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1. Introduction

   In recent years, the use of photosynthetic micro-organisms, 
such as microalgae, in life sciences has received increasing 
attentions due to their diverse phytometabolic contents with 
various chemical structures and biological activities[1]. Use of 
microalgae for human consumption as a source of high value 
health food, functional foods and for production of biochemical 
products, such as vitamins, carotenoids, phycocyanin and 
polyunsaturated fatty acids including the omega-3 fatty acids 
have been developed[2-4]. Among the various microalgae 
that have been explored for their suitability for commercial 
potential: Dunaliella species, Chlorella species and Spirulina 
species are three major type that have been used successfully 
to produced high concentrations of valuable compounds such 
as lipids, protein and pigments[5-7]. They also have nutritionally 
potential applications as functional foods which are able to 

provide additional physiological and pharmacological benefits 
for human health[1,8,9]. Polyunsaturated fatty acids, sulfated 
polysaccharides, phycosterols, heat-induced proteins, 
phenolic compounds, and pigments including carotenoids are 
the naturally origin functional ingredients which have positive 
effects on the health of man and animals[10]. A large number 
of studies on the microalgal bioactive compounds have 
oriented to the anti-inflammatory, antiviral, antimicrobial, 
antihelmintic, cytotoxic, immunological, and enzyme 
inhibition properties[11-13]. 毬-carotene and other carotenoids 
(astaxanthin & lutein) are integral part of the photosynthetic 
apparatus in algae and functions as accessory pigments in the 
harvesting complex and as protective agents against the active 
oxygen products (AOS) that are formed from photo-oxidation. 
These oxygen radicals can react with macromolecules and 
lead to cellular damages[14,15]. The mechanism of biological 
effect of illumination (including near-UV-B) appear to involve 
endogenous photosensitization and formation of AOS, such 
as from singlet oxygen (1O2), superoxide radical (O-2), hydroxyl 
radical (-OH) and hydrogen peroxide (H2O2)[15,16].  The algae 
have developed defiance system against photo-oxidative 
damage by antioxidative mechanisms to detoxify and 
eliminate these highly reactive oxygen species.
   Moreover, because of phototropic life of microalgae and their 
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permanent exposure to high oxygen and radical stresses, they 
have a high capability for production of numerous efficient 
protective chemicals against oxidative and radical stressors[17].  
This scavenger capacity of micro algal contents bring them 
up as the potential alternative substances against oxidation-
associated conditions like chronic diseases, inflammation, 
aging or skin UV-exposure. However, these antioxidant 
products are mainly aimed at the health food market for direct 
human consumption which recognized as safe[5,6]. Since many 
authors postulated that a high intake of antioxidant compounds 
might decrease the risk of cancer, aging, inflammation, 
stroke disease and neurodegenerative disease (Parkinson’s & 
Alzheimer’s) in human and experimental animals[7,18,19].
   There are a number of reports on the evaluation of antioxidant 
activity of some species belonged to genera of Botryococcus[20], 
Chlorella[21], Dunaliella[22], Nostoc[23], Phaeodactylum[24], 
Polysiphonia[25], Scytosiphon[26], Spirulina[27,28], etc. The aims 
of the present study was to identify new sources of safe and 
inexpensive antioxidants from microalgae using Chlorella 
marina (C. marina). The strain was collected from RGCA (Rajiv 
Gandhi Centre for Aquaculture), Sirkali, Tamilnadu, India. The 
strain were cultured in  laboratory conditions by measuring 
the antioxidant activity, total phenolic content, Deoxy ribose 
radical scavenging activity and reducing power in various 
extracts.

2. Materials and methods

2.1. Chemicals and materials

   Folin-Ciocalteu’s phenol reagent, Sodium carbonate, 
Gallic acid, Ascorbic acid, FeCl3, TCA, Potassium ferric 
cyanide, was purchased from Merck (Mumbai, India). All 
chemicals used in the experiments were of analytical grade. 
The C. marina were cultured, and the cells were obtained by 
centrifugation.

2.2. Sample preparation
 
   A precisely weighed ~0.2 g amount of ground freeze dried 
microalgae was extracted with 2 mL of different solvents methanol, 
diethyl ether and hexane for 30 min at room temperature (20 曟). 
The tube was centrifuged at 4 500 g for 10 min and the supernatant 
was recovered. The extraction was repeated with 2 mL of three 
different solvents and the two supernatants were combined. 
The residue was subsequently extracted twice, for 30 min 
at room temperature and the supernatants were combined. 
Then, the residues were further extracted twice with water 
(2 mL each time) for 30 min at 80 曟, which was considered 
appropriate according to the literature[29], and the 
supernatants were combined. 

2.3. Determination of total phenolic content 
 
   The total phenolic content of the extracts was estimated 
by the Folin-Ciocalteu method[30]. Two hundred microlitres 
of diluted sample were added to 1 mL of 1:10 diluted Folin-

Ciocalteu reagent. After 4 min, 800 毺L of saturated sodium 
carbonate (75 g/L) was added. After 2 h of incubation at room 
temperature, the absorbance at 765 nm was measured using 
the Perkin Elmer Lamba 25 UV-vis Spectrophotometer. The 
results were expressed as Gallic acid equivalent (GAE)/g dry 
weight of microalgae, and calculated as mean value 暲 SD (n 
= 3).

2.4. Determination of total antioxidant activity 
 
   Total antioxidant activity of crude extracts was determined 
according to the method of Prieto [31]. Briefly, 0.3 mL of sample 
solution (0.1 mg/mL) was mixed with 3.0 mL of reagent solution 
(0.6 M sulfuric acid, 28 mM sodium phosphate and 4 mM 
ammonium molybdate). Reaction mixture was incubated at 95 
曟 for 90 min under water bath. Absorbance of all the sample 
mixtures was measured at 695 nm. Total antioxidant activity is 
expressed as the number of equivalents of ascorbic acid. A 
calibration curve of ascorbic acid was prepared and the total 
antioxidant activity was standardized against ascorbic acid 
equivalents per gram of sample on a dry weight basis.

2.5. De-oxyribose radical scavenging activity
 
   Deoxyribose non-site specific hydroxyl radical scavenging 
activity of crude extracts was determined according to the 
method[32]. Briefly, 2.0 mL aliquots of sample were added to 
the test tube containing reaction mixture of 2.0 mL FeSO4.7H2O 
(10 mM), 0.2 mL EDTA (10 mM) and 0.2 mL deoxyribose (10 mM). 
The volume was made up to 1.8 mL with phosphate buffer 
(0.1 M, pH 7.4) and to that 0.2 mL H2O2 (10 mM) was added. 
The mixture was incubated at 37 曟 under dark for 4 h. After 
incubation, 1 mL of TCA (2.8%) and TBA (1%) were added to 
the mixture, and then left to stand under boiling water bath 
for 10 min. After treatment absorbance was measured at 532 
nm. If the mixture was turbid, the absorbance was measured 
after filtration. Scavenging activity (%) was calculated using 
the equation given by[33]. 

2.6. Ferric reducing antioxidant Power (FRAP)
  
   Reducing power of crude extracts was determined by the 
method prescribed by[34]. Briefly, 1.0 mL of extract containing 
different concentration of sample was mixed with 2.5 ml 
of Phosphate buffer (0.2 M, pH 6.6) and 2.5 mL Potassium 
ferricyanide (1%). Reaction mixture was incubated at 50  曟 
for 20 min. After incubation, 2.5 mL of Trichloroacetic acid 
(10%) was added and centrifuged (650 g) for 10 min. From the 
upper layer, 2.5 mL solution was mixed with 2.5 mL distilled 
water and 0.5 mL FeCl3 (0.1%). Absorbance of all the sample 
solutions was measured at 700 nm. Increased absorbance is 
indicated increased reducing power.

3. Results

   The total phenolic content (TPC) of C. marina along with 
the standard gallic acid is shown in Figure 1. Methanol 
extract exhibited higher activity followed by diethyl ether 
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and hexane. All the activities were however; relatively lower 
than that of standard compound. Methanol extract showed 
high TPC of (0.647暲0.052) mg GAE/g. The minimum activity 
was noted in diethyl ether extract 0.368 0.126 mg GAE/g. The 
antioxidant activity of C. marina along with standard ascorbic 
acid as shown in Figure 2. Among the three extracts diethyl 
ether exhibited higher radical scavenging activity when 
compared to hexane and methanol. All the activities were 
however; relatively lower than that of standard compound. 
The diethyl ether extract showed higher antioxidant 
potential as (0.816暲0.366) mg ascorbic acid equivalents/g. 
The minimum activities were observed in (0.562暲0.172) mg 
ascorbic acid equivalents /g in methanolic extract.
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Figure 1. Total phenolic content.
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Figure 2. Total antioxidant activity.

 

  The Deoxyribose radical scavenging activity of C. marina 
as shown in Figure 3. Among the three extracts hexane 
extracts exhibited higher radical scavenging activity when 
compared to diethyl ether and methanol. The hexane 
extract showed higher radical scavenging potential as (0.399
暲0.004). The minimum activity was observed in (0.365暲
0.001) in methanolic extract. Concentration dependency 
of antioxidant activity was investigated as a function of 
reducing power as shown in Figure 4. The reducing capacity 
of various concentrations of C. marina extracts behaved in 
a dose dependent manner (0.2 to1.0 mg/mL). Similar to the 
total antioxidant activity (TAA), diethyl ether extract showed 
better reducing power than methanol and hexane. Among 
the three extracts, methanolic extract exhibited higher 
radical scavenging activity when compared to diethyl ether 
and hexane. Thus, the phenolic compounds were major 
source to the antioxidative capacities of C. marina. 
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Figure 3. Deoxyribose radical scavenging activity. 
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Figure 4. Ferric reducing power.

4. Discussion 

   Phenolic compounds serve as important antioxidants 
because of their ability to donate a hydrogen atom or an 
electron in order to form stable radical intermediates. The 
total phenolic contents of C. marina were determined and 
expressed as gallic acid equivalent (GAE) in order to make 
a comparison between different microalgae and identify a 
natural source for phenolic compounds. The methanolic 
extract exhibited higher amount of phenols compared to 
other extracts. In converse to the report of Li [23], the hexane 
fractions did not possess the highest total phenolic levels. 
These compounds were mainly detected in water fractions. 
It was true especially for the extracellular substances. As 
the exceptions, water fractions of Fischerella musicola 
and Microchaete tenera cell masses had more phenolics 
than their water extracts of the extracellular substance. 
In DPPH assay, radical scavenging activity was evaluated 
and probably some other functional component would 
be effective. It should be noted that the other antioxidant 
compounds such as carotenoids, polyunsaturated fatty 
acids and polysaccharides may play an important role[35,36]. 
There have been few other studies on the relationship 
between these two parameters for algae and the results were 
contradictory.
   For example, Jimenez-Escrig et al[37] described a 
significant relationship between total antioxidant capacity 
and total phenolic compounds. However, the report of Li[23] 

showed the opposite results for three solvent fractions. 
Therefore, there is, as yet, no definite conclusion on the role 
of phenolic compounds in antioxidant capacity and further 
studies are required. The present study, the antioxidant 
capacity and total phenolic content of C. marina were 
evaluated by FRAP methods. In this assay, the results 
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demonstrated an important role for natural antioxidants. 
Phenolic compounds were a major contributor to the 
antioxidant capacities, but the correlation coefficient 
between these two parameters were significant only in FRAP 
assay.
   Microalga used in this study, especially C. marina may 
find important and wide applications in the pharmaceutical 
and food industries because of high antioxidant activities 
of their substances. Generally, carotenoids have two 
important roles in photosynthetic organisms[38]. First, they 
act as accessory light-harvesting pigments, trapping light 
energy and passing it on to chlorophylls. Second, and 
more importantly, carotenoids protect the photosynthetic 
apparatus from light-mediated stress, for example by 
quenching singlet oxygen (1O2) generated by photo- 
oxidation. In the green alga, C. marina it has been suggested 
that photosynthetically produced active oxygen species, 
O2- (and its products) and 1O2, are involved in triggering 
毬-carotene biosynthesis, and the massive amount of 
carotenoid accumulated can protect the photosynthetic 
apparatus against oxidative stress[39]. 
   Carotenoids scavenge several active oxygen species such 
as 1O2, O2-, H2O2, peroxy radicals, and hydroxyl radicals (HO-) 
both in vitro and in vivo[40-44]. In the non photosynthetic 
bacterium Deinococcus radiodurans[45], the fungus Fusarium 
aquaeductuum[46], yeasts Rhodotorula mucilaginosa[47,48], 
carotenoids protect against experimentally induced oxidative 
damage. The red-pigmented strain of D. radiodurans is 
resistant to HO-, whereas the colorless strain is significantly 
sensitive[45]. In Fusarium aquaeductuum, H2O2 induces 
carotenoid biosynthesis in the dark, a process that 
normally occurs only under illumination[46]. In Rhodotorula 
mucilaginosa, 毬-carotene protects the cells against O2-[47]. 
   Previously it has been reported that antioxidant activity 
is correlated with polyphenolic contents[49,50]. In previous 
study, some enzymatic digests did not possess antioxidant 
activity, although they contained numerous phenolic 
compounds. Therefore, it can be assumed that polyphenol 
content is not the only factor that can influence antioxidant 
activity. In fact, there are other bioactive components such 
as proteins, polysaccharides and different kinds of pigments 
which are present in microalgae[51-53]. For example it was 
established that oligosaccharides, sulfate and glycoprotein 
components have exhibited antioxidant activities in the red 
microalga, Porphyridium sp.[54]. 
   The reducing capability in 1 mL containing different 
concentrations was determined (Figure 4). The Ferric 
reducing power was found to be very high in diethyl ether 
followed by methanol and hexane fractions as well as 
the phenolic compounds were not a major contributor to 
the antioxidant capacities of these microalgae. In fact, 
microalgae could produce a wide range of antioxidant 
compounds, including for example,  carotenoids, 
polyunsaturated fatty acids and polysaccharides[35,36]. 
   In a previous study, a significant correlation was 
demonstrated between the antioxidant activity and phenolic 
content of four macroalgae[37], although, there have been 
few other studies on the relationship between these two 
parameters for algae. Therefore, there is not yet any concrete 
scientific evidence for how much phenolic compounds 
contribute to the total antioxidant capacity in algae.  
Although phenolic compounds can be principal antioxidant 
compounds in many plant species like vegetables, fruits 
and medicinal plants[29,55,56], they are less important as 

antioxidants in microalgae.
   In conclusion, the results of this study have highlighted 
potential antioxidant activity in methanol extracts. As such, 
the use of C. marina as natural antioxidant sources in the 
food and pharmaceutical industries appears promising and 
should be investigated further.

Conflict of interest statement

  We declare that we have no conflict of interest.

Acknowledgements
 
   This research was supported by a grant MoES/ 
CMLRE/10A-1/08 from the CMLRE, funded by the Ministry 
of Earth Science, Cochin India. We also thanks to higher 
authorities of Annamalai University. 

References

[1]    MSkulberg OM. Bioactive chemicals in microalgae. In: Richmond 
A. (ed.) Handbook of microalgalculture, biotechnology and applied 
phycology. Oxford:Blackwell;2006,p.485-512.

[2]    Richmond A. Handbook of microalge mass culture. Bocaraton, 
Florida: CRC Press Inc.;1986.

[3]    Borowitzka MA. Algal biotechnology products and processes 
matching science and economics. J Appl Phycol 1992; 4: 267-279.

[4]     Pugh NSA, Ross HN, ElSohly MA, ElSohly DS Pasco. Isolation of 
three highmolecular weight polysaccharide preparations with 
potent immunostimulatory activity from Spirulina platensis, 
Aphanizomenon flosaquae and Chlorella pyrenoidosa. Planta 
Med 2001; 67: 737-742.

[5]    Abe KN, Nishmura Hirano M. Simultaneous production of 毬
-carotene, vitamin E and vitamin C by the aerial microalga 
Trentepohia aurea. J Appl Phycol 1999; 11: 33-36.

[6]    El- Baz FK, Aboul-Enein MA, El-Baroty GS, Youssef AM, Abd 
El-Baky HH. Accumulation of antioxidant vitamins in Dunaliella 
salina. Online J Biol Sci 2002; 2: 220-223.

[7]    Abd El-Baky HH, Moawd AN, El-Behairy A, El-Baroty GS. 
Chemoprevention of benzo[a]pyrene-induced carcinogen 
and lipid peroxidation in mice by lipophilic algae extracts 
(phycotene). J Med Sci 2002; 2: 185-93.

[8]    Borowitzka MA. Algal growth media and sources of algal 
cultures. In: Borowitzka MA, Borowitzka LJ. (eds.) Micro-algal 
Biotechnology.  Cambridge: Cambridge University Press; 1988, p. 
456-465.

[9]    Soltani N, Khavari-Nejad RA, Tabatabaei Yazdi M, Shokravi 
S, Fernandez-Valiente E. Screening of soil cyanobacteria for 
antifungal and antibacterial activity. Pharm Biol 2005; 43: 455-
459.

[10]  Pulz O, Gross W. Valuable products from biotechnology of 
microalgae. Appl Microbiol Biotechnol 2004; 65: 635-648.

[11]  Dufosse L, Galaup P, Yaron A, Arad SM, Blanc P, Murthy NC, et 
al. Microorganisms and microalgae as sources of pigments for 
food use: a scientific oddity or an industrial reality? Trends Food 
Sci Technol 2005; 16: 389-406.

[12]  De La Noue J, De Pauw N. The potential of microalgal 
biotechnology: a review of  production and uses of microalgae. 
Biotechnol Adv 1988; 6(4): 725-770. 

[13]  Singh S, Kate B, Banerjee UC. Bioactive compounds from 
cyanobacteria and microalgae: an overview. Crit Rev Biotechnol 
2005; 25: 73-95.



Karunamoorthy Manivannan et al./Asian Pacific Journal of Tropical Biomedicine (2012)S342-S346S346

[14]  Malanga G, Calmanovici G, Puntarulo S. Oxidative damage to 
chloroplasts from Chlorella vulgaris exposed to Ultraviolet 毬- 
radiation. Physiol Plant 1997; 101: 455-462.

[15]  Martin JP, Burch P. Production of oxygen radicals by 
photosensitzation. Methods Enzymol 1990; 186: 635-645.

[16]  Malanga G, Puntarulo S. Oxidative stress and antioxidant content 
in Chlorella vulgaris after exposure to ultraviolet 毬-radiation. 
Physiol Plant 1995; 94: 672-679. 

[17]  Tsao R, Deng Z. Separation procedures for naturally occurring 
antioxidant phytochemicals. J Chromatogr 2004; 812: 85-99.

[18]  Schwartz JL. The dual roles of nutrients as antioxidant and 
prooxidation: Their effect on tumor cell growth. J Nutr 1996; 126: 
12215-12275.

[19]  Aboul-Enein MA El-Baz FK, El-Baroty GS, Yousse AM, Abd 
El-Baky HH. Antioxidant activity of algal extracts on lipid 
peroxidation. J Med Sci 2003; 3: 87-98.

[20]  Rao AR, Sarada R, Baskaran V, Ravishankar GA, Antioxidant 
activity of Botryococcus braunii extract elucidated in vitro models. 
J Agric Food Chem 2006; 54: 4593-4599.

[21]  Wu L, Ho JA, Shieh M, Lu I. Antioxidant and antiproliferative 
activities of Spirulina and Chlorella water extracts. J Agric Food 
Chem 2005; 53: 4207-4212.

[22]  Herrero MJL Martin-Alvarez PJ, Cifuentes A, Ibanez E. 
Optimization of the extraction of antioxidants from Dunaliella 
salina microalga by pressurized liquids. J Agric Food Chem 2006; 
54: 5597-5603.

[23]  Li HB, Cheng KW, Wong CC, Fan KW, Chen F, Jiang Y. Evaluation 
of antioxidant capacity and total phenolic content of different 
fractions of selected microalgae. Food Chem 2007; 102: 771-776.

[24]  Guzman S, Gato A, Galleja JM, Anti inflammatory, analgesic 
and free radical scavenging activities of the marine microalgae 
Chlorella stigmatophora and Phaeodactylum tricorntum. Phytother 
Res 2001; 15: 224-230.

[25]  Duan X, Zhang W, Li X, Wang B. Evaluation of antioxidant 
property of extract and fractions obtained from a red alga, 
Polysiphonia urceolata. Food Chem 2006; 95: 37-43.

[26]  Kuda T, Tsunekawa M, Hishi T, Araki Y. Antioxidant properties 
of dried Kayamo-nori, a brown alga Scytosiphon lomentaria 
(Scytosiphonales, Phaeophyceae). Food Chem 2005; 89: 617-622.

[27]  Jaime L, Mendiola JA, Herrero M, Soler-Rivas C, Santoyo S, 
Senorans FJ, et al. Separation and characterization of antioxidants 
from Spirulina platensis microalga combining pressurized liquid 
extraction, TLC and HPLCDAD. J Sep Sci 2005; 28: 2111-2119.

[28]  Miranda MS, Cintra RG, Barros SBM, Mancini-Filho J. Antioxidant 
activity of the microalga Spirulina maxima. Braz J Med Biol Res 
1998; 31(8): 1075-1079.

[29]  Cai YZ,  Luo Q, Sun M, Corke H. Antioxidant activity and phenolic 
compounds of 112 Chinese medicinal plants associated with 
anticancer. Life Sci 2004; 74: 2157-2184.

[30]  Singleton VL, Rossi JA. Colorimetry of total phenolics with 
phosphomolybdic-phosphotungstic acid reagents. Amer J Enol 
Viticult 1965; 16: 144-153.

[31]  Pr ie to  P ,  P ineda M,  Agui lar  M,  Spect rophotometr ic 
quantitation of antioxidant capacity through the formation of 
a phosphomolybdenum complex: Specific application to the 
determination of vitamin E. Analytical Biochem 1992; 69: 337-341.

[32]  Chung SK, Osawa T, Kawakishi S. Hydroxyl radical scavenging  
effects of species and scavengers from Brown Mustard (Brassica 
nigra). Bioscience Biotechnology & Biochem 1997; 69: 118-123.

[33]  Heo SJ, Park EJ, Lee KW, Jeon YJ. Antioxidant activities of 
enzymatic extracts from brown seaweeds. Bioresource Technol 
2005; 96: 1613-1623.

[34]  Oyaizu M, Studies on product of browning reaction prepared from  
glucoseamine. Japanese J of Nutri 1986; 44: 307-315.

[35]  Chen F. High cell density culture of microalgae in heterotrophic 
growth. Trends Biotechnol 1996; 14: 421-426.

[36]  Chen F, Li HB, Wong RNS, Ji B, Jiang Y. Isolation and 
purification of the bioactive carotenoid zeaxanthin from the 
microalga Microcystis aeruginosa by high-speed countercurrent 
chromatography. J Chromatogr 2005; A 1064: 183-186.

[37]  Jimenez-Escrig A, Jimenez-Jimenez I, Pulido R, Saura-Calixto F. 
Antioxidant activity of fresh and processed edible seaweeds. J Sci 
Food Agric 2001; 81: 530-534.

[38]  Young AJ. The photoprotective role of carotenoids in higher 
plants. Physiol Plant 1991; 83: 702-708.

[39]  Shaish A, Avron M, Pick U, Ben-Amotz A. Are active oxygen 
species involved in induction of b-carotene in Dunaliella 
bardawil? Planta 1993; 190: 363-368.

[40]  Burton GW, Antioxidant action of carotenoids. J Nutr 1989; 119: 
109-111.

[41]  Krinsky NI, Antioxidant functions of carotenoids. Free Radic Biol 
Med 1989; 7: 617-635.

[42]  Miki W. Biological functions and activities of animal carotenoids. 
Pure Appl Chem 1991; 63: 141-146.

[43]  Lim BP, Nagao A, Terao J, Tanaka K, Suzuki T, Takama K. 
Antioxidant activity of xanthophylls on peroxy radical-mediated 
phospholipid peroxidation. Biochim Biophys Acta 1992; 1126: 178-
184.

[44]  Lawlor SM, O’Brien NM. Astaxanthin: antioxidant effects in 
chicken embryo ®broblasts. Nutr Res 1995; 15: 1695-1704.

[45]  Carbonneau MA, Melin AM, Perromat A, Clerc M. The action 
of free radicals on Deinococcus radiodurans carotenoids. Arch 
Biochem Biophys 1989; 275: 244-251.

[46]  Theimer RR, Rau W. Light dependent carotenoid synthesis: 
Extinction of the photoinduction by reducing substances and 
substitution of hydrogen peroxide for light. Planta 1970; 92: 129-
137.

[47]  Moore MM, Breedveld NW, Autor AP. The role of carotenoids in 
preventing oxidative damage in the pigmented yeast, Rhodotorula 
mucilaginosa. Arch Biochem Biophys 1989; 270: 419-431.

[48]  Schroeder WA, Johnson EA. Carotenoids protect Phaffia 

rhodozyma against singlet oxygen damage. J Ind Microbiol 1995; 
14: 502-507.9

[49]  Lu Y, Foo LY. Antioxidant and radical scavenging activities of  
polyphenols from apple pomace. Food Chem 2000; 68: 81-85.

[50]  Oki T, Masuda M, Furuta S, Nishiba Y, Terahara N, Suda I. 
Involvement of anthocyanins and other phenolic compounds 
in radical-scavenging activity of purple-fleshed sweet potato 
cultivars. J Food Sci 2002; 67: 1752-1756.

[51]  Kardošová A, Machová E. Antioxidant activity of medicinal plant 
polysaccharides. Fitoterapia 2006; 77: 367-373.

[52]  Moure A, Domínguez H, Parajó JC. Antioxidant properties of 
ultrafiltration-recovered soy protein fractions from industrial 
effluents and their hydrolysates. Process Biochem 2006; 41: 447-
456.

[53]  Wang J,  Zhao M, Zhao Q, Jiang, Y. Antioxidant properties 
of papain hydrolysates of wheat gluten in different oxidation 
systems. Food Chem 2007; 101: 1658-1663.

[54]  Spitz TT, Bergman  M,  Moppes D, Grossman S, Arad MS. 
Antioxidant activity of the polysaccharide of the red microalga 
Porphyridium sp. J Appl Phycol 2005; 17: 215-222.

[55]  Soong YY, & Barlow PJ. Antioxidant activity and phenolic content 
of selected fruit seeds. Food Chem 2004; 88: 411-417.

[56]  Wong CC,  Li HB,  Cheng KW, Chen FA systematic survey of 
antioxidant activity of 30 Chinese medicinal plants using the 
ferric reducing antioxidant power assay. Food Chem 2006; 97: 
705-711.


