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Moringa (Moringa oleifera) seed oil is an edible vegetable oil rich in unsaturated fatty acids. In this study, the supercritical CO2 fluid extraction method was employed to obtain the maximum yield of moringa seed oil. The effects of temperature, time, and pressure, three characteristics of extractions, on the extraction rate of Moringa seed oil were investigated by single factor test and response surface methodological approach. The optimal process conditions of supercritical CO2 fluid extraction of moringa seed oil were determined as extraction temperature of 45°C, extraction time of 2.5 h, extraction pressure of 50 MPa, and CO2 flow rate of 240 L/h, resulting in a maximum yield of 38.54%. Composition analysis shows that the extracted moringa seed oil is rich in unsaturated fatty acids, including oleic acid, octadecanoic acid, palmitic acid, stearic acid, eicosanoic acid, etc. Furthermore, we found that Moringa seed oil exerted potent antioxidant activities on DPPH and hydroxyl radicals, and its efficacy was comparable to commercial peanut oil and tea oil. Overall, this novel extraction method of moringa seed oil may increase its potential value and application in the food and nutraceutical industries.
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INTRODUCTION

Moringa (Moringa oleifera), also known as the Drumstick tree, is a Moringa plant found in the Moringa family. It is a perennial tropical deciduous tree that originated in Africa and India (1). Moringa is rich in multiple biological aspects such as protein, amino acids, fibers, vitamins, essential minerals, including potassium, calcium, iron, and zinc, and phytochemicals, including zeatin, quercetin, and kaempferol (2, 3). Moringa seeds contain a relatively large amount of edible oil, especially monounsaturated fatty acids, including oleic, palmitoleic, and gadoleic acids (4–9). In fact, Moringa seed oil contains a higher quantity of unsaturated fatty acids than most common edible oils (4–9). Unsaturated fatty acids are known to be advantageous to human health (10), such as strong antioxidant (11), antitumor (12), and antihyperlipidemic effects (13). In addition, Moringa seed oil is rich in α-tocopherol and δ-tocopherol, and their contents are 45~80 mg/100 g and 0.21~0.53 mg/100 g, respectively (9, 14). Tocopherols are essential nutrients and antioxidants that protect cells from damage (15, 16). Moringa seed oil has been reported to exert potent antioxidant properties, which is at least partially, due to its high content of tocopherols (9, 11). Also, the low content of polyunsaturated fatty acids in Moringa seed oil ensures greater resistance and stability to oxidation (17–19). Because of its good antioxidant potential, Moringa seed oil has been utilized for the preservation of butter oil (20). Blending of butter oil with Moringa seed oil at 2.5–10% level significantly enhanced its monounsaturated fatty acid content and free radical scavenging activity (20). Collectively, Moringa seeds can be used to make a functional edible oil to promote the stability of food products, as well as human health (17–19).

Supercritical CO2 fluid extraction (supercritical fluid extraction or SFE) has been applied to a variety of foods due to its low extraction temperature, short extraction time, no solvent residue, high extraction rate, high product quality, energy saving and environmental protection, and good separation effect (21–23). It has shown good application prospects in the fields of food, fine chemical, pharmaceutical industries, as an efficient and environmentally friendly separation and extraction method. Supercritical CO2 fluid extraction is particularly suitable for the separation of bioactive substances and natural products, including plant seed oil (24–26). The existing extraction methods of Moringa seed oil, such as ultrasonic assisted extraction, microwave-assisted extraction, rapid solvent extraction, and aqueous enzyme extraction, generally have low extraction rates (27, 28). Specifically, ultrasonic-assisted extraction, microwave-assisted extraction, rapid solvent extraction, and water enzymatic extraction yield 35.85, 35.56, 34.99, and 28%, respectfully, of Moringa seed oil, of which the best is the ultrasonic-assisted extraction method (13). A limitation of these techniques is that they generally require a large amount of organic solvents, some of which are toxic. A prior report has employed supercritical fluid extraction technique to obtain Moringa seed oil and achieved a 39.6% yield (29). However, this study implemented high-pressure CO2 fluid (80 MPa), which may limit its application in large-scale production. Thus, it is of importance to optimize the extraction process of Moringa seed oil using milder extraction conditions.

Response surface methodology is a statistical method that has been used to optimize the process parameters and identify the optimal process conditions. Compared with the traditional one-factor-at-a-time approach, response surface methodology is much more efficient. Also, this method considers the interactions among various factors. Thus, the chance of approaching an optimal process condition is much greater compared to the traditional methods (30, 31). The present study employed supercritical CO2 fluid extraction as well as the response surface test design on the basis of single factor experiment (14) to investigate the three factors of extraction, temperature, time, and pressure, on the extraction rate of Moringa seed oil. The composition of Moringa seed oil was then determined. Moreover, to further understand its potential food applications and health benefits, in vitro antioxidant activity of Moringa seed oil was determined by four factors: DPPH free radical scavenging ability, hydroxyl free radical scavenging ability, superoxide anion free radical scavenging ability, and total antioxidant capacity. The present study provides a scientific basis for the further development and utilization of Moringa and Moringa seed oil.



MATERIALS AND METHODS


Materials and Reagents

Moringa seed (collected in August 2017 in Xiamen, Fujian, China); Moringa seed oil (The extraction was carried out under the best supercritical CO2 extraction conditions described in this paper); peanut oil (commercially available); tea oil (commercially available); 1,1-diphenyl-2-picrylhydrazine radical (DPPH) and T-AOC total antioxidant kit were purchased from Nanjing Jiancheng Institute of Biology (Nanjing, China). vitamin E standard (Macklin, Shanghai, China); Gas chromatography–mass spectrometry (GC-MS, Voyager, Thermo Fisher, Waltham, MA, USA); food-grade CO2 and food-grade N2 (Guangzhou Yuejia Gas, Guangzhou, China); bromine-based carbon tetrachloride; concentrated sulfuric acid; trichloromethane; anhydrous ethanol; hydrochloric acid; ferrous sulfate; pyrogallol (pyrogallol) acid); 30% hydrogen peroxide; salicylic acid (chemical reagents are all analytical pure).



Supercritical CO2 Extraction

All supercritical-CO2 extraction trials were carried out in a SFE-2 ASI Supercritical Extraction Apparatus (Universal Analytical Testing Instruments Co., Ltd., Hong Kong, China), according to the manufacturer's instructions. The purity of CO2 is 99%. Briefly, liquid CO2 supplied from a gas cylinder was cooled by ethanol to 5°C before being pressurized to the desired pressure and passed into the device; the entire device was also pre-pressurized. For each experiment, ~15 g crushed and dried Moringa seed powder was loaded into a steel cylinder. The loaded cylinder was then introduced into the extraction vessel, and CO2 was allowed into the vessel. During the extraction process, the extraction pressure, extraction temperature, and CO2 flow rate were controlled by adjusting the valves on the front panel. When the scheduled time was achieved, the extraction vessel was depressurized and the oil was collected from the separation vessel. The oil obtained under the optimum condition was used for the variety of tests that follow. The extraction rate of Moringa seed oil is calculated as the percentage of the extracted Moringa seed oil to the total amount of raw materials.
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Where P0 represents the total amount of raw materials, while P1 represents the extracted Moringa seed oil.



Effect of Extraction Temperature on the Yield of Moringa Seed Oil

The extraction conditions of Moringa seed powder were: 15 g of Moringa seed powder, the extraction time was 2 h, the extraction pressure was 35 MPa, and the CO2 flow rate was 4 L/min. For supercritical CO2 extraction under five levels of conditions, the extraction temperatures were selected to be 40, 45, 50, 55, and 60°C to examine the effect of extraction temperature on the extraction rate of Moringa seed oil.



Effect of Extraction Time on the Yield of Moringa Seed Oil

The extraction conditions of Moringa seed powder were: 15 g of Moringa seed powder, the extraction pressure was 45 MPa, the extraction temperature was 45°C, the CO2 flow rate was 4 L/min. The extraction time was 1, 2, 3, 4, and 5 h respectively, to examine the effect of extraction time on the extraction rate of Moringa seed oil.



Effect of Extraction Pressure on the Yield of Moringa Seed Oil

The extraction conditions of Moringa seed powder were: 15 g of Moringa seed powder, the extraction time was 2 h, the extraction temperature was 50°C, the CO2 flow rate was 4 L/min, and the supercritical CO2 extraction was performed under 5 levels of pressure, 30, 35, 40, 45, and 50 MPa, to examine the effect of extraction pressure on the extraction rate of Moringa seed oil.



Response Surface Design Test of Supercritical CO2 Extraction Process

On the basis of single factor experiment, according to Box-Behnken design principle (14), the extraction pressure, extraction time, and extraction temperature are selected as independent variables, and the extraction rate of Moringa seed oil is the response value. Design-Expert 8.0.5 software was used to perform response surface analysis to optimize the extraction conditions. The response surface test factor coding and level design are shown in Table 1.


Table 1. The factor and level of response surface methodology in the extraction of Moringa seed oil by supercritical CO2.
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Component Analysis

Fifteen drops of Moringa seed oil and 2 mL of 2% hydrochloric acid methanol solution were added into a 5 mL brown ampoule, and the ampoule was shaken for 30 s and seal the mouth of ampoule bottle with alcohol blowtorch at high temperature. At a high temperature, the mouth of the ampoule was sealed with a blowtorch, and immediately put it in a blast drying oven at 100°C for 40 min. Moringa seed oil was analyzed by GC-MS: TG WaxMS GC column (30 m × 0.25 mm × 0.25 μm), carrier gas was helium, the purity of helium was 99.99%, flow rate was 1 mL/min, inlet temperature was 285°C. Heating conditions: 50°C (2 min) → 260°C (30 min). Mass spectrometry conditions: ion source temperature was 230°C, EI source electron energy was 70 eV, split ratio was 50:1, sample volume was 1.0 μL, scanning range was 45~450 amu (31).



Antioxidant Assays
 
DPPH Free Radical Scavenging Assay

The antioxidant capacity of Moringa seed oil was compared with peanut oil and tea seed oil (5~35 mg/mL in chloroform), and vitamin E (1~5 mg/mL in chloroform), which was used as the control. DPPH free radical scavenging assay was performed as reported previously (31). Briefly, 4 mL of the chloroform extract of each oil sample and 1 mL of the 0.2 mmol/L DPPH solution were added to the same test tube with a stopper and shaken well. The tubes were let stand tightly sealed at room temperature for 30 min. Chloroform was used as the reference solution at 517 nm. The absorbance was measure at the wavelength and measure three times in parallel.
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Where As is the absorbance of DPPH solution after adding 4 mL of extract; Asb is the absorbance of 4 mL of extract + 1 mL of solvent (chloroform); Ac is the absorbance of 4 mL of solvent (chloroform) + 1 mL DPPH.



Hydroxyl Radical (HO·) Scavenging Assay

Hydroxyl radical (HO·) scavenging assay was performed as reported previously (32). 1~5 mg/mL Moringa seeds Oil, peanut oil, tea oil solution were dissolved in absolute ethanol 0.2 mL of oil sample solution with different concentration gradient, 0.6 mL of 8.0 mmol/L FeSO4 solution, 0.5 mL of 20 mmol/L H2O2 solution and 2.0 mL of 3.0 mmol/L salicylic acid solution were mixed together; After the reaction, at the wavelength of 510 nm, the specific tone of ethanol was zero, the supernatant in the EP tube was taken to determine the absorbance A1, the A2 value was determined with ethanol instead of 20 mmol/L H2O2, and the A0 value was determined with ethanol instead of the sample solution for 3 times in parallel.
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Where A1 is the absorbance value of the sample to be tested; A2 is the absorbance value of the H2O2 reagent blank; A0 is the absorbance value of the sample blank.



Superoxide Radical (O2·-) Scavenging Activity Assay

Superoxide radical (O2·-) scavenging assay was performed as reported previously (33). One milliliter of horseradish seed oil, peanut oil, tea oil, and vitamin E samples were prepared, 5 mL of Tris HCl solution with pH of 8.2 and 50 mmol/L pyrogallol solution were added, distilled water was used as the blank control, and its absorbance value was measured at 325 nm every 30 s.
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Where A1 is the absorbance value of the sample plus Tris-HCL solution and pyrogallol; A2 is the absorbance value of the sample plus Tris-HCL solution and distilled water; A0 is the absorbance value of the sample blank.



Total Antioxidant Capacity Assay

The total antioxidant capacity was measured according to the manufacturer's instructions (34). The absorbance of each tube was measured at the wavelength of 520 nm. At 37°C, when the absorbance (A) of the reaction system increases by 0.01 per milliliter of sample per minute, it is a unit of total antioxidant capacity (U), and the total antioxidant capacity is calculated by the following formula.




Statistical Analysis

All results are expressed as mean ± standard deviation (SD). Statistical significance between groups was determined by a Student's two-tailed t-test (between two groups) or an analysis of variance (ANOVA) (between more than two groups). A p < 0.05 was considered statistically significant.




RESULTS AND DISCUSSION


Effect of Extraction Temperature on the Yield of Moringa Seed Oil

To optimize the extraction conditions of Moringa seed oil, we first sought to determine the optimal extraction temperature. According to the existing literature (35), the extraction temperature range was chosen between 40 and 60°C, at 5 levels for supercritical CO2 extraction. It can be seen from Figure 1A that the effect of extraction temperature on the extraction rate of Moringa seed oil was a curve that first rises and then falls. When the extraction temperature was around 40~45°C, the extraction rate of Moringa seed oil increased rapidly as the temperature rose. When the extraction temperature reached 45°C, the extraction rate of Moringa seed oil was the highest among all the five temperature points. When the extraction temperature was between 45 and 60°C, the extraction rate of Moringa seed oil decreased as the temperature increased. In summary, from the perspective of energy saving and efficiency improvement, the optimal extraction temperature for supercritical CO2 extraction of Moringa seed oil is around 45~50°C.
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FIGURE 1. Single factor test: Influence of (A) temperature, (B) time, and (C) pressure on the extraction rate of Moringa seed oil. Data were expressed as mean ± SD.




Effect of Extraction Time on the Yield of Moringa Seed Oil

Next, we sought to determine the optimal extraction time for Moringa seed oil. In this experiment, the extraction temperature was 50°C as determined in prior experiment, the extraction pressure was 35 MPa, and the extraction time was 1, 2, 3, 4, and 5 h for supercritical CO2 extraction. It can be seen from Figure 1B that at 1–2 h the increase was significant, but when the extraction time was >2 h, the extraction rate of Moringa seed oil reached a plateau. Therefore, from the perspective of energy saving and efficiency improvement, the optimal extraction time for supercritical CO2 extraction of Moringa seed oil is set at 2 h.



Effect of Extraction Pressure on the Yield of Moringa Seed Oil

Next, the effect of pressure on the extraction rate of Moringa seed oil was determined. The extraction temperature was 50°C, the extraction time was 2 h, as determined in prior experiments, and the extraction pressure was 25, 30, 35, 40, 45, 50 MPa in this experiment. It can be seen from Figure 1C that the effect of the pressure on the extraction rate of Moringa seed oil was similar to that of that of the extraction time. Below 35 MPa, as the pressure increased, the extraction rate of Moringa seed oil increased, and the extracted Moringa seed oil was light yellow, but the color was slightly different (data not shown). When the extraction pressure was >45 MPa, the extraction rate of Moringa seed oil reached a plateau, but the color of Moringa seed oil gradually deepened. At 50 MPa, the Moringa seed oil was a dark yellow oily substance and this might be because of some other substances were extracted together under such a high pressure. Collectively, from the perspective of energy saving and efficiency improvement, the optimal extraction pressure for supercritical CO2 extraction of Moringa seed oil is set at 45 MPa.



Response Surface Analysis

To conduct the single factor test of supercritical CO2 extraction of Moringa seed oil, the extraction temperature of 40, 45, and 50°C, the extraction time of 1, 2, and 3 h, and the extraction pressure of 40, 45, and 50 MPa were used as the independent variable and the extraction rate of Moringa seed oil was the response value. The response surface test design and results are shown in Table 2. Design-expert V8.0.6 analysis software was used to perform multiple regression fitting on the experimental data in Table 2 to obtain the secondary extraction rate Y of Moringa seed oil against A (extraction time), B (extraction temperature), and C (extraction pressure). The multinomial regression equation was:
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In order to test the reliability of the regression equation and determine the influence of various factors on the extraction rate of Moringa seed oil, variance analysis was carried out on the regression equation. Analysis of variance results (Table 3) showed that the regression model p-value was 0.0033, < 0.05, indicating that the regression model was significant. The fitting error was 0.1019, which was >0.05, indicating that the fitting error was not significant, and the regression model fitted well with the actual situation. According to the value of F, the influence of each factor on the extraction rate of Moringa seed oil was a > c > b, that is, extraction time > extraction pressure > extraction temperature.


Table 2. Extraction rate of Moringa seed oil by supercritical CO2 with varying time, temperature, and pressure using response surface methodological approach.
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Table 3. Variance analysis of regression model on the extraction conditions of Moringa seed oil using response surface methodological approach.
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In order to more intuitively show the influence of the three factors on the extraction rate of Moringa seed oil, the stereogram and contour map of response surface between each factor and corresponding value were created, as shown in Figures 2A,B. Figure 2A shows the response surface and contour plots for the effects of extraction temperature and time at a constant extraction pressure of 45 MPa on the extraction rate of Moringa seed oil. With the increase of extraction temperature and time, the extraction rate of Moringa seed oil shows a trend from low to high, that is, under specific extraction temperature and time, the extraction rate of Moringa seed oil has a maximum value, the extraction rate was 38%, which is at the top of response surface map. Through the contour shape, we can see the strong and weak relationship of interaction effect. The closer the shape is to the circle, the less significant the interaction effect is. It can be seen from contour lines in the right panel of Figure 2B that the graph is close to a circle, indicating that the interaction between the two factors, extraction temperature and time, is not very significant.


[image: Figure 2]
FIGURE 2. Response surface and contour plots showing the interactive effect of different extraction conditions on the extraction efficiency of Moringa seed oil: (A,B) temperature and time; (C,D) temperature and pressure; (E,F) time and pressure.


Similarly, Figure 2C shows the response surface and contour plots for the effects of temperature and pressure at a constant extraction time of 2 h on the extraction rate of Moringa seed oil. With the increase of extraction temperature and pressure, the extraction rate of Moringa seed oil is increasing from low to high. It can also be seen that the extraction temperature has a great influence on the extraction rate of Moringa seed oil. Under specific extraction temperature and pressure, the extraction rate of Moringa oil has a maximum value, which exists at the top of response surface. The contour line in the right panel of Figure 2D is not circular nor oval, but parallel line, indicating that the interaction between extraction temperature and extraction pressure is insignificant.

Lastly, the interaction between the extraction time and pressure was shown in Figure 2E. It can be seen that when the extraction temperature remains unchanged at 45°C, with the increase of extraction time and pressure, the extraction rate of Moringa seed oil shows a trend from low to high. Under the appropriate extraction time and extraction pressure, the extraction rate of Moringa seed oil has a maximum value, which is at the top of response surface diagram. The contour line in the right panel of Figure 2F is a parallel line, indicating that the interaction between extraction time and extraction pressure is influence.

Comprehensive analysis of the above results was then performed. The optimal extraction conditions of supercritical CO2 extraction of Moringa seed oil were as follows: extraction temperature of 45.12°C, extraction time of 2.28 h, and extraction pressure of 50 MPa, and the highest extraction rate would be 39.78%. Considering the convenience of practical operation, the optimal extraction conditions of supercritical CO2 extraction of Moringa seed oil were modified to extraction temperature of 45°C, extraction time of 2.5 h and extraction pressure of 50 MPa on the basis of the theoretical value obtained from the regression equation. Then we performed the extraction under the optimal conditions and the results are shown in Table 4. It can be seen that the actual extraction rate of Moringa seed oil is 38.54%, which is only 1.24% lower compared with the theoretical optimum value of 39.78%. The results also indicated that the model was reliable and reproducible in predicting supercritical CO2 extraction of Moringa seed oil.


Table 4. Results of the verification test.
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Ultrasonic assisted, microwave-assisted, rapid solvent, and water enzymatic extraction methods yielded an extraction rate between 28 and 35.85% (13), which are generally lower than the optimal extraction rate of supercritical CO2 extraction. Duan et al. used ultrasonic assisted solvent extraction to obtain Moringa seed oil, and the optimal extraction rate was 36.3% (31), which was also slightly lower than the method we developed in the present study. A prior study using an extraction condition of 80 MPa and 57°C of supercritical fluid achieved a 39.6% yield of Moringa seed oil (29). In contrast, we implemented a milder extraction condition of 50 MPa and 45°C, and the optimal yield was only 1.06% lower compared to the report (29), suggesting that the extraction conditions optimized in the present might be a more economic and convenient supercritical fluid extraction method for industrial scale production.



GC-MS Analysis of Moringa Seed Oil

The composition of Moringa seed oil was determined by GC-MS. As shown in Figure 3, Table 5 that the oil mainly contains fatty acids, which account for 98.16%, of which 0.92% is β-sitosterol, stigmasterol and rapeseed oil sterol, and 85.43% is oleic acid. Natural oleic acid has a protective effect on blood vessels, and plays an important role in the metabolic process of humans and animals (36). However, the oleic acid synthesized by human body cannot meet the required needs of the body, and the most of the oleic acid needs to be ingested by humans from food. Therefore, edible oils with high oleic acid content, such as olive oil and Moringa seed oil, are beneficial to health (37).


[image: Figure 3]
FIGURE 3. GC-MS total ion chromatogram of Moringa seed oil.



Table 5. Composition of Moringa seed oil.
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Antioxidant Activity of Moringa Seed Oil
 
Scavenging Effect of Moringa Seed Oil on DPPH Free Radical

Antioxidant and free radical scavenging activity of Moringa seed oil was first determined by DPPH assay. As shown in Figure 4A, vitamin E showed a strong ability to remove DPPH radicals. Moringa seed oil, peanut oil, and tea oil also effectively removed DPPH radicals, and DPPH free radical scavenging rate was positively correlated with the concentration of the oils. Interestingly, the DPPH free radical scavenging activity of tea oil was much higher than that of Moringa oil and peanut oil. The EC50 of tea oil is 8.39 mg/mL, while Moringa seed oil and peanut oil have EC50 of 22.94 and 29.98 mg/mL, respectively (Supplementary Table S1).


[image: Figure 4]
FIGURE 4. Antioxidant activities of Moringa seed oil, tea oil, peanut oil, and vitamin E: (A) DPPH free radical scavenging assay, (B) hydroxyl radical scavenging assay, and (C) superoxide radical (O2·-) scavenging activity assay. Data were expressed as mean ± SD.




Scavenging Effect of Moringa Seed Oil on Hydroxyl Radical

Next, hydroxyl radical scavenging activities of Moringa seed oil was determined. As shown in Figure 4B, all the oils and vitamin E exert hydroxyl radical scavenging effect in a dose dependent manner. In contrast to the DPPH scavenging assay, Moringa seed oil is the strongest among all the oils. As shown in Supplementary Table S2, the EC50 of Moringa seed oil, peanut oil, and tea oil is 1.21, 5.71, and 2.28 mg/mL, respectively.



Superoxide Anion Radical Scavenging Activities of Moringa Seed Oil

In addition to DPPH free radicals and hydroxyl radicals, superoxide anion radical (O2·-) is one of the most destructive reactive oxygen species. As shown in Figure 4C, Supplementary Table S3, in the first 60 s, vitamin E exhibited the fastest clearance rate, reaching 98.1%, but then its clearance rate dropped quickly. Among all three oils, Moringa seed oil showed the strongest scavenging capacity of superoxide anion radicals, and the maximum scavenging rate reached 97%. With the increase of time, its inhibition rate decreased continuously, but it was still slightly higher than that of peanut oil.



Determination of Total Antioxidant Capacity

Lastly, the total antioxidant capacity of Moringa seed oil was determined. As shown in Table 6, the total antioxidant capacity of vitamin E is the highest, which was 54.6 U/mL, whereas Moringa seed oil, tea oil, and peanut oil had a total antioxidant capacity of 3.22, 2.98, and 0.89 U/mL, respectively. Collectively, the DPPH free radical, hydroxyl radical, and superoxide anion radical scavenging, and total antioxidant capacity assays confirm that the Moringa seed oil extracted has potent antioxidant property, comparable to other common edible oils.


Table 6. Total antioxidant capacity of different edible oils and vitamin E.
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CONCLUSION

In this study, Moringa seed oil was obtained by supercritical CO2 extraction combined with response surface methodological approach. The optimal process conditions of supercritical CO2 fluid extraction of moringa seed oil were determined as extraction temperature of 45°C, extraction time of 2.5 h, extraction pressure of 50 MPa, and CO2 flow rate of 240 L/h, resulting in a maximum yield of 38.54%. In addition, the fatty acid composition of Moringa seed oil was analyzed by GC-MS. Moreover, in vitro antioxidant activity of Moringa seed oil was evaluated using multiple radical scavenging assays. It was found that Moringa seed oil had higher DPPH radical scavenging capacity than commercial peanut oil, and its hydroxyl radical and superoxide anion radical scavenging capacity was higher than both commercial tea oil and peanut oil. The total antioxidant capacity of Moringa seed oil was also greater than commercial tea oil and peanut oil. Overall, this study provides a scientific basis for the development and application of Moringa seed oil in functional food, nutraceutical, and cosmetic products.
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