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ABSTRACT: Natural antioxidants were extracted from different plants (sage, turmeric and nutmeg) using 

different solvents (ethyl acetate, chloroform, acetone, methanol and ethanol). Extracts were examined for 

their yield, antioxidant activity (AA), antioxidant index (AI), antioxidant protection factors (PF), stability 

tests and their contents from phenolic compounds. The results showed that the highest amount of yield was 

extracted by ethanol from turmeric and by methanol from both sage and nutmeg. Sage ethyl acetate extract 

(SEAE) as well as turmeric chloroform extract (TCE) and nutmeg chloroform extract (NCE) exhibited higher 

AA and AI than the other extracts. The addition of SEAE, TCE and NCE to sunflower oil at different 

concentrations, generally improved its stability compared to α-tocopherol. Induction period (determined by 

Schaal test and Rancimat) of sunflower oil (control) increased with increasing the concentration of TCE and 

NCE, whereas it decreased with SEAE and α-tocopherol. Five fractions were separated form both SEAE and 

TCE and two fractions were separated from NCE by using Sephadex LH-20 column chromatography. 

Fraction I of both SEAE and NCE as well as fraction III of TCE exhibited higher PF than the other fractions. 

Ten phenolic compounds were fractionated by HPLC in all major fractions of plant material extracts, except 

ferulic derivative, which was not detected in NCE. Chlorogenic acid showed the highest amount of phenolic 

acid content in all fractions. 
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INTRODUCTION 
Oxidation is one of the major causes of chemical spoilage, resulting in rancidity and/or 

deterioration of the nutritional quality, color, flavor, texture and safety of foods 

(Antolovich et al., 2002). Therefore, the addition of antioxidants has become popular as a 

mean of increasing the shelf life of food products and improving the stability of lipids and 

lipid-containing foods by preventing loss of sensory and nutritional quality (Aruoma et al., 

1996). Hettiarachchy et al. (1996) reported that the use of synthetic antioxidants in food 

products is under strict regulations due to the potential hazards caused by such compounds. 

Possible toxicity, mutagenicity, enlargement of liver size and increase microsomal enzyme 

activity of synthetic antioxidants have been a subject of study for many years (Branen, 

1975; Morteza-Semnani et al., 2006). Antioxidant constituents found in high 

concentrations in plants has considerable role in the prevention of various degenerative 

diseases (Hue and Willett, 2002; Gao et al., 2004; Morioka et al., 2005, Tai et al., 2006; 

Zhao et al., 2006). The most important natural antioxidants being exploited commercially 

are tocopherols, but unfortunately, they are much less effective than butylated 

hydroxyanisole (BHA) and butylated hydroxytoluene (BHT) (Aruoma et al., 1996). 
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Halvorsen et al. (2002) demonstrated over a 1000- fold difference between total 

antioxidants in dietary plants and stressed the need for investigations on the role of 

processing and storage of raw materials in this respect. Many herbs and spices, usually 

used to flavor dishes, are an excellent source of phenolic compounds which have been 

reported to show good antioxidant activity (Zheng and Wang, 2001). Therefore, they may 

serve as natural food preservatives. However, herbs and spices usually contain essential 

oils which show antioxidant activity but also carry flavor (Teissedre and Waterhouse, 

2000). Thus, extracts are prepared by hydrodistillation to remove the intrinsic flavor from 

the plant material. Furthermore, use of an aqueous solvent may prevent solubility problems 

and this avoids harmful residues from organic solvents. The hydrodistilled extracts may 

also have use in the functionalization of foods and beverages as phenolic compounds have 

been ascribed health-promoting properties (Harborne and Williams, 2000). The important 

natural antioxidant constituents in foods include phenolic compounds, flavonoids, 

tocopherols, ascorbic acid, carotenoids and phospholipids (Wanasundara et al., 1997; Gao 

et al., 2000; Szeto et al., 2002; Calucci et al., 2003; Suhaj, 2006). The search for and 

development of other antioxidants of natural origin are, therefore, highly desirable. Plants 

used worldwide for culinary purposes have gained the interest of many research groups. 

Ground material or various extracts from such sources have been assessed so for as potent 

antioxidants in lipid systems (Suhaj, 2006). The differ in antioxidant activity of the plants 

is attributed to some factors such as chemical composition, variety, climate, soil, 

cultivation practices, harvesting time and processing method (Suhaj, 2006). 

 Thus, the aim of this study was to evaluate the extracted natural antioxidant from 

sage, nutmeg and turmeric by using different solvents and to determine their yield, 

antioxidant activity (AA), antioxidant index (AI), antioxidant protection factors (PF), 

stability tests and their contents of phenolic compounds. 

 

 

MATERIALS AND METHODS 

MMaatteerriiaallss  

Plants 

Dried sage (Salvia officinalis), turmeric (Curcuma domestica) and nutmeg 

(Myristica fragrans) were obtained from the local market at Buraydah city, Al-Qassim, 

Kingdom of Saudi Arabia. 

Reagents 

Ethyl acetate, methanol, ethanol, acetone, chloroform, glacial acetic acid, 

potassium iodide, n-butanol and phenolphethaline were obtained from El-Nasr 

Pharmaceutical Chemicals, El-Ameriea, Cairo, Egypt. -Carotene, polyethylene-sorbitan 

mono-palmitate (Tween 40), linoleic acid, α-tocopherol mixed isomers (type V from 

vegetable oil) and ten pure phenolic compounds (gallic, protocatechuic, P.hydroxybenzoic, 
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vanillic, caffeic, chlorogenic, P.coumaric and ferulic acids, in addition ferulic derivative 

and avenantheranide) were obtained from Sigma Chemical Co. (St. Louis, MO, USA). 

Sodium thiosulphate was obtained from Nice Chemical PVL Ltd. Co. (China). Shephadex 

LH-20 was obtained from Pharmacia (SAB Uppsala, Sweden). 

Methods 

Preparation of sample 

Sage, turmeric and nutmeg were grounded into fine powder using laboratory 

electric mill (Braun, Model 2001DL, Germany) then stored in the polyethylene bags in a 

freezer (Ultralow, Revco, Inc., Sweden) at -20ºC until use. 

Extraction of antioxidants 

Extraction was carried out using Soxhlet extractor (Electrothermal-Electromantle 

ME, England) at 40ºC for 6 hr using 10 g of each sample powder (sage, turmeric and 

nutmeg) and 200 ml of each solvent (ethyl acetate, methanol, ethanol, acetone and 

chloroform). The crude solvent extracts were filtrated through Whatman No. 1 then dried 

using vacuum rotary evaporator (Buchi 011, Buchi, Switzerland) below 40ºC. The dry 

residues were weighted to calculate the yields and crude extracts were re-dissolved in 

methanol to a concentration of 1%, and assayed for antioxidant activity.  

Evaluation of antioxidant activity (AA) 

AA was evaluated using a -carotene linoleate model system (Miller, 1971). 

Emulsions of -carotene in chloroform were transferred into test tubes containing 

methanolic solution of each sample (1 % crude extract) and total was completed to 5.0 ml. 

α-Tocopherol was used for comparison purposes. Zero time absorbance was measured at 

470 nm using spectrophotometer (Bauch and Lomb Spectronic 2000). A control sample 

consisted of 200µl methanol in place of the extract. Antioxidant index (AI) was calculated 

using the following equation: AI = 100 (-carotene content after 2 hr of assay/ initial -

carotene content). 

The protection factor (PF) used to express antioxidant activity was determined as 

the ratio of the samples absorbance at 30 min to that of the control (Miller, 1971). 

Antioxidant stability 

Sunflower oil without any additives was used to evaluate the antioxidant stability. 

The best solvent components extracted from each plant were tested in order to maintain 

their optimum concentrations of antioxidant extracts. Two methods were employed; the 

Schaal test oven method in conjunction with peroxide value determination and the 

Rancimat method. 

Schaal test 

The solvent antioxidant extracts was added to sunflower oil at concentrations of 

0.1%, 0.5% and 1% in pitri dish (100-mm diameter). The dishes were maintained at 

60+1ºC in dark and air circulation. The peroxides in the samples were measured every 24 

hr in triplicates as described by Pardun and Kroll (1970). 
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Rancimat method 

The test samples were prepared exactly as stated for the Schaal oven method. A 

679 Rancimat (Metrohm, Herisan, Switzerland) was used. A 5 g portion of each test 

sample was loaded into the reaction vessel cylinder. The air supply was maintained at 20 

ml/ min and the heating temperature was kept at 110ºC throughout the experiment as 

described by Laubli and Bruttel (1986). 

Purification, fractionation and identification of antioxidant crude extracts 

Sephadex column chromatography 

Crude extracts of each plant materials were fractionated by Sephadex LH-20 

column (52 cm height × 1.5 cm diameter) chromatography. A (40 mg) sample of crude 

extract was dissolved in 1 ml of methanol and applied on the swelling Shephadex LH-20 

column. The same solvent was used for elution. Fractions (3 ml) were collected manually 

and their absorbancies in methanol were measured at 280 nm using a spectrophotometer 

(Bauch and Lomb Spectronic 2000). Elutes were then pooled into major fractions, PF of 

the major fractions were determined using a -carotene-linoleate model system as 

described above.  

High-performance liquid chromatography (HPLC) 

The major fractions that exhibited the best PF in each plant material fractionation 

by Shephadex LH-20 column were identified using HPLC. All analyses were carried out 

with TSP (Thermo Separation Products Inc.) HPLC system consisting of Consta Metric 

4100 series pump, spectra series AS-100 auto sampler, spectra system FL 3000 

fluorescence detector and interfaced with IBM computer equipped with PC 1000 

Chromatography software version 3.5. The column used was a reversed-phase water 

Spherosorb ODC-2 (3μM; 150mm × 4.6 mm I.d., Alltech USA). Methanol: ammonium 

acetate (12: 88; v/v at pH = 5.4) was used as mobil phase with flow rate of 1 ml/min and 

20 µL of injected sample. 

Standard curve was prepared by mixing equal weights (mg) of gallic, 

protocatechuic, p-.hydroxybenzoic, vanillic, caffeic, chlorogenic, p-.coumaric and ferulic 

acids, in addition ferulic derivative and avenantheranide then separated using the previous 

conditions (El-Shafai, 2000). 

Statistical analysis 

 Data were presented as means ± standard deviations (SD) from three separate 

extractions and determinations, except for phenolic compounds, which were determined in 

duplicate. Data were subjected to analysis of variance, and means were compared by least 

significant difference (LSD) using SAS (1988). Significant differences between means were 

determined at 5% level. 

 

RESULTS AND DISCUSSION 
YYiieellddss  ooff  tthhee  ssoollvveenntt  eexxttrraaccttss  

 The antioxidant extract yields are shown in Fig. 1. Significant (P≤0.05) differences 

were observed among the yields extracted by different solvents. Methanol extracted the 

highest amount of antioxidant yields from sage (27.8%) and nutmeg (26.6%), while 
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ethanol extracted the highest amount of antioxidant yield from turmeric (20.3%). These 

results are similar to those reported by Kim et al. (1994), that methanol appeared to be the 

best solvent for extracting compounds such as phenolics, flavonoids and other polar 

materials. The lowest amount of yields was extracted when chloroform solvent was used 

with sage (7.3%), turmeric (2.2%) and nutmeg (5.4%). The differences in the yields 

obtained using various solvents could be caused by several factors such as composition of 

individual plant, differences in the solubility of extracts and their polarity extraction 

technique (Dapkevicius et al., 1998; Suhaj, 2006).  
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Figure 1. Effect of different solvents on the yield of plant solvent extracts. The least 

significant difference (LSD) at P≤0.05 was 1.60. 
 

AAnnttiiooxxiiddaanntt  aaccttiivviittyy  ((AAAA))  ooff  ssoollvveenntt  eexxttrraaccttss  

AA of spices solvent extracts are shown in Fig. 2. All extracts had strong AA. 

Nutmeg chloroform extract showed significantly (P≤0.05) higher AA than α-tocopherol, 

while the remaining solvent extracts were slightly lower than that of α-tocopherol. Ethyl 

acetate extract showed the strongest AA for sage, while the chloroform extract showed the 

strongest AA for turmeric. Strong AA has also been reported for polyphenols extracted 

with ethyl acetate from natural materials (Marinova and Yanishleva, 1997). Gordon and 

An (1995) found that the formations extracted of licorice roots with chloroform extract was 

more effective as an antioxidant than those fractions extracted with hexane or methanol. 
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Figure 2. Antioxidant activity (AA ِ ) of plant solvent extracts and - tocopherol in a -

carotene linoleate model system. The least significant differences (LSD) at P≤0.05 were: 

0.05 for sage, 0.054 for turmeric and 0.058 for nutmeg. 
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The same results were also noticed for antioxidant index (AI) (Fig. 3). All solvent 

extracts of sage, turmeric and nutmeg showed strong AI compared to α-tocopherol. The 

ethyl acetate extract of sage (78.8) as well as chloroform extracts of both turmeric (87.7) 

and nutmeg (91.4) showed significantly (P≤0.05) higher AI than α-tocopherol. On the 

other hand, the lowest AI was observed in acetone extracts of both sage (67.4) and 

turmeric (72.8) as well as nutmeg ethanol extract (76.4).  
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Figure 3. Antioxidant index (AI) of plant solvent extracts. The least significant difference 

(LSD) at P≤0.05 was 2.06. 
 

 All solvent extracts of sage, turmeric and nutmeg had strong protection factors (PF) 

compared to α-tocopherol except of ethanol with sage and nutmeg as shown in Fig. 4. The 

ethyl acetate extract of sage (2.8) as well as chloroform extracts of both turmeric (3.3) and 

nutmeg (2.9) had the highest PF than the other extracts and α-tocopherol. 
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Figure 4. Protection factors (PF) of plant antioxidant extracts and α-tocopherol. The least 

significant difference (LSD) at P≤0.05 was 0.36. 
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Strong AA has been reported for polyphenols extracted with ethyl acetate from 

natural materials (Tsuda et al., 1994). Ethyl acetate is an efficient solvent for phenols and, 

in fact is customarily used in available analytical methods for their determination (Merida 

et al., 1991). Also because of its low polarity, it preferentially extracts those phenols that 

are readily dissolved in the lipid fraction of the food. Bonilla et al. (1999) found that the 

low boiling point of phenols facilitates their removal and reuse them. Several solvents have 

been used for antioxidant extraction, the activity of these compounds being closely 

dependent on the solvent used (Marinova and Yanishleva, 1997; Suhaj, 2006). For 

example ethers and ketones are among the most employed solvents for removing phenolics 

from water, where as ethyl acetate and diethyl ether have been used for extracting low 

molecular weight phenolics from oak wood (Fernández de Simon et al., 1996).  

Therefore, the rest of this study was conducted on the extracts exhibited the highest 

AA such as sage ethyl acetate extract (SEAE) as well as chloroform extracts of turmeric 

(TCE) and nutmeg (NCE) for further analysis (stability and fractionation).  

AAnnttiiooxxiiddaanntt  ssttaabbiilliittyy  

This part of experiment was carried out to study the addition effect of SEAE, TCE, 

NCE and also α-tocopherol at 0.1%, 0.5% and 1.0% concentrations on the oxidative 

stability of sunflower oil. The optimum concentrations of the antioxidant extracts were 

tested using Schaal test (oven test method at 60C). Also, Rancimat instrument was used to 

determine the induction period (IP) of the same blends. The PF was also calculated based 

on IP. 

SScchhaaaall  tteesstt    

The addition of SEAE, TCE and NCE to sunflower oil at 0.1%, 0.5% and 1.0% 

concentrations, generally improved (P ≤ 0.05) its stability compared to α-tocopherol (Fig. 

5). IP of these blends showed noticeable increase with increasing the concentrations of 

both TCE and NCE, while IP of SEAE and α-tocopherol showed an opposite trends but still 

has higher stability than control. 

Addition of antioxidant extracts and α-tocopherol at 0.1% concentration 

significantly (P≤0.05) increased the IP (Fig. 6) of sunflower oil (control) from 8.1 days to 

14.2 days for SEAE, 12.6 days for TCE, 12.7 days for NCE and 12.4 days for α-

tocopherol. 

α-tocopherol can act as an antioxidant or pro-oxidant depending on the test system, 

the concentration, the oxidation time and the method used to follow oxidation. α-

tocopherol exhibited optimum antioxidant activity at lower concentration (100μg/gm) than 

in the corresponding oil-in-water emulsion (250 – 50 μg/ gm) (Frankel, 1996). 

All samples with old tealeaves extract level added at 0.02–0.25% were more stable 

on heating at 60C than the control, when assessed by the change in peroxide value (Zandi 

and Gordon, 1995). 
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Figure 5. Peroxide value of sunflower oil containing plant antioxidant extracts during 

incubation at 60°C. The least significant differences (LSD) at P≤0.05 were: 1.21 for sage, 

1.17 for turmeric; 1.25 for nutmeg and 1.15 for α-tocopherol.. 
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Figure 6. Induction period (IP) of sunflower oil containing plant antioxidant extracts and α-

tocopherol during incubation at 60ºC.   The least significant difference (LSD) at P≤0.05 

was 0.49. 

 
RRaanncciimmaatt  tteesstt  

IP of sunflower oil containing different concentration of antioxidant extracts 

(SEAE, TCE, NCE and α-tocopherol) was determined by the Rancimat test at 110C is 

shown in Fig (7). Addition of antioxidant extracts and α-tocopherol at all concentrations 

increased significantly (P ≤ 0.05) the IP of sunflower oil. IP of sunflower oil (control) 

increased with increasing the concentration of TCE and NCE, whereas it decreased with 

SEAE and α-tocopherol. Addition of antioxidant extracts and α-tocopherol at 0.1% 

concentration increased the IP of sunflower oil (control) from 3.2 hr to 4.9 hr for SEAE, 

7.8 hr for TCE, 4.4 hr for NCE and 6.1 hr for α-tocopherol. 

The protection factor of sunflower oil (Fig. 8) containing 1.0% concentration of 

TCE and NCE increased to 2.05 and 0.79, respectively, while it increased to 0.56 and 0.91 

at 0.1 % concentration of SEAE and α-tocopherol, respectively.  

Gafar (2000) reported that the IP and PF of sunflower oil containing natural 

antioxidants extracted by ethanol from sweet and bitter lupin seed flour were increased 

with increasing the concentration of antioxidant extract. 
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Figure 7. Induction period (IP) of sunflower oil containing plant antioxidant extracts and α-

tocopherol assessed in sunflower oil at 110ºC by the Rancimat. The least significant 

difference (LSD) at P≤0.05 was 0.33. 
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Figure 8. Protection factors (PF) of plants antioxidant extract and α-tocopherol assessed in 

sunflower oil at 110ºC by the Rancimat. The least significant difference (LSD) at P≤0.05 

was 0.13. 
 



Mohammed S. Alamri and Tarek A. El-Adawy 

J. Saudi Soc. For Food and Nutrition, Vol. 4, No. 1:2009 

24 

FFrraaccttiioonnaattiioonn  aanndd  iiddeennttiiffiiccaattiioonn  ooff  aannttiiooxxiiddaanntt  ccrruuddee  eexxttrraaccttss  

SSeepphhaaddeexx  ccoolluummnn  cchhrroommaattooggrraapphhyy  

SEAE, TCE and NCE were dissolved in methanol. After that, they applied on the 

swelling Sephadex LH-20 column, and then eluted with methanol. Elutes were then pooled 

into major fractions and their PF were calculated. Five fractions were separated from 

SEAE and TCE, while, NCE was separated into two fractions (Fig. 9). The highest PF was 

noticed in fraction I for both SEAE and NCE, and fraction III for TCE (Fig. 10). 

 
Figure 9. Fractions of plant solvent extracts on Sephadex LH-20 column chromatography. 
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Figure 10. Protection factors (PF) of individual major fractions separated on Sephadex LH-

20 column chromatography. The least significant difference (LSD) at P≤0.05 was 0.14. 
 

Amarowicz and Shahidi (1997) reported that fraction I exhibited a much higher 

antioxidant efficacy than fraction II and IV when capelin (Mallotus villosus) were 

separated using Sephadex column chromatography. The low AA in fractions II and IV may 

be due to the presence of pro-oxidative compounds.  

Gordon and An (1995) found that all fractions of licorice chloroform extract had 

good AA when it was tested despite the wide range of polarity of the fractions separated by 

column chromatography. Fraction 3 and 5 had higher PF values compared to α-tocopherol, 

which showed a low PF value. 

HHiigghh--PPeerrffoorrmmaannccee  lliiqquuiidd  cchhrroommaattooggrraapphhyy  ((HHPPLLCC))  

Fractions I in both SEAE and NCE as well as fraction III in TCE were injected in 

HPLC to identify the phenolic compounds (Table 1). Ten phenolic compounds (gallic, 

protocatechuic, P-hydroxybenzoic, vanillic, caffeic, chlorogenic, p-coumaric and ferulic 

acids, in addition ferulic derivative and avenantheranide) were identified in all major 

fractions of plant material extracts, except ferulic derivative which was not detected in 

NCE. NCE (fraction I) contained the highest amount of total phenolic compounds (25590 

g/ L) followed by (24790 g / L) of SEAE (fraction I), while TCE (fraction III) had the 

lowest amount of total phenolic compounds (20190 g/L). Chlorogenic acid showed the 

highest amount of phenolic acid content in all plant material extracts compared to phenolic 

compounds. Chlorogenic acid content can be arranged in the following decreasing order 
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SEAE (6580 g/L), TCE (5420 g/L) and NCE (4870 g/L). Therefore, the high PF of 

these major fractions may be due to their high content of chlorogenic acid. 

Several studies confirmed that many spices and herbs show strong AA (Suhaj, 

2006; Capecka et al., 2005; Zheng and Wang, 2001; Gordon and An, 1995). A number of 

phenolic compounds with strong AA have been identified in these plant extracts (Nakatani, 

1997). Durkee (1977) detected p-hydroxybenzoic, syringic and vanillic acids as soluble 

constituents in the aleurone fraction of buckwheat bran, whereas p-coumaric, p-

hydroxybenzoic, and vanillic acids were found in buckwheat flour.  

The phenolic antioxidants, p-coumaric acid, ferulic acid, curcumin and caffeic acid, 

which are found in coriander, turmeric, licorice, oregano, sesame and rosemary, inhibit the 

formation of 3-nitrotyrosine in-vitro and may prevent lipid peroxidation in-vivo (Arouma 

et al., 1992, 1996; Suhaj, 2006). Caffeic acid and other hydroxycinnamic acids have also 

been found to have an inhibitory effect on low- density lipoprotein oxidation (Abo-Amsha 

et al., 1996). 

 

Table (1). Phenolic compounds (g/L) in major fractions of plant solvent extracts using 

High-Performance Liquid Chromatography (HPLC)*. 

 
Nutmeg 

Chloroform 

extract fraction I 

Turmeric 

Chloroform 

extract fraction III 

Sage ethyl acetate 

extract fraction I 
Phenolic compounds 

2690 2400 2680 Gallic acid 

3200 2900 3010 Protocatechuic acid 

3140 3050 2870 p-hydroxybenzoic acid 

970 760 680 Vanillic acid 

4660 360 3840 Caffeic acid 

4870 5420 6580 Chlorogenic acid 

1080 940 1060 P-coumaric acid 

280 260 310 Ferulic acid 

Not detected 240 200 Ferulic derivative 

4700 3860 3560 Avenanthranide 

25590 20190 24790 Total phenolic compounds 

* Average of two determination 
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CONCLUSIONS 
The natural antioxidants of SEAE, TCE and NCE exhibited high AA and improved the 

sunflower oil stability compared to α-tocopherol. They offer a promising alternative as 

food ingredients with AA. In future experiments, it would be interesting to investigate the 

effectiveness of these extracts in different food systems. 
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استخالص وتقييم مضادات األكسدة الطبيعية من بعض النباتات 
 

محمد صالح العمري وطارق أحمد العدوي 
 266ب .بريده ص- قسم تقنية التصنيع الغذائي، الكمية التقنية لمغذاء والبيئة في بريدة، القصيم

المممكة العربية السعودية 
 

تم استخالص مضادات األكسدة الطبيعية من نبات المرمرية والكركم وجوز الطيب باستخدام مذيبات عضوية : الممخص
وتم إجراء العديد من االختبارات . (خالت اإليثايل، الكموروفورم، األسيتون، كحول الميثايل، وكحول اإليثايل)مختمفة 

التي شممت تقدير معدل اإلنتاجية، درجة الفعالية المضادة لألكسدة، المعامل المضاد لألكسدة، معدل الحماية لمضادات 
وقد أظيرت النتائج أن أعمى إنتاجية لمضادات األكسدة . األكسدة، اختبارات الثباتية، ومحتواىا من المركبات الفينوليو

في المرمرية والكركم كانت عند االستخالص بواسطة كحول الميثايل، وفي جوز الطيب كانت عند االستخالص بواسطة 
كما ان أعمى درجة فعالية ومعامل مضادات األكسدة في المرمرية كانت عند االستخالص بواسطة . كحول اإليثايل

. خالت اإليثايل، وفي الكركم وجوز الطيب كانت عند االستخالص بالكموروفورم مقارنة باالستخالص بالمذيبات األخرى
أدت إضافة مستخمص خالت اإليثايل لممرمرية ومستخمصات الكموروفورم لكل من الكركم وجوز الطيب بتركيزات 

مقدرة )كما لوحظ زيادة الفترة التحضيرية . توكوفيرول- مختمفة إلى تحسين ثبات زيت دوار الشمس مقارنة باأللفا
 صلزيت دوار الشمس مع زيادة تركيز مستخل (Schaalواختبار Rancimate باستخدام جياز قياس مقاومة الزيت لمتزنخ 

 لمكركم ومستخمص الكموروفورم لجوز الطيب، بينما انخفضت الفترة التحضيرية لمزيت مع زيادة تركيز لخالت اإليثاي
تم فصل خمسة مكونات من مستخمص خالت اإليثايل لممرمرية . توكوفيرول- مستخمص الكموروفورم لممرمرية واأللفا

ومستخمص الكموروفورم لمكركم، ومكونين من مستخمص الكموروفورم لجوز الطيب باستخدام عمود الفصل 
أظير المكون األول المنفصل من كل من مستخمص خالت اإليثايل لممرمرية . Saphadex LH-20الكروماتوجرافي 

ومستخمص الكموروفورم لجوز الطيب والمكون الثالث المنفصل من مستخمص الكموروفورم لمكركم أعمى معامل حماية 
تم فصل عشرة مركبات فينوليو بواسطة جياز كروماتوجرافيا السائل عالي األداء . مقارنة بالمكونات األخرى المفصولة

. لجميع المكونات الرئيسية لممستخمصات النباتية، عدا مشتق الفيرليك لم يظير في مستخمص الكموروفورم لجوز الطيب
. وكان حامض الكموروجينيك األعمى في مستوى األحماض الفينوليو لجميع المكونات المفصولة

 


