Yield and Quality Characteristics of Dry-heat Extracted Oil from Locally Available Coconuts (Cocos Nucifera L.) 
ABSTRACT
This research identified the effects of temperature on the yield and quality attributes of coconut (Cocos Nucifera L.) oil. The three oil extraction temperatures were 600C, 700C and 800C. The results showed that both the yield and quality are affected by the temperatures. The oil yield obtained from this study was in the range from 16.50 to 18.50 % and there was a tendency to increase oil yield with the increase of temperature, and observed highest yield at 80 0C. However, assessing the oil quality by various physicochemical parameters was optimum at 70 0C. Therefore, this study gives an in-depth understanding of heat extracted coconut oil processing by observing that mild temperature can retain oil quality and simultaneously increase the yield from the locally grown coconuts.  
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Introduction
[bookmark: _Hlk124183753]Coconut oil (CO) is extracted from the separated milk of mature coconut meats (Cocos nucifera L.) that are grown in tropical climates and belongs to the family Arecaceae (palm). CO is widely used for various food applications including confectionery, emulsions, cooking and baby foods. It is rich in lauric acid and vitamin E, which plays an important role to resist oxidation and offer significant health benefits (Senphan & Benjakul, 2017). It is also used in pharmaceuticals and cosmetic industries in order to enhance beauty, moisturize the skin and improving hair growth (Ghani et al., 2018). There are numerous methods to extract coconut oil from its endosperm, but it is better to avoid refining, bleaching and deodorization processes because these processes decrease the actual taste, scent, aroma and health benefits of the oil (Varma et al., 2019). Coconut oil extraction methods are typically classified into dry and wet processes (Bawalan et al., 2006). On one hand, the dry process involves heating the coconut endosperm under controlled temperature to remove moisture content and to break down protein bond to recover oil (Manikantan et al., 2016). On the other hand, Wet extraction method is used to extract coconut oil directly from coconut milk, and then the oil is separated by fermentation, centrifugation, enzymatic digestion or freezing and thawing methods, or any combination of these processes. During the hot extraction method, oil yield is around 20 to 22% (Ramesh et al., 2020). To determine the quality of CO, generally, the physical and chemical properties such as moisture, free fatty acid content, peroxide value, iodine value, viscosity, and saponification value are essential. Additionally, the rate of oxidation of coconut oil directly affects the antioxidant activity, phenolic contents and shelf-life of coconut oil (Ghani et al., 2018; ). The oil recovery and color both fared much better at temperatures between 60°C and 70°C (Nipunika et al., 2017) and the protein begins to coagulate and separate the oil as the temperature reaches at around 60°C and flavor and taste changes due to unpleasant components accumulation, and a rancid odor starts to appear at above 95oC temperature (Satheeshan et al., 2019). There are various studies done to separate coconut oil using dry method; however, very few researches have been conducted for optimization of different temperatures at fixed time period to find out high quality oil recovery and physiochemical characteristics. Meanwhile, the greater phenolic antioxidants are observed at a minimum extraction temperature of 60°C (Che Sulaiman et al., 2017). It cannot be denied that to understand the relationship between the oil extraction temperature and characteristics it is essential to optimize the production process for high quality CO. Therefore, the aim of this work was to investigate the yield and quality characteristics of coconut oil by examining the effects of three different temperatures at a fixed time period.  .
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Materials and methods
Collection of raw materials
Fresh and mature coconuts (Cocos nucifera L.) aged between 10 and 12 months (reference) but not sprouted were bought from a local market in Dinajpur, Bangladesh. The variety of the coconut was Bangladeshi Green (BG), which cultivated in northern Bangladesh.  
Sample Preparation
A combination of different methods were used to extract coconut oil. After separation of the endosperm (excluding testa), 1000g of fresh coconut was accurately weighted. First of all, the coconut meat was blanched at ......0C for 5 minutes (blanching helps to remove internal moisture and prepare the meat for oil extraction). After that, distilled water was added to the coconut meat at a ratio of 1:2 (1 part coconut meat to 2 part water) and blended the mixture (blending helps to separate the fat and come out from endosperm cell into the milk) to prepare coconut milk. Then, the blended mixture filtered using a double layer of cheesecloth. During filtration, the cheesecloth was manually squeezed to separate the milk from solid coconut meat. Next, allowed the milk to settle inside a refrigerator bellow 10 0C for .......... hours to rise the cream to the top of the container. In the next stage, the cream was scooped out from the top and divided the cream into three equal portions. Following this, each portion was placed in separate glass container and heated in an oven () at three different temperatures of 60°C, 70°C and 80°C separately for 16 hours. Subsequently, the cream cooled down to room temperature for 30 minutes and finally, centrifuged at 4000 rpm for 20 minutes to separate the oil from the remaining solids and liquids.
Oil Yield Calculation
The amount of oil from three different temperatures was measured by weight and the oil yield is calculated by using the following formula.
[bookmark: _Hlk124184525]
Physical Analysis
Specific gravity (SG)
 AOAC (2005) method was used to determine the specific gravity of CO. A specific gravity bottle (empty), which was dry, clean and accurately weighted, filled with oil and again weighted.  Later on, the bottle was washed and filled with distilled water and weighted similar to oil. The following equation was used to calculate specific gravity.
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Refractive index (RI)
The refractive index measures the refraction of light that beam as it drifts from one transparent medium to another. The RI of CO was determined by using a refractometer (.......). A few drops of the sample were placed on the glass slide. To maintain a consistent temperature, water was heated to 30°C and pumped over the glass slide. The dark area that could be seen via the refractometer's eyepiece was adjusted to align with the cross' junction. The scale's pointer was pointed at the refractive index at all parallax errors. This was done several times, and the mean value was calculated to get the refractive index (Wondesen Workneh, 2011).
PH
The pH of coconut oil was estimated utilizing a pH meter. A 25 ml dry beaker was taken in which 2g oil was mixed with 13 ml of hot distilled water. Thereafter, the mixture was stirred slowly and put in a cold-water bath to 25°C temperature. After standardizing the pH electrode using buffer solution, it was dipped into the sample to measure the pH (Dagnachew et al., 2015). 
Color
A colorimeter (Hunter Lab, Model Color Flex, VA, USA) was used to measure the color of the CO samples. The color was described in terms of L*, a*, and b* values, which stand for lightness, redness/greenness, yellowness/blueness, respectively. The following formulae were also used to calculate the total difference in color (A*) and the difference in chroma (C*). 
Chemical Analysis of CO
Moisture content 
To estimate the moisture content of CO, a porcelain dish was heated to 105°C in an oven for one hour and cooled to room temperature in a desiccator. When the lid was on, the crucible was weighed (W1). The sample was then placed in the crucible and weighed (W2). Then the sample was dried in the dryer for 24 hours at a constant temperature of 105°C. The crucible containing the sample was kept for 30 minutes in a desiccator and then weighed (W3). Finally, the moisture content was calculated by the following equation. Where, W1 = Weight of container with lid (g), W2 = Weight of container with lid and sample before drying (g), and W3 = Weight of container with lid and sample after drying (g).
[bookmark: _Hlk124187159]


Free Fatty Acids (FFA)   Horwitz (2006) and Maurikaa et al. (2020) ???????????????
The free fatty acids were determined by using AOAC technique as described by Horwitz (2006). A 2 ml phenolphthalein solution along with a few drops of 0.1M NaOH were added to 7.0g of coconut oil sample. Then, 50 ml of ethanol was added and shaken repeatedly until a faint pink hue color became permanent. In the next step, titration was done against 0.25 N NaOH and the amount of NaOH consumed was noted as S, and the same procedure for blank sample was carried out and the volume was recorded as Blank (Maurikaa et al., 2020). FFA was calculated by using following equation. Where, B=??????   S=?????     N=?????????
[bookmark: _Hlk124189081]
Iodine Number (IN)
AOAC (2016) method was used to determine the iodine value. 4.0 g of CO was placed in a conical flask and mixed with 20 ml of cyclohexane and 25ml of Wijs solution, and closed. After 30 minutes of stirring the mixture was treated with 20 ml of 15% KI solution and 100 ml of deionized water. Then, the mixture was titrated against 0.1 N sodium thiosulfate solutions (Na2S2O3) until the yellow color disappeared. Next, 2–3 drops of the starch solution were added to the same mixer, and titrated again until the blue color went away. The following equation was used to figure out the iodine number (IN): Where, B= Volume of Na2S2O3 (titrated for blank), S = Volume of Na2S2O3 (titrated for sample), and N = Normality of Na2S2O3. 
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Peroxide Value (PV)
Peroxide value was measured following AOAC (2016) technique. 5g of CO was directly added into 30 ml of the acetic acid-chloroform mixture (3:2). After adding 0.5 ml of saturated potassium iodide the solution was stirred for a minute and titrated against 0.01 N Na2SO3 until the color turned brilliant yellow. By adding 0.5 ml of 1% soluble starch indicator, the solution turned into light blue tint color and titrated with 0.01 N Na2SO3 until the color fades. The volume of the titration was noted, and the following formula was used to calculate the peroxide value (PV): Where, V = volume of Na2SO3 solution, W = weight of coconut oil (kg), and N = normality of Na2SO3 solution.

Total Phenolic Content (TPC)
The TPCs was determined by utilizing Folin–Ciocalteau Reagent (FCR) (Gutfinger, 1981). 10 g of coconut oil was mixed with 50ml hexane to extract polyphenol compounds. A rotary evaporator was used to dry and mix thoroughly with 5 ml of 80% methanol. Then, 0.3ml of aliquot was titrated with 1.5 ml of 10 times diluted FCR. Afterwards, 7.5% Na2CO3 with a volume of 1.3 ml was introduced into the solution and the mixture was allowed to stand for 30 minutes at room temperature in the dark environment. The spectrophotometer (Shimadzu, Japan) was used at 760 nm to calculate the total phenolic content (TPC), which was then converted to mg of gallic acid equivalents (mg GAE) per 100g of oil (Nevin & Rajamohan, 2004).
Antioxidant activity (AA)
There are numerous methods to determine the radical scavenging effects of antioxidants. In this study, DPPH method was used because it is reliable, fast and easy (Shimada et al., 1992). Each sample oil extract (2–10 mg/ml) in methanol was mixed with 1 ml of a DPPH methanolic solution (0.2 mM). After shaking and letting it undisturbed for 30 minutes in the dark, the absorbance was measured against a blank at 517 nm. A percentage inhibition activity was determined by the following equation. Where, A0 represents the absorbance of the control, which had no sample extract, and A1 represents the absorbance of the extract. 

Saponification Value (SV)
The SV was assessed by employing Rigaudy & Klesney (1992) and AOAC method. 2.0g oil was mixed with 25ml of 0.5N ethanolic KOH into a clean, dry Erlenmeyer flask and heated in a reflux condenser for 60 minutes. Following that, 1% phenolphthalein solution was added to the cooled mixture and titrated against 0.5N HCl. The titration was carried out until the pink color became colorless. Finally, the volume of HCl was noted for the mixture and blank sample, therefore, saponification value (SV) was calculated using the following formula. Where, B=...???, and S=????.


RESULT AND DISCUSSION
Oil Yield
The oil yield was 16.50%, 17.10% and 18.5% at 60°C, 70°C and 80°C temperature respectively. Moreover, this trend shows that with the increase of temperature the oil yield also increased, therefore, supporting previous studies who used centrifugal force for oil separation (Manikantan et al., 2016) but lower than the findings of K. N. Seneviratne & Sudarshana Dissanayake (2008). Furthermore, increasing temperature improves oil flow and reduces viscosity (Reference). However, the oil yield increases with the increase of temperature but may decreases at higher temperature because of the oil degradation and different studies showed different denaturation and coagulation properties in the range of high temperatures (Patil & Benjakul, 2018). Similarly, Subroto et al., (2015) investigated that increasing temperature affects the protein coagulation as well as oil viscosity. In addition, these observations are supported by the findings of Huang et al., (2019), who found that the sample get hydrated and become hard at excess temperature thereby affecting oil extraction. So, oil yield increases as the temperature increases but does not shows better results when the temperature exceeded 95oC. In contrast, the coconut oil yield also depends on several factors, such as, process loss, location of plantation, variety, pretreatments before extractions and age of coconut (Satheeshan et al., 2019).
Physical Characteristics 
Table1shows physical properties of coconut oil such as such as Oil Yield, Specific Gravity (SG), Refractive Index (RI) and pH which refers to the quality of CO. 


Table 1.Physical properties of CO at three different temperatures 
	Parameter
	Oil Yield (%)
	SG
	RI
	pH

	Sample at 60°C
	16.50±0.001a
	0.928±0.002a
	1.46621±0.003a
	5.40±0.61b

	Sample at 70°C
	17.10±0.002a
	0.927±0.001a
	1.46564±0.005a
	5.32±0.26b

	Sample at 80°C
	18.50±0.001a
	0.923±0.002a
	1.46272±0.011a
	5.17±0.21a

	APCC standard
	-
	0.915-0.920
	1.4480–1.4492
	-

	[bookmark: _Hlk124331709]Values are means ± SD of triplicate analyses. SD = Standard Deviation. Different superscript letters with in column indicate significant difference (≤0.05).


Specific Gravity (SG) 
The specific gravity is generally employed to assess the oil quality (Ichu C.B., and Nwakanma H.O., 2019). This study found the specific gravity in the range from 0.927 to 0.928, which is almost equal to APCC standard (0.915 - 0.920). Satheeshan et al., (2019) found specific gravity of 0.9179 at 60-100oC that is almost similar to our study. Though the specific gravity decreased from 0.928 at 60 0C to 0.923 at 80 0C, but shows that the extraction process does not significantly changed the oil density, hence remained consistent with the quality standards.








Refractive Index (RI) 
Refractive Index implies the degree of unsaturation, a RI indicates higher number of double bonds. Impurity of oil is also determined by RI number while each substance has a different RI (Kamariah et al., 2008). According to APCC, RI of coconut oil should be in the range of 1.4480-1.4492 at 40°C. In this study, the RI was found in between 1.46564 to 1.46627 at 32°C which is slightly higher than the APCC standard and higher RI value indicates higher degree of saturation due to the double bond number. Ghani et al. (2018) observed insignificant difference in their RI values of virgin coconut oils extracted using different methods. Mat Yunus et al., (2009) investigated that RI of coconut oil in the range of 1.4479 - 1.4600 at 25°C, which is almost similar to the value obtained from this study.  
The refractive index (RI) of the coconut oil samples was found to be between 1.46272 and 1.46627, which is slightly higher than the APCC standard range of 1.4480 to 1.4492 at 40°C. 
A higher RI indicates a greater degree of saturation, which is beneficial as it suggests a lower level of unsaturation that can lead to oxidative rancidity.
Refractive Index
The refractive index also showed a decreasing trend, moving from 1.46621 at 60°C to 1.46272 at 80°C. This reduction in refractive index with increasing temperature could be linked to changes in the molecular structure and interactions within the oil, which affect how light passes through the substance. The refractive index values are consistent with the expected behavior of oils as they are heated.
pH 
Table 1 shows that pH values are 5.4, 5.3 and 5.17 for 60oC, 70oC and 80oC. There is an effect of temperature on pH value indeed, because pH level decreases as temperature increases. This decreasing trend may be the outcome of the change in chemical composition due to the formation of acidic compounds, which supports the findings of Puri et al. (2023), as increasing temperature lowers the acidity and oxidative stability of the oil. After all that, the pH values are within an acceptable range, though there are no specific standards, because the oil samples maintained their stability under tested conditions.




Color 
The color characteristics of coconut oil give important insights and the measured color parameters are illustrated in Table 2, presenting the L*, a*, and b* values for better understanding the visual qualities. 
[bookmark: _GoBack]Table 2: Color characteristics of coconut oil at three different temperatures
	Sample Temperature
	[bookmark: _Hlk124246777]60°C
	70°C
	80°C

	L*
	70.39
	76.41
	76.75

	a*
	0.60
	0.84
	0.79

	b*
	-1.38
	-2.20
	-1.74


  
The color values were reported as L*, a*, b* which represents lightness, redness/greenness and yellowness/ blueness, respectively. L*, a*, b* are the differences between the corresponding color parameter of the sample and that of white standard. 
Color analysis of the coconut oil samples revealed L*, a*, and b* values that indicate the lightness, redness/greenness, and yellowness/blueness of the oil. The color values for the samples at 60°C, 70°C, and 80°C were reported as follows:
· 60°C: L* = 70.39, a* = 0.60, b* = -1.38
· 70°C: L* = 76.41, a* = 0.84, b* = -2.20
· 80°C: L* = 76.75, a* = 0.79, b* = -1.74
These results indicate that the oil becomes lighter and slightly more reddish as the temperature increases, which may be attributed to the changes in the chemical composition of the oil during extraction.
The analysis of the color characteristics of CO samples at three different temperatures (60°C, 70°C, and 80°C) provides valuable insights into the physical properties of the samples, which can influence their applications in various industries. Table 2 summarizes the color parameters measured, including L*, a*, and b* values, which are essential for understanding the visual quality of the CO samples.
Color Parameters
1. L Value (Lightness)*: The L* value, which indicates the lightness of the samples, increased from 70.39 at 60°C to 76.75 at 80°C. This increase suggests that the samples become lighter in color as the temperature rises. The enhancement in lightness could be attributed to the thermal effects on the molecular structure of the CO, which may lead to a more transparent or less pigmented appearance at higher temperatures.
2. a Value (Red-Green Component)*: The a* value, representing the red-green component, also showed an increase from 0.60 at 60°C to 0.84 at 70°C, before slightly decreasing to 0.79 at 80°C. This trend indicates that the samples initially become more red as the temperature increases, but this effect diminishes at the highest temperature. The fluctuation in the a* value may suggest complex interactions between the pigments and the thermal energy, which could affect the color perception of the samples.
3. b Value (Yellow-Blue Component)*: The b* value, which indicates the yellow-blue component, exhibited a decrease from -1.38 at 60°C to -2.20 at 70°C, followed by a slight increase to -1.74 at 80°C. The negative values suggest that the samples have a bluish tint, which becomes more pronounced at 70°C. The subsequent increase in the b* value at 80°C indicates a shift towards a less blue or more neutral color, possibly due to changes in the chemical composition or degradation of certain pigments at elevated temperatures.

Chemicals Properties 
Various chemical properties of coconut oil specifically Moisture Content (MC), Free Fatty Acid (FFA), Iodine Value (IV), Peroxide Value (PV), Total Polyphenol Content (TPC), Antioxidant Activity (AA) and Saponification Value (SV) which refers to the quality of CO were tabulated in Table-3. 
Table 3: Chemical characteristics of CO samples at various temperatures
	Temperature
	60°C
	70°C
	80°C
	APCC standard

	MC (%)
	0.18
	0.14
	0.11
	0.1-0.5

	FFA (%)
	0.777b±0.035a
	0.863c±0.021c
	0.483±0.035a
	Max 0.5

	IV(gm of I2/100 gm of oil)
	4.273±0.208a
	3.983±0.083a
	3.943±0.100a
	4.1-11.0

	PV(m-eq O2/kg)
	2.202± 0.30
	2.811± 0.30
	3.160± 0.30
	Max 5

	TPCs (mg GAE/gm of oil)
	10.57
	9.04
	6.71
	1.16-12.54

	AA (%)
	85.21
	68.27
	50.77
	-

	SV (mg KOH/1 gm)
	261.666±1.527a
	258.0±2.646a
	261.333±2.081a
	250-260 



[Values are means ± SD of triplicate analyses. SD = Standard Deviation. Different superscript letters with in column indicate significant difference (≤0.05).]
Moisture Content (MC) 
Present investigation reveals that Moisture Content (MC) of CO samples was in the range of 0.11%-0.18%as shown in Table 3, which is within the standard range of APCC (0.1% to0.5%). We found lower moisture content at 80oC sample than 60oC that is due to higher temperature. Lower moisture percentage of CO indicates an elevation of shelf life and inhibits oxidation and rancidity process, whereas higher moisture content affects oil keeping quality and initiates oxidation (Maurikaa et al., 2020). Ghani et al., (2018) found moisture content (0.10 ± 0.05) using oven dried method and (0.17 ± 0.12) using sun dried method which is almost similar to the result found from this study. On the other hand,  Maurikaa et al., (2020) found moisture content of (0.13±0.005); (0.11±0.008) and (0.7±0.044) in refined, deodorized and bleached coconut oil; cold pressed oil and virgin coconut oil respectively.  Higher moisture concentration shortens the shelf life of CO samples and accelerates oxidation and hydrolysis, and also increase their hydrolytic rancidity and FFA (Mohammed et al., 2021). 
Free Fatty Acid (FFA)
The amount FFA in coconut oil is a sign of hydrolytic rancidity, which gives the oil a bad taste and smell. Hydrolytic rancidity is mostly caused by lipase action or moisture (Sajeetha et al., 2021). The FFA obtained from this study was 0.777, 0.863 and 0.483 for 60oC, 70oC and 80oC samples respectively as shown in Table 3 which is higher than the value obtained by (Ghani et al., 2018) who found FFA content 0.30 and 0.40 from oil extracted using oven dried and sun dried method respectively. These values were slightly higher than the APCC standard and this is due to different processing conditions. According to Che Man et al., (1997), higher moisture content may give higher FFA but we got higher FFA (0.863) at MC 0.14 than FFA (0.777) at MC 0.18. 
Iodine Value (IV)
The iodine value (IV) signifies a parameter to express the degree of unsaturation in fat/oils. The higher iodine value indicates the greater unsaturation. The iodine value obtained from this study is 4.273, 3.983 and 3.943 for 60oC, 70oC and 80oC respectively as shown in Table 3and showed a significant difference (p<0.05). These low IV indicates higher saturation level of the samples which prevents the oils from oxidative rancidity (Rohman et al., 2011). The IV obtained from 60oC was highest and decreased the value with the increase in temperature which is resembling to the outcomes found by Gharby et al., (2014) who studied IV of sunflower, rapeseed and palm at 180oC temperature. Iodine value obtained from 70oC and 80oC samples were lower than APCC standard that is due to the increase in temperature. 
Peroxide Value (PV)
Peroxide value indicates the rancidity and oxidation level of lipid/fat. The PV obtained from this study was 2.202, 2.811 and 3.160 for sample of 60°C, 70°C and 80°C respectively as shown in Table 3. The low PV obtained from the sample of 60°C and there is a tendency of increasing PV with the increase in temperature. The highest PV obtained from 80°C sample which is due to oxidation before extraction of oil. Ghani et al., (2018) investigated PV 3.4 and 4.2 of virgin coconut oil extracted from oven drying and sun drying method respectively. Mukhametov et al., (2023) investigated the peroxide value of rapeseed oil and sunflower oil at 40°C to 75°C and found a significant increase in PV with the increasing in temperature. 
Total Phenolic Content (TPC)
In this study, the TPCs value obtained from this study were 10.57, 9.04, 6.71 mg GAE/gm oil for 60oC, 70oC and 80oC samples respectively which is shown in Table 3. The values obtained are within the range of APCC standard (1.16 to 12.54 mg GAE/gm of oil). Most phenolic compounds are heat-sensitive and highest temperature must be observed to ensure usefulness of phenolic compounds and the greater phenolic substances are observed at a minimum extraction temperature of 60oC (Che Sulaiman et al., 2017). Mohammed et al., (2021), found lower TPC by dry extraction method than chilling and thawing extraction method and concluded that, phenolic compounds in CO are reduced by the dry processing methods as compared to the wet processing methods. According to K. N. Seneviratne & Sudarshana Dissanayake, (2008), there was a significant difference in phenolic compounds in wet and dry extraction methods. The phenolic compounds found by this researcher were 6.18 to 9.10 mg GAE/gm of oil from wet and dry extraction methods respectively which is almost similar with our findings.
Antioxidant Activity (AA)
The higher TPCs in coconut oil contribute to higher phenolic antioxidants (Ghani et al., 2018). There is direct effect of temperature on the antioxidant activity; hence CO extracted using heating process may have lower antioxidant activity than wet processes (Réblová, 2012). The antioxidant activity found in this study is 85.21; 68.27 and 50.77 mg/ml for 60oC, 70oC and 80oC samples respectively shown in Figure-2. The greater phenolic antioxidants are observed at a minimum extraction temperature of 60oC (Che Sulaiman et al., 2017). Therefore, there is a linear inverse correlation between the relative decreases in antioxidant activity with increasing temperature. Antioxidants with higher oxidative potential loses their antioxidant capacity rapidly with increasing temperature than lower oxidisable ones (Réblová, 2012).  
Saponification Value (SV)
In this study, SV were observed in the range of 258-261 mg KOH/g oils which were slightly lower than Senphan & Benjakul, (2017) who noted SV 262.72 mg KOH/g of virgin coconut oil extracted using enzymatic techniques. The saponification value decreased from 60oC to 70oC but later increased to 161mgKOH/g oil at 80oC temperature that is exactly similar to the trend found by Mayokun et al., (2016) who studied saponification value of groundnut oil extracted using a vertical screw jack at 50oC, 60oC and 70oC. 
Conclusion
In this study we have tried to cover up the combination of convection heat and centrifuge process under different temperature, and also analyzed the physical and chemical properties of CO. Most of the physicochemical properties of coconut oil decreased with the increase in temperature; however, there were some exceptions. The physical and chemical properties obtained from this study were in the range of APCC standard that ensured the quality and purity of the oil. Furthermore, more temperature variables as well as time variables might be used in order to find out best condition to extract highest amount of oil with higher physicochemical properties.  




Afforai Results and Discussion

Chemical Characteristics
The chemical properties of the coconut oil, including moisture content, free fatty acid (FFA) levels, iodine value (IV), peroxide value (PV), total phenolic content (TPC), antioxidant activity (AA), and saponification value (SV), were also assessed(Effect of Temperature on the Yield and Quality Attributes of Coconut (Cocos Nucifera L, n.d., pp. 10–11).
· Moisture Content (MC): The moisture content of the oil samples ranged from 0.11% to 0.18%, which is within the acceptable range of the APCC standard (0.1% to 0.5%)(Effect of Temperature on the Yield and Quality Attributes of Coconut (Cocos Nucifera L, n.d., pp. 10–11). Lower moisture content at higher temperatures indicates improved shelf life and reduced risk of oxidation(Effect of Temperature on the Yield and Quality Attributes of Coconut (Cocos Nucifera L, n.d., pp. 10–11).
· Free Fatty Acids (FFA): The FFA levels were found to be 0.777%, 0.863%, and 0.483% for the samples extracted at 60°C, 70°C, and 80°C, respectively(Effect of Temperature on the Yield and Quality Attributes of Coconut (Cocos Nucifera L, n.d., p. 11). The higher FFA at 70°C suggests that moisture content may influence FFA levels, as higher moisture can lead to increased hydrolytic rancidity(Effect of Temperature on the Yield and Quality Attributes of Coconut (Cocos Nucifera L, n.d., p. 11).
· Iodine Value (IV): The IV values were recorded as 4.273, 3.983, and 3.943 for the respective temperatures(Effect of Temperature on the Yield and Quality Attributes of Coconut (Cocos Nucifera L, n.d., pp. 11–12). The decreasing IV with increasing temperature indicates a higher saturation level, which is beneficial for preventing oxidative rancidity(Effect of Temperature on the Yield and Quality Attributes of Coconut (Cocos Nucifera L, n.d., pp. 11–12).
· Peroxide Value (PV): The PV values increased from 2.202 at 60°C to 3.160 at 80°C, indicating a rise in oxidation levels with higher temperatures(Effect of Temperature on the Yield and Quality Attributes of Coconut (Cocos Nucifera L, n.d., p. 12). This trend highlights the importance of controlling extraction temperatures to maintain oil quality(Effect of Temperature on the Yield and Quality Attributes of Coconut (Cocos Nucifera L, n.d., p. 12).
· Total Phenolic Content (TPC): The TPC values were 10.57, 9.04, and 6.71 mg GAE/gm oil for the samples at 60°C, 70°C, and 80°C, respectively(Effect of Temperature on the Yield and Quality Attributes of Coconut (Cocos Nucifera L, n.d., p. 12). The higher TPC at lower temperatures suggests that heat-sensitive phenolic compounds are better preserved at lower extraction temperatures(Effect of Temperature on the Yield and Quality Attributes of Coconut (Cocos Nucifera L, n.d., p. 12).
· Antioxidant Activity (AA): The antioxidant activity was highest at 60°C (85.21%) and decreased with increasing temperature, demonstrating a direct correlation between temperature and antioxidant capacity(Effect of Temperature on the Yield and Quality Attributes of Coconut (Cocos Nucifera L, n.d., pp. 12–13). This finding emphasizes the need for careful temperature management during oil extraction to retain beneficial antioxidant properties(Effect of Temperature on the Yield and Quality Attributes of Coconut (Cocos Nucifera L, n.d., pp. 12–13).
· Saponification Value (SV): The SV values ranged from 258 to 261 mg KOH/g oil, indicating that the oil samples are within the acceptable range for coconut oil(Effect of Temperature on the Yield and Quality Attributes of Coconut (Cocos Nucifera L, n.d., p. 13). The slight decrease in SV from 60°C to 70°C, followed by an increase at 80°C, suggests that temperature variations can influence the saponification characteristics of the oil(Effect of Temperature on the Yield and Quality Attributes of Coconut (Cocos Nucifera L, n.d., p. 13).
Conclusion
In conclusion, the study demonstrates that the extraction temperature significantly affects both the yield and quality characteristics of coconut oil. While higher temperatures can enhance oil yield, they may compromise the oil's quality by increasing oxidation levels and reducing beneficial compounds. Therefore, a balanced approach to temperature management is essential for optimizing both yield and quality in the extraction of coconut oil from locally available coconuts (Cocos Nucifera L.). Further research is recommended to explore additional temperature and time variables to refine extraction processes for maximum efficiency and quality.



