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Abstract
Palm-pressed fiber oil (PPFO) is unique as it contains higher amount of carotenoids, vitamin E (tocotrienols & tocopherols) and other phytonutrients (squalene and sterols) as compared to crude palm oil (CPO). However, crude PPFO has high phosphorus content and free fatty acid (FFA) and at the same time low in deterioration of bleachability index (DOBI) that requires specific refining steps for achieving a good quality oil properties. The physical refining pilot plant scale was developed, involved a combination of step including wet and acid degumming and bleaching followed by high vacuum deacidification. The optimum refining conditions comprises wet degumming using 5.0 wt/wt% of distilled water at 90°C for 20 min, acid degumming using 0.5 wt% of phosphoric acid at 90°C for 10 min, bleaching using 1.0 wt% of natural bleaching earth at 105°C for 20 min, and deacidification at 160°C and 0.001 mmHg. A significant reduction of phosphorus content of 97% (from 633±83 ppm to 11±2 ppm) and FFA of 91% (from 5.30±0.19% to 0.35 ± 0.09%) were achieved in the pilot scale study. The DOBI value of refined red PPFO improved from 2.02 ± 0.18 to 2.68 ± 0.04. Besides, the carotenoids (986±55 ppm) and vitamin E (1075±64 ppm) in refined red PPFO were preserved by applying the mild temperature of deacidification. The pilot scale results establish a significant contribution to the feasibility of the refined red palm-pressed oil.
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Introduction
Palm-pressed fibre oil (PPFO) extracted from palm-pressed mesocarp fibre is a potential source for dietary health supplement that contains carotenoids, tocotrienols (a form of vitamin E), squalene, and phytosterol (Choo et al., 1996, 2003, 2004; Lau et al., 2008; Lau et al., 2007a; Chandrasekaram et al., 2009 and Rusnani et al., 2012; Phoon et al., 2018). PPFO is rich in natural phytonutrients such as carotenoids (1,200-2,500 ppm) and tocotrienols (1,200-2,000 ppm). Crude PPFO must be refined before consumption to remove undesirable compounds such as phospholipids and free fatty acid (FFA). Deterioration of bleachability index (DOBI) of crude PPFO was reported ranging from 1.3 to 2.0 whereas the FFA in the range of 5.0% to 7.0% (Lau et al., 2017). The presence of phospholipids can cause oil decolorization, serve as the main precursor of off-flavour and lead to the losses of neutral lipid during neutralization in the common refining process (Jiang et al. 2015). In addition, phospholipids or gums are considered as undesirable substances because they could cause pipeline and equipment fouling at high temperature processing (Nur Sulihatimarsyila et al., 2019). 
An additional process for the removal of phospholipids in crude PPFO is essential in order to overcome the circumstances due to high phosphorus content (>500 ppm) in the oil. In the refining process, high content of phospholipids in the oil is removed through degumming step by addition of water (Nur Sulihatimarsyila et al., 2019), acid (Zufarov et al., 2008) or enzyme treatment (Lamas et al., 2014). There are two types of phospholipids namely hydratable and non-hydratable phospholipids in vegetable oil. The hydratable phospholipids can cause the formation of gum deposits while storing the oil and be easily removed from the oil by adding hot water during water-degumming (Lamas et al., 2016). The phospholipids adsorb water becoming oil-insoluble substances and agglomerating into gums which are precipitated and separated by centrifugation or gravitation (Paisan et al., 2017). Meanwhile, chemical degumming is performed to split non-hydratable phospholipids using common acids such as phosphoric acid (Chew et al., 2017a; Sadhukhan et al., 2018), citric acid (Jiang et al., 2015; Makkar et al., 2009; Dijkstra and Martin, 1989) and sulphuric acid (Zhao et al., 2018).
Hydratable phospholipids were removed from crude algal oil by water degumming with 19.4% reduction of the phospholipids, followed by acid-degumming of non-hydratable phospholipids with 83% reduction (Paisan et al., 2017). Lamas et al. (2016) studied water degumming of sunflower oil and reported a drastic reduction of phosphorus content in degummed sunflower oil. The phosphorus content achieved was lower than 10 ppm and improves physicochemical parameters of the degummed oil. Zufarov et al. (2008) studied maximum phosphorus reduced to 10 ppm in pressed rapeseed and sunflower oils by a combination of water and acid-base approach which indicating better degumming efficiency of treatment. 
Bleaching is a process of removal of pigments, trace metals, various organic and impurities that promote oxidation by the physical interaction of an adsorbent i.e. bleaching earth to improve its quality. Bleaching earth is one of the ordinary adsorbents used for bleaching in the refinery of palm oil. Bleaching earth is useful to remove remaining phospholipids, oxidation products, trace metals (iron and copper) and other undesirable components in CPO (Ribeiro et al., 2018; Almelda et al., 2018; Loh et al., 2007). Natural bleaching earth is naturally activated clay used to remove impurities in the oil. Natural bleaching earth could also minimize FFA increment during the refining process. Silva et al. (2014) studied on complete physical refining process including degumming and bleaching using natural and acid-activated bleaching earths. Bleached palm oil with the natural bleaching earth showed lower carotenoids content adsorption when compared with acid-activated bleaching earth. Almeida et al. (2018) investigated the adsorption of carotenoids from CPO onto two types of bleaching earth, i.e. natural and acid-activated bleaching earths and proved that the acid-activated bleaching earth adsorb more carotenoids than natural bleaching earth by studying comparison of the mechanism of carotenes adsorption from CPO. 
Deacidification also a pre-deodorization process using vacuum-steam distillation at high temperature and low pressure conditions to remove undesired compound such as FFA, odoriferous matters, moisture and colour pigments. CPO contains natural carotenoids and vitamin E with numerous health benefits (Lau et al., 2007b; Mba et al., 2015). However, the presence of these valuable carotenoids is unfavourable for refinery as it required high temperature for breaking it down to produce light coloured oil. Conventional deacidification in the refining process has destroyed the natural carotenoids in CPO due to the high temperature processing at 260°C (Bonnie and Choo, 1999). The high temperature process from 230°C to 265°C tends to degrade the natural carotenoids by thermal oxidation during deacidification. Sampaio et al. (2017) conducted deacidification of CPO at high temperature varied from 200 to 260°C while the pressure of the deodorizer was kept between 2.0 and 2.5 mbar and found that the refined palm oil contained 610 ppm of carotenoids. The removal was mainly influenced by the deacidification at high temperature that could destroy the natural carotenoids. Therefore, the deacidification is crucial in the refining stage because of the process condition including temperature and pressure that need to be controlled to minimize carotenoids and vitamin E decomposition. In order to preserve the carotenoids (≈ 70%) in palm oil, the FFA and volatile oxidation products such as peroxides can be removed through short path distillation which uses a high vacuum and low temperature in the refining process (Nur Sulihatimarsyila et al., 2019). 
Nur Sulihatimarsyila et al. (2019) investigated a combination of processes including water-acid degumming, bleaching and deacidification to refine crude PPFO using laboratory scale. The refined PPFO was produced with rich carotenoids and vitamin E and at the same time meets the quality specifications of refined, bleached and deodorized palm oil standard at mild temperature to maintain the heat-sensitive phytonutrients. Lau et al. (2007a) studied simultaneous extraction, degumming and deacidification of PPFO using supercritical carbon dioxide. The degummed and deacidified PPFO fulfilled the specification of the refined bleached deodorized palm oil (RBDPO) with preserved and value-added phytonutrients in the refined red PPFO. 
3-monochloropropane-1,2-diol (3-MCPD) ester and glycidyl fatty acid esters (GE) are food processing contaminants that exhibit carcinogenic effects to human health (Albuquerque et al., 2019). The presence of 3-MCPD esters and GE has been reported in all refined vegetable oils and fats (Wong et al., 2019; Kamikata et al., 2019; Jedrkiewicz et al., 2016; Pudel et al., 2011). In the palm oil refining process, a higher temperature during deodorization step is required to remove FFA and at the same time to obtain acceptance colour and odour in RBDPO. However, the formation of 3-MCPD esters and GE content could be affected during deodorization step (Ermacora and Hrncirik, 2014). In addition, it also to be affected by acidity from acid in degumming and activated bleaching earth in bleaching steps. Ramli et al. (2011) studied the effects on 3-MCPD ester formation in CPO during of physical refining. The study showed that degumming and bleaching steps during physical refining process evaluated that the formation of the 3-MCPD esters increased. Phosphoric acid degumming in combination with acid activated clays produced the highest levels (3.89 ppm) of 3-MCPD esters in the RBDPO. 
Abd. Razak et al. (2012) conducted a survey to monitor 3-MCPD esters in palm oil products. 324 samples of oil palm products were collected including CPO and RBDPO. The results showed that less than 0.9 ppm and less than 5.8 ppm was detected in CPO and RBDPO, respectively. The 3-MCPD esters also affected during deep-frying at high temperature. Very recent finding proved that some selected antioxidants help to reduce the 3-MCPD esters and GE level. Wong et al., (2019) verified that selected antioxidants including tert-butylhydroquinone and oleoresin rosemary successfully can reduce the 3-MCPD esters and GE content formation in RBDPO olein during deep frying at 180°C. In addition, reducing non-hydratable phospholipids in the oil during degumming and natural bleaching earth with more neutral pH during bleaching should be considered to reduce the formation of 3-MCPD esters. 
Many researchers performed on physical and chemical refining processes of vegetable oil in laboratory scales (Durmaz and Gokmen, 2018; Gurdeep Singh et al., 2017; Manjula and Subramanian, 2009; Lin et al., 1997). However, they are limited number of studies of refining process reported in pilot plant scale (Azis et al., 2016; Ramli et al., 2009; Paula et al., 2008). 
The objective of the present study was to conduct pilot plant on physical refining and investigate all processes such as degumming, bleaching and deacidification. of the production of refined red palm-pressed fibre oil from crude PPFO. This paper described a method of treating crude PPFO will then make it easier to overcome the limitation in handling the oil with high phospholipids and the same time of preserving carotenoids and vitamin E in the PPFO by the physical refining process in the pilot plant scale with capacity of 200 kg/hr. The refined red PPFO was then analyzed for selected quality parameter including phosphorus content, FFA, DOBI, 3-MCPD esters, GE, carotenoids and vitamin E content. A 200-kg batch physical refining pilot plant was used for the study as it provides the most realistic information and could represent the actual conditions of commercial-scale plants and their practices.
Methodology

Materials

Solvent-extracted crude PPFO was purchased from solvent extraction palm-pressed mesocarp plant located in Johor, Malaysia. The crude PPFO was kept in cold room at 6°C prior to the refining process in the pilot plant. Phosphoric acid (Analytical grade) was purchased from Merck KGaA, Darmstadt, Germany. Natural bleaching earth (NBE) was obtained from Taiko Bleaching Earth Sdn. Bhd., Parit Buntar, Perak, Malaysia. All chemicals used were of analytical grade.
Physical refining pilot plant  
The degumming and bleaching pilot plant was designed for batch operation. The main operation units applied for the refining process were reaction vessel, bleacher, centrifuge, pressure leaf filter and polishing filter. The process flow diagram is shown in Figure 1. The reaction vessel was designed to process 300 kg per batch of crude PPFO. The integral parts of the reaction vessel include agitator, bleaching hopper, static mixer and heating element. The heat source was supplied using steam that promote efficient melting and to prevent solidification. The setting values refining process parameter were conducted as shown in Table 1. Approximately 200 kg of crude PPFO was transferred into the reaction vessel. The crude PPFO was heated at 90°C with gentle agitation. For water degumming step, water was heated to 80°C in a hot water tank. About 10 kg of hot water (5 wt %) was pumped into the reaction vessel and stirred for 20 min under 1400 rpm at atmospheric condition. The phospholipids/gums were then separated from the oil phase by centrifugation at 8000 rpm. The separated oil was transferred to the intermediate tank prior to transfer back to the reactor. The phosphorus content in the water-degummed PPFO was analyzed. A two-step water degumming was performed for the crude PPFO in order to reduce of the phosphorus content to below 30 ppm. The water-degummed oil was then dried at 90°C under vacuum and kept at this temperature for 20 min to remove excess water prior to acid degumming step. After the drying step, the moisture content of water-degummed PPFO was found to be less than 0.5% wt. Accurately, 0.5 wt% of phosphoric acid at 20% concentration was added into the water-degummed PPFO in the reaction vessel at 90°C and stirred for 10 min. This was followed by bleaching step using 1wt% of natural bleaching earth added into the acid-degummed PPFO at 110°C and stirred for 15 min. After bleaching was completed, the oil was filtered by pressure leaf filter to remove spent bleaching earth. The filtrate was then passed through the polishing filter to remove the remaining small particulate materials. The bleached PPFO was further subjected to deacidification to remove FFA and residual oxidation products at 160°C to 170°C at 0.001 mmHg via a short path distillation unit.  The refined red RPPFO was collected as residue and FFA was collected as distillate. The resulting water- and acid-degummed PPFO, bleached PPFO and refined red PPFO were characterized for their phosphorus content, DOBI, FFA, 3-MCPD esters, GE content, carotenoids and vitamin E contents. On an average, five pilot plant scale trials were conducted for each unit operation. 
Table 1. 
Optimum physical refining conditions in the pilot plant scale

	 Process step
	      Parameters (Setting value)

	Water degumming
	      Temperature, T = 90°C; Time, t = 20 min; Water dosage = 5.0 wt %

	Acid degumming
	      Temperature, T = 90°C; Time, t = 10 min; Acid dosage = 0.5 wt %

	Bleaching
	      Temperature, T = 110°C; Time, t = 15 min; Bleaching dosage = 1.0 wt %

	Deacidification
	      Temperature, T = 160°C; Pressure, P = 0.001 mmHg


[image: image1.emf] Fig. 1 Process flow diagram of the physical refining pilot plant
Analysis of oil

The water- and acid-degummed PPFO, bleached PPFO and refined red PPFO samples were analyzed for oil quality parameters, including phosphorus content, FFA, DOBI, 3-MCPD esters, GE, carotenoids and vitamin E. All analysis were carried out in triplicates and average results were reported.

Phosphorus content

The phosphorus content of degummed PPFO was determined according to Malaysian Palm Oil Board (MPOB) Test Method p2.8 Part 1(b): 2004 (MPOB, 2005). Approximately 5 g of sample was ashed in the presence of 0.1 g of magnesium oxide in a furnace at 800°C for 2 h. The ash was dissolved in 5 mL of 6 M aqueous nitric acid solution. The yellow substance complex was formed by adding a mixture of 10 mL of 5% aqueous ammonium molybdate solution and 10 mL of acidic aqueous ammonium vanadate solution. The absorbance of the mixture was measured using a UV-Vis spectrophotometer (UVmini-1800, Shidmazu Corporation, Japan) at 460 nm after a 20 min mixing. The absorbance obtained for each sample was converted to phosphorus content using the following Eq. (1)
Phosphorus content (ppm) = [(25 × m1)/m] ×1000

Eq. (1)
where m1 is the concentration of phosphorus in mg/mL, calculated from the calibration curve built from a series of concentrations of phosphate solutions (4, 8, 12 and 16 µg/mL) react with a 20 mL mixture of ammonium molybdate and ammonium vanadate solution and 6 M nitric acid and m is the weight of the oil sample (g).  



     
Free fatty acid

Free fatty acid (FFA) was determined by titration method according to MPOB Test Method p2.5: 2004 (MPOB, 2005). Results were expressed as the percentage of palmitic acid (C16:0, molecular weight, MW = 256 g/mol).

Deterioration of bleachability index

The deterioration of bleachability index (DOBI) was determined using the MPOB Test Method p2.9: 2004 (MPOB, 2005) measured by a UV-Vis spectrophotometer (UVmini-1800, Shidmazu Corporation, Japan). This index corresponds to the ratio of the spectrophotometric absorbance at 446 nm (maximum non-oxidized carotenoids) to the absorbance at 269 nm (maximum oxidized carotenoids).

The DOBI value is obtained by Eq. (2).

DOBI = Absorbance at 446 nm


Eq. (2)

  

  Absorbance at 269 nm
The higher the DOBI, the lower the amount of oxidized carotenoids. DOBI more than 2.5 indicates a good CPO quality. Value below 2.0 indicates poor quality oil which could be difficult to bleach (Silva et al., 2014).

Total carotenoids content

Carotenoids content, expressed as β-carotene was determined by measuring the maximum UV absorbance at 446 nm of a sample diluted in iso-octane using UV-Vis Spectrometer (UVmini-1800, Shidmazu Corporation, Japan) (MPOB Test Method p2.6: 2004 (MPOB, 2005). 
Total vitamin E content 
Vitamin E content was determined by high-performance liquid chromatography (HPLC) with fluorescence detector (Agilent Technologies, Palo Alto, CA) using C18 column (150 mm x 4.6 mm i.d.) and a mobile phase of acetonitrile/methanol (50:50, v/v) at a flow rate of 1.0 ml per min. 

3-monochloropropane-1,2-diol esters and glycidyl esters contents 

3-monochloropropane-1,2-diol (3-MCPD) esters was determined according to AOCS official method Cd 29a-13. This is an indirect acid transesterification method that involves the conversion of glycidyl esters (GE) to 3-monobromopropanediol (3-MBPD) monoesters in an acid solution containing a bromide salt, followed by the release of 3-MBPD and 3-MCPD from their esters, derivatization by phenylboronic acid (PBA) and quantification with gas chromatography with mass spectrometry detection (GC–MS). All the working solutions were prepared from their standard stock solutions (1 mg/mL) to 55 μg/ mL for PP-3-MCPD and 100 μg/mL for Gly-P. Internal standards were also prepared from their stock solutions (1 mg/mL) to 40 μg/mL PP-3-MCPD-d5 and 50 μg/mL Gly-P-d5. In this study, working solutions of PP-3-MCPD and PP-2-MCPD at 0.55 μg/mL as well as Gly-P at 1 μg/mL were prepared to establish lower concentrations to validate the detection limit. Derivatization of standard and refined edible oils/fats samples were also carried out according to AOCS method Cd 29a-13 (AOCS). The pre-processed sample (1 μl) was injected into GC-MS (5975C Agilent Technologies, USA) with a capillary column (DB-17MS 30 m × 0.25 mm I.D. × 0.25 μm film thickness, Agilent Technologies, USA). Helium gas with a flow rate of 0.8 mL/min was used as carrier gas. The injector was set at 250 °C in splitless mode. The column temperature was programmed from 80 °C (held for 1 min), with an increase at 10 °C/min to 170 °C, then 3 °C/min to 200 °C, followed by 300 °C at a rate of 15 °C/min. The fragment ion traces m/z 147 was targeted for 3- MCPD, and m/z 150 was targeted for 3-MCPD-d5 for the ion quantifiers. 
Results and Discussion
Effects on phosphorus content 
Solvent-extracted crude PPFO was analyzed for its phosphorus content, FFA, DOBI, 3-MCPD esters, GE, carotenoids and vitamin E. Table 2 shows the properties of the solvent-extracted crude PPFO. The DOBI of the crude PPFO was 2.02 ± 0.18, indicating that the crude PPFO is hard to bleach during refining process. The low DOBI is due to the co-extraction of phospholipids or gum found in the bilipid membrane layer of the plant cells. Initial content of phosphorus, carotenoids and vitamin E was 633±83 ppm, 1,467±35 ppm and 1,527±73 ppm, respectively. The FFA content of solvent-extracted crude PPFO was 5.30±0.18 % (expressed in palmitic acid). Practical interest of pilot plant studies is to acquire a constant and commercially feasible system. 

Quality of crude PPFO can be improved by removing high amount of hydratable gums or phospholipids. Removal of phospholipids in crude PPFO is one of the toughest steps in the refining process. In the refining pilot plant, the crude PPFO was subjected to water degumming step followed by acid degumming step. It was proved that phosphorus content in crude PPFO was most significantly reduced during the water degumming step. The phosphorus content dropped from the initial 633±83 ppm to 58±7 ppm with 5.0 v/v% of hot distilled water after injected into the crude PPFO during the water degumming step followed by separation of oil from phospholipids in the centrifuge as illustrated in Figure 2. The degumming efficiency in water degumming step was 90.7% which revealed that water had a significant effect on gum removal. During water degumming step, the hot water is dispersed in the crude PPFO to form an interface between oil and that enables the hydratable phospholipids to be mobile into water phase and removed via centrifuge separation (Nur Sulihatimarsyila et al., 2019). Antoniassi et al. (1998) observed a higher reduction of the phosphorus content with 2 wt% of water added into water degumming step of crude corn oil. After water degumming, the left over residual phospholipids in the water-degummed PPFO are in the form of non-hydratable phospholipids that requires additional treatment of acid degumming (Jiang et al., 2015). The water-degummed PPFO must pass through an acid degumming step with phosphoric acid to convert non-hydratable phospholipids into hydratable phospholipids which indicating better degumming efficiency. In this study, 0.5 wt% of phosphoric acid was added into the reaction vessel for acid degumming step. It is important to know the optimum dosage of the phosphoric acid is applied because of excessive phosphoric acid will impact the quality of oil which may increase the phosphorus content in the final oil. Acid degumming is expected to further reduce the phosphorus content in the water-degummed PPFO. The water and acid degumming steps in the refining process are considered optimum if the phosphorus content in the acid-degummed PPFO was reduced to below 20 ppm. Natural bleaching earth used in the bleaching was to remove the last remaining phospholipids. The phosphorus content in the bleached PPFO was 11±2 ppm. It is important to note that phosphorus content shall be lower 15 ppm in the oil prior to deacidification step for producing the refined red PPFO.
Table 2
        Properties of solvent-extracted crude palm-pressed fibre oil (PPFO).

	Properties
	Solvent-extracted crude PPFO*

	Phosphorus content (ppm)
	633±83

	Free fatty acid, FFA (%)
	5.30±0.19

	DOBI
	2.02±0.18

	Carotene content (ppm)
	1,467±35

	Vitamin E (ppm)
	1,527±73


Note: *The solvent-extracted crude PPFO was collected from a solvent extraction plant in Johor,   Peninsular Malaysia.

Results are mean values and ± standard deviation (n = 3) of oil samples. 
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Fig. 2. Phosphorus content of palm-pressed fibre oil with different treatment step during refining process. 

Results are mean values (n=5) by duplicate degumming step. Error bars represent the standard deviations of mean values. 

Effects on FFA content and DOBI value

The FFA and DOBI values of crude PPFO, water-, acid-degummed PPFO, bleached PPFO and refined red PPFO are showed in Table 3. It was observed that quality of the refined red PPFO produced from the pilot plant was comparable to that laboratory scale study as performed by Nur Sulihatimarsyila et al. (2019). The crude PPFO with moderate DOBI value of 2.02±0.18 was difficult to be bleached. However, after the water and acid degumming steps, DOBI value of the acid-degummed PPFO had increased to 2.25±0.11 after treated with 5.0 wt/wt% of hot distilled water and 0.5 wt% of phosphoric acid, respectively. Meanwhile, the content of FFA in the water-degummed PPFO was found to decrease as gums were removed. Removal of phospholipids in crude PPFO by water degumming step caused slight reduce of FFA in the oil. The decrease of FFA detected because of sufficient drying process to remove an excess water used in water degumming step prior to acid degumming step. Deacidification at 160°C under 0.001 mmHg resulted in a reduction of FFA from 5.3±0.19% in crude PPFO to 0.35±0.09% in refined red PPFO. The removal of FFA using short path distillation is highly dependent on temperature and vacuum of the system. At 160°C, about 97% of the FFA reduction was observed. The short path distillation was capable of reducing the FFA of the final product to less than 0.1% by subjecting to second step distillation. The FFA was distilled out as vapour phase in the short path distillation system, which led to a decrease of FFA in refined red PPFO. This result is comparable to the previous study using similar approach. Shi et al. (2018) obtained about 95% of the FFA reduction in sea buckthorn oil with high FFA at a temperature of 170°C using short path distillation system. 
Table 3.

Properties of solvent-extracted crude palm-pressed fibre oil (PPFO) and refined red palm-pressed fibre oil.
	Sample
	
	Properties
	

	
	DOBI
	DOBIa
	FFA, %
	FFA, %a

	Solvent-extracted crude PPFO
	2.02 ± 0.18
	1.99±0.03
	5.30 ± 0.19
	5.94

	Water-degummed PPFO
	2.13 ± 0.08
	2.62±0.01
	5.11 ± 0.38
	-

	Acid-degummed PPFO
	2.25 ± 0.11
	2.65±0.01
	5.17 ± 0.14
	-

	Bleached PPFO
	2.41 ± 0.06
	2.58±0.05
	5.15 ± 0.12
	-

	Refined red PPFO
	2.68 ± 0.04
	2.87±0.17
	0.35 ± 0.09
	0.15


Note: Solvent-extracted crude PPFO was collected from a solvent extraction plant in Johor, Peninsular Malaysia.           

  
aPPFO properties from laboratory result studied by Nur Sulihatimarsyila et al., (2019)        

Results are mean values and ± standard deviation (n = 5) of duplicate refining process
Effects on 3-MCPD esters and GE contents
The formation of 3-MCPD esters and GE were investigated in three different oil samples, i.e. crude PPFO, bleached PPFO and RPPFO as shown in Table 4.  The 3-MCPD esters and GE were not detected in crude PPFO. The concentration of 3-MCPD esters increased slightly to 0.01 ppm and GE was not detected in the bleached PPFO due to advantageous from degumming with water and natural bleaching earth. Factors that cause the formation of 3-MCPD ester are chloride content, excess amount of phosphoric acid and type of bleaching earth (Ramli et al., 2011). The result obtained from this pilot plant refining showed that water degumming has removed chloride from the oil which is the reactant for the formation of 3-MCPD ester. On the other hand, phosphoric acid and natural bleaching earth used did not increase the formation of 3-MCPD esters in the bleached PPFO. Reducing levels of hydratable phospholipids in PPFO in water degumming would result in used during chemical degumming step. Marginal increase of 3-MCPD esters of 0.32 ppm in the RPPFO was found. The results showed that use of moderate temperature at 160°C during deacidification does not increase the formation of 3-MCPD esters and GE. Wong et al. (2017) found that 3-MCPD esters was produced in the refined palm olein during frying at 160 and 180°C probably due to presence of moisture and other food stuffs during frying. Water degumming and low temperature deacidification are the two key elements that can mitigate the formation of 3-MCPD esters and GE. 
    Table 4.

Level of 3-MCPD esters GE of solvent-extracted crude palm-pressed fibre oil (PPFO) and refined red palm-pressed fibre oil 
	 
	Solvent extracted PPFOa
	CPOb

	 
	Crude
	Bleached PPFO
	Refined red PPFO 
	Crude 
	Bleached palm oil 
	RBDPO

	3-MCPD esters (ppm)
	N.D.
	0.01
	0.32
	0.5
	1
	2.4

	GE (ppm)
	N.D.
	N.D.
	N.D.
	 
	 
	 


Note: CPO = Crude palm oil

RBDPO = Refined bleached deodorized palm oil



N.D. = Not detected
a (This study)
b (Ramli et al., 2011)
Effect on carotenoids and vitamin E contents

The effects of refining process on minor components retained in the PPFO such as carotenoids and vitamin E were investigated. Figure 3 illustrates the carotenoids and vitamin E contents in the crude PPFO, water-degummed PPFO, acid-degummed PPFO, bleached PPFO and refined red PPFO. The water degumming step showed very minimum degradation of carotenoids and vitamin E. The carotenoids and vitamin E in the water-degummed PPFO were found to be 1467±35 ppm and 1485±36 ppm as compared to crude PPFO of 1398±12 ppm and 1527±23 ppm, respectively. The hot water and mild temperature (90°C) employed in the water degumming step has insignificant impact on the reduction of carotenoids and vitamin E content in crude PPFO.


During bleaching step, 1.0 wt% of natural bleaching earth was added into acid-degummed PPFO through the hopper on the top of the reactor vessel. The results showed that 82% and 89% of the carotenoids and vitamin E were preserved in the bleached PPFO, respectively. The natural bleaching earth had less active bonding sites to entrap carotenoids compared to other adsorbent i.e. activated bleaching earth and silica. Silva et al. (2014) reported that CPO bleached by natural bleaching earth gave lower adsorption in carotenoids and vitamin E contents.
The carotenoids and vitamin E were reduced during deacidification process due to the temperature applied at short path distillation. Deacidification temperature applied in this study was selected based mainly on the capability of the process to retain the highest carotenoids and vitamin E contents (67% and 70%, respectively) in refined red PPFO. The results revealed that carotenoids and vitamin E are heat sensitive and could be thermally degraded at high temperature processing. However, the reduction was insignificantly as compared to conventional FFA stripping at high temperature i.e. 265°C as to remove colour pigments, carotenoids and vitamin E (Chew et al., 2017b). In fact, more than 98% of the carotenoids were destroyed during the conventional refining process.
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Fig. 3. Carotenoids and vitamin E  contents of the crude PPFO, water-, acid-degummed PPFO, bleached PPFO and refined red PPFO. Results are mean values (n=5) by duplicate refining process. Error bars represent the standard deviations of mean values.
Material balance
The material balance for refined red PPFO from crude PPFO using pilot plant scale is illustrated in Figure 4. Calculation of the material balance is important to determine the productivity and efficiency of the production. Weigh of crude PPFO 200 kg/hr contained 64.4 kg/hr gums and successfully removed in water-degumming step. After the physical refining, 36% of the weight of the refined red PPFO was lost because of the gums removal and pigments retain in the residual oil during bleaching step. Finally, the bleached oil was deacidified through deacidification step to remove fatty acid. A total of 128 kg/hr of refined red PPFO was produced.

Fig. 4 Material balance of refining pilot plant 
Conclusion
The novel physical refining at pilot plant scale for the production of refined red PPFO had been successfully carried out. Water degumming step with 5.0 wt/wt% of hot distilled water at 90°C for 20 min reaction was able to remove hydratable phospholipids with degumming efficiency of 91%. The refined red PPFO showed 97% reduction of phosphorus content and FFA removal of 91%, while DOBI improved by 33%. Less phosphoric acid in acid degumming and use of natural bleaching earth in bleaching should be considered as an option to reduce the formation of 3-MCPD ester in refined red PPFO. About 67% and 70% of carotenoids and vitamin E were preserved under deacidification in the refining pilot plant via short path distillation. The pilot scale investigation had demonstrated the successful conversion of laboratory findings to a bigger scale operation, and the possibility for commercial adoption.
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Chart1

		Crude PPFO		Crude PPFO		34.7375877113		1		73.3300756852		1

		Water-degummed PPFO		Water-degummed PPFO		12.0623380818				36.1012465159

		Acid-degummed PPFO		Acid-degummed PPFO		47.9531020894				34.3758636255

		Bleached PPFO		Bleached PPFO		73.3505282871				50.7523398475

		Refined red PPFO		Refined red PPFO		55.4147994673				64.2744117048



Carotenoids

Vitamin E
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Concentration, ppm
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solid IV

		

		SAMPLE NAME		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL		IV (CALCULATION)		IV (TITRATION)		REMARKS

		PPFO crude

		Batch 1 (19/10/15)		0.33		5.99		2.86		47.25				1.82		33.97		6.73		0.59		0.14		100

		Batch 2 (20/10/15)		0.39		7.65		3.28		42.52				2.98		33.22		8.58		0.70		0.18		100

										Batch 1 (19/10/15)				Batch 2 (20/10/15)

				ME		Factor				FAC		IV		FAC		IV

				C16:1		0.95				0		0		0		0

				C18:1		0.86				33.97		29.21		33.22		28.57

				C18:2		1.732				6.73		11.66		8.58		14.86

				C18:3		2.616				0.59		1.54		0.70		1.83

												42.41				45.26

								0.25		0.95		40.93		4.76		39.92		11.99		0.79





Olein IV

		

		Temperature		15°C

		SAMPLE NAME		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		PPFO		0.2		3.18		2.55		43.62		0.29		3.92		36.13		9.19		0.8		0.11		100

		1:1		0.86		4.42		2.52		40.42		0.33		4.54		36.14		9.4		1.23		0.15		100

		1:2		1.73		4.37		2.36		40.99		0.33		3.85		35.59		9.97		1.58		0.12		101

		1:3		0.60		4.46		2.38		42.01		0.40		3.88		35.80		9.51		0.71		0.25		100

		1:4		0.38		4.23		2.33		43.38		0.26		3.79		35.14		9.16		1.21		0.1		100

		1:5		0.18		4.37		2.42		43.65		0.23		3.79		35.34		8.99		0.96		0.09		100

		1:6		0.78		3.86		2.16		41.32		0.28		3.99		36.94		9.45		1.1		0.13		100

		1:7		0.61		4.06		2.29		41.64		0.29		4.03		36.61		9.56		0.92		0		100

		1:8		0.33		4.47		2.41		42.78		0.47		3.79		35.49		9.44		0.75		0.06		100

		1:9		0.71		2.9		2.43		43.72		0.27		3.68		35.93		9.22		0.98		0.15		100

		1:10		0.2		3.97		2.19		41.36		0.15		3.82		37.02		9.66		1.26		0.1		100

						1:1				1:2				1:3				1:4				1:5

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.33		0.3135		0.33		0.3135		0.40		0.38		0.26		0.247		0.23		0.2185

		C18:1		0.86		36.14		31.08		35.59		30.6074		35.80		30.788		35.14		30.2204		35.34		30.3924

		C18:2		1.732		9.4		16.28		9.97		17.26804		9.51		16.47132		9.16		15.86512		8.99		15.57068

		C18:3		2.616		1.23		3.22		1.58		4.13328		0.71		1.85736		1.21		3.16536		0.96		2.51136

								50.89				52.32				49.50				49.50				48.69

						1:6				1:7				1:8				1:9				1:10

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.28		0.266		0.29		0.2755		0.47		0.4465		0.27		0.2565		0.15		0.1425

		C18:1		0.86		36.94		31.7684		36.61		31.4846		35.49		30.5214		35.93		30.8998		37.02		31.8372

		C18:2		1.732		9.45		16.3674		9.56		16.55792		9.44		16.35008		9.22		15.96904		9.66		16.73112

		C18:3		2.616		1.10		2.8776		0.92		2.40672		0.75		1.962		0.98		2.56368		1.26		3.29616

								51.28				50.72				49.28				49.69				52.01

		Temperature		10°C

		Solvent ratio		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		1:1		0.6		4.39		2.29		38.79		0.29		3.94		38.68		9.92		1.05		0.05		100

		1:2		0.37		4.5		2.35		40.04		0.28		3.83		37.73		9.8		1.04		0.06		100

		1:3		0.87		4.41		2.48		40.89		0.43		3.86		36.29		9.83		0.92		0.03		100

		1:4		0.24		3.81		2.61		43.49		0.28		3.72		35.49		9.56		0.81		0		100

		1:5		0.36		4.88		1.67		43.67		0.28		3.87		36.5		9.78		0.95		0		102

		1:6		0.57		4.61		2.5		42.88		0.28		3.92		35.13		9.28		0.84		0		100

		1:7		0.24		4.4		2.41		42.48		0.27		3.83		36.06		9.24		1		0.07		100

		1:8		0.36		3.45		2.38		42.82		0.33		4.03		36.14		9.41		1.02		0.06		100

		1:9		0.25		3.98		2.22		41.33		0.49		4.31		36.8		9.42		1.09		0.11		100

		1:10		0.51		4.04		2.28		42.83		0.24		3.77		36.09		9.27		0.93		0.03		100

						1:1				1:2				1:3				1:4				1:5				PPFO

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.29		0.2755		0.28		0.266		0.43		0.4085		0.28		0.266		0.28		0.266		0.29		0.2755

		C18:1		0.86		38.68		33.26		37.73		32.4478		36.29		31.2094		35.49		30.5214		36.50		31.39		36.13		31.0718

		C18:2		1.732		9.92		17.18		9.80		16.9736		9.83		17.02556		9.56		16.55792		9.78		16.93896		9.19		15.91708

		C18:3		2.616		1.05		2.75		1.04		2.72064		0.92		2.40672		0.81		2.11896		0.95		2.4852		0.80		2.0928

								53.47				52.41				51.05				49.46				51.08				49.36

						1:6				1:7				1:8				1:9				1:10

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.28		0.266		0.27		0.2565		0.33		0.3135		0.49		0.4655		0.24		0.228

		C18:1		0.86		35.13		30.2118		36.06		31.0116		36.14		31.0804		36.80		31.648		36.09		31.0374

		C18:2		1.732		9.28		16.07296		9.24		16.00368		9.41		16.29812		9.42		16.31544		9.27		16.05564

		C18:3		2.616		0.84		2.19744		1.00		2.616		1.02		2.66832		1.09		2.85144		0.93		2.43288

								48.75				49.89				50.36				51.28				49.75

		Solvent ratio		IV from different temperature										Solvent ratio		IV from different temperature

				15°C		10°C		5		0						15°C		10°C		5		0

		1:1		50.89		53.47		51.22		47.11				1:1		46		51		51		53

		1:2		52.32		52.41		50.1		46.47				1:2		47		50		52		52

		1:3		49.5		51.05		49.83		53.57				1:3		51		50		50		54

		1:4		49.5		49.46		53.24		58.55				1:4		49		50		53		59

		1:5		48.69		51.08		50.97		57.95				1:5		51		50		51		58

		1:6		51.28		48.75		53.52		56.99				1:6		49		51		54		57

		1:7		50.72		49.89		51.05		58.47				1:7		50		51		51		58

		1:8		49.28		50.36		54.91		59.6				1:8		49		50		55		60

		1:9		49.69		51.28		52.89		65.7				1:9		50		51		53		63

		1:10		52.01		49.75		52.72		59.07				1:10		50		52		53		59

		Temperature		5°C

		Solvent ratio		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		1:1		0.3		4.62		2.49		40.54		0.34		3.83		37.31		9.53		0.88		0.01		100

		1:2		0.2		2.39		2.97		43.18		0.47		3.48		36		9.3		0.99		0.03		99

		1:3		0.26		5.06		2.65		40.65		0.29		3.71		36.08		9.46		0.82		0.10		99

		1:4		0.67		4.67		2.41		38.67		0.28		3.91		38.34		9.9		1.09		0.06		100

		1:5		0.29		3.25		2.81		43.22		0.31		3.74		36.89		9.69		0.83		0.03		101

		1:6		0.45		4.38		2.29		38.28		0.24		4.02		38.78		9.94		1.04		0.16		100

		1:7		0.54		4.03		2.39		40.02		0.26		4.01		37.07		9.43		0.99		0.02		99

		1:8		0.29		4.7		2.45		39.68		0.26		3.89		39.78		10.25		1.03		0.02		102

		1:9		0.65		4.55		2.35		38.54		0.25		3.72		37.66		10.13		1.04		0.04		99

		1:10		0.31		2.97		1.71		39.92		0.27		3.98		38.79		9.96		0.71		0.04		99

		PPFO		0.35		4.58		2.58		43.64		0.29		3.63		34.03		8.81		0.8		0.06		99

						1:1				1:2				1:3				1:4				1:5				PPFO

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.34		0.323		0.47		0.4465		0.29		0.2755		0.28		0.266		0.31		0.2945		0.29		0.2755

		C18:1		0.86		37.31		32.09		36.00		30.96		36.08		31.0288		38.34		32.9724		36.89		31.7254		34.03		29.2658

		C18:2		1.732		9.53		16.51		9.30		16.1076		9.46		16.38472		9.90		17.1468		9.69		16.78308		8.81		15.25892

		C18:3		2.616		0.88		2.30		0.99		2.58984		0.82		2.14512		1.09		2.85144		0.83		2.17128		0.80		2.0928

								51.22				50.10				49.83				53.24				50.97				46.89

						1:6				1:7				1:8				1:9				1:10

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.24		0.228		0.26		0.247		0.26		0.247		0.25		0.2375		0.27		0.2565

		C18:1		0.86		38.78		33.3508		37.07		31.8802		39.78		34.2108		37.66		32.3876		38.79		33.3594

		C18:2		1.732		9.94		17.21608		9.43		16.33276		10.25		17.753		10.13		17.54516		9.96		17.25072

		C18:3		2.616		1.04		2.72064		0.99		2.58984		1.03		2.69448		1.04		2.72064		0.71		1.85736

								53.52				51.05				54.91				52.89				52.72

		Temperature		0°C

		Solvent ratio		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		1:1		0.41		4.1		2.29		43.69		0.42		2.99		38.02		6.49		1.06		0.54		100

		1:2		0.63		4.51		2.62		44.3		0.67		3.17		35.41		6.16		1.80		0.74		100

		1:3		0.75		3.98		2.16		39.84		0.32		2.9		38.6		10.14		0.96		0.35		100

		1:4		0.19		2.1		1.94		37.3		0.29		3.04		42.88		11.13		0.81		0.31		100

		1:5		0.26		3.73		2.04		37.2		0.41		3.28		40.37		11.06		1.41		0.24		100

		1:6		0.21		3.49		1.96		37.72		0.29		3.1		40.98		11.28		0.74		0.24		100

		1:7		0.29		2.94		2.91		35.12		3.63		2.77		41		11.11		0.2		0.02		100

		1:8		0.33		2.7		1.55		36.87		0.32		3.12		42.08		11.77		1.04		0.23		100

		1:9		0.39		1.94		1.81		30.95		0.52		3.54		46.47		12.96		1.07		0.35		100

		1:10		0.12		1.26		1.29		38.02		0.3		3.42		43.18		11.44		0.7		0.26		100

						1:1				1:2				1:3				1:4				1:5

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.42		0.399		0.67		0.6365		0.32		0.304		0.29		0.2755		0.41		0.3895

		C18:1		0.86		38.02		32.70		35.41		30.4526		38.60		33.196		42.88		36.8768		40.37		34.7182

		C18:2		1.732		6.49		11.24		6.16		10.66912		10.14		17.56248		11.13		19.27716		11.06		19.15592

		C18:3		2.616		1.06		2.77		1.80		4.7088		0.96		2.51136		0.81		2.11896		1.41		3.68856

								47.11				46.47				53.57				58.55				57.95

						1:6				1:7				1:8				1:9				1:10

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.29		0.2755		3.63		3.4485		0.32		0.304		0.52		0.494		0.3		0.285

		C18:1		0.86		40.98		35.2428		41.00		35.26		42.08		36.1888		46.47		39.9642		43.18		37.1348

		C18:2		1.732		11.28		19.53696		11.11		19.24252		11.77		20.38564		12.96		22.44672		11.44		19.81408

		C18:3		2.616		0.74		1.93584		0.20		0.5232		1.04		2.72064		1.07		2.79912		0.70		1.8312

								56.99				58.47				59.60				65.70				59.07

		Dry Fractionation

				C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		Refined PPFO		0		1.5		1.4		42		0		4.2		38.9		10.9		1		0		100

		Olein		0		1.9		1.4		37.5		0		3.9		43.4		10.6		0.80		0.00		100

		Stearin		0		1.2		1.5		56.2		0		4.3		28.6		6.9		0.80		0.00		100

						Refined PPFO				Olein				Stearin

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0		0		0.00		0		0.00		0

		C18:1		0.86		38.9		33.45		43.40		37.324		28.60		24.596

		C18:2		1.732		10.9		18.88		10.60		18.3592		6.90		11.9508

		C18:3		2.616		1		2.62		0.80		2.0928		0.80		2.0928

								54.95				57.78				38.64
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stearin IV

		Stearin IV

		Temperature		15°C

		SAMPLE NAME		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		1:1		0.69		2.94		2.17		56.45		0.13		4.07		26.08		6.21		1.17		0.08		100

		1:2		1.12		2.80		2.11		59.17		0.51		3.99		24.02		5.21		0.74		0.34		100

		1:3		3.90		2.35		1.78		51.85		1.27		5.11		23.58		6.32		2.48		1.34		100

		1:4		1.51		2.75		1.87		58.66		0.78		2.78		22.15		7		1.89		0.61		100

		1:5																						0

		1:6																						0

		1:7																						0

		1:8																						0

		1:9																						0

		1:10																						0

						1:1				1:2				1:3				1:4				1:5

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.13		0.1235		0.51		0.4845		1.27		1.2065		0.78		0.741		0		0

		C18:1		0.86		26.08		22.43		24.02		20.6572		23.58		20.2788		22.15		19.049		0.00		0

		C18:2		1.732		6.21		10.76		5.21		9.02372		6.32		10.94624		7.00		12.124		0.00		0

		C18:3		2.616		1.17		3.06		0.74		1.93584		2.48		6.48768		1.89		4.94424		0.00		0

								36.37				32.10				38.92				36.86				0.00

						1:6				1:7				1:8				1:9				1:10

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0		0		0		0		0		0		0		0		0		0

		C18:1		0.86		0.00		0		0.00		0		0.00		0		0.00		0		0.00		0

		C18:2		1.732		0.00		0		0.00		0		0.00		0		0.00		0		0.00		0

		C18:3		2.616		0.00		0		0.00		0		0.00		0		0.00		0		0.00		0

								0.00				0.00				0.00				0.00				0.00

		Temperature		10°C

		Solvent ratio		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		1:1		0.53		2.46		2.66		61.68		0.48		4.32		20.65		6.12		0.62		0.47		100

		1:2		0.83		1.92		2.2		68.88		0.64		4.16		15.83		3.72		1.42		0.41		100

		1:3		0.86		1.64		2.08		69.76		0.48		3.83		16.63		4.06		0.46		0.21		100

		1:4																						0

		1:5																						0

		1:6																						0

		1:7																						0

		1:8																						0

		1:9																						0

		1:10																						0

						1:1				1:2				1:3				1:4				1:5				PPFO

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.48		0.456		0.64		0.608		0.48		0.456		0		0		0		0		0		0

		C18:1		0.86		20.65		17.76		15.83		13.6138		16.63		14.3018		0.00		0		0.00		0		0.00		0

		C18:2		1.732		6.12		10.60		3.72		6.44304		4.06		7.03192		0.00		0		0.00		0		0.00		0

		C18:3		2.616		0.62		1.62		1.42		3.71472		0.46		1.20336		0.00		0		0.00		0		0.00		0

								30.44				24.38				22.99				0.00				0.00				0.00

						1:6				1:7				1:8				1:9				1:10

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0		0		0		0		0		0		0		0		0		0

		C18:1		0.86		0.00		0		0.00		0		0.00		0		0.00		0		0.00		0

		C18:2		1.732		0.00		0		0.00		0		0.00		0		0.00		0		0.00		0

		C18:3		2.616		0.00		0		0.00		0		0.00		0		0.00		0		0.00		0

								0.00				0.00				0.00				0.00				0.00

		Solvent ratio		IV from different temperature

				15°C		10°C		5		0

		1:1		50.89		53.47		51.22

		1:2		52.32		52.41		50.1

		1:3		49.5		51.05		49.83

		1:4		49.5		49.46		53.24

		1:5		48.69		51.08		50.97

		1:6		51.28		48.75		53.52

		1:7		50.72		49.89		51.05

		1:8		49.28		50.36		54.91

		1:9		49.69		51.28		52.89

		1:10		52.01		49.75		52.72

		Temperature		5°C

		Solvent ratio		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		1:1		0.17		2.42		2.19		60.73		0.38		3.76		23.19		6.16		0.75		0.26		100

		1:2		0.32		2.37		2.62		64.18		0.53		4.09		19.83		5.1		0.77		0.20		100

		1:3		0.11		2.02		2.35		69.48		0.3		3.88		16.32		4.25		1.07		0.22		100

		1:4		0.08		1.51		2.24		71.75		0.54		4.22		14.31		3.67		1.14		0.54		100

		1:5		0.08		1.49		2.1		74.3				3.44		14.84		3.27		0.23		0.26		100

		1:6		0.08		1.46		2.17		72		0.65		4.01		14.53		3.17		1.26		0.66		100

		1:7		0.56		0.84		1.82		81.22		0.71		4.13		7.15		2.07		1.07		0.43		100

		1:8		0.05		1.6		2.55		73.09		0.35		3.34		14.74		3.52		0.74		0.03		100

		1:9		0.38		0.96		2.18		76.87				4.04		11.54		2.39		1.35		0.29		100

		1:10		0.61		1.19		2.1		73.99		0.69		3.99		12.93		2.54		1.31		0.65		100

						1:1				1:2				1:3				1:4				1:5				PPFO

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.38		0.361		0.53		0.5035		0.30		0.285		0.54		0.513		0		0		0		0

		C18:1		0.86		23.19		19.94		19.83		17.0538		16.32		14.0352		14.31		12.3066		14.84		12.7624		0.00		0

		C18:2		1.732		6.16		10.67		5.10		8.8332		4.25		7.361		3.67		6.35644		3.27		5.66364		0.00		0

		C18:3		2.616		0.75		1.96		0.77		2.01432		1.07		2.79912		1.14		2.98224		0.23		0.60168		0.00		0

								32.94				28.40				24.48				22.16				19.03				0.00

						1:6				1:7				1:8				1:9				1:10

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.65		0.6175		0.71		0.6745		0.35		0.3325		0		0		0.69		0.6555

		C18:1		0.86		14.53		12.4958		7.15		6.149		14.74		12.6764		11.54		9.9244		12.93		11.1198

		C18:2		1.732		3.17		5.49044		2.07		3.58524		3.52		6.09664		2.39		4.13948		2.54		4.39928

		C18:3		2.616		1.26		3.29616		1.07		2.79912		0.74		1.93584		1.35		3.5316		1.31		3.42696

								21.90				13.21				21.04				17.60				19.60

		Temperature		0°C

		Solvent ratio		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		1:1		0.19		2.8		3		64.42		0.24		2.52		20.35		5.54		0.79		0.14		100

		1:2		0.47		1.66		1.86		69.98		0.58		3.35		16.45		3.68		1.52		0.43		100

		1:3		0.1		1.69		2.97		77.96		0.52		0.31		11.4		3.31		1.21		0.53		100

		1:4		0.4		1.44		1.38		73.46		0.55		3.93		14.15		3.14		1.14		0.4		100

		1:5		0.12		1.89		2.53		79.81		0.64		4.24		4.33		4.06		1.62		0.77		100

		1:6		0.47		1.55		2.43		75.94		0.45		3.36		11.4		2.86		1.05		0.5		100

		1:7		0.74		1.29		1.87		78.21		0.62		5.09		6.91		3.66		1.17		0.43		100

		1:8		0.19		1.15		2.52		76.75		0.25		3.47		11.98		2.84		0.7		0.14		100

		1:9		0.42		0.9		1.85		74.46		0.42		4.45		14.49		2		0.66		0.35		100

		1:10		0.35		0.88		1.98		81.92		0.51		3.37		7.5		2.04		1.16		0.29		100

						1:1				1:2				1:3				1:4				1:5

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.24		0.228		0.58		0.551		0.52		0.494		0.55		0.5225		0.64		0.608

		C18:1		0.86		20.35		17.50		16.45		14.147		11.40		9.804		14.15		12.169		4.33		3.7238

		C18:2		1.732		5.54		9.60		3.68		6.37376		3.31		5.73292		3.14		5.43848		4.06		7.03192

		C18:3		2.616		0.79		2.07		1.52		3.97632		1.21		3.16536		1.14		2.98224		1.62		4.23792

								29.39				25.05				19.20				21.11				15.60

						1:6				1:7				1:8				1:9				1:10

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.45		0.4275		0.62		0.589		0.25		0.2375		0.42		0.399		0.51		0.4845

		C18:1		0.86		11.40		9.804		6.91		5.9426		11.98		10.3028		14.49		12.4614		7.50		6.45

		C18:2		1.732		2.86		4.95352		3.66		6.33912		2.84		4.91888		2.00		3.464		2.04		3.53328

		C18:3		2.616		1.05		2.7468		1.17		3.06072		0.70		1.8312		0.66		1.72656		1.16		3.03456

								17.93				15.93				17.29				18.05				13.50

		Temperature		0°C

		Solvent ratio		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		1:1																						0

		1:2																						0

		1:3																						0

		1:4																						0

		1:5																						0

		1:6																						0

		1:7																						0

		1:8																						0

		1:9																						0

		1:10																						0

						1:1				1:2				1:3				1:4				1:5

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0		0		0.00		0		0.00		0		0		0		0		0

		C18:1		0.86		0		0.00		0.00		0		0.00		0		0.00		0		0.00		0

		C18:2		1.732		0		0.00		0.00		0		0.00		0		0.00		0		0.00		0

		C18:3		2.616		0		0.00		0.00		0		0.00		0		0.00		0		0.00		0

								0.00				0.00				0.00				0.00				0.00

						1:6				1:7				1:8				1:9				1:10

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0		0		0		0		0		0		0		0		0		0

		C18:1		0.86		0.00		0		0.00		0		0.00		0		0.00		0		0.00		0

		C18:2		1.732		0.00		0		0.00		0		0.00		0		0.00		0		0.00		0

		C18:3		2.616		0.00		0		0.00		0		0.00		0		0.00		0		0.00		0

								0.00				0.00				0.00				0.00				0.00





stearin IV

		1:1		50.89		51.22

		1:2		52.32		50.1

		1:3		49.5		49.83

		1:4		49.5		53.24

		1:5		48.69		50.97

		1:6		51.28		53.52

		1:7		50.72		51.05

		1:8		49.28		54.91

		1:9		49.69		52.89

		1:10		52.01		52.72



10°C

15°C

5

IV of olein

Solvent ratio

53.47

52.41

51.05

49.46

51.08

48.75

49.89

50.36

51.28

49.75



Olein and stearin for PPFOhexan

		

		Temperature

		Temperature°C		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		Olein

		10(1)		1.48		4.48		3.44		32.4		0.94		1.81		41.49		11.34		2		0.61		100

		10(2)		1.09		5.00		2.14		37.02		0.24		2.50		39.27		11.30		1.22		0.21		100

		15(1)		0.70		6.27		3.00		39.33		0.20		2.56		36.70		10.13		0.79		0.32		100

		15(2)		0.9		2.77		1.31		31.97		0.31		3.06		46.28		12.69		0.52		0.2		100

		Stearin																						0

		10(1)		1.37		4.28		3.5		50.66		0.42		3.52		27.85		7.09		1.01		0.3		100

		10(2)		0.69		3.66		2.39		50.41		0.23		3.3		30.39		7.89		0.81		0.21		100

		15(1)		0.64		2.67		2.28		57.56		0.45		3.44		24.65		7.12		0.95		0.22		100

		15(2)		0.55		3.57		2.97		63.39		0.44		2.96		21.29		3.62		0.95		0.27		100

		PPFO+hexane		0.22		2.58		1.67		38.08		0.05		3.11		42.52		11.07		0.63		0.06		100

		PPFO+hexane		0.71		3.94		2.49		39.42		0.27		2.56		38.36		10.58		1.21		0.25		100

						10(1)				10(2)				15(1)				15(2)

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.94		0.893		0.24		0.228		0.20		0.19		0.31		0.2945		0		0

		C18:1		0.86		41.49		35.68		39.27		33.7722		36.70		31.562		46.28		39.8008		0.00		0

		C18:2		1.732		11.34		19.64		11.30		19.5716		10.13		17.54516		12.69		21.97908		0.00		0

		C18:3		2.616		2		5.23		1.22		3.19152		0.79		2.06664		0.52		1.36032		0.00		0

								61.45				56.76				51.36				63.43				0.00

						10(1)				10(2)				15(1)				15(2)				PPFO with hexane

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.42		0.399		0.23		0.2185		0.45		0.4275		0.44		0.418		0.05		0.0475		0.27		0.2565

		C18:1		0.86		27.85		23.951		30.39		26.1354		24.65		21.199		21.29		18.3094		42.52		36.5672		38.36		32.9896

		C18:2		1.732		7.09		12.27988		7.89		13.66548		7.12		12.33184		3.62		6.26984		11.07		19.17324		10.58		18.32456

		C18:3		2.616		1.01		2.64216		0.81		2.11896		0.95		2.4852		0.95		2.4852		0.63		1.64808		1.21		3.16536

								39.27				42.14				36.44				27.48				57.44				54.74





Method 2

		

		Method 2		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		Red palm olein

		PPFO 1:3		0.36		6.16		2.86		36.87		0		2.8		39.38		11.15		0.34		0.08		100

		PPFO 1:4		0.35		5.08		2.80		36.14		0.00		2.87		40.24		11.50		0.89		0.14		100

		PPFO 1:5		0.36		5.42		2.93		38.21		0.24		2.68		38.28		11.39		0.38		0.11		100

						PPFO 1:3				PPFO 1:4				PPFO 1:5

		ME		Factor		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0		0		0.00		0		0.24		0.228

		C18:1		0.86		39.38		33.87		40.24		34.6064		38.28		32.9208

		C18:2		1.732		11.15		19.31		11.50		19.918		11.39		19.72748

		C18:3		2.616		0.34		0.89		0.89		2.32824		0.38		0.99408

								54.07				56.85				53.87

		Method 2		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		Refined red palm olein

		RRPO 1:3		0.44		5.74		2.87		36.32		0.13		2.52		40.09		11.31		0.5		0.14		100

		RRPO 1:4		0.45		5.57		2.80		37.06		0.15		2.57		40.00		11.18		0.19		0.04		100

		RRPO 1:5		0.45		5.68		2.90		39.32		0.19		2.72		40.23		11.25		0.15		0.02		103

		RRPO 1:6		0.43		5.59		2.84		37.61		0.03		2.64		39.64		11.09		0.11		0.02		100

						PPFO 1:3				PPFO 1:4				PPFO 1:5				PPFO 1:6

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.13		0.1235		0.15		0.1425		0.19		0.1805		0.03		0.0285

		C18:1		0.86		40.09		34.48		40.00		34.4		40.23		34.5978		39.64		34.0904

		C18:2		1.732		11.31		19.59		11.18		19.36376		11.25		19.485		11.09		19.20788

		C18:3		2.616		0.5		1.31		0.19		0.49704		0.15		0.3924		0.11		0.28776

								55.50				54.40				54.66				53.61





Method2

		Method 1		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		Red palm olein

		Crude PPFO		0.25		3.39		2.23		47.84		0.11		2.47		34.1		9.36		0.25		0		100

		Crude PPFO + hex		0.30		4.81		2.56		38.09		0.11		2.03		40.55		10.87		0.70		0.00		100

		Refined PPFO		0.00		0.00		0.00		55.44		0.00		32.14		0.00		5.16		7.26

						Crude PPFO				Crude PPFO + hex				Refined PPFO

		ME		Factor		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.11		0.1045		0.11		0.1045		0.00		0

		C18:1		0.86		34.1		29.33		40.55		34.873		0.00		0

		C18:2		1.732		9.36		16.21		10.87		18.82684		5.16		8.93712

		C18:3		2.616		0.25		0.65		0.70		1.8312		7.26		18.99216

								46.30				55.64				27.93

		Method 2		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		Refined red palm olein

		RRPO 1:2 (1)		0.33		4.66		2.29		35.39		0.04		2.21		42.83		11.86		0.39		0		100

		RRPO 1:2 (2)		0.29		4.26		2.24		35.12		0.09		1.73		43.20		12.37		0.70		0.00		100

		RRPO 1:2 (3)		0.26		4.10		2.14		35.64		0.02		1.87		43.02		12.35		0.60		0.00		100

		0°C

						RRPO 1:2 (1)				RRPO 1:2 (2)				RRPO 1:2 (3)

		ME		Factor		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.04		0.038		0.09		0.0855		0.02		0.019

		C18:1		0.86		42.83		36.83		43.20		37.152		43.02		36.9972

		C18:2		1.732		11.86		20.54		12.37		21.42484		12.35		21.3902

		C18:3		2.616		0.39		1.02		0.70		1.8312		0.60		1.5696

								58.43				60.49				59.98

		Method 2		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		Refined red palm olein

		RRPO 1:5 (1)		0.3		4.22		2.26		35.66		0.11		1.98		42.61		11.99		0.86		0		100

		RRPO 1:5 (2)		0.27		4.33		2.29		35.81		0.03		1.88		42.94		11.98		0.47		0.00		100

		RRPO 1:5 (3)		0.27		4.03		2.22		35.48		0.04		2.28		43.11		12.10		0.49		0.00		100

		0°C

						RRPO 1:5 (1)				RRPO 1:5 (2)				RRPO 1:5 (3)

		ME		Factor		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.11		0.1045		0.03		0.0285		0.04		0.038

		C18:1		0.86		42.61		36.64		42.94		36.9284		43.11		37.0746

		C18:2		1.732		11.99		20.77		11.98		20.74936		12.10		20.9572

		C18:3		2.616		0.86		2.25		0.47		1.22952		0.49		1.28184

								59.77				58.94				59.35

		Method 2		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		Refined red palm olein

		RRPO 1:2 (1)		0.26		4.21		2.12		37.17		0.07		2.7		41.73		11.67		0.07		0		100

		RRPO 1:2 (2)		0.37		4.58		2.38		36.44		0.03		2.56		41.73		11.57		0.35		0.00		100

		RRPO 1:2 (3)		0.27		4.39		2.24		36.64		0.07		2.48		41.57		11.58		0.75		0.00		100

		10°C

						RRPO 1:2 (1)				RRPO 1:2 (2)				RRPO 1:2 (3)

		ME		Factor		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.07		0.0665		0.03		0.0285		0.07		0.0665

		C18:1		0.86		41.73		35.89		41.73		35.8878		41.57		35.7502

		C18:2		1.732		11.67		20.21		11.57		20.03924		11.58		20.05656

		C18:3		2.616		0.07		0.18		0.35		0.9156		0.75		1.962

								56.35				56.87				57.84

		Method 2		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		Refined red palm olein

		RRPO 1:5 (1)		0.3		4.5		2.35		37.28		0.02		2.65		41.54		11.02		0.35		0		100

		RRPO 1:5 (2)		0.40		4.67		2.41		36.65		0.03		2.61		41.20		11.57		0.46		0.00		100

		RRPO 1:5 (3)		0.42		4.61		2.45		36.92		0.02		2.56		41.55		11.16		0.32		0.00		100

		10°C

						RRPO 1:5 (1)				RRPO 1:5 (2)				RRPO 1:5 (3)

		ME		Factor		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.02		0.019		0.03		0.0285		0.02		0.019

		C18:1		0.86		41.54		35.72		41.20		35.432		41.55		35.733

		C18:2		1.732		11.02		19.09		11.57		20.03924		11.16		19.32912

		C18:3		2.616		0.35		0.92		0.46		1.20336		0.32		0.83712

								55.75				56.70				55.92

		Method 2		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL										Crude red palm olein												Refined red palm olein

		Refined red palm olein																																Solvent ratio												Solvent ratio

		RRPO 1:2 (1)		0.34		4.99		2.52		36.24		0.02		2.45		41.7		11.58		0.15		0		100										1:3 (1)		1:3 (2)		Ave		SD						1:3 (1)		1:3 (2)		Ave		SD

		RRPO 1:2 (2)		0.27		4.19		2.46		40.07		0.03		2.54		39.62		10.49		0.33		0.00		100								Carotene		1666		1645		1656		15				Carotene		1804		1822		1813		13

		RRPO 1:2 (3)		0.45		4.65		2.38		37.41		0.06		2.51		41.01		11.11		0.42		0.00		100								Vitamin E		2346		2358		2352		8				Vitamin E		2935		2905		2920		21

		15°C																														DOBI		1.61		1.61		1.61		0.0				DOBI		1.76		1.75		1.76		0.01

						RRPO 1:2 (1)				RRPO 1:2 (2)				RRPO 1:2 (3)

		ME		Factor		FAC		IV		FAC		IV		FAC		IV																		Crude red palm olein												Refined red palm olein

		C16:1		0.95		0.02		0.019		0.03		0.0285		0.06		0.057																		Solvent ratio												Solvent ratio

		C18:1		0.86		41.7		35.86		39.62		34.0732		41.01		35.2686																		1:4 (1)		1:4 (2)		Ave		SD						1:4 (1)		1:4 (2)		Ave		SD

		C18:2		1.732		11.58		20.06		10.49		18.16868		11.11		19.24252																Carotene		1594		1600		1597		4				Carotene		1737		1834		1786		69

		C18:3		2.616		0.15		0.39		0.33		0.86328		0.42		1.09872																Vitamin E		2200		2166		2183		24				Vitamin E		2771		2719		2745		37

								56.33				53.13				55.67																DOBI		1.5		1.5		1.50		0.0				DOBI		1.6		1.6		1.60		0.00

																																		Crude red palm olein												Refined red palm olein

																																		Solvent ratio												Solvent ratio

		Method 2		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL										1:5 (1)		1:5(2)		Ave		SD						1:5 (1)		1:5(2)		Ave		SD

		Refined red palm olein																														Carotene		1509		1489		1499		14				Carotene		1643		1678		1661		25

		RRPO 1:5 (1)		0.4		4.65		2.49		36.84		0.06		2.33		41.01		11.6		0.63		0		100								Vitamin E		2119		2157		2138		27				Vitamin E		2623		2620		2622		2

		RRPO 1:5 (2)		0.20		4.63		2.29		36.71		0.08		2.26		41.50		11.55		0.78		0.00		100								DOBI		1.42		1.43		1.43		0.0				DOBI		1.41		1.41		1.41		0.00

		RRPO 1:5 (3)		0.26		4.70		2.35		37.92		0.02		2.57		40.60		11.05		0.52		0.00		100

		15°C																																												Refined red palm olein

																																														Solvent ratio

						RRPO 1:5 (1)				RRPO 1:5 (2)				RRPO 1:5 (3)																																1:6 (1)		1:6(2)		Ave		SD

		ME		Factor		FAC		IV		FAC		IV		FAC		IV																												Carotene		1668		1681		1675		9

		C16:1		0.95		0.06		0.057		0.08		0.076		0.02		0.019																												Vitamin E		2651		2484		2568		118

		C18:1		0.86		41.01		35.27		41.50		35.69		40.60		34.916																												DOBI		1.42		1.42		1.42		0.00

		C18:2		1.732		11.6		20.09		11.55		20.0046		11.05		19.1386

		C18:3		2.616		0.63		1.65		0.78		2.04048		0.52		1.36032																														Refined red palm olein

								57.06				57.81				55.43																														Solvent ratio

																																														1:7 (1)		1:7 (2)		Ave		SD

																																												Carotene		1654		1680		1667		18

																																												Vitamin E		1903		1808		1855.5		67

																																												DOBI		1.5419		1.537		1.54		0.00

																																														Refined red palm olein

																																														Solvent ratio

																																														1:8 (1)		1:8 (2)		Ave		SD

																																												Carotene		1419		1472		1446		37

																																												Vitamin E		2163		2163		2163		0

																																												DOBI		1.2239		1.2314		1.23		0.01

																																														Refined red palm olein

																																														Solvent ratio

																																														1:9 (1)		1:9(2)		Ave		SD

																																												Carotene		1202		1228		1215		18

																																												Vitamin E		1524		1635		1580		78

																																												DOBI		0.9654		0.9648		0.97		0.00

																																														Refined red palm olein

																																														Solvent ratio

																																														1:10 (1)		1:10 (2)		Ave		SD

																																												Carotene		1593		1737		1665		102

																																												Vitamin E		1965		1945		1955		14

																																												DOBI		1.7972		1.42		1.61		0.27





Properties M1

																																Crude red palm olein												Refined red palm olein

				Carotene content (ppm)														Carotene content (ppm)														Solvent ratio												Solvent ratio

				Solvent ratio														Solvent ratio														1:3 (1)		1:3 (2)		Ave		SD						1:3 (1)		1:3 (2)		Ave		SD

				1:2 (1)		1:2 (2)		1:2 (3)		Ave		SD						1:5 (1)		1:5 (2)		1:5 (3)		Ave		SD				Carotene		1666		1645		1656		15				Carotene		1804		1822		1813		13

		0°C		2024		2081		1967		2024		57				0°C		2029		1921		1752		1900.6666666667		140				Vitamin E		2346		2358		2352		8				Vitamin E		2935		2905		2920		21

		10°C		1774		2003		2022		1933		138				10°C		1752		1768		1763		1761		8				DOBI		1.61		1.61		1.61		0.0				DOBI		1.76		1.75		1.76		0.01

		15°C		1967		1907		2019		1964		56				15°C		2117		2079		2041		2079		38

																																Crude red palm olein												Refined red palm olein

				DOBI														DOBI														Solvent ratio												Solvent ratio

				Solvent ratio														Solvent ratio														1:4 (1)		1:4 (2)		Ave		SD						1:4 (1)		1:4 (2)		Ave		SD

				1:2 (1)		1:2 (2)		1:2 (3)		Ave		SD						1:5 (1)		1:5 (2)		1:5 (3)		Ave		SD				Carotene		1594		1600		1597		4				Carotene		1737		1834		1786		69

		0°C		2.3		2.32		2.33		2.3		0.02				0°C		2.36		2.31		2.25		2.3		0.06				Vitamin E		2200		2166		2183		24				Vitamin E		2771		2719		2745		37

		10°C		2.17		2.2		2.19		2.2		0.02				10°C		2.21		2.19		2.15		2.2		0.03				DOBI		1.5		1.5		1.50		0.0				DOBI		1.6		1.6		1.60		0.00

		15°C		2.12		2.26		2.24		2.2		0.08				15°C		2.3		2.3		2.25		2.3		0.03

				IV														IV														Crude red palm olein												Refined red palm olein

				Solvent ratio														Solvent ratio														Solvent ratio												Solvent ratio

				1:2 (1)		1:2 (2)		1:2 (3)		Ave		SD						1:5 (1)		1:5 (2)		1:5 (3)		Ave		SD						1:5 (1)		1:5(2)		Ave		SD						1:5 (1)		1:5(2)		Ave		SD

		0°C		58.43		60.49		59.98		60		1.1				0°C		59.77		58.94		59.35		59		0.4				Carotene		1509		1489		1499		14				Carotene		1643		1678		1661		25

		10°C		56.35		56.87		57.84		57		0.8				10°C		55.75		56.71		55.92		56		0.5				Vitamin E		2119		2157		2138		27				Vitamin E		2623		2620		2622		2

		15°C		56.33		53.13		55.67		55		1.7				15°C		57.06		57.81		55.43		57		1.2				DOBI		1.42		1.43		1.43		0.0				DOBI		1.41		1.41		1.41		0.00

				Vitamin E (ppm)														Vitamin E (ppm)																										Refined red palm olein

				Solvent ratio														Solvent ratio																										Solvent ratio

				1:2 (1)		1:2 (2)		1:2 (3)		Ave		SD						1:5 (1)		1:5 (2)		1:5 (3)		Ave		SD																		1:6 (1)		1:6(2)		Ave		SD

		0°C		2228		2510		2467		2402		152				0°C		2169		2071		2251		2164		90																Carotene		1668		1681		1675		9

		10°C		2476		2328		2540		2448		109				10°C		1940		2079		1991		2003		70																Vitamin E		2651		2484		2568		118

		15°C		2668		2419		2398		2495		150				15°C		2693		2422		2345		2487		183																DOBI		1.42		1.42		1.42		0.00

				Carotene content (ppm)																												Carotene content (ppm)								Vitamin E (ppm)

		Temeperature		0°C		10°C		15°C								Sample		Carotene		DOBI		IV		Vitamin E						Solvent ratio		Crude red		Refined red				Solvent ratio		Crude red		Refined red

		Solvent ratio																content (ppm)														palm olein		palm olein						palm olein		palm olein

		1:2		2024+ 57		1933+138		1964 + 56								Crude PPFO		1923		1.56		46.3		2374						1:3		1656+ 15		1813+13				1:3		2352 + 8		2920 + 21

		1:5		1900 + 140		1761 + 8		2079 + 38								Refined PPFO		2111		1.58		49.1		2609						1:4		1597 + 4		1786 + 69				1:4		2183 + 24		2745 + 37

																														1:5		1499 + 14		1661 + 25				1:5		2138 + 27		2622 + 2

				DOBI																										1:6				1675 + 9				1:6				2568 + 118

		Temeperature		0°C		10°C		15°C

		Solvent ratio

		1:2		2.3 + 0.02		2.2 + 0.02		2.2 + 0.08

		1:5		2.3 + 0.06		2.2 + 0.03		2.3 + 0.03

				IV

		Temeperature		0°C		10°C		15°C

		Solvent ratio

		1:2		60 + 1.1		57 + 0.8		55 + 1.7

		1:5		59 + 0.4		56 + 0.5		57 + 1.2																								DOBI								IV

																														Solvent ratio		Crude red		Refined red				Solvent ratio		Crude red		Refined red

				Vitamin E																												palm olein		palm olein						palm olein		palm olein

		Temeperature		0°C		10°C		15°C																						1:3		1.61 + 0.0		1.76 + 0.01				1:3		54.07		55.5

		Solvent ratio																												1:4		1.50 + 0.0		1.60 + 0.0				1:4		56.85		54.4

		1:2		2402 + 152		2448 + 109		2495 + 150																						1:5		1.43 + 0.0		1.41 + 0.0				1:5		53.87		54.66

		1:5		2264 + 90		2003 + 70		2487 + 183																						1:6				1.42 + 0.0				1:6				53.61





Direct solvent frac

		Fractionation temperature (°C)		Carotene content (ppm)		Vitamin E (ppm)		Yield (wt%)		Iodine Value (IV)

		Crude fiber oil		1133		536		-		46.89

		0		1100-1200		1500-1700		80-90		54-65

		5		1100-1300		1600-1900		82-93		50-55

		10		1100-1300		1800-2000		80-99		50-54

		15		1100-1200		1800-2100		86-100		49-52

		0

		Solvent ratio		Carotene content (ppm)		Vitamin E (ppm)		Iodine Value (IV)				Solvent ratio		Carotene content (ppm)		Vitamin E (ppm)		Iodine Value (IV)

		1:1		511		543		29.3				1:1		549		578		32.9

		1:2		503		410		25				1:2		517		456		28.4

		1:3		478		404		19.2				1:3		484		391		24.4

		1:4		412		355		21.1				1:4		291		238		22.1

		1:5		356		355		15.6				1:5		253		276		19

		1:6		312		257		17.9				1:6		264		264		21.9

		1:7		271		245		15.9				1:7		197		175		13.2

		1:8		245		186		17.2				1:8		174		164		21

		1:9		399		157		18				1:9		160		187		17.6

		1:10		200		62		13.5				1:10		184		163		19.6

		5

		Solvent ratio		Carotene content (ppm)		Vitamin E (ppm)		Iodine Value (IV)				Solvent ratio		Carotene content (ppm)		Vitamin E (ppm)		Iodine Value (IV)

		1:1		720		445		30.4				1:1		897		924		36.3

		1:2		689		316		24.3				1:2		450		457		32.1

		1:3		642		383		22.9				1:3		379		500		38.9

												1:4		632		385		36.8

		Olein frac		Crude PPFO + Hex		DOBI = 2.1785		Carotene = 1269ppm		Vitamin E = 2417ppm

				Temperature

				0°C (1)		0°C (2)		0°C (3)		Ave		SD

		DOBI		2.312		1.989		2.2125		2.1712		0

		Carotene content (ppm)		1169		1313		1376		1286		106

		Vitamin E (ppm)		2504		2442		2452		2466		33

				Temperature

				5°C (1)		5°C (2)		5°C (3)		Ave		SD

		DOBI		2.2145		2.4053		2.5206		2.3801		0

		Carotene content (ppm)		1195		1258		1275		1243		42

		Vitamin E (ppm)		2541		2536		2521		2533		10

				Temperature

				10°C (1)		10°C (2)		10°C (3)		Ave		SD

		DOBI		0.7808		1.1171		2.3222		1.4067		1

		Carotene content (ppm)		1242		1152		1252		1215		55

		Vitamin E (ppm)		1252		1555		1378		1395		152

				Temperature

				15°C (1)		15°C (2)		15°C (3)		Ave		SD

		DOBI		2.2099		2.1896		2.2563		2.2186		0

		Carotene content (ppm)		1256		1352		1238		1282		61

		Vitamin E (ppm)		1521		1364		1683		1523		160

				Temperature

				0°C (1)		0°C (2)				Ave		SD

		DOBI		0.4113		0.4078				0.4096		0

		Carotene content (ppm)		155		227				191.0000		51

		Vitamin E (ppm)		208		235				221.5000		19

				Temperature

				5°C (1)		5°C (2)				Ave		SD

		DOBI		0.4442		0.4096				0.4269		0

		Carotene content (ppm)		198		171				184.5000		19

		Vitamin E (ppm)		206		200				203.0000		4

				Temperature

				10°C (1)		10°C (2)				Ave		SD

		DOBI		0.5068		0.4399				0.4734		0

		Carotene content (ppm)		179		157				168.0000		16

		Vitamin E (ppm)		242		209				225.5000		23

				Temperature

				15°C (1)		15°C (2)				Ave		SD

		DOBI		0.505		0.5249				0.5150		0

		Carotene content (ppm)		233		229				231.0000		3

		Vitamin E (ppm)		327		122				224.5000		145





Sheet3

		

		Table 2. Properties of red palm fiber stearin from solvent fractionation with various solvent ratio and final crystallisation temperature (a)0°C, (b)5°C, (c)10°C and (d) 15°C

		Solvent ratio		Carotene content (ppm)		Vitamin E (ppm)		Iodine Value (IV)				Solvent ratio		Carotene content (ppm)		Vitamin E (ppm)		Iodine Value (IV)

		1:1		511		543		29.3				1:1		549		578		32.9

		1:2		503		410		25				1:2		517		456		28.4

		1:3		478		404		19.2				1:3		484		391		24.4

		1:4		412		355		21.1				1:4		291		238		22.1

		1:5		356		355		15.6				1:5		253		276		19

		1:6		312		257		17.9				1:6		264		264		21.9

		1:7		271		245		15.9				1:7		197		175		13.2

		1:8		245		186		17.2				1:8		174		164		21

		1:9		399		157		18				1:9		160		187		17.6

		1:10		200		62		13.5				1:10		184		163		19.6

		(a) 																(b)

		Solvent ratio		Carotene content (ppm)		Vitamin E (ppm)		Iodine Value (IV)				Solvent ratio		Carotene content (ppm)		Vitamin E (ppm)		Iodine Value (IV)

		1:1		720		445		30.4				1:1		897		924		36.3

		1:2		689		316		24.3				1:2		450		457		32.1

		1:3		642		383		22.9				1:3		379		500		38.9

												1:4		632		385		36.8

						(c)																(d)





Direct frac from kim loong

				Temperature

				0°C (1)		0°C (2)		0°C (3)		Ave		SD

		DOBI		2.312		1.989		2.2125		2.1712		0

		Carotene content (ppm)		1170		1313		1376		1286.3333333333		106

		Vitamin E (ppm)		2504		2442		2452		2466		33

				Temperature

				5°C (1)		5°C (2)		5°C (3)		Ave		SD

		DOBI		2.2145		2.4053		2.5206		2.3801		0

		Carotene content (ppm)		1195		1258		1275		1243		42

		Vitamin E (ppm)		2541		2536		2521		2533		10

				Temperature

				10°C (1)		10°C (2)		10°C (3)		Ave		SD

		DOBI		0.7808		1.1171		2.3222		1.4067		1

		Carotene content (ppm)		1242		1152		1252		1215		55

		Vitamin E (ppm)		1252		1555		1378		1395		152

				Temperature

				15°C (1)		15°C (2)		15°C (3)		Ave		SD

		DOBI		2.2099		2.1896		2.2563		2.2186		0

		Carotene content (ppm)		1326		1352		1238		1305		60

		Vitamin E (ppm)		1521		1364		1683		1523		160





Solvent frac (Method 2)

				Carotene content (ppm)																																												Carotene content (ppm)

																																																Solvent ratio

		Ratio		0°C		0°C		0°C		Ave		SD		5°C		5°C		5°C		Ave		SD		10°C		10°C		10°C		Ave		SD		15°C		15°C		15°C		Ave		SD						1:5 (1)		1:5 (2)		1:5 (3)		Ave		SD

		1:1		1081		1038		0		1059.5		30		1381		1483		0		1432		72		1270		1449		0		1360		127		1436		1544		0		1490		76				0°C		2029		1921		1752		1900.6666666667		140

		1:2		1280		1334		0		1307		38		1350		1366		0		1358		11		1239		1532		0		1386		207		1364		1639		0		1502		194				10°C		1752		1768		1763		1761		8

		1:3		1342		1290		0		1316		37		1327		1289		0		1308		27		1481		1654		0		1568		122		1234		1128		0		1181		75				15°C		2117		2079		2041		2079		38

		1:4		1311		1231		0		1271		57		1338		1404		0		1371		47		1508		1610		0		1559		72		1478		1604		0		1541		89

		1:5		1267		1246		0		1256.5		15		1382		1319		0		1350.5		45		1522		1634		0		1578		79		1337		1491		0		1414		109

		1:6		1103		1136		0		1119.5		23		1212		1326		0		1269		81		1188		1102		1207		1166		56		1121		1194		1106		1140		47

		1:7		1245		1183		0		1214		44		1158		1159		0		1158.5		1		1141		1204		1150		1165		34		1206		1216		1169		1197		25

		1:8		1185		1208		0		1196.5		16		1179		1268		0		1223.5		63		1182		1237		1190		1203		30		1141		1234		1215		1197		49

		1:9		1226		1041		0		1133.5		131		1269		1202		0		1235.5		47		1088		1112		1091		1097		13		1218		1250		1237		1235		16

		1:10		1265		1215		0		1240		35		1253		1226		0		1239.5		19		1119		1197		1217		1178		52		1205		1366		1207		1259		92

				DOBI

		Ratio		0°C		0°C		0°C		Ave		SD		5°C		5°C		5°C		Ave		SD		10°C		10°C		10°C		Ave		SD		15°C		15°C		15°C		Ave		SD

		1:1		1.496		1.481		0.00		1.4885		0.01		2.126		2.126		0.00		2.126		0.00		1.774		2.034		0		1.904		0.18		1.781		1.836		0		1.809		0.04

		1:2		2.119		2.078		0.00		2.0985		0.03		2.111		2.118		0.00		2.1145		0.00		1.393		1.598		0		1.496		0.14		1.86		1.85		0		1.855		0.01

		1:3		1.982		2.093		0.00		2.0375		0.08		2.072		2.092		0.00		2.082		0.01		1.658		1.713		0		1.686		0.04		1.723		1.763		0		1.743		0.03

		1:4		2.092		2.118		0.00		2.105		0.02		2.087		2.0204		0.00		2.0537		0.05		1.689		1.695		0		1.692		0.00		1.873		1.869		0		1.871		0.00						DOBI

		1:5		2.068		2.167		0.00		2.1175		0.07		2.106		2.113		0.00		2.1095		0.00								0.000		0.00		1.873		1.652		0		1.763		0.16						Solvent ratio

		1:6		1.8055				0.00		1.8055		0.00		1.78		1.756		0.00		1.768		0.02		1.927		1.96		1.963		1.950		0.02		1.609		1.636		1.649		1.631		0.02						1:5 (1)		1:5 (2)		1:5 (3)		Ave		SD

		1:7		1.832		1.85		0.00		1.841		0.01		1.707		1.784		0.00		1.7455		0.05		2.049		2.079		2.048		2.059		0.02		2.013		2.036		2.041		2.030		0.01				0°C		2.36		2.31		2.25		2.3		0.06

		1:8		1.728		1.762		0.00		1.745		0.02		1.692		1.754		0.00		1.723		0.04		1.958		1.958		1.982		1.966		0.01		2.018		1.997		2.004		2.006		0.01				10°C		2.21		2.19		2.15		2.2		0.03

		1:9		1.669		1.721		0.00		1.695		0.04		1.684		1.674		0.00		1.679		0.01		1.875		1.892		1.909		1.892		0.02		2.095		2.116		2.089		2.100		0.01				15°C		2.3		2.3		2.25		2.3		0.03

		1:10		1.797		1.713		0.00		1.755		0.06		1.804		1.752		0.00		1.778		0.04		1.731		1.722		1.689		1.714		0.02		1.994		2.076		2.07		2.047		0.05

																																																														Carotene content (ppm)

																																																												Solvent ratio		Final crystallisation temperature °C

																																																														0		5		10		15

																																																												1:1		1060 ± 30		1432 ± 72		1360 ± 127		1490 ± 76

																																																IV												1:2		1307± 38		1358 ± 11		1386 ± 207		1502 ± 194

				Vitamin E																																												Solvent ratio						Ave		SD				1:3		1316 ± 37		1308 ± 27		1568 ± 122		1181 ± 75

		Ratio		0°C		0°C		0°C		Ave		SD		5°C		5°C		5°C		Ave		SD		10°C		10°C		10°C		Ave		SD		15°C		15°C		15°C		Ave		SD				0°C		59.77		58.94		59.35		59		0.4				1:4		1271 ± 57		1371 ± 47		1559 ± 72		1541 ± 89

		1:1		1704		2032		0.00		1868		232		669		1165		0.00		917		351		1720		1729		1679		1709		27		1583		1459		1583		1542		72				10°C		55.75		56.71		55.92		56		0.5				1:5		1257 ± 15		1351 ± 45		1578 ± 79		1414 ± 109

		1:2		462		726		0.00		594		187		1459		777		0.00		1118		482		1577		1767		1509		1618		134		1495		1614		1381		1497		117				15°C		57.06		57.81		55.43		57		1.2				1:6		1120 ± 23		1269 ± 81		1166 ± 56		1140 ± 47

		1:3		573		1064		0.00		818.5		347		754		1705		0.00		1229.5		672		1408		1453		1466		1442		30		1529		1589		1404		1507		94																		1:7		1214 ± 44		1159 ± 1		1165 ± 34		1197 ± 25

		1:4		1227		1734		0.00		1480.5		359		1992		2135		0.00		2063.5		101								0		0		1661		1555		1461		1559		100						Vitamin E (ppm)												1:8		1197 ± 16		1224 ± 63		1203 ± 30		1197 ± 49

		1:5		722		1213		0.00		967.5		347		1826		1941		0.00		1883.5		81		1363		1502		1461		1442		71		1527		1574		1571		1557		26						Solvent ratio												1:9		1134 ± 131		1236 ± 47		1097 ± 13		1235 ± 16

		1:6		1713		1622		1726.00		1687		57		1731		1691		1600		1674		67		2535		2085		2232		2284		229		1505		1754		1688		1649		129						1:5 (1)		1:5 (2)		1:5 (3)		Ave		SD				1:10		1240 ± 35		1239 ± 19		1178 ± 52		1259 ± 92

		1:7		1723		1607		1565.00		1631.6666666667		82		1707		1783		1726		1738.6666666667		40		2272		2320		2416		2336		73		2416		2114		2102		2211		178				0°C		2169		2071		2251		2164		90

		1:8		1578		1670		1594.00		1614		49		1663		1668		1581		1637.3333333333		49		1723		1734		1745		1734		11		1579		1514		1854		1649		180				10°C		1940		2079		1991		2003		70						DOBI

		1:9		1705		1731		1654.00		1696.6666666667		39		1513		1578		1588		1559.6666666667		41		1672		1720		1774		1722		51		1635		1808		1516		1653		147				15°C		2693		2422		2345		2487		183				Solvent ratio		Final crystallisation temperature °C

		1:10		1820		1731		1895.00		1815.3333333333		82		1665		1604		1786		1685		93		1587		1487		1760		1611		138		1707		1761		1893		1787		96																				0		5		10		15

																																																												1:1		1.48 ± 0.01		2.13 ± 0		1.90 ± 0.18		1.81 ± 0.04

																																																												1:2		2.10 ± 0.03		2.11 ± 0		1.50 ± 0.14		1.86 ± 0.01

																																																												1:3		2.04 ± 0.08		2.08 ± 0.01		1.69 ± 0.04		1.74 ± 0.03

																																																												1:4		2.11 ± 0.02		2.05 ± 0.05		1.69 ± 0		1.87 ± 0

																																																												1:5		2.12 ± 0.07		2.11 ± 0				1.76 ± 0.16

																																																												1:6		1.81		1.77 ± 0.02		1.95 ± 0.02		1.63 ± 0.02

																																																												1:7		1.84 ± 0.01		1.75 ± 0.05		2.059 ± 0.02		2.03 ± 0.01

																																																												1:8		1.75 ± 0.02		1.72 ± 0.04		1.97 ± 0.01		2.01 ± 0.01

																																																												1:9		1.70 ± 0.04		1.68 ± 0.01		1.89 ± 0.02		2.10 ± 0.01

																																																												1:10		1.76 ± 0.06		1.78 ± 0.04		1.71 ± 0.02		2.05 ± 0.05

																																																														Vitamin E (ppm)

																																																												Solvent ratio		Final crystallisation temperature °C

																																																														0		5		10		15

																																																												1:1		1868 ± 232		917 ± 351		1709 ± 27		1542 ± 72

																																																												1:2		594 ± 187		1118 ± 482		1618 ± 134		1497 ± 117

																																																												1:3		819 ± 347		1230 ± 672		1442 ± 30		1507 ± 94

																																																												1:4		1481 ± 359		2064 ± 101		± 72		1559 ± 94

																																																												1:5		968 ± 347		1884 ± 81		1442 ± 71		1557 ± 26

																																																												1:6		1687 ± 57		1674 ± 67		2284 ± 229		1649 ±129

																																																												1:7		1632 ± 82		1739 ± 40		2336 ± 73		2211 ± 178

																																																												1:8		1614 ± 49		1638 ± 49		1734 ± 11		1649 ± 180

																																																												1:9		1697 ± 39		1560 ± 41		1722 ± 51		1653 ± 147

																																																												1:10		1815 ± 82		1685 ± 93		1611 ± 138		1787 ± 96





Result from pretreatment plant

		Pretreatment pilot plant : Sample Degummed oil (Batch 1)										Pretreatment pilot plant : Sample Crude PPFO

												Date : 14 Feb 2017

		Sample		Sampling time								Sample				Carotene

				24-Jan-17		Phosphorus content										1		2		Ave		Std Dev

		Degummed PPFO				30.5911						Crude PPFO				0		0		0		0

		Degummed PPFO				29.423

		Water degummed		12.30 pm		19.0782						Degummed PPFO after 1st degumming				1222.2251		1361.3785		1291.8018		98.3963127652

		Water degummed		12.30 pm		15.6424

		Circulation drying		3.00 pm		15.1938						Degummed PPFO after 2nd degumming				1508.3199		1356.5225		1432.4212		107.3369709065

		Circulation drying		3.00 pm		10.5392

		Circulation drying		3.45 pm		23.7599										DOBI

		Circulation drying		3.45 pm		16.0587						Crude PPFO				0		0		0		0

		Circulation drying		4.30 pm		22.2018

		Circulation drying		4.30 pm		22.2497						Degummed PPFO after 1st degumming				1.9591		1.9987		1.9789		0.0280014285

				25-Jan-17								Degummed PPFO after 2nd degumming				2.0658		2.0767		2.07125		0.0077074639

		Dryed PPFO/Acid degumming		10.45 am

		Dryed PPFO/Acid degumming		10.45 am		22.5951

		Bleached PPFO		11.25 am		24.9484

		Bleached PPFO		11.25 am

		Filtered PPFO		2.00 pm		17.1775

		Filtered PPFO		2.00 pm		15.9076

		Final product of PPFO		2.10 pm		16.9595

		Final product of PPFO		2.10 pm		16.0739

		Sample		Sampling time		Phosphorus

				24-Jan-17		content (ppm)

		Degummed PPFO		none		30.5911

		Water degummed		12.30 pm		15.6424

		Circulation drying		3.00 pm		15.1938

		Circulation drying		3.45 pm		23.7599

		Circulation drying		4.30 pm		22.2497

		Dryed PPFO/Acid degumming		10.45 am		22.5951

		Bleached PPFO		11.25 am		24.9484

		Filtered PPFO		2.00 pm		17.1775

		Final product of PPFO		2.10 pm		16.0739
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Solvent fractionation PIPOC2017

		Sample :		Tanjung Tualang collected on August 2017

				Carotene content (ppm)				:		1628		1690		1659				Phosphorus content:				74		60		67		ppm

				DOBI				:		2.0245		2.1094		2.07				Vitamin E :				1275		1310		1293

				FFA				:		6.56%

				Carotene content (ppm)

		Olein																								Stearin

		Ratio		0°C		0°C		0°C		Ave		SD		5°C		5°C		5°C		Ave		SD				Ratio		0°C		0°C		0°C		Ave		SD		5°C		5°C		5°C		Ave		SD

		Crude PPFO								1659										1659						Crude PPFO								1659										1659

		1:2		1537		1537		1567		1547		17		1676		1593		1791		1687		99				1:2		645		512		479		545		88		652		515		570		579		69

		1:4		1530		1498		1517		1515		16		1483		1573		1770		1609		147				1:4		502		414		339		418		82		432		340		261		344		86

		1:6		1512		1519		1532		1521		10		1563		1482		1814		1620		173				1:6		271		307		265		281		23		282		234		342		286		54

		1:8		1504		1475		1614		1531		73		1615		1499		1852		1655		180				1:8		301		301		187		263		66		328		210		288		275		60

		1:10		1551		1599		1838		1663		154		1577		1426		1797		1600		187				1:10		216		158		219		198		34		323		180		249		251		72

		Olein		DOBI																						Stearin		DOBI

		Ratio		0°C		0°C		0°C		Ave		SD		5°C		5°C		5°C		Ave		SD				Ratio		0°C		0°C		0°C		Ave		SD		5°C		5°C		5°C		Ave		SD

		Crude PPFO								2.07										2.07						Crude PPFO								2.07										2.07

		1:1						0.00		0		0.00		2.01						2.01						1:1						0.00		0		0.00		0.66						0.66

		1:2		1.89		1.89		1.80		1.86		0.05		1.61		1.68		1.54		1.61		0.07				1:2		0.58		1.19		0.77		0.85		0.31		0.61		0.83		0.75		0.73		0.11

		1:4		1.6		1.87		1.88		1.78		0.16		1.82		1.8		1.54		1.72		0.16				1:4		0.62		0.99		0.82		0.81		0.19		0.62		0.76		0.62		0.67		0.08

		1:6		2.07		1.83		1.87		1.92		0.13		1.6		1.72		1.77		1.70		0.09				1:6		0.59		0.84		0.73		0.72		0.13		0.8		0.74		0.51		0.68		0.15

		1:8		1.8		1.82		1.80		1.81		0.01		1.49		1.72		1.65		1.62		0.12				1:8		0.79		0.89		0.65		0.78		0.12		0.72		0.76		0.48		0.65		0.15

		1:10		1.87		2.07		1.65		1.86		0.21		1.54		1.74		1.52		1.60		0.12				1:10		0.61		0.6		0.45		0.55		0.09		0.57		0.73		0.47		0.59		0.13

				Vitamin E (ppm)																								Vitamin E (ppm)

		Olein																								Stearin

		Ratio		0°C		0°C		0°C		Ave		SD		5°C		5°C		5°C		Ave		SD				Ratio		0°C		0°C		0°C		Ave		SD		5°C		5°C		5°C		Ave		SD

		Crude PPFO								1293										1293						Crude PPFO								1293										1293

		1:1		1603				0		1603										0		0				1:1		550						550										0		0

		1:2		1455		1433				1444		16		1693						1693		0				1:2		357		434				396		54		282						282		0

		1:4		1973		1288				1631		484		1546						1546		0				1:4		247		262				255		11		314						314		0

		1:6		1671		1554				1613		83		1478						1478		0				1:6		264		214				239		35		103						103		0

		1:8		1565		1320				1443		173		1506						1506		0				1:8		68		231				150		115		176						176		0

		1:10		1491		1451				1471		28		1570						1570		0				1:10		68		68				68		0		110						110		0
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Result RPPFO 141217

		Temperature		5°C		B1		Olein

		SAMPLE NAME		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		1:1		0.1		0.76		0.96		37.3		0.29		4.18		43.76		11.44		1.19				100

		1:2		0.23		1.32		1.05		34.12		0.00		3.81		44.37		13.43		1.67				100

		1:4		0.08		0.68		0.94		35.79		0.32		4.45		44.26		12.27		1.21				100

		1:6		0.09		0.7		0.97		34.69		0.72		5.29		42.77		13.54		1.23				100

		1:8		0.12		0.71		0.95		35.63		0.54		4.65		43.85		12.4		1.16				100

		1:10		0.09		0.68		0.96		36.45		0.3		4.35		43.98		12.05		1.12				100

																								0

																								0

																								0

																								0

						1:1				1:2				1:4				1:6				1:8

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.29		0.2755		0.00		0		0.32		0.304		0.72		0.684		0.54		0.513

		C18:1		0.86		43.76		37.63		44.37		38.1582		44.26		38.0636		42.77		36.7822		43.85		37.711

		C18:2		1.732		11.44		19.81		13.43		23.26076		12.27		21.25164		13.54		23.45128		12.40		21.4768

		C18:3		2.616		1.19		3.11		1.67		4.36872		1.21		3.16536		1.23		3.21768		1.16		3.03456

								60.84				65.79				62.78				64.14				62.74

						1:10

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		0.3		0.285		0		0		0		0		0		0		0		0

		C18:1		0.86		43.98		37.8228		0.00		0		0.00		0		0.00		0		0.00		0

		C18:2		1.732		12.05		20.8706		0.00		0		0.00		0		0.00		0		0.00		0

		C18:3		2.616		1.12		2.92992		0.00		0		0.00		0		0.00		0		0.00		0

								61.91				0.00				0.00				0.00				0.00

		Temperature		5°C		B1		Stearin

		SAMPLE NAME		C10:0		C12:0		C14:0		C16:0		C16:1		C18:0		C18:1		C18:2		C18:3		C20:0		TOTAL

		1:1		0.97		0.49		1.14		55.84		1.09		4.25		28.37		6.95		0.89				100

		1:2		0.26		0.37		1.31		63.54		0.90		4.87		22.58		5.38		0.77				100

		1:4		0.51		0.30		1.24		68.38		1.94		4.37		18.32		4.28		0.66				100

		1:6		0.31		0.25		1.43		73.89		0.91		5.13		14.14		3.37		0.59				100

		1:8		0.5		0.3		1.41		73.36		1.5		4.54		14.53		3.31		0.56				100

		1:10		0.05		0.25		1.39		76.35		1.46		4.51		12.5		2.91		0.59				100

																								0

																								0

																								0

																								0

						1:1				1:2				1:4				1:6				1:8

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		1.09		1.0355		0.90		0.855		1.94		1.843		0.91		0.8645		1.5		1.425

		C18:1		0.86		28.37		24.40		22.58		19.4188		18.32		15.7552		14.14		12.1604		14.53		12.4958

		C18:2		1.732		6.95		12.04		5.38		9.31816		4.28		7.41296		3.37		5.83684		3.31		5.73292

		C18:3		2.616		0.89		2.33		0.77		2.01432		0.66		1.72656		0.59		1.54344		0.56		1.46496

								39.80				31.61				26.74				20.41				21.12

						1:10				1:10

		ME		Factor		FAC		IV		FAC		IV		FAC		IV		FAC		IV		FAC		IV

		C16:1		0.95		1.46		1.387		0		0		0		0		0		0		0		0

		C18:1		0.86		12.50		10.75		0.00		0		0.00		0		0.00		0		0.00		0

		C18:2		1.732		2.91		5.04012		0.00		0		0.00		0		0.00		0		0.00		0

		C18:3		2.616		0.59		1.54344		0.00		0		0.00		0		0.00		0		0.00		0

								18.72				0.00				0.00				0.00				0.00





SOMChe2018

		Volume, mL		Abs

		1		0.977

		2		1.372

		3		1.766

		4		2.15

		No		Sample		Phosphorus Analysis

						Weight Sample		400nm		Phosphorus(ppm)

		1		Buruh 1		5.0096		0.206		0.6038

		2		Buruh 2		5.0074		0.348		1.0204

		3		PL 1 (1)		5.0083		0.235		0.6889

		4		PL 1 (2)		5.0075		0.346		1.0145

		5		Crude PPFO T. Tualang 1		5.0465		3.388		9.8572

		6		Crude PPFO T. Tualang 2		5.0289		3.406		9.9442

		7		Bleaching Plant 1		5.0402		0.879		2.5606

		8		Bleaching Plant 2		5.0341		0.879		2.5637										Tg Tualang

		9		PPFO Lab 1		5.025		0.35		1.0227										Sample		Phosphorus		Carotene		DOBI		FFA		PV		Vitamin E

		10		PPFO Lab 2		5.0182		0.252		0.7373												content (ppm)		content (ppm)				(%)		(meqO2/mg)		(ppm)

																				Crude PPFO		113		1689		2.1		6.8459		Nil		1544

																				Bleached PPFO with 1.0% BE		14.5		1346		3.02				2.63		1210

																				Deodorised PPFO		7.86		916		1.57				0.1		1017		T = 170°C ; t = 15 min

																				Olein PPFO at 18°C in 15min		5.83		1034		1.5				0.31		1512

																				Kim Loong

																				Sample		Phosphorus		Carotene		DOBI		FFA		PV		Vitamin E

																						content (ppm)		content (ppm)				(%)		(meqO2/mg)		(ppm)

																				Crude PPFO		141		1399		2.162		5.059				1563

																				Bleached PPFO from plant		29		1256		1.96				2.79		1048

																				Bleached PPFO with 1.0% BE		9.98		1166		2		0.1047		2.31		895

																				Deodorised PPFO (1.0% BE)		9.59		730		1.11				0.31		820

																				Olein PPFO at 18°C in 15min		7.25		759		1.08				0.41		1224

																				Kim Loong

																				Sample		Phosphorus		Carotene		DOBI		FFA		PV		Vitamin E

																						content (ppm)		content (ppm)				(%)				(ppm)

																				Crude PPFO Kim Loong		141		1399		2.162		5.059				1563

																				Bleached PPFO from plant		29		1256		1.96				2.79		1048

																				Bleached PPFO with 0.8% BE + 0.2% AC		11.26		1122		2.1				4.34		838

																				Deodorised PPFO (0.8% BE + 0.2% AC)		33.15		572		0.86				0.15		728

																				T = 179°C ; t = 15 min

																				Olein PPFO with 0.8% BE + 0.2% AC		10.05		638		0.86				0.31		971

																				at temp. 18°C
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Phosphorus  content (ppm)



		Sample				Phosphorus content		FFA		DOBI		Carotene		Vitamin E		PV						Phosphorus content (ppm)

						ppm		%				ppm		ppm								Crude PPFO		Water-degummed PPFO		Acid-degummed PPFO		Bleached PPFO		Refined red PPFO

		Crude PPFO		Drum 1		700		5.05		2.16		1399		1532						Drum 1		700		55		25		11

				Drum 2		675		5.42		1.8		1414		1545						Drum 2		675		67		33		14

				Drum 3		540		5.24		2.13		1481		1594						Drum 3		540		59		23		10

				Drum 4		705		5.24		2.16		1398		1563						Drum 4		705		64		23		10

				Drum 5		545		5.55		1.85		1399		1403						Drum 5		545		49		16		8

				Ave		633		5.3		2.02		1418.2		1527.4						Ave		633		58.8		24		11		10

				S.D		83		0.19		0.18		36		73						S.D		83		7		6		2

		Water-degummed PPFO		Drum 1		55		4.93		2.2		1488		1487								FFA (%)

				Drum 2		67				2.1		1432		1446								Crude PPFO		Water-degummed PPFO		Acid-degummed PPFO		Bleached PPFO		Refined PPFO

				Drum 3		59		4.74		2.24		1119								Drum 1		5.05		4.93		4.98		4.98		0.37

				Drum 4				5.32		2.07		1316		1479						Drum 2		5.42		5.67		5.23		5.23		0.45

				Drum 5		49		4.90		2.05		1428		1375						Drum 3		5.24		4.74		5.07		5.09		0.4

				Ave		57.5		4.97		2.13		1356.6		1446.75						Drum 4		5.24		5.32		5.32		5.24		0.34

				S.D		8		0.25		0.08		147		51						Drum 5		5.55		4.90		5.26		5.23		0.2

																				Ave		5.3		5.11		5.17		5.15		0.35

		Acid-degummed PPFO		Drum 1		25		4.98		2.33										S.D		0.19		0.38		0.14		0.12		0.09

				Drum 2		33		5.23		2.24				1413

				Drum 3		23		5.07		2.31												DOBI

				Drum 4		23		5.32		2.07		1316		1479								Crude PPFO		Water-degummed PPFO		Acid-degummed PPFO		Bleached PPFO		Refined PPFO

				Drum 5		16		5.26		2.32		1384								Drum 1		2.16		2.2		2.33		2.41		2.63

				Ave		24		5.17		2.25										Drum 2		1.8		2.1		2.24		2.39		2.69

				S.D		6		0.14		0.11										Drum 3		2.13		2.24		2.31		2.47		2.72

																				Drum 4		2.16		2.07		2.07		2.33		2.65

		Bleached PPFO		Drum 1		11		4.98		2.41										Drum 5		1.85		2.05		2.32		2.47		2.73

				Drum 2		14		5.23		2.39				1377						Ave		2.02		2.13		2.25		2.41		2.68

				Drum 3		10		5.09		2.47										S.D		0.18		0.08		0.11		0.06		0.04																						Sample		Properties

				Drum 4		10		5.24		2.33		1256		1468																																								Phosphorus content, ppm		FFA, %		DOBI

				Drum 5		8		5.23		2.47		1505		1543								Carotenoids																														Crude PPFO		633 + 83		5.3 + 0.19		2.02 + 0.18

				Ave		11		5.15		2.41												Crude PPFO		Water-degummed PPFO		Acid-degummed PPFO		Bleached PPFO		Refined red PPFO																						Water-degummed PPFO		59 + 7		5.11 + 0.38		2.13 + 0.08

				S.D		2		0.12		0.06										Drum 1		1488		1399		1297		1127		1063																						Acid-degummed PPFO		24 + 6		5.17 + 0.14		2.25 + 0.11

																				Drum 2		1432		1414		1409		1216		970																						Bleached PPFO		11 + 2		5.15 + 0.12		2.41 + 0.06

		Refined PPFO		Drum 1				0.37		2.63		1063								Drum 3		1481		1380		1379		1119		909																						Refined PPFO		10		0.35 + 0.09		2.68 + 0.04

				Drum 2				0.45		2.69										Drum 4		1505		1398		1316		1256		993

				Drum 3				0.4		2.72										Drum 5		1428		1399		1384		1279		997

				Drum 4				0.34		2.65		730								Ave		1466.8		1398		1357		1199		986

				Drum 5				0.2		2.73										S.D		35		12		48		73		55

				Ave				0.35		2.68

				S.D				0.09		0.04												Vitamin E

																						Crude PPFO		Water-degummed PPFO		Acid-degummed PPFO		Bleached PPFO		Refined red PPFO

																				Drum 1		1532		1487		1414		1279		1098

																				Drum 2		1545		1446		1413		1377		1049

																				Drum 3		1594		1468		1407		1413		1095

																				Drum 4		1563		1479		1479		1384		981

																				Drum 5		1403		1543		1468		1375		1153

																				Ave		1527.4		1485		1436		1366		1075

																				S.D		73		36		34		51		64

																																Samples		3-MCPD esters (ppm)		GE (ppm)

																																Solvent-extracted crude PPFO		N.D.		N.D.

																																Bleached PPFO		0.01		N.D.

																																Refined red PPFO (This study)		0.32		N.D.

																																CPOa		0.5		-

																																Bleached palm oila		1		-

																																RBDPOa		2.4		-

																																		This study

																																		Solvent-extracted crude PPFO		Bleached PPFO		Refined red PPFO (This study)		CPO		Bleached palm oil		RBDPO

																																3-MCPD esters (ppm)		N.D.		0.01		0.32		0.5		1		2.4

																																GE (ppm		N.D.		N.D.		N.D.





						34.7375877113		1		73.3300756852		1

						12.0623380818				36.1012465159

						47.9531020894				34.3758636255

						73.3505282871				50.7523398475

						55.4147994673				64.2744117048



Carotenoids

Vitamin E
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Concentration, ppm



				83.4116298846		1

				7.155417528

				6.0827625303

				2.1922773547

				NaN



Phosphorus content (ppm)

Oil sample

Phosphorus content, ppm



		

						Solvent extracted PPFOa						Crude palm oilb

						Crude		Bleached PPFO		Refined red PPFO		Crude		Bleached palm oil		RBDPO

				3-MCPD esters (ppm)		N.D.		0.01		0.32		0.5		1		2.4

				GE (ppm		N.D.		N.D.		N.D.






