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ABSTRACT 

 

According to the problems concerning synthetic antioxidants which the negative effects of this compounds on human 

health have been proved and also the oxidative stress which occurs in human’s body due to several reasons, caused 

most of the researchers and industry replace synthetic antioxidants with the natural ones existing in plants, fruits and 

vegetables as a fact of defeating oxidative stress. In this study, the extraction of phenolic and tocopherols compounds 

and the antioxidants strength of methanol extracts and the fenugreek leaves methanol/water (50:50) in Ardebil and sari 

which have been under effect of ultrasound effects was estimated through Folin–Ciocalteu, 1,1-diphenyl-2-

picrylhydrazyl (DPPH), β-carotene linoleic acid and Oxidative Stability Index (OSI) and compared with synthesis 

antioxidants of TBHQ. The results showed that the phenolic amount (1062 ppm) and tocopherols (403.243 ppm) of 

ultrasound methanol extract was high in Ardebil. Also ultrasound-methanol extract of fenugreek leaves in Ardebil with 

inhibition percent of DPPH (60.903 %) in 900 ppm concentration, β-carotene fading percentage of (91.327%) in 500 

ppm concentration and oxidation stability index for 4.92 hour was the highest. The data shows that the fenugreek leaves 

extract concentration the solution kind and the planting location effects the antioxidant strength. 

KEYWORDS: cultivate zone, ultrasound, antioxidants, fenugreek leaves, DPPH, β-carotene Linoleic acid, 

Oxidation stability index 

 

INTRODUCTION 

 

Fenugreek (Trigonella foenum-graecum L) is one of the plants has been used in traditional medication in Iran 

and different nations for a long time and several medical qualities have recorded so far. It is worth mentioning that 

fenugreek  has an expanded medical effects such as : antioxidant quality [9], painkilling, anti emphysema, anti 

spasm, anticancer, reducing the blood pressure, styptic, blinding bile, reducing blood cholesterol, reducing blood fat, 

reducing blood triglycerides, womb strengthening [32]. Most of physiology disorders pathologic events or illnesses 

effecting human beings have been concerned to   unstable chemicals that are called free radicals or treatable oxygen 

kinds [33]. Free radicals are strong oxidants that contain non mated electrons. They are capable of damage in all 

body components (lipid, protein and DNA). Free radicals play a role in expanding dangerous illness such as cancer, 

heart attack, vessels obstruction, blood pressure, rheumatism and cataract [25]. Antioxidants are components that 

prevent chain reaction of oxidation by adding hydrogen atoms to free radicals. An antioxidant efficiency is related to 

how easy this hydrogen atom can be separated [13]. Although there exists antioxidants in plasma, the immunity 

system cannot destroy the free radical alone, therefor providing the antioxidants from external sources is 

necessary[41]. Oxidation is one of the main factors in fat and oil frustration, because of this the synthetic 

antioxidants such as BHA, BHT, TBHQ, and PG are added to the products in order to prevent oxidation [11]. These 

components are heat sensitive and are not good for food preserve and on the other hand can threat human health 

[40]. According to these conditions several acts should be done to prevent the side effects of synthetic antioxidants. 

One of these ways is extraction of natural antioxidants from fresh fruits and vegetables: containing high amount of 

antioxidant [45]. The plant extracts are full of antioxidants that are used as food resources and reduce the oxidative 

stress and prevent or delay the decreasing illnesses [34]. There are several ways to measure the antioxidants activity 

in natural materials, and the two methods of β-carotene discoloration [44] and oxidation stability index [18] have 

been used in this study. 
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MATERIALS AND METHODS 

 

Materials 

The fenugreek was provided from two areas, Sari and Ardebil in 2013 the leaves were separated and clean by 

rubbing hands on them and then dried in room heat. After drying they turned into powder. 

Extraction 

In this methods, the fenugreek leaves powder was mixed with pure methanol and methanol/water(50/50) and 

put for 30 minutes in the ultrasound with the degree of 45  [30] and then at three stages of centrifuge the blue 

phase was refined with Whatman refining paper NO.1. After that the solution was evaporated and the fenugreek 

leaves extract was produced. The extract was covered by aluminum and kept in temperature of -18  [12]. 

Measurement and phenolic components 

solution and turned blue[29]. 50 micro litter of the sample 4was thinned with 2.5 ml of Ciocalteu fooling The 

total amount of phenolic component of the extract was estimated by Folin–Ciocalteu method. Folin was recovered in 

alkaline with evaporated water. Then 2 ml carbon sodium was added and was put in temperature of 45  for 15 

minutes to expand the blue phase and the absorb was read with spectrophotometric tocopherol components. 

 

Estimating tocopherol components 

     The total amount of tocopherol components of the extract was estimated based on - tocopherol. In this test 

100mg of the extract was mixed with 5ml of toluene, then 3.5 ml of solution DPPH and 0.5 ml iron chloride 3 was 

added and mixed, and finally the standard solution amount was raised to 10 ml and was placed unmoved for 1 

minutes and it’s absorb was  520[38]. 

 

Estimating antioxidant activity 

DPPH test 

     1,1-diphenyl-2-picrylhydrazyl(DPPH) is a purple component which have turned in to a radical due to the 

existence of phenyl group in its structure and is the free radical recourse. The ability to give hydrogen atoms or 

electrons by different extracts in the test is estimated with the discoloration amount of the purple solution of  DPPH 

in methanol. In this study DPPH was used as stable radical component. 

50 ml of extract concentration of 100, 300, 500, 700, 900 micro gram/5CC was added to 5 ml of 0.004% DPPH in 

methanol and stirred very fast. And put in heating room. For 30 minutes and then put back in a normal room 

temperature, light absorb of the sample was 517[4] and the DPPH free radical inhibition percentage was estimated 

by the following formula: 

I% = (A blank - A sample / A blank) × 100  

In this formula, A blank shows the light absorb without the extract and A sample shows the light absorb of extract 

with different concentration. 
 

β -carotene Linoleic acid test 
     To start the test a base solution of  β -carotene linoleic acid was provided through:0.5 mg β -carotene solved in 

1ml chloroform and 25 micro litter linoleic acid and 200mg to in 40 was added and mixed well. Then the chloroform 

was extracted by vacuum evaporation. And 100ml of distilled water filled with oxygen was added to 2.5ml of the 

solution was added to 350 micro litter extract and put for 48 hours in heating room and then placed in a normal 

room. The light absorb of the samples were 490 nanometer and the antioxidant activity was measured by comparing 

the samples light absorb with total time of zero and the β -carotene yellow color stability [8]. 

                                                (Ac (0) – Ac (24)) – (As (0) – As (24)) 

  Inhibition percentage   =                                                                                                    * 100 

                                                              (Ac (0) – Ac (24)) 

Where: 

Ac (0)   : the absorb read for blank in a time equal zero 

Ac (24)   : the absorb read for blank after 24 hours 

As (0)   : the absorb of the sample in a time equal zero 

As (24)  : the absorb of the sample after 24 hours 
 

Oxidation stability index (OSI) 

     To define the oxidation stability, 600ppm of fenugreek leaves extract was added to antioxidant free canola oil. 

The oxidation stability was done by Rancimat machine model 743, under the temperature of 120 and airflow of 

20L/h[14]. 
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Statistical Analysis 

     All results are expressed in random of triplicate duplication. Different mean values (three factors) were analysed 

by software SPSS and the means were compared with danken test at P<0.05. The graphs of mean values and error 

bar were created using Excel version 2007. 

 

CONCLUSIONS AND DISCUSSION 

 

The amount of phenolic and tocopherol components of fenugreek leaves extracts it is show in table 1, the 

amount of phenolic and tocopherol of ultrasound methanol extract is the highest in Ardebil and has a reasonable 

difference comparing to other extracts. In extract method the ultrasound of 20 KH penetrates the material and causes 

frequent stretch and collection due to which several holes appear inside plant material, these holes attach each 

asymmetrically and make the materials come out of the cells. In addition, these waves can destroy the living cells 

and make the extract easier[20]. Extracting through the ultrasound reduces the process time noticeably and develops 

the returns comparing other methods. There for it seems that ultrasound waves releases phenol and tocopherl 

components from the fenugreek wall and fiber by destroying the leaf base fiber. as it can be seen the 

methanol/water(50/50) methods have the least amount of phenolic components. Using water in extracting provides a 

polarized environment. There for some of the phenol components with low polarity will be extracted less. In 

addition water extract contain impurities such as proteins and solution sugars [5]. In a research run by Dhanani et 

al.,(2013) to measure the antioxidant activity and the amount of phenolic components in the plant called sumenifra 

through the three methods of Soxhlet, ultrasound and microwave with three solutions of ethanol, ethanol/water and 

water, the amount of obtained phenolic components for the three methods was ethanol-ethanol/water-water. In 1994 

Sotillo et al., studied the extract of phenolic from potatoes skin using methanol and water and found that the 

methanol solution in 4  is a more efficient extractor comparing to water in 25 . Chung et al., (2010) while were 

extracting Soya reported that extraction with ultrasound due to a better return is a good extracting technique 

comparing with Soxhlet and traditional methods. In a method run by comparing with Soxhlet and traditional 

methods. In a method run by Esmaeilzadeh kenari et al., on sesame meal in 2014, the total phenol contain of the 

ultrasound-methanol (62.09) was move than ultrasound-methanol/water(37.24) which matches the research. Dua et 

al., obtained(2013) the amount of tocopherol for fenugreek seed in India using methanol 80% by shaker which was 

2210±1.54 mg/g after 6 hours. But nazim ciftci etal., (2011) estimated the tocopherol existing in oil while they were 

studying the different kind of oils for fenugreek seeds. It was clear that the fenugreek seed contains oils.in different 

types the amount of alpha-tocopherol was between 620 to 910 mg/kg oil. The amount of pure phenol of fenugreek 

was equal 194.36 mg Gallic Acid in 100g of dry seed of the sample obtained by Souri et al., (2008) while Mirzaei et 

al., (2011) in estimating the antioxidant quality and pure phenol of fenugreek seed hydroalcoholic (Ethanol 70%) 

extract with maceration method obtained the pure phenol of 74 mg galic acid per extract geram using Folin–

Ciocalteu method. The reason of these differences can be because of using difference of estimation, extract, different 

solutions, different standards to report the results, planting location, soil and weather [42]. 

 

Table 1-comparison of average of phenolic and tocopherol components in different fenugreek leaves extract  

(danken test p<0.05) 
Tocopherol amount per ppm  Phenolic amount per ppm Extracting method-solvent- cultivate zone 

376.79 0.51b 1014 1.5011b ultrasound-methanol-Sari 

403.243 0.644a 1062 2.886a ultrasound-methanol-Ardebil 

242.057 0.144c 748.467 3.055d ultrasound-methanol/water-Sari 

233.03 0.294d 764.8 2.424c ultrasound-methanol/water-Ardebil  

 

Study of antioxidant activity 

DPPH test 

Using the spectrophotometric method, the absorb which present the amount of DPPH is being estimated. The 

more the amount will be, the less the antioxidant activity in removing free radicals will be. There for the amount of 

DPPH left is related to radical removal activity of antioxidant reverse [23]. The antioxidant of all extracts will 

increasing the concentration from 100ppm to 900ppm. This result agreement the researches done by Esmaeilzadeh 

kenari et al., (2014) and Igzia et al.,(2012) where an extract concentration of a factor was effective on increasing the 

antioxidant activity. According to table 2 the highest amount of antioxidant activity is related to synthesis 

antioxidant TBHQ (64.88%) with concentration of 100 ppm which has a reasonable difference comparing to other 
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extracts. After that is placed the extract using the ultra sound-methanol of Ardebil with inhibition percent of 

60.903% with concentration of 900ppm. These results match the researches done by Esmaeilzadeh kenari et al., 

(2014) and Pinloo et al., (2005) that the ultrasound-methanol extract is the best for inhibition the free radical. They 

found that the antioxidant activities of methanol extract is more than ethanol extract and the ethanol extract and the 

ethanol extract is more than water extract and can inhibit more DPPH free radical generally, inhibition method for 

DPPH free radical in an organic environment is more suitable than a water place [19]. 

     To compare an antiradical activity of different extracts EC50 is used. Which is defined as a extract concentration 

in which 50% of the DPPH Free radicals inhibited in the reaction environment [31]. There for the lower the 

concentration I, it shows that the specific extract has more antiradical activity. High correlation was reported for the 

ability of trapping the free radicals and the amount of phenol in fruits, vegetables and grains. 

 

Table 2- comparing the average percentage of DPPH free radical inhibition in different fenugreek leaves extract in 

Sari and Ardebil( danken test p<0.05) 
900 

ppm 

700 

ppm  

500 

ppm 

300 

ppm 

100 

ppm  

Different extract                           

concentration 

 

 

Extracting methods 

58.687 1.00c 53.897 0.02e 50.683 0.02g 45.640 0.08j 40.313 0.046m ultrasound-methanol-Sari 

60.903 0.56b 56.673 0.02d 53.750 0.04e 46.853 0.02i 40.640 0.04m ultrasound-methanol-Ardebil 

51.097 0.02g 48.720 0.04h 43.547 0.02l 37.173 0.02o 31.770 0.04q ultrasound-methanol/water-
Sari 

51.723 0.50f 48.933 0.64h 44.043 0.49k 38.077 0.56n 33.327 0.354p Ultrasound-methanol/water-

Ardebil 

    64.883 354a TBHQ 

 

As you can see in figure1, TBHQ has the lowest amount of EC50(77.06±0.42). The ultrasound-methanol 

extract from Ardebil is placed after that with amount of (429.52±2.95). The higher amount of EC50 shows the lower 

amount of total phenolic components and the samples antioxidant qualities. Then the synthesis antioxidant sample 

has the most antioxidant quality. As mentioned be for, there exists a good cohesion between phenolic components 

and antioxidant quality. Methanol/water extracts have lower total phenol and tocopherol components and have lower 

antioxidant quality. With attention on EC50 amount for Sari and Ardebil it can be observed that EC50 data amount 

for Ardebil comparing to Sari in a equal extracting method is lower, which means the antioxidant strength of 

extracts obtained from Ardebil is more than Sari. Esmaeilzadeh kenari et al., (2014) in their study of sesame meal 

antioxidant quality showed that the lowest amount of EC50 relates to BHA synthesis antioxidant and after the 

extract using ultrasound-methanol is located, water/alcoholic extracts have the most amount of EC50 which means 

they have the lowest amount of antioxidant activity. Sweetie et al., (2007) from India studied on mint extract 

antioxidant effects and showed that the EC50 equals 28.5 micro grams per ml litter and for BHA equals 10.1 Mc.gr 

in ml.lit, while the EC50 obtained for Iranian Mint ethanol extract obtained by Kamkar et al., (2009) equal 12 micro 

gram per milliliter. 

Also in a research done by Golluce et al., (2007) in Turkey on antioxidant quality of Bee balm essence and 

extract using DPPH the amount of EC50 for the essence was 10700 and for the extract was 74.4 micro gram per mili 

litter, but in a research which was done on Iranian Bee balm by Kamkar et al., (2011) the amount of EC50 for the 

essence was 1765 and for the methanol extract was 50 micro gram per milliliter. The researchers showed that the 

planting location effects the antioxidant strength matches the research results. 
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Figure 1- comparison of EC50(ppm) extracts and TBHQ synthesis antioxidants 

 

Study of antioxidant quality with β-carotene colorless 

The antioxidant activity of different Fenugreek extract is presented on table 3 and is compared with TBHQ 

synthetic antioxidant. The highest antioxidant effect in β-carotene colorless system relates to ultrasound methanol 

extract from Ardebil with concentration 500ppm(91.327%) which has a reasonable difference comparing to TBHQ 

and other extracts. 

The results do not follow a certain pattern but according to the concentrations the extracting methods and 

planting locations are different. 

 

Table 3- comparison of colorless percentage average of β-carotene in fenugreek leaves different extracts in Sari 

and Ardebil (p<0.05) 
Different extract                           

concentration 

 

 

 

Extracting methods 

100  

ppm 

300 

ppm  

500 

ppm 

700 

ppm 

900 

ppm  

ultrasound-

methanol-Sari 
53.327 1.65 mn 65.233 2.184g 85.710 0.0c 37.617 0.825q 33.803 0.825r  

ultrasound-

methanol-Ardebil 
45.233 0.82p 58.093 0.82ij 91.327 1.65a 62.850 1.43h  66.187 0.82fg 

ultrasound-

methanol/water-

Sari 

28.570 0.0s 66.187 0.82fg 76.187 0.82e 53.327 1.65mn 67.140 0.0f 

Ultrasound-

methanol/water-

Ardebil 

55.710 1.43kl 59.520 1.64i 77.617 0.82d 58.093 0.82ij 51.423 1.42o 

TBHQ 88.270 0.0b 

 

β-carotene exists in different plants and is a pre factor of producing Vitamin A, one of the strong antioxidant 

which prevents formation of oxygen free radicals in body, there for it has an independent process form Vitamin A. 

Fenugreek leaves contain carotene and has Vitamin A quality [23]. In addition Brewer (2011) showed that there 

exists a positive relation between antioxidant activity and vitamins C and E and β-carotene (vitamin A). the 

inhibition percentage decrease in this study may concern with the increase of B-carotene and other related 

antioxidants, antioxidant components keep the quality up to a specific range and after that by increasing the 

concentration change in to pro oxidants [2,26]. 

Oxidation Stability Index 

Oxidation stability index is the time period needed for measurable speed expansion in oils and fats which can 

be a factor for comparing oil frustration [10]. To study the heat stability of treatments in Rancimat  method 

amplification conditions of oxidations such as high temperature or airflow is used and increasing water electrical 

conductivity is assumed as an index in developing the oxidation, because during the oil\ oxidation organic acids like 
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formic acid will form which increases the electrical conductivity [27]. Figure 2 shows the oxidation stability index 

of fenugreek leaves extract and TBHQ synthetic antioxidant s on canola oil. As you can see the most amount relates 

to ultrasound methanol treatment in Ardebil (4.92±0.1 hours) which has a reasonable difference of 5 percent with 

TBHQ synthetic antioxidant (4.705±0.18 hours) and TBHQ is located after that. It can also be observed that 

ultrasound methanol extract in Sari is not statistically different from TBHQ. Generally, Fenugreek leaves different 

extracts show that the same as synthetic antioxidants and in some treatment more than that has contrasted canola oil 

oxidation which shows a well antioxidant strength of this plant extract. 

 

 
Figure 2- oxidation stability index of Fenugreek leaves different extracts and comparison with  

TBHQ synthetic antioxidants 

 

Conclusion 

Comparison of antioxidant activity of Fenugreek leaves different extract showed that among used solutions, the 

methanol solution and between the two planting location Ardebil was better than the others. Also concerning with 

the extract concentration in DPPH test the concentration of 900ppm and in β -carotene test the concentration of 

500ppm the ultrasound methanol extract of Ardebil has the highest antioxidant strength. Mean while, using 

ultrasound as a helper for extract causes an outstanding decrease in extracting time and also increase the extract 

quality. There for it can be inferred that the solution type, extracting method planting location and the extract 

concentration  effect the extract antioxidant strength. Generally, according to the obtained results from the research, 

Fenugreek leaves extract containing  phenolic, tocopherol, strong antioxidant and antiradical components in most of 

cases is more effective than synthetic antioxidant and since it is known as a medicinal plant in most of countries and 

especially in Iran it can be a good replace for synthetic antioxidants in edible oils and fatness foods. To use the 

extract practically in industry more researches on estimating the extract and essence antioxidant strength in food 

types is recommended. 

REFERENCES 

 

1-Arabshahi-Delouee, S. & Urooj, A.; ( 2007);Antioxidant properties of various solvent extracts of mulberry (Morus 

indica L. ) leaves; Food Chemistry, 102: 1233–1240. 

2-Ghanbarzadeh, B.; (2009); Intensive food chemistry; Publisher:Aeigh 

3- Brewer, M,;(2011);Natural antioxidants: sources, compounds, mechanisms of action, and potential applications; 

Comperhensive reviews in food science and food safety; 10(4); 221-247. 

4- Burits, M.; Bucar, F.; (2000);Antioxidant activity of Nigella sativa essential oil;Phytotheraphy Research; 14: 

328–323. 

5- Chirinos, R.; Rogez, H.; Campos, D.; Pedreschi, R.; Larondelle, Y.; (2007);Optimization of extraction conditions 

of antioxidant phenolic compounds from mashua (Tropaeolum tuberosum Ruiz and Pavon); Separation and 

Purification Technology 55: 217-225. 

179 



J. Appl. Environ. Biol. Sci., 4(11S)174-181, 2015 

 

6-Chung, H.; Ji, X.; Canning, C.; Sun, S.; Zhou, K.; (2010);Comparison of different strategies for soybean 

antioxidant extraction; J. Agric. Food Chem; 58: 4508-4512. 

7- Dhanani, T.;Shah, S.; Gajbhiye, N.A.; Kumar, S.; (2013);Effect of extraction methods on yield, phytochemical 

constituents and antioxidant activity of Withania somnifera; Arabian Journal of Chemistry. 

8- Dapkevicius, A.; Venskutonis, R.;Van Beek, T. A.; Linssen, P.H.; (1998);Antioxidant activity of extracts 

obtained by different isolation procedures from some aromatic herbs grown in Lithuania; J Sci Food 

Agric;77: 140–146. 

9- Dua, A.; Vats, S.; Singh, V.; Mahajan, R.; (2013);Protection of biomolecules against in vitro oxidative damage by 

the antioxidants from methanolic extract of trigonella foenum-graecum seeds; International Journal of 

Pharmaceutical Sciences and Research (IJPSR ); 4(8): 3080-3086. 

10-Esmaielzadeh kenari, R.; (2008); Study of stabilizing canola oil and using it for deep frying; Phd thesis;Ferdowsi 

agriculture university. 

11-Eskin, N.A.M. and Przybylski, R.;( 2001); Antioxidants and shelf life of foods. In: Food shelf life stability: 

chemical, biochemical, and microbiological changes. Eds. DS. Robinson and NAM Eskin. CRC Press. 

12- Esmaeilzadeh Kenari, R.; Mohsenzadeh, F.; Raftani Amiri, Z.;(2014);Antioxidant activity and total phenolic 

compounds of Dezful sesame cake extracts obtained by classical and ultrasound-assisted extraction methods; 

Food Science & Nutrition; Open Access; Original Reserch. 

13-Fatemi, H.; (2010) ;Food chemistry; Enteshar  company; eight edition. 

14- Farhoosh, R.; (2007);The effect of operational parameters of the Rancimat Method on the determination of the 

oxidative stability measures and shelf-life predicition of soybean oil; Journal of American Oil Chemists 

Society.  

15-Golluce, M.; Sahin, F.; Sokmen, M.; Ozer, H.; Daferera, D.; Sokmen, A.; Polissiou, M.; Adiguzel, A.; Ozken, 

H.;( 2007);Antimicrobial and antioxidant properties of the essential oils and methanol extract from Mentha 

longifolia L.ssp.longifolia; Food Chem; 103: 1449-1456. 

16-Kamkar, A.;  Asadi, F.; Jebelly Javan, A.; Jamshidi, R.; (2009); estimating the antioxidant capacity of Iranian 

mint extract and essence; Veterinary and laboratory no.1 

17Kamkar, A.; shariatifar, N.; Jamshidi, A.;Jebelly Javan, A.; Sadeghi, T.;Zeygham Monfared, M.; (2011); The 

study of Iranian menthalongifolia essence and extract antioxidant activity in laboratory environment; 

medicinal plants season book; First edition. 

18- Kulisic, T.; Radonic, A.; and Katalinic, V.; (2004); Use of different methods for testing antioxidative of oregano 

essntial oil. Food Chem;85: 633 - 40. 

19- Kim, D.-O.; Lee, K. W. ; Lee, H. J.  and Lee, C. Y. ; (2002);Vitamin C equivalent antioxidant capacity 

(VCEAC) of phenolic phytochemicals; J. Agric. Food Chem. 50:3713– 3717. 

20- Luque-Garc, J.L.; Luque de Castro, M.D.; (2004);Ultrasound-assisted Soxhlet extraction: an expeditive 

approach for solid sample treatment Application to the extraction of total fat from oleaginouse seeds; Journal 

of Chromatography A; 1034, 237-242. 

21-Mirzaee, A.; Mohammadi, J.; Mirzaee, N.; Mirzaee, M.; (2011); estimating the antioxidant qualities and pure 

phenol of hydroalcholic extracts of sisymbrium irio, Fenugreek; plantain and coriander; carum copicum fasa 

medical university magazine No.3 

22- Molyneux, P.H.;(2004);The use of the stable free radical diphenylpicrylhydrazyl (DPPH) for estimating 

antioxidant activity. Songklanakarin J Sci Technol. 26: 211-219. 

23-Nazar, A.N and Tinay, A.H. (2007) ؛ ;Functional properties of  Fenugreek (Trigonella foenum graceum ) protein 

concentration ؛  J. Food Chemi. ؛   103: 582-589. 

24- Nazim Ciftci, O.;  Przybylski, R.; Rudzinska, M.; Acharya, S.; (2011);Characterization of Fenugreek (Trigonella 

foenum-graecum) Seed Lipids; J. Am Oil Chem Soc; 88:1603–1610. 

25- Ostrowska, B.; Rzemykowska, Z.; (1998);  Herba Pol.; 44: 4:417. 

26- Parizan, T.;Elhami Rad,A.; Estiry, S.h.; Armin, M.; (2011); study of senna leaves antioxidant activity and it’s 

effect on soy oil ; Food science and technology magazine. 

180 



Saviz et al.,2015 

 

27- Pokorny, J.; Yanishheva, N.; Gordon, M.;(2001);Antioxidants in food: practical Applications; Boca Raton: CRC 

Press LLC; Fl. 

28- Pinelo, M.;  Rubilar, M.; Jerez, M.; Sineiro, J.; Nu˜nez, M.J. ; Agric, J.; (2005) ; Food Chem; 53:2111–2117. 

29- Pourmorad, F.; Hosseinimehr,S. J. and Shahabimajd, N.;(2006);Antioxidant activity, phenol and flavonoid 

contents of some selected Iranian medicinal plants. Afr. J. Biotechnol. 5:1142– 1145. 

30- Pak-Dek, M.S.; Osman, A.; Sahib, N.G.; Saari, N.; Markom,M.;Abdul Hamid,A.; Anwar, F.; (2011);Effects of 

extraction techniques on phenolic components and antioxidant activity of Mengkudu(Morinda citrifolia L.) 

leaf extracts; Journal of Medicinal Plants Research. ; 5(20): pp. 5050-5057, 30. 

31- Rakic, S.; Petrovic, S.; Kukic, J.; Jadranin, M.; Tesevic, V.; Povrenovic, D. & SilerMarinkovic, S. ;( 

2007);Influence of thermal treatment on phenolic compounds and antioxidantproperties of oak acorns from 

Serbia; Food Chemistry, 104: 830-834. 

32- Salehi Surmaghi, M.H.; (2008); Medicinal Plants and Herbal Therapy; volume 1; pp: 253 - 4. 

33- Subhasree, B.; Baskar, R.; Keerthana, R.L.; Susan, R.L.; Rajasekaran, P.;(2009);Evaluation of           antioxidant 

potential in selected green leafy vegetables. Food Chemistry. 115:1213-1220. 

34- Sathisha, A. D.;Lingaraju, H. B.;Shamprasad, K.;(2011);Evaluation of  antioxidant activity of medicinal plant 

extracts produced for commercial purpose; E-Journal of Chemistry; 8(2), 882-886. 

35- Sotillo, R. D.; Hadley, M.; Holm, E. T.; (1994);Phenolics in aqueous potato peel extract: Extraction, 

identification and degradation; J. Food Sci, 59(2): 649-651. 

36- Souri, E.;Amin, G.; Farsam, H.; Barazandeh Tehrani, M.; (2008);Screening of antioxidant activity and phenolic 

content of 24 medicinal plant extracts; DARU;16(2):83-87. 

37- Sweetie, R.;Kanatt, R.C.; Arun, S.;( 2007);Antioxidant potential of mint (Mentha spicataL.) in radiation –

processed lamb meat; Food Chemistry 100, 451-458. 

38- Wong, M.L.; Timms, R.E.;(1998);Colorimetric determination of total tocopherols in palm oil, olein and stearin 

journal of Am; Oil Chem; Soa; 65: 258-261. 

39-Xiea, J.-H.; Shena, M.-Y. ; Xiea, M.-Y. ; Niea, S.-P. ; Chena, Y.; Li, C.; et al.; (2012);Ultrasonic-assisted 

extraction, antimicrobial and antioxidant activities of Cyclocarya paliurus (Batal.) Iljinskaja 

polysaccharides;Carbohydr. Polym. 89:177–184. 

40-X Hou, D.;( 2003);Potential mechanisms of cancer chemoprevention by anthocyanins. Current Molecular 

Medicine ;3: 149–159. 

41-Young, I.S.;Woodside, J.;(2001); Antioxidants in health and disease ;J Clin Pathol; 54:176-186. 

42- Yoo, K.M.; Lee, C.H.; Lee, H.; Moon, B.; Lee, C.Y.; (2008);Relative antioxidant and cytoprotective activities of 

common herbs; Food Chemistry;106:929–936.  

43- Zhang, Z.S.; Wang, L.J.; Li, D.; Jiao, S.S.; Chena, X.D.; Maoa, Z.H.;(2008); Ultrasound – assisted extraction of 

oil from flaxseed;Separation and Purification Technology; 62: 192-198. 

44- Zhang, H.; Feng, C. and Xi, W.; (2006);  Evaluation of antioxidant activity of  parsley (Petroselinum crispum) 

essential oil and identification of its antioxidant constituents. Food Chem. 39: 833 - 9. 

45- Zahida,W.N.;(2009);Extraction of antioxidant compounds from  red pitaya using Soxhlet extraction method. 

Thesis of  Faculty of Chemical & Natural Resources Engineering Universiti Malaysia Pahang 

181 


