
	6.76

	Avocado oil - Hex40
	13.32

	Avocado oil - Hex50
	8.89

	Avocado oil - Hex60
	13.36

	Avocado oil - Hex70
	10.59

	Avocado oil - Soxhlet
	7.28



Table 8: Results of the Oxidation Induction time of Avocado oil
	Sample 
	Oxidation induction time

	Avocado oil - Hex25
	0.43 h

	Avocado oil - Hex40
	4.58 h

	Avocado oil - Hex50
	3.13 h

	Avocado oil - Hex60
	5.34 h

	Avocado oil - Hex70
	8.59 h

	Avocado oil - Soxhlet
	1.98 h




3.6. Peroxide value
The peroxide value analysis is used to measure the oxidative deterioration of the oil. Herein, determined by measuring the amount of iodine formed from the iodide reaction with the hydroperoxides found in the oil. Hydroperoxides are formed through autoxidation susceptible to highly unsaturated fats and oils. Table 4 above shows the results for the peroxide values of the avocado oil extracted at different temperatures. This parameter together with the oxidative induction time gives an indication of the stability of the oil (Jeon et al., 2016). According to Woolf et al. (2009),  higher peroxide value reduces the shelf-life of the oil and thus this can be correlated with the oxidative stability of the oil. 
The results obtained from this study, showed that there was no trend found between the peroxide value and the extraction temperature of avocado oil. The peroxide value was low at temperatures of 25°C and 50°C and high at temperatures of 40°C and 60°C. The values fluctuate with no clear trend between extraction temperature and peroxide value. 

3.7. Oxidative stability 
The review of Qin & Zhong, (2016) on avocado oil extraction methods explains that antioxidants and pigments help with keeping the oil stable, albeit some pigments like chlorophyll are sensitive to light and thus induce photo-oxidation. The study further explained, experiments conducted at increased temperatures with hexane found that chlorophyll favoured lower temperatures and other unsaponifiable matter favored the higher temperature. Hence, the oil extracted at lower temperatures in this study was found to have a lower stability. The loss in stability was due to the photo-oxidation induced by the high content of chlorophylls. Furthermore, it can be argued and concluded that the higher stability found from oil extracted at high temperatures was due to the high content of antioxidants found in the unsaponifiable matter after extraction. 
This section may be divided by subheadings. It should provide a concise and precise description of the experimental results, their interpretation as well as the experimental conclusions that can be drawn.

4. Conclusions
Avocado oil extraction process efficiency can be improved in both extraction yield and quality of oil produced. The response surface methodology study found the optimum process extraction parameters that will result in a high yield of oil to be at a temperature of 60°C with 1.53 ml of hexane per gram of avocado for an extraction time of 128 minutes. These parameters were predicted by the program to yield an oil concentration of 344.35 g/L. The study found that a high extraction temperature to favour a high yield and lower solid-liquid ratio also favored a high yield of oil. The high solid-liquid ratio was found to lead the reaction to equilibrium, whereas the lower ratio favors the forward reaction more. The quality of oil with respect to stability was found to have increased with increased temperature during extraction, this resulted in oil with a higher stability than the one extracted at lower temperatures. From the fatty acid profile study, it was also found that the oil extracted at higher temperatures had lower trans fatty acids than the oil extracted at lower temperatures. 
Having considered all these observations and findings from the study it was concluded that the avocado oil industry can be grown to a bigger scale in South Africa since the efficiency of its processing can be improved by simply changing the process parameters. The efficiency of the process will therefore make the industry economically viable by reducing production costs substantially and thereby the industry do not entirely rely on spoilt or reject avocados. Henceforth there can be avocado farms dedicated for oil processing only with its cultivars grown specifically for production of avocado oil. 
It was then recommended that the future study be done to confirm the conclusions made regarding the stability of the oil; to further investigate the actual causes of lipid oxidation in avocado oil of different temperatures and extraction methods. There is still a chasm for exploring more extraction methods and pretreatment methods. 
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