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Effect of Steaming Pretreatment and Extraction Conditions on the Quality of Roselle Seed Oil

ABSTRACT
Roselle (Hibiscus sabdariffa L.) seeds are an underutilized by-product with considerable potential as a source of edible oil due to their rich content of unsaturated fatty acids and bioactive compounds. This study aimed to optimize screw-press extraction conditions for roselle seed oil yield, residual oil content in cake, oil recovery and evaluate the effect of steaming pretreatment on the quality of the extracted oil. This research was conducted at the Department of Postharvest Technology, Advanced Center for Agricultural Research and Education (ACARE), Yezin Agricultural University (YAU), Myanmar. Steamed roselle seeds were subjected to screw pressing under different temperatures (100-170°C) and moisture content (7-13%) conditions. Response Surface Methodology (RSM) based on a Central Composite Rotatable Design was used in the optimization of extraction conditions. Screw pressing temperature and seed moisture content significantly influenced all response variables. The optimum extraction condition was observed at 160°C and 8% moisture content. Under the optimized conditions, the experimental values were 12.14% oil yield, 6.42% residual oil in the cake and 60.64% oil recovery. Quality evaluation revealed that steaming pretreatment significantly reduced free fatty acid content (0.213%), while increasing iodine value (102.96 g/100 g) and antioxidant activity (54.62%) compared with the control (without steaming) (p < 0.05). However, peroxide value, saponification value, refractive index, and specific gravity were not significantly affected (p > 0.05). This study showed the combination of steaming pretreatment and optimizing screw press extraction, which enhances the extraction performance and oil quality characteristics, highlighting the potential of roselle seed oil as a valuable oil source and provides useful information for the development of efficient processing techniques.
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1.INTRODUCTION








Roselle (Hibiscus sabdariffa L.) is a tropical plant that has gained significant global interest due to diverse applications in the food, pharmaceutical, and cosmetic industries. The plant is mainly recognized for its bright red calyces, which are extensively processed into beverages, jams, and sauces. In contrast, its seeds remain underutilized despite being a rich source of oil containing essential fatty acids, antioxidants, vitamins, and various bioactive compounds (Naeem, Hashish & Zahran, 2017). This makes roselle seed oil a promising alternative for a wide range of applications, including edible oils, cosmetics, and pharmaceuticals.
Roselle seed oil is characterized by its high content of polyunsaturated fatty acids, especially linoleic acid, which has been shown to provide beneficial effects on cardiovascular health. In addition, the oil contains considerable amounts of bioactive compounds, including tocopherols (vitamin E) and phenolic compounds, both of which contribute to its strong antioxidant properties (Chew, Teng, Neo, Sim & Chew, 2024). 
Edible oil is as an essential component of the diet in Myanmar; however, the country continues to experience a substantial gap between domestic production and consumption. Although the national annual demand for edible oil is estimated at approximately 1.1 million tons, local vegetable oil production reaches only about 400,000 tons (Myanmar Agriculture Policy Support Activity, 2024). Therefore, the developing underutilized oil sources such as roselle seed oil could help reduce this production deficit and enhance domestic edible oil supply.
Seed pretreatment has a significant influence on the quality and nutritional composition of the extracted oil. In our previous study, steaming was identified as an effective pretreatment method that improve oil yield while reducing free fatty acid (FFA) content (Oo, Yee, Oo & Lin, in press). For extracting oil from roselle seeds, several techniques are available, among which solvent extraction and mechanical pressing are the most commonly employed. Screw pressing is a mechanical extraction technique that utilizes a rotating screw mechanism without chemical solvents, thereby minimizing potential adverse effects on oil quality. The screw press method is widely valued for its operational simplicity, economic feasibility, and capacity to retain the natural properties of oils, making it suitable for small- and medium-scale production systems. 
Temperature and seed moisture content are among the most important factors influencing screw-press extraction conditions. Appropriate extraction conditions can enhance oil release, improve oil recovery, and minimize the amount of residual oil retained in the press cake. However, information regarding the optimization of screw-press extraction conditions for steamed roselle seeds remains limited.
Therefore, this study aimed to optimize the screw-press extraction conditions of steamed roselle seeds using Response Surface Methodology (RSM) and to evaluate the effects of steaming pretreatment on the physicochemical properties and antioxidant activity of the extracted oil. The findings of this study are expected to contribute to the development of efficient extraction conditions and promote the utilization of roselle seeds as a valuable alternative source of edible oil.

2. MATERIALS AND METHODS

Roselle (Hibiscus sabdariffa L.) seeds of the Chin Baung Ni variety were obtained from the Vegetable and Fruit Research and Development Centre (VFRDC), Department of Agriculture, Ministry of Agriculture, Livestock and Irrigation. The seeds were produced during the 2024 rainy season.

2.1 Sample Preparation

Roselle seeds were thoroughly washed and cleaned to remove foreign materials. The cleaned seeds were sun-dried and stored in a desiccator until use. A portion of the seeds was steamed in an autoclave at 100°C for 30 min, as this treatment produced the highest oil content in our previous study (Oo et al., in press). 

2.1.1 Oil Extraction Procedure

The steamed seed samples were dried in a hot-air oven at 70°C for different durations (15–120 min) to obtain the desired moisture content (Table 2). For each experimental run, 200 g of roselle seeds was used for oil extraction using a mechanical screw press. The extracted crude oil was filtered through Whatman No. 40 filter paper, transferred into glass bottles, and stored in a refrigerator until further analysis. The press cake (oil cake) was packed in airtight plastic bags and stored in a desiccator for subsequent analyses.

2.2 Determination of Oil Yield and Oil Quality

2.2.1 Extracted Oil Yield (%) 

The extracted oil yield was determined based on the amount of extracted oil divided by the total content of the sample (Adeyanju, Ogunlakin, Adekunle, Alawode, & Majekolagbe, 2016). 
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2.2.2 Residual Oil Content in Cake
The residual oil content in roselle cake was measured by solvent extraction method (AOAC, 2003) using Randall apparatus (Velp Scientifica Ser 158 solvent auto extractor).
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2.2.3 Oil Recovery
Oil recovery is the ratio of the total amount of oil yield to the actual fat content of the seed sample. It was calculated by the following formula (Oanh, Quoc, & Hong, 2025).
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2.2.4 Free Fatty Acid (FFA)
Free fatty acid content was determined by titration method. One gram of oil was weighed in 100 ml conical flask. Thirty milliliters of ethanol was added into conical flask and was gently heated to dissolve the oil. It was then titrated with 0.1 N KOH solution using phenolphthalein indicator until pink color was obtained (AOAC, 2007).
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Where, N 	= actual normality of KOH
Vsample	= volume of titrant for oil
Vblank	= volume of titrant for blank
Wsample	= weight of oil in grams
F	= factor for linoleic acid (28)
2.2.5 Peroxide Value (POV)

Peroxide value was determined by the iodometric method based on the reaction of lipid hydroperoxides with potassium iodide and subsequent titration of liberated iodine with standardized sodium thiosulfate solution (Zhang et al., 2021).
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Where, S	 = volume of Na2S2O3 for sample
	B = volume of Na2S2O3 for blank 
            N	= normality of Na2S2O3 solution 
            W	= weight of oil sample (g)
       1000	=	conversion factor of gram to Kilogram

2.2.6 Iodine Value (IV)

Iodine value was determined by green titrimetric method (Shimamoto, Aricetti, & Tubino, 2016). Oil sample 0.15 g was weighed in 500 ml conical flask and dissolved with 15 ml of 99% ethanol solution by vigorous shaking on shaker for 5 minutes. Shaking was stopped and 20 ml of 0.1 mol L-1 ethanolic iodine solution was added. The solution was shake again for 5 minutes, and then, 200 ml of distilled water was slowly added and shaken finally for 5 minutes. After that, it was titrated using 0.1 mol L-1 sodium thiosulphate solution until pale yellow color appeared. Starch indicator was added, dark blue color was formed and continue to titrate until it became colorless.
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Where, B = volume of Na2S2O3 for blank
	S	=	volume of Na2S2O3 for sample	
	N	=	normality of Na2S2O3 solution
            W	=	weight of oil sample(g)
      12.69	=	constant of iodine atomic weight
2.2.7 Saponification value (SV)
To determine saponification value, the sample (1g) was completely saponified with an excess of alkali by refluxing with condenser for 1 hour, which excess is then determined by titration with 0.8 N HCL until the color change from pink to colorless (in mg KOH/g) (AOCS, 2009).
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Where, B = volume of HCL for blank
	S	=	volume of HCL for sample	
	N	=	normality of HCL
        56.1	=	molecular weight of KOH 
            W	=	weight of oil sample(g)
2.2.8 Antioxidant Content
In antioxidant analysis, 0.1 mM DPPH solution was prepared using ethanol. Ethanol and acetone (8:2) was mixed to make solvent mixture. Oil solution was prepared with 1 g oil dissolved in solvent mixture by slightly heating and stirring, and volume was made up to 100 ml. Control solution (5 ml solvent mixture + 1 ml 0.1mM DPPH), sample solution (1 ml oil solution + 4 ml solvent mixture + 1 ml DPPH solution), and blank solution (1 ml oil solution + 5 ml solvent mixture) to correct sample solution,  were prepared by shaking vigorously, and maintained in the dark place for about 30 minutes. The absorbance was measured at 517 nm using UV spectrophotometer (Marinova & Batchvarov, 2011).
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RSA (%)	= Radical scavenging activity
	Ac	=	Absorbance of control solution
	As	=	Absorbance of sample solution
2.2.9 Specific Gravity
The specific gravity of roselle seed oil was measured using portable specific gravity meter (Kyoto Electronics DA-130N).
2.2.10 Refractive Index
Refractive index was measured using refractometer (Rudolph’s Digital J57-VT HA-High Accuracy & J57-VT WR Wide Range).
2.3 Experimental Design and Statistical Analysis
Response surface methodology (RSM) was used to determine optimum extraction condition of temperature and moisture on oil yield, residual oil content in cake and oil recovery efficiency. Optimization was laid out by using Design-Expert Software (version 12.0, Stat-Ease Inc., Minneapolis, MN, USA) with two factors at five levels according to Central Composite Rotatable Design (CCRD). 
Oil quality parameters of control (without steaming) and steamed seeds pressed under optimum condition of temperature and moisture level were analyzed by t-test at (.05) probability level by using Statistix 8th version.
Table 1. Independent variables and coded value for CCRD of RSM
	Symbol
(Factor Levels)
	Independent Variables
	Coded Level

	
	
	- α
	-1
	0
	+1
	+α

	X1
	Temperature (°C)
	100
	110
	135
	160
	170

	X2
	Moisture content (%)
	7
	8
	10
	12
	13


Table 2. Actual and coded value of CCRD design in RSM for screw press extraction method
	Sr.
No
	Coded Value of Extraction Variables
	Actual Value of Extraction Variables

	
	Factor A
Temp. (°C)
	Factor B
Moisture Content (%)
	Factor A
Temp. (°C)
	Factor B
Moisture Content (%)

	1
	-1
	-1
	110
	8

	2
	0
	0
	135
	10

	3
	0
	- α
	135
	7

	4
	0
	0
	135
	10

	5
	+1
	+1
	160
	12

	6
	0
	0
	135
	10

	7
	0
	0
	135
	10

	8
	- α
	0
	100
	10

	9
	0
	+α
	135
	13

	10
	+α
	0
	170
	10

	11
	+1
	-1
	160
	8

	12
	-1
	+1
	110
	12

	13
	0
	0
	135
	10





3. RESULTS AND DISCUSSION
3.1 Effect of Screw Pressing Temperature and Moisture on Product Responses
3.1.1 Effect of Pressing Temperature and Moisture on Roselle Seed Oil Yield
In this study, the oil yield obtained from screw pressing of roselle seeds ranged from 0.73% to 12.14%, as shown in Table 3. The regression analysis of the developed process model and response is presented in Table 4. The quadratic model was significant (P < .001), indicating that pressing temperature and seed moisture content significantly affected oil yield. Similarly, screw-press temperature and seed moisture content have been reported to significantly influence the oil yield of flaxseed (Mridula, Barnwal, & Singh, 2015). The non-significant lack of fit (P = .05) indicated that the model adequately represented the experimental data. The high coefficient of determination (R2 = .9914) indicated that 99.14 % of the variability in oil yield was explained by the model. The low coefficient of variation (CV = 5.84 %) also indicated good precision and reliability of the experimental results.
The effects of pressing temperature and seed moisture content on roselle seed oil yield are presented in Figure 1. The highest oil yield (12.14 %) was observed at pressing temperature of 160°C and moisture content of 8 %, whereas the lowest oil yield (0.73%) was observed at 135°C and 13% moisture content. In general, oil yield increased with increasing pressing temperature and decreasing seed moisture content. Higher temperatures enhance oil release by weakening the cellular structure and reducing oil viscosity. Heat treatment also disrupts cell walls and denatures protein–oil complexes, thereby facilitating oil release (Yang, Zhu, and Cao, 2021). Likewise, increasing the extraction temperature has been reported to significantly improve oil yield (Allay et al., 2025). Heating oilseeds also promotes moisture loss, allowing the oil to flow more readily during mechanical pressing (Akinoso & Suleiman, 2011). However, excessive heating may cause thermal degradation of oil constituents, resulting in reduced oil recovery. In the present study, the oil yield decreased to 8.43% when the pressing temperature was increased to 170°C. Lower oil yields (0.73–8.43%) were generally observed at higher seed moisture contents (above 10%). High moisture content can reduce oil extraction efficiency by increasing resistance to oil flow during pressing. Homraruen and Chanpeng (2021) also reported that high seed moisture content results in lower oil yield and recommended reducing seed moisture content to below 10% before screw pressing.
Response surface methodology indicated that the combined effect of high temperature and low moisture content favored oil extraction. Numerical optimization predicted that the maximum oil yield within the experimental range could be achieved at a pressing temperature of 160°C and a seed moisture content of 8%, with a predicted oil yield of 11.60%, as shown in Table 5. Validation experiments conducted under the optimized conditions produced an oil yield of 12.14%, which closely agreed with the predicted value, with a difference of only 0.54%.
3.1.2 Effect of Pressing Temperature and Moisture on Residual Oil Content in Cake
The residual oil content in the press cake obtained in this study ranged from 6.42% to 19.19%, as shown in Table 3. The ANOVA results from regression analysis of the developed process model and response are presented in Table (4). The model F value 141.1 implies that the model is significant. There was only a 0.01% chance that an F-value of this magnitude could occur due to noise. A P-value less than (.001) indicates that model terms are significant. The lack of fit F value of 6.10 implies there is a 5.66 % chance that the lack of fit F value could occur due to noise. A coefficient of determination with an R2 value of (.9902) was used to assess the regression model’s fitness. Therefore, pressing temperature and seed moisture content significantly affected the residual oil content in the press cake.
The effect of extraction temperature and moisture content of roselle seeds on residual oil in the cake is shown in Figure 2. The highest residual oil content in cake (19.19 %) was found in run 11, pressing temperature of 135°C and moisture content of 13 %, while the lowest residual oil content in cake (6.42 %) was found at a temperature of 160°C and 8 % moisture content. The results indicated that residual oil content generally decreased with increasing pressing temperature and decreasing seed moisture content. Higher temperatures enhance the disruption of cellular structures, thereby facilitating oil release during screw pressing and reducing the amount of oil retained in the press cake. Yang, Zhu, and Cao (2021) found that high temperature drying disrupted oil containing cells, thereby enhancing oil expulsion. In contrast, increasing seed moisture content resulted in higher residual oil levels. Higher moisture content acts as a lubricant during screw pressing, thereby reducing friction and compression pressure, which limits oil extraction efficiency (Mridula et al., 2015). 
Numerical optimization predicted that the minimum residual oil content within the investigated range could be achieved at 160°C and 8% moisture content, with a predicted value of 7.10% (Table.5). Validation experiments performed under the optimized conditions produced an actual residual oil content of 6.42%, corresponding to a difference of 0.68 from the predicted value. The findings indicate that pretreatment at high temperatures combined with low moisture content enhances oil extraction efficiency and minimizes residual oil content in the cake.
3.1.3 Effect of Pressing Temperature and Moisture on Oil Recovery Efficiency
Oil recovery from roselle seeds ranged from 3.65% to 60.64% under the different extraction conditions investigated (Table 3). The highest oil recovery (60.64%) was obtained at 160°C and 8% moisture content, whereas the lowest oil recovery (3.65%) was observed at 135°C and 12.82% moisture content (Figure 3). These results indicated that both temperature and moisture content significantly influenced the efficiency of oil extraction during screw pressing.
Analysis of variance (ANOVA) showed that the quadratic model developed for oil recovery was highly significant, with an F-value of 162.23 (P < .001) (Table.4). The lack-of-fit test was not significant (P = .0508), indicating that the model adequately represented the experimental data. The coefficient of determination (R² = .9914) demonstrated that 99.14% of the variation in oil recovery could be explained by the fitted model. In addition, the adjusted coefficient of determination (Adjusted R² = .9853) and the low coefficient of variation (CV = 5.84%) confirmed the adequacy, precision, and reliability of the model.
The results revealed that oil recovery increased with increasing temperature and decreasing moisture content. The increase in oil recovery observed at 160°C may be attributed to improved rupture of roselle seed tissues and enhanced oil release during screw pressing. Similar trends have been reported in oilseed processing studies (Yang et al., 2021; Allay et al., 2025), where elevated temperatures facilitate oil flow. Conversely, higher moisture levels reduced extraction efficiency, possibly due to increased resistance to oil flow and the retention of oil within the seed cake structure. Similar observations were reported by Mridula et al. (2015), who revealed that oil recovery decreased with increasing moisture content of flaxseeds.
Numerical optimization predicted that the optimum extraction condition within the investigated range was 160°C and 8% moisture content, yielding a predicted oil recovery of 57.94% (Table.5). Experimental validation conducted under the optimized conditions resulted in an oil recovery of 60.64%, corresponding to a difference of 2.70% from the predicted value. The close agreement between predicted and observed values confirmed the adequacy and predictive capability of the model. 

Table 3.	Actual and coded value of CCRD design in RSM for screw press extraction method
	Sr.
No
	Coded Value of Extraction Variables
	Actual Value of Extraction Variables
	Product Responses

	
	Factor A
Temp. (°C)
	Factor B
Moisture content (%)
	Factor A
Temp. (°C)
	Factor B
Moisture content (%)
	Oil yield
(%)
	Residual oil in cake (%)
	Oil recovery (%)

	1
	-1
	-1
	110
	8
	11.65
	6.76
	58.20

	2
	0
	0
	135
	10
	7.17
	12.13
	35.82

	3
	0
	- α
	135
	7
	11.89
	6.46
	59.40

	Sr.
No
	Coded Value of Extraction Variables
	Actual Value of Extraction Variables
	Product Responses

	
	Factor A
Temp. (°C)
	Factor B
Moisture content (%)
	Factor A
Temp. (°C)
	Factor B
Moisture content (%)
	Oil yield
(%)
	Residual oil in cake (%)
	Oil recovery (%)

	4
	0
	0
	135
	10
	7.45
	12.12
	37.22

	5
	+1
	+1
	160
	12
	4.08
	15.91
	20.38

	6
	0
	0
	135
	10
	7.63
	12.11
	38.11

	7
	0
	0
	135
	10
	7.72
	11.63
	38.56

	8
	- α
	0
	100
	10
	6.64
	12.51
	33.17

	9
	0
	+α
	135
	13
	0.73
	19.19
	3.65

	10
	+α
	0
	170
	10
	8.43
	11
	42.11

	11
	+1
	-1
	160
	8
	12.14
	6.42
	60.64

	12
	-1
	+1
	110
	12
	1.82
	18.32
	9.09

	13
	0
	0
	135
	10
	7.72
	11.54
	38.56


Table 4.	Analysis of variance for the fit of experimental data to the quadratic model
	Factors
	Oil yield (%)
	Residual oil content in cake (%)
	Oil recovery (%)

	Model F- value
	161.91***
	141.51***
	162.23***

	Model P- value
	< .001
	< .001
	< .001

	Lack of Fit (P value)
	.0512ns
	.0566ns
	.0508ns

	R2
	.9914
	.9902
	.9914

	Adjusted R2 value
	.9853
	.9832
	.9853

	CV %
	5.84
	4.38
	5.84


* - significant at probability level at 5% level; ** - significant at probability level at 1% level; *** - significant at probability level at .01% level; ns - non-significant
R2 = coefficient of determination; CV % = coefficient of variation
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Fig. 1. 3D surface plot showing the effect of pressing temperature and seed moisture on roselle oil yield (%)
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Fig. 2. 3D surface plot showing the effect of pressing temperature and seed moisture on roselle oil content in cake (%)

[image: ]
Fig. 3. 3D surface plot showing the effect of pressing temperature and seed moisture on oil recovery (%)


Table 5. Goal and important factor and response variables for determining optimum pressing conditions
	Factor/response
	Goal
	Importance
	Lower limit
	Upper limit
	Optimum value

	Factor
	

	Temperature (°C)
	In range
	+++
	110
	160
	160

	Moisture (%)
	In range
	+++
	8
	12
	8

	Response
	

	Oil yield (%)
	Maximum
	+++
	0.73
	12.14
	11.60

	Residual oil content in cake (%)
	Minimum
	+++
	6.42
	19.19
	7.10

	Oil recovery (%)
	Maximum
	+++
	3.65
	60.64
	57.94


Table 6. Comparison of predicted and observed values for response variables
	Independent Variables (Process Parameter)
	Optimum Conditions

	Temperature (°C)
	160

	Moisture (min)
	8

	
	Predicted Value
	Observed Value
	Difference

	Oil yield (%)
	11.60
	12.14
	0.54

	Residual oil content in cake (%)
	7.10
	6.42
	0.68

	Oil recovery (%)
	57.94
	60.64
	2.7



3.2 Quality of Control and Steamed Roselle Seed Oil
Steaming pretreatment prior to oil extraction affected the physicochemical properties and antioxidant activity of roselle seed oil, as shown in Table 7. The physicochemical properties of the oil are important indicators used to evaluate its quality. The FFA content of steamed roselle seed oil was significantly lower than that of the control oil (P < 0.05). Chen and Chen (2011) reported a lower acid value in steam-exploded sumac fruit and suggested that this reduction may be due to the evaporation of free fatty acids during steam explosion. The reduction in FFA observed in the present study may also be attributed to the thermal inactivation of endogenous lipolytic enzymes during steaming. Lipase catalyzes the hydrolysis of triacylglycerols into free fatty acids, and heat treatment suppresses this enzymatic activity, thereby reducing hydrolytic deterioration and improving oil quality. Keying, Changzhong, and Zaigui (2009) also reported that greater steam treatment resulted in lower residual lipase activity in oat kernels.
The peroxide value of steamed roselle seed oil was slightly higher than that of the control oil; however, the difference was not statistically significant (P > 0.05). Steaming might accelerate oxidation and lead to an increase peroxide value (Chen & Chen, 2011). However, the present results indicate that steaming did not significantly promote primary lipid oxidation. The peroxide values in both treatments remained within acceptable ranges. This indicated that the oils were relatively stable and had not undergone substantial oxidative deterioration.
A significant increase in iodine value was observed in steamed roselle seed oil compared with the control oil (P < 0.05). Zhang et al. (2019) also reported that steam-treated camellia seeds produced oil with a higher iodine value than untreated seeds. The increase in iodine value indicates a higher degree of unsaturation because the iodine value is commonly used to measure the degree of unsaturation of edible oils (Codex Alimentarius Commission, 2023). The increase in unsaturation may also contribute to the nutritional value of the oil because unsaturated fatty acids are generally considered beneficial for human health. The Food and Agriculture Organization (FAO) of the United Nations (2010) reported that dietary intake of polyunsaturated fatty acids provides physiological benefits, including lowering blood pressure, reducing heart rate, and decreasing inflammation.
The saponification value of steamed roselle seed oil was numerically higher than that of the control oil; however, the difference was not statistically significant (P > 0.05). The saponification value reflects the average molecular weight of triacylglycerols from the fatty acid chains present in the oil (Ivanova et al., 2022). Therefore, the results suggest that steaming did not significantly modify the fatty acid chain length distribution of roselle seed oil. This finding is consistent with that of Zhang et al. (2019), who reported that steam explosion had no significant effect on the proportion of short-chain fatty acids.
The radical scavenging activity of steamed roselle seed oil was significantly higher than that of the control oil (P < 0.05). The improvement in antioxidant activity may be attributed to the release of bound phenolic compounds and other antioxidant constituents during steaming. Steaming pretreatment can disrupt cellular structures, thereby facilitating the extraction of bioactive compounds that contribute to free radical scavenging activity (Zhang et al., 2019). Increased antioxidant activity may improve the oxidative stability and functional value of the oil.
The refractive index and specific gravity of roselle seed oil were not significantly different between the steamed and control treatments (P > 0.05). These parameters are associated with the overall chemical composition and molecular structure of the oil. The absence of significant differences indicates that steaming did not substantially alter the fundamental physical characteristics of roselle seed oil.


Table 7.	Quality of control and steamed roselle seed oil
	No
	Parameter
	Control
	Steamed
	t-value
	P-value

	1
	Free Fatty Acid (%)
	0.3846 ± 0.0543a
	0.2132 ± 0.0226b
	6.52
	0.0002**

	2
	Peroxide value (meq/kg)
	5.9766 ± 0.2847a
	6.5006 ± 0.7090a
	-1.53
	0.1637ns

	3
	Iodine value (g/100g)
	94.637 ± 3.5964b
	102.96 ± 2.6110a
	-4.19
	0.0030**

	4
	Saponification value (mg KOH/g)
	194.93 ± 2.1928a
	201.89 ± 5.7835a
	-2.52
	0.0522ns

	5
	Antioxidant activity (%)
	46.991 ± 3.1969b
	54.619 ± 3.2902a
	-3.72
	0.0059**

	6
	Refractive index
	1.4724 ± 0.000014a
	1.4723 ± 0.000027a
	1.03
	0.3347ns

	7
	Specific gravity (g/cm3)
	0.9120 ± 0.00013a
	0.9122 ± 0.00025a
	-1.11
	0.3005ns


Means followed by the same letter within each column were not significantly different at 5% level.  ns - non-significant, * - significant at probability level at 5% level; ** - significant at probability level at 1% level

4. Conclusions
This study evaluated screw-press extraction of steamed roselle seeds and the effect of steaming pretreatment on selected oil quality characteristics. Response Surface Methodology showed that pressing temperature and seed moisture content significantly influenced oil yield, residual oil content in cake, and oil recovery. The optimum extraction condition was identified as 160°C pressing temperature and 8% seed moisture content. Under this condition, the observed oil yield was 12.14%, residual oil content in cake was 6.42%, and oil recovery was 60.64%. Steaming pretreatment reduced free fatty acid content and increased iodine value and radical scavenging activity compared with oil extracted from unsteamed seeds. Peroxide value, saponification value, refractive index, and specific gravity were not significantly affected by steaming. These results suggest that steaming pretreatment and optimized screw pressing may improve extraction efficiency and selected quality attributes of roselle seed oil. Further evaluation is required before broader food or industrial application can be recommended.
Limitations
This study was limited to one roselle variety and a laboratory-scale screw-press extraction system. The optimization considered only pressing temperature and seed moisture content, while other factors such as screw speed, feed rate, nozzle size, and seed particle characteristics were not evaluated. Oil quality assessment was limited to selected physicochemical parameters and antioxidant activity. Fatty acid composition, tocopherol content, sensory properties, storage stability, contaminant levels, and safety parameters were not examined. The findings should therefore be validated using larger-scale processing conditions, additional roselle varieties, and more comprehensive nutritional and quality analyses.
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