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ABSTRACTThe objective of this research was to apply the most effective pretreatment for refining methods and determine its effect on the quality (gossypol content, free fatty acid (FFA), peroxide value, iodine value, saponification value and color) of cotton seed oil. This research was conducted at the Department of Postharvest Technology, Advanced Center for Agricultural Research and Education (ACARE), Yezin Agricultural University (YAU). The cotton seed of variety Shwe Daung-10 was collected from Lune Kyaw Cotton Seed Farm, Department of Agriculture (DOA), Ministry of Agriculture, Livestock, and Irrigation. The experiment was designed using a completely randomized design (CRD) that included four replications for each refining method in the bleaching step. The treatments were activated carbon (AC) and bleaching earth (BE) at concentrations of 0.5, 1.0, and 1.5 g/100 g of oil, along with an untreated control of crude oil. When compared to AC, BE was more effective in decreasing the saponification and increasing in peroxide values. Both treatments were effective, but their efficiency varied depending on the quality parameters. However, gossypol content, FFA, peroxide value and color were all significantly decreased by both treatments, thereby improving the overall quality of cotton seed oil. As a result, using 1.0 g of bleaching earth and 1.0 g of activated carbon is advisable as appropriate adsorbents for the purification of cottonseed oil, contingent upon the quality attributes sought. Therefore, the use of 1.0 g bleaching earth or 1.0 g activated carbon is recommended as an effective bleaching treatment to improve the quality of refined cotton seed oil while minimizing gossypol content.
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1. INTRODUCTION 

Cotton (Gossypium hirsutum L.) is one of the most ancient oil seed crops in the world. It is primarily cultivated for fiber and thought to have originated from Africa (Zerihun & Berhe, 2018). Cotton is one of the most important fiber crops and plays a major role in the textile industry and the economy of Myanmar. It is widely cultivated in the Central Dry Zone (CDZ) areas of Myanmar (Soe K. et al., 2023). In Myanmar, the total production amount of long-staple cotton was 393,364.29 MT (98.30%), and short-staple cotton was 6,768.28 MT (1.70%) in 2023-2024. About 400 metric tons were produced in 2023-2024, with 208 million hectares of cotton planted and yielding 1.92 MT/ha (MOALI, 2023; DOA, 2024 and MOC, 2024). Cotton seed oil contains bioactive compounds, including antioxidants (tocopherols, sterols, flavonoids) and pigments like gossypol (Nix et al., 2017; Tian et al., 2016). Gossypol (C30H30O8) is a phenolic compound with antifertility and antioxidant effects that exists in crude cotton seed oil. Gossypol is produced by pigment glands in cotton stems, leaves, seeds, and flower buds (Gadelha, 2014). Gossypol levels in cottonseed vary from 0.02% to 6.64% (Mageshwaran & Parvez, 2016). As gossypol is toxic to humans and animals, further processing is essential to ensure safety. Cotton seed oil has been widely used in many countries as an edible oil for salad and cooking, and it can also be hydrogenated to produce shortenings and margarines. The development of technologies for processing cotton seed oil has played an important role in the modern edible oil and fats industry (O’Brien et al., 2005). However, crude cotton seed oil is not suitable for direct food use without refining due to its dark color, high free fatty acid, gossypol content, and undesirable flavor and odor. These impurities from crude oil are removed in the bleaching step by using materials with a strong adsorption power called "bleaching earths," which are usually activated bentonites (Erten, 2004; Boukerroui et al., 2002). The traditional refining process of crude vegetable oils generally includes the steps of degumming, neutralization, bleaching, and deodorization. The refining processes not only remove the unwanted substances but also vitamins, antioxidants, and antioxidant precursors (e.g., tocopherols, sterols, and EFAs) that are removed, decreased, or partially destroyed at the same time (Alpaslan et al., 2001; Silkeberg and Kochhar, 2000). Therefore, the present study was conducted to study the effect of refining methods on gossypol content and quality of cotton seed oil.	Comment by Maan AlSalihi: Delete and replace with (oilseed)	Comment by Maan AlSalihi: Delete 	Comment by Maan AlSalihi: Delete 	Comment by Maan AlSalihi: Delete 	Comment by Maan AlSalihi: Delete 	Comment by Maan AlSalihi: Delete and replace with (of short)	Comment by Maan AlSalihi: Delete and replace with (Cottonseed)	Comment by Maan AlSalihi: Delete and replace with (cottonseed)	Comment by Maan AlSalihi: Delete and replace with (cottonseed)	Comment by Maan AlSalihi: Delete and replace with (cottonseed)	Comment by Maan AlSalihi: Delete and replace with	Comment by Maan AlSalihi: Delete and replace with (content, gossypol)	Comment by Maan AlSalihi: Delete and replace with (cottonseed)

2. MATERIAL AND METHODS

Shwe Daung-10 cotton seed variety cultivated during the monsoon season, 2024-2025 were collected from Lune Kyaw Cotton Seed Farm, Department of Agricultural (DOA), Ministry of Agriculture, Livestock and Irrigation.	Comment by Maan AlSalihi: Delete and replace with (, was)	Comment by Maan AlSalihi: Delete and replace with (Agriculture)

2.1 Sample Preparation

The raw cotton seeds were cleaned by removing dust, sand, and other foreign materials through hand sorting and sieving. After cleaning, the cotton seeds were hulled using a mechanical huller, and the separated kernels were collected for processing. These collected cotton seed kernels were pretreated using methods including boiling (100 ºC, 30 min), and after pretreatments the moisture content was adjusted to 6-8%. For cotton seed oil extraction, the pretreatment of cotton seeds was conducted using a screw press machine at a constant temperature (120 ºC). 	Comment by Maan AlSalihi: Delete and replace with (pretreatment)

2.1.1 Experimental treatments
After extraction, the crude cotton seed oil was refined by degumming, neutralization, and bleaching. In order to improve oil quality by lowering gossypol content, color, and other contaminants, activated carbon (AC) and bleaching earth (BE) were used in different amounts (0.5, 1.0, and 1.5 g/100 g oil) during the bleaching stage, and control sample (crude oil). The gossypol content, free fatty acid, peroxide value, saponification value, iodine value, and color of the refined oil samples were analyzed as follows.	Comment by Maan AlSalihi: Delete and replace with (cottonseed)	Comment by Maan AlSalihi: Delete and replace with (a control)

2.2 Determination of oil quality parameters

2.2.1 Gossypol content 

The total gossypol content of the cotton seed oil was quantified using a titrimetric procedure involving its reaction with aniline. Approximately 1.0 g of the oil sample was weighed accurately into a 250 ml conical flask. To this, 10 ml of a freshly prepared aniline reagent (a 1:1 v/v mixture of aniline and 70% acetone) and an additional 40 ml of 70% acetone were added. The flask was gently swirled, covered with aluminum foil to minimize solvent loss, and placed on a mechanical shaker for 30 min to ensure complete interaction between gossypol and the reagent. After shaking, the mixture was filtered, and a 10 mL portion of the clear filtrate was transferred to a separate 250 mL conical flask. Two to three drops of 1% phenolphthalein were introduced as an indicator, and the solution was titrated immediately with standardized 0.1 N KOH until a faint pink color persisted for at least 30 sec (Miller,1955). Total gossypol content was calculated using the following formula;	Comment by Maan AlSalihi: Delete and replace with (cottonseed)
Gossypol (%) = 
Where: V_s and V b = KOH volumes for the sample and blank
                       N = Normality of KOH 
             	       42.6 = AOCS titration conversion constant
2.2.2 Free fatty acid (FFA)

Free fatty acid (FFA) value is defined as the number of milligrams KOH required to neutralize the free organic acid present in one gram of oil or fats. Free fatty acid was determined by titration method. The refined cotton seed oil sample (1-10 g) was weighed into a 250 ml of conical flask. Fifty milliliters of neutralized alcohol was added into the conical flask to dissolve, with a few drops of phenolphthalein indicator, and then titrate with 0.1 N KOH solution until pink coloration obtained, which persists for 15 sec. Free fatty acid was calculated using the following formula;	Comment by Maan AlSalihi: Delete and replace with (the titration)	Comment by Maan AlSalihi: Delete and replace with (to)	Comment by Maan AlSalihi: Delete and replace with (titrated)	Comment by Maan AlSalihi: Delete and replace with (a pink)	Comment by Maan AlSalihi: Delete and replace with (was obtained)	Comment by Maan AlSalihi: Delete and replace with (persisted)
Free fatty acid (%) =      (Pearson, 8th Edition, 1990)
          
Where: N     = Normality of potassium hydroxide solution 
           28.2 = Oleic acid factor

[bookmark: _Toc150685239][bookmark: _Toc183029605]2.2.3 Peroxide value 

Peroxide values (PV) of refined cotton seed oil samples were determined according to Pearson. One gram of oil sample, 1 g of potassium iodide, and 20 ml of solvent mixture (glacial acetic acid and chloroform) were added into a 250 ml conical flask and then boiled at 100˚C hot water bath for 30 sec, 20 ml of 5 % potassium iodide solution and 25 ml of distil water were added into it and titrated with 0.002 N sodium thiosulphate solution using starch indicator. A blank was performed along with the oil sample. Peroxide value was calculated using the following formula; 
Peroxide value (mEqkg-1) =               
 (Pearson, 8th Edition, 1990)
Where: S = Titration value of analyzed sample
            	            B = Titration value of blank sample
	
[bookmark: _Toc183029606]2.2.4 Iodine value

Iodine value (iodine number) is related to the fatty materials specially fixed oils, and measures the degree of unsaturation of oil. It is the amount of iodine in grams that is taken up by 100 grams of the oil. Iodine value helps in finding the adulteration in a fat or oil and judging its suitability for making soap. The degree of unsaturation and sensitivity to oxidation increases with increasing iodine value. The iodine value was determined by A Simple, Fast, and Green Titrimetric Method (Shimamoto, Aricetti & Tubino, 2016). An aliquot (0.10 - 0.15 g) of the oil sample was weighed to the nearest 0.0001 g, transferred to a 500-mL Erlenmeyer flask, and dissolved with 15 mL 99 % ethanol under vigorous magnetic stirring for 5 min. Stirring was stopped, and 20.00 mL of the 0.1 mol L−1 ethanolic iodine solution was added. The solution was stirred again for 5 min, and it was then slowed down for the addition of 200 mL of distilled cold water (approximately 5°C or colder). If the ambient temperature is high (> 25°C), an ice bath must be used. The flask was kept covered and gently stirred with a magnetic bar for 5 min. Titration with a standard 0.1 mol L−1 sodium thiosulfate solution, using a 50-mL electronic manual burette, was carried out until the solution was a pale-yellow color. Then, 3 mL of a starch solution was added. The titration was continued until the blue color disappeared, resulting in a milky solution. A blank was prepared and analyzed in the same manner except that it did not contain any sample. 	Comment by Maan AlSalihi: Delete and replace with (especially)
An iodine standard solution at 0.1 mol L−1 was prepared by dissolving 25.38 g of metallic iodine in 1000 mL of 99 % ethyl alcohol in a volumetric flask. The solution was stored in a refrigerator. 
A thiosulfate solution at 0.1 mol L−1 was prepared by dissolving 24.8 g of sodium thiosulfate pentahydrate (Na2S2O3·5H2O) in 1000 mL of distilled water. The solution was then standardized with solid potassium iodate dissolved in distilled water with concentrated sulfuric acid (23 % v/v). 
A starch solution at 1 % w/v was prepared by dissolving 10.0 g of starch in 1.5 L of distilled water. This solution was boiled until the volume was reduced to 1.0 L and then filtered and stored in a refrigerator.
The iodine number was calculated by using the following equation;


(Shimamoto, Aricetti & Tubino, 2016)
B = blank titration of Na2S2O3 solution
T = sample titration of Na2S2O3 solution
0.0127 is the calculated mass of iodine per cm3 0.1 mol L-1 thiosulphate	Comment by Maan AlSalihi: Delete and replace with (of 0.1)
W = mass in grams of sample of oil
100 = used because the iodine value is expressed as a number per 100 g of the oil

[bookmark: _Toc183029607]2.2.5 Saponification value

Saponification value (SV) of an oil or fat is the number of potassium hydroxide required to neutralize the fatty acid resulting from the complete hydrolysis of 1 g of the sample. To determine SV, the sample was completely saponified with an excess of alkali, which excess is then determined by titration (in mg KOH/g). The oil sample (2 g) was weighed, and 25 ml alcoholic potassium hydroxide solution was poured into a 100 ml of conical flask containing the oil, and it was attached to reflux condenser. This was heated through boiling water bath for 1 hr with random shaking. After one hour, 1 mL of the phenolphthalein solution was added and titrated with the 0.5 N standard hydrochloric acid until the color changed from pink to colorless. This procedure was repeated for each of the four samples. Then the blank (that is, potassium hydroxide solution without oil) was titrated using the same procedure. The saponification value was then determined by following (AOCS, 1998)	Comment by Maan AlSalihi: Delete and replace with (of alcoholic)	Comment by Maan AlSalihi: Delete and replace with (a reflux)	Comment by Maan AlSalihi: Delete and replace with (in a)

Saponification value (mgKOH/g) =           
Where: B = Titration value of blank sample 
S = Titration value of analyzed sample            
           	                	N = Normality of HCL
 		        56.1 = Molecular weight of KOH 

2.3 Experimental Design and Statistical Analysis
	
The recorded data for all six samples of different refined oils and control crude oil were subjected to four replications with Completely Randomized Design (CRD). All of the data were analyzed by using statistics (8th version), and treatment means were compared using the Least Significant Difference (LSD) test at 5% level. 	Comment by Maan AlSalihi: Delete and replace with (a completely)	Comment by Maan AlSalihi: Delete 	Comment by Maan AlSalihi: Delete and replace with (Statistics)	Comment by Maan AlSalihi: Delete and replace with (the 5%)

3. RESULTS AND DISCUSSION

3.1 Gossypol Content 

Gossypol is a naturally occurring toxic pigment in cotton seed that must be reduced to a acceptable level before the oil can be used for edible purposes. The gossypol content of cotton seed oil differed significantly among the refining treatments (P < 0.01). The gossypol content of cotton seed oil samples ranged from 0.0023 to 0.285%. Among the refined treatments, values ranged from 0.0023 to 0.0038% (Table 1). The control sample showed a gossypol content of 0.285%, whereas all refining treatments significantly reduced gossypol content compared with the control. The BE (1.0 g), AC (1.0 g), and AC (1.5 g) treatments showed a gossypol content of 0.0023%, while the BE (1.5 g), AC (0.5 g), and BE (0.5 g) treatments recorded gossypol contents of 0.0038%, 0.0033%, and 0.0028%, respectively. The higher gossypol content observed in the control sample may be attributed to the absence of refining treatment. The present results were comparable with those reported by Aslbek et al. (2022), who found that complete refining reduced the gossypol content of cotton seed oil to approximately 0.002%. The reduction of gossypol content may be due to adsorption by bleaching earth and activated carbon. These adsorbents possess high surface areas and porous structures that effectively adsorb gossypol and pigment compounds (O’Brien, 2009; Kamga et al., 2000; Chetima et al., 2018). These results indicate that both bleaching earth and activated carbon were effective in reducing gossypol content in cotton seed oil during the refining process.	Comment by Maan AlSalihi: Delete and replace with (cottonseed)	Comment by Maan AlSalihi: Delete and replace with (an acceptable)	Comment by Maan AlSalihi: Delete and replace with (cottonseed)	Comment by Maan AlSalihi: Delete and replace with (cottonseed)	Comment by Maan AlSalihi: Delete and replace with (cottonseed)	Comment by Maan AlSalihi: Delete and replace with (cottonseed)

3.2 Free Fatty Acid 

[bookmark: _Hlk235354463]Free fatty acid (FFA) content is an important indicator of the edibility and quality of refined oils. High FFA content can adversely affect the flavor, odor, and oxidative stability of oils. All refined treatments significantly reduced the FFA content of cotton seed oil compared with the control treatment (P < 0.01), demonstrating the effectiveness of the refining process in reducing FFA and improving oil quality. The FFA content was ranged from 0.16 to 4.00 % (Table 1). Among the refined treatments, the minimum FFA content was observed in the AC (1.0 g) treatment (0.16%) and AC (1.5 g) treatment (0.19%). These values, however, were not significantly different from those of the treatments with BE (1.0 g) (0.25%), BE (0.5 g) (0.26%), and AC (0.5 g) (0.33%) (Table 1). The FFA content of refined oil (0.16 - 0.40%) w comparable with previous reports, such as Mahesar et al. (2017), who observed an FFA content of approximately range from 2.8 to 0.25% after bleaching of cotton seed oil. The reduction in FFA content was mainly attributed to the neutralization process, during which free fatty acids reacted with NaOH to form soap and were subsequently removed during washing. The subsequent bleaching process further improved oil quality by removing residual pigments, soap residues, and other impurities through adsorption. However, the efficiency of FFA reduction depended on the type and dosage of the bleaching materials used (Wei et al., 2015; Chen & Sun, 2023). Consequently, the refined oils exhibited improved edible oil quality and stability. 	Comment by Maan AlSalihi: Delete and replace with (cottonseed)	Comment by Maan AlSalihi: Delete 	Comment by Maan AlSalihi: Delete and replace with (the AC)	Comment by Maan AlSalihi: Delete and replace with (was)	Comment by Maan AlSalihi: Delete and replace with (ranging)	Comment by Maan AlSalihi: Delete and replace with (cottonseed)

3.3 Peroxide Value

The peroxide value (PV) indicates the degree of oxidation in fat or oil. When unsaturated fatty acids undergo oxidation, hydroperoxides are formed as the primary oxidation products. These compounds can then react to form compounds that can lead to rancidity. The peroxide value (PV) of cotton seed oil differed significantly among refining methods (P < 0.01). In this study, the PV ranged from 1.01 to 15.23 meq O₂/kg of oil (Table 1). The untreated control sample exhibited the highest PV of 15.23 meq O₂/kg of oil, indicating a higher degree of primary oxidation. Among the refined treatment oils, BE (0.5 g) resulted in the minimum at PV 1.01 meq O₂/kg of oil, followed by AC (1.5 g) with 3.39 meq O₂/kg of oil and BE (1.0 g) with 5.83 meq O₂/kg of oil. AC (0.5 g) and BE (1.5 g) oils showed PV values of 7.87 and 8.77 meq O₂/kg of oil, respectively (Table 1). Among the refining treatments, BE (0.5 g) showed the best performance by exhibiting the lowest PV, indicating its greater effectiveness in reducing primary oxidation products compared with the other refining treatments. The decrease in PV after refining is mainly due to partial adsorption of hydroperoxides; however, this process cannot completely eliminate oxidation (Zschau, 2004). The PV values of all refined cotton seed oil samples remained below 10 meq O₂/kg of oil, indicating good oxidative quality and acceptable oxidative stability (Olaniyi et al., 2014). The reduction in peroxide value may be attributed to the adsorption of hydroperoxides, trace metals, and other oxidation-promoting impurities by BE and AC, thereby improving the oxidative stability of the oil.	Comment by Maan AlSalihi: Delete and replace with (cottonseed)	Comment by Maan AlSalihi: Delete and replace with (of 1.01)	Comment by Maan AlSalihi: Delete 	Comment by Maan AlSalihi: Delete and replace with (cottonseed)

3.4 Saponification Value 

Saponification value (SV) is an important physicochemical parameter that indicates the amount of potassium hydroxide (KOH) required to saponify one gram of oil and reflects the average molecular weight of the fatty acids present in the oil. The SV of cotton seed oil differed significantly among the refining treatments (P < 0.01). The SV of the refining treatments ranged from 185.61 to 199.23 mg KOH/g oil, whereas the control sample had a value of 201.32 mg KOH/g oil (Table 1). Compared with the control sample, only the AC (1.0 g) and AC (1.5 g) treatments showed significantly lower saponification values (185.86 and 185.61 mg KOH/g oil, respectively), while the AC (0.5 g), BE (0.5 g), BE (1.0 g), and BE (1.5 g) treatments did not differ significantly from the control sample. The SV of cotton seed oil has been reported to range from 189 to 198 mg KOH/g oil, with an average value of 195 mg KOH/g oil (O’Brien, 2002). The SV value obtained in the present study were generally comparable to the reported range, although the control sample showed a slightly higher value. In general, the higher saponification values indicate a higher proportion of lower molecular weight fatty acids (Pearson, 1976). The slight decrease in SV after refining suggests that the refining process had little effect on the saponification value of cotton seed oil. This result are also agreement with previous studies, which reported that refining causes only minor changes in the saponification value of cotton seed oil (Mahesar,et al.,2017). The slightly lower SV observed in the AC (1.0 g) and AC (1.5 g) treatments may be attributed to the adsorption of minor oil constituents during bleaching. In addition, the variation in SV among treatments may be associated with differences in the adsorption effects of bleaching earth and activated carbon, as well as the removal of impurities and non-saponifiable substances during refining. The refining treatments caused only minor changes in saponification value, indicating that the refining process largely preserved the saponification characteristics of cotton seed oil. 	Comment by Maan AlSalihi: Delete and replace with (cottonseed)	Comment by Maan AlSalihi: Delete and replace with (cottonseed)	Comment by Maan AlSalihi: Delete and replace with (values)	Comment by Maan AlSalihi: Delete and replace with (These results)	Comment by Maan AlSalihi: Delete and replace with (is)	Comment by Maan AlSalihi: Delete and replace with (in agreement)	Comment by Maan AlSalihi: Delete and replace with (cottonseed)

[bookmark: _Hlk235480791]3.5 Iodine Value (IV)

The iodine value (IV) represents the degree of fat or oil unsaturation. The quantity of iodine that reacts with a natural or processed fat under different conditions is measured. It is a well-known fact that higher IV indicate highly unsaturated oil, while the reverse is true for less unsaturated oil. The IV of cotton seed oil was significantly affected by the refining methods (P < 0.01). The IV obtained in this study ranged from 98.38 to 128.33 g I₂/100 g oil (Table 1). The control treatment showed the highest IV of 128.33 g I₂/100 g oil and was significantly different from all refined treatments. The IV showed only slight variation among the refined oils. AC (0.5 g) resulted the highest IV of 116.62 g I₂/100 g oil, followed by BE (0.5 g), AC (1.0 g), BE (1.0 g), and BE (1.5 g). The lowest IV was observed in AC (1.5 g) (98.38 g I₂/100 g oil) (Table 1). A higher IV value indicates a greater degree of unsaturation (Odoom and Edusei, 2015). However, these unsaturated fatty acids are more susceptible to oxidation, reducing the oxidative stability and shelf life of the oil. In another study, the IV of cotton seed oil ranged from 100 to 115 g I2 /100 g oil as reported by Dinda et al. 2008). Since the control oil was not refined, the original unsaturated fatty acids were retained. The slight changes in IV after refining suggest that the unsaturation level of the oil was mostly maintained. Among the refined treatments, AC (0.5 g) showed the highest IV, indicating a greater degree of unsaturated fatty acids. However, higher unsaturation may increase susceptibility to oxidation. Therefore, the most suitable refining treatment should be selected based on overall oil quality parameters, including gossypol content, FFA, peroxide value, and iodine value.	Comment by Maan AlSalihi: Delete and replace with (indicates)	Comment by Maan AlSalihi: Delete and replace with (in the)	Comment by Maan AlSalihi: Delete and replace with (cottonseed)

Table 1. Chemicals properties of refined cotton seed oil	Comment by Maan AlSalihi: Delete and replace with (Chemical)	Comment by Maan AlSalihi: Delete and replace with (cottonseed)
	Treatments
	Gossypol Content                (%)
	Free Fatty Acid             (%)
	Peroxide Value         (mEq O2/kg of oil)
	Saponification Value 
(mg KOH/g of oil)
	Iodine Value        (g I2/100 g of oil)

	Control 
	0.2850 a
	4.00 a
	15.23 a
	201.10 a
	128.30 a

	AC (0.5)
	0.0033 b
	  0.33 bc
	7.86 c
	199.23 a
	116.62 b

	AC (1.0)
	0.0023 b
	 0.16 c 
	8.76 b
	185.86 b
	114.89 bc

	AC (1.5)
	0.0023 b
	0.19 c
	3.38 e
	185.61 b 
	98.38 e

	BE (0.5)
	0.0028 b
	  0.26 bc
	1.01 f
	198.93 a
	115.19 bc

	BE (1.0)
	0.0023 b
	  0.24 bc
	5.82 d
	198.93 a
	112.77 cd

	BE (1.5)
	0.0038 b
	0.40 b
	8.10 c
	198.45 a
	110.49 d

	Pr< F(0.01)
	.001**
	.001**
	.001**
	.001**
	.001**

	LSD (0.05)
	0.0072
	0.20
	0.55
	9.96
	3.74

	CV%
	11.38
	16.57
	5.25
	3.46
	2.23


Mean followed by the same letter within each column were not significantly different at 5% level. ** significant at probability level p ˂ 0.001; * significant at probability level p ˂ 0.05; ns non-significant, CV- coefficient of variation	Comment by Maan AlSalihi: Delete and replace with (Means)	Comment by Maan AlSalihi: Delete and replace with (the 5%)
AC- Activated carbon, BE- Bleaching earth 

3.6 Color 

The color data in terms of the Hunter L*(lightness), a*(green to red), and b* (blue to yellow) values of oil samples are illustrated in (Figure 1). Significant differences (P < 0.01) were observed in the Hunter color parameters L*, a*, and b* among the treatments. The L*, a* and b* values of refined cotton seed oil by AC (0.5 g, 1 g, 1.5 g), BE (0.5 g, 1 g, 1.5 g) and control crude oil sample respectively were (14.63,0.58,7.48), (14.3, 0.23, 6.13), (15.63, 1.85, 7.73), (16.68, 1.43, 5.80), (14.65, 0.40, 4.75), (15.75, 2.75, 8.25) and (11.55, -2.68, 4.45) in Figure (1). Compared with the control, both BE and AC improved the color properties of cotton seed oil. The higher L* values of the refined oils indicate that the oils became lighter due to the removal of pigments and other colored impurities during refining. The crude oil showed a negative a* value (-2.68), whereas all refined oils exhibited positive a* values, indicating a reduction in the green color after bleaching. This change is due to the removal of green pigments, particularly chlorophyll, by bleaching earth and activated carbon. All oil samples exhibited positive b* values, indicating the characteristic yellow color of cottonseed oil. The higher b* values observed in the refined oils suggest that the bleaching treatments removed undesirable pigments while maintaining the desirable golden-yellow appearance of the oil. Crude cotton seed oil has a dark reddish-brown color due to the presence of highly colored material extracted from the seed. After processing, the cotton seed oil typically has a rich golden yellow color which is lighter than peanut and corn oils but darker than soybean, sunflower, canola and safflower oil (Shahidi., 2005). Bleaching earth and activated carbon possess large surface areas and porous structures that effectively adsorb pigments such as carotenoids, chlorophyll, and gossypol, resulting in lighter-colored oil. The treated oils appeared lighter and clearer, indicating the removal of undesirable color pigments and impurities. These results suggest that both adsorbents were effective in improving the appearance of refined cotton seed oil. 	Comment by Maan AlSalihi: Delete and replace with (cottonseed)	Comment by Maan AlSalihi: Delete and replace with (cottonseed)	Comment by Maan AlSalihi: Delete and replace with (cottonseed)	Comment by Maan AlSalihi: Delete and replace with (golden-yellow)	Comment by Maan AlSalihi: Delete and replace with (cottonseed)
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Figure 1. Effect of different refining methods on the color attributes of cottonseed oil

4. CONCLUSION

The bleaching treatments using activated carbon (AC) and bleaching earth (BE) significantly improved the physicochemical quality of cotton seed oil by reducing gossypol content, free fatty acid, peroxide value, and improving color compared with the untreated control. These results indicate the effective removal of gossypol content improve the quality of during the refining process. Among the treatments, AC (1.0 g) produced the lowest gossypol, FFA content, BE (0.5 g) showed the lowest peroxide value, and AC (1.0 g), AC (1.5 g), and BE (1.0 g) achieved the lowest gossypol content. Although the iodine value decreased slightly after refining, it remained within the acceptable range for refined cotton seed oil. Both AC and BE effectively reduced gossypol content and improved the oil quality of cotton seed oil, although their performance varied depending on the quality parameter evaluated. Therefore, the use of 1.0 g bleaching earth or 1.0 g activated carbon is recommended as an effective bleaching treatment to improve the quality of refined cottonseed oil while minimizing gossypol content.	Comment by Maan AlSalihi: Delete and replace with (cottonseed)	Comment by Maan AlSalihi: Delete and replace with (that the)	Comment by Maan AlSalihi: Delete and replace with (improves)	Comment by Maan AlSalihi: Delete 	Comment by Maan AlSalihi: Delete 	Comment by Maan AlSalihi: Delete and replace with (gossypol and)	Comment by Maan AlSalihi: Delete and replace with (cottonseed)	Comment by Maan AlSalihi: Delete and replace with (cottonseed)
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