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Changes in the antioxidant potential of Nori sheets during in -vitro digestion with pepsin

Abstract:

Nori, the dried sheets of Porphyra, is a popular edible seaweed and a potential source of
high ‘quality protein, vitamins, and minerals. In the present study, the antioxidant potential of
Nori has been investigated. For this purpose, an aqueous extract was obtained by soaking

powdered Nori in KCI-HCI buffer and hydrolyzing it with pepsin. The antioxidant activity of
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aqueous extract of crude as well as pepsin hydrolyzate was evaluated using 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging activity, reducing power, total antioxidant capacity and
lipid per oxidation by thiobarbituric acid reactive substances (TBARS) and compared with L-
ascorbic acid. After hydrolysis, the scavenging ability and inhibition of lipid per oxide was
doubled, and a ~ 7 fold increase in reducing power activity was observed. The small-molecular
weight fractions (F-II) of hydrolyzate obtained after gel filtration showed further'increase in the
activity. These results demonstrate that hydrolysis produces better antioXidants that could be

used as an alternative to synthetic antioxidants.
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1. Introduction

In recent years, it has been determined that degenerative diseases result from an increase
in oxidative stress. An imbalance in formation of pro-oxidants and antioxidants results in
accumulation of free radicals and ROS. Consequently, they become stable by binding with
macromolecules like DNA, proteins or lipids, resulting in damages to cells. This damage
contributes to degenerative diseases, such as cancer, atherosclerosis, cardiovascular, and
inflammatory diseases. Enzymes that occur naturally in the cells protect against this damage. At
times, these protective mechanisms are disrupted by various means. Therefore, supplementation
of antioxidants becomes vital. In general, many synthetic antioxidants that are currently in use
are suspected to be toxic (Ito et al., 1986; Safer and Al- Nughamish, 1999), mutagenic (Devi et

al., 2008), neurotoxic (Vijayabhaskar and Shiyamala, 2012), or carcinogenic (Branen et al.,
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1975). Hence, the search for natural antioxidants has increased enormously because of their lack
of side effects. This has paved the way to exploring a wide variety of phytochemicals from
various terrestrial resources. In this regard, seaweeds can be considered as a moderately
exploited resource, as they are mostly cultivated for industrial applications (Ganesan et al.,
2008). The total global seaweed production was above 15 million metric tons in 2004 (FAQ,
2006), which shows their abundance worldwide. India remains as one of the top-countries in the

production of seaweeds.

A comparative study of the nutritional properties of edible seaweeds with that of
currently consumable whole foods showed that seaweeds contain higher amounts of total dietary
fiber, mineral salts, polyunsaturated fatty acids (PUFA), proteins, and vitamins. In addition,
seaweeds also possess other bioactive components, namely alginic acid, fucoidan, mannitol,
porphyran, etc. (Macartain et al., 2007). Various types of edible seaweeds are consumed as food
stuffs. Certain purple laver (Porphyra sp.) are most widely consumed by most easterners
especially Japanese, and many forms of purple laver products are available in the markets (eg.
dried, seasoned, and toasted); those that are made from Susabi- nori (P. yezoensis), Asakusa-nori
(P. tenera), and Iwa-nori (Porphyra sp.) are common (Yabuta et al., 2010). Dried purple lavers
are rich in various nutrients, and some studies also prove their therapeutic properties (Takenaka

et al., 20015 Tamura et al., 1998; Fujiwara 1961; Soni et al., 2008, 2009).

Seaweeds can serve as a better antioxidant defense system if they are farmed in an
environment where they are exposed to various combinations of light and oxygen. This results in

the production of free radicals and strong oxidizing agents that induce seaweeds to synthesize
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antioxidant components in order to resist these damages (Matsukawa et al., 1997). Their

stability during storage proves their antioxidative potential (Ramarathnam et al., 1995).

In recent years, several antioxidant activities have been reported from crude extracts of
seaweeds (Kuda et al., 2005; Chandini et al., 2008; Keyrouz et al., 2011; Wang et al., 2009;
Ganesan et al., 2011; Bhatia et al., 2011; Balboa et al., 2013). Although many bioactivities have
been studied using crude extracts, only a few have been reported after enzymatic hydrolysis.
Yabuta et al. (2010) showed that phycoerythrobilin compound released from phycoerythrin on in
vitro digestion produced higher antioxidant activity in comparison to the crude extract of purple

laver.

The present study has been carried out in order to find more potent, non-toxic natural
antioxidant from aqueous extract of Nori. The antioxidant activity of aqueous extract of algae
(AEA) and the pepsin hydrolyzate (PHA) was compared by studying radical scavenging activity
using 2,2-diphenyl-1-picrylhydrazyl (DPPH), reducing power assay, total antioxidant capacity (TAC),
and lipid per oxidation. To simulate the physiological condition, pepsin (the first proteolytic
enzyme involved in the digestion of food) was used for the hydrolysis. This form of study might
be helpful to further understand the exertion of bioactivities by the compounds after in vivo

mammalian digestion.

2:-Materials and Methods

Nori sheets were purchased from Japan. Pepsin, DPPH, and thiobarbituric acid (TBA)
were purchased from Sigma-Aldrich, Canada. L-ascorbic acid, potassium chloride, SDS and the

egg yolk homogenate was purchased from HiMedia (India). Methanol, hydrochloric acid, and
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sulfuric acid are of LR Grade purchased from RANKEM (India). Ammonium molybdate,
potassium ferricyanide, ferric chloride, sodium phosphate, and sodium hydroxide were of

analytical grade and purchased from SRL (India).

2.1.1. Preparation of AEA and Enzymatic Hydrolyzate (PHA)

The dried Nori sheets were pulverized to a fine powder using pestle and mortar. The algal
powder was then weighed (1.0 g) and soaked in 25 ml of 0.2 mM KCI-HCI buffer (4% w/v), kept

under stirring overnight at 4°C.

2.1.2. Enzymatic hydrolysis of crude

The enzymatic hydrolysis was performed according to Suetsuna and Nakano (2000). The
pH of above processed crude was adjusted to 2.0 with 1.0-M HCI and pre-incubated at 45°C for
10 min. Pepsin was added to the above mixture in the ratio of 40:1 (w/w) and digested for 5 hrs
at 45° C. After digestion, the enzyme was inactivated by adjusting the pH to 7.0 and then
denaturing at 80° C for 10 min. The supernatant was collected by centrifuging for 20 min, 5000
rpm at 4° C, and stored at=86° C.until further analysis. An equivalent amount of sample (0.4 mg

dry weight) was used in all the experiments.

2.1.3. Fractionation of pepsin hydrolyzate and sodium dodecyl sulfate-polyacrylamide gel

electropheoresis (SDS-PAGE) analysis

The pepsin hydrolyzate was fractionated using gel permeation chromatography. A 1.0 ml
(4.0 mg) sample of pepsin hydrolyzate was loaded onto a Sephadex G-100 (Sigma-Aldrich) gel

filtration column (1.4 x 20 cm), equilibrated with 50 mM tris buffer (pH 8.0). A total of 50
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fractions (3 ml each) were collected at a flow rate of 0.5 ml/min, and the absorbance was
measured at 220 nm. All the fractions were screened for antioxidant activity by DPPH
scavenging assay. The active fractions were pooled, partially lyophilized in a Micromodulyo
freeze dryer (Thermo Scientific, Waltham, MA, USA). The lyophilized fractions were.run on
SDS-PAGE (10% gel). Medium range molecular markers (BSA-66 Kda; Ovalbumin-45 Kda;

Lysozyme-14 Kda; Cytochrome C- 12 Kda and Insulin- 3 Kda) were run also.

2.2. Antioxidant assays

2.2.1. DPPH radical scavenging activity

The DPPH scavenging activity was evaluated according to-Mensor et al. (2001). Briefly,
equivalent amount of AEA and PHA was made up to 0.5 ml with methanol and incubated at
room temperature for 10 min. Then, 0.5 ml 0f 0.4% DPPH solution (dissolved in methanol) was
added and incubated at room temperature for 20 ' min in dark. The absorbance was recorded at
517 nm by UV spectrophotometer (UV 1800, Shimadzu, Kyoto, Japan). L-ascorbic acid (25
ppm) was used as standard. The same amount of pepsin, incubated along with test sample in the
same condition, was used as a negative control. The % scavenging activity was calculated using

the formula:

% scavenging = (control — test) / control x100

2.2.2. Reducing power assay

Reducing power activity was assayed by the method described by Oyaizu (1986). L-

ascorbic acid served as standard. Absorbance was read at 700 nm. Increased absorbance
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indicates increased reducing power. Reducing activities were expressed as ascorbic acid

equivalents obtained from ascorbic acid calibration curve.

2.2.3. Determination of total antioxidant capacity

The antioxidant capacity was estimated using the method given by Priesto et al. (1999).
The assay involves the reduction of Mo (VI) to Mo (V) by the samples and formation of green
Phosphate/Mo (V) complex. Equivalent amount of samples were made up to-0.3 ml with distilled
water. The above was mixed with 3 ml of reagent mixture containing 0:6 M sulfuric acid, 28 mM
sodium phosphate, and 4 mM ammonium molybdate. In addition, 0.3 ml'of distilled water along
with reaction mixture served as blank. The tubes were incubated at 95°C for 90 min. After
cooling the tubes, the absorbance was measured at 695 nm. The antioxidant activity is expressed

as the number of gram equivalents of ascorbic acid.

2.2.4. Lipid per oxidation by TBARS

The assay was performed as described by Ohkowa et al. (1979). It measures the lipid per
oxide formed from egg yolk homogenate (Ruberto et al., 2000). To 0.5 ml of egg yolk
homogenate, 0.1 ml of sample was added and made up to 1.0 ml with distilled water. Fifty micro
liter of ferrousssulfate (70 mM) was added to induce per oxidation and incubated for 30 min.
Then, 1.5 ml of 20% acetic acid and 1.5 ml of 0.8% TBA (w/v) in 1% SDS were added. The
above mixture was mixed well and heated at 95° C for 60 min. Then, 5.0 ml of butanol was
added after cooling and centrifuged at 3,000 rpm for 10 min. The organic layer was withdrawn,

and absorbance was measured at 532 nm. The percent lipid per oxide inhibition was calculated



Downloaded by [Dr Alka Mehta] at 01:17 01 July 2016

using the formula %= (1— E) / C x100, where C represents the absorbance of fully oxidized

control, and E represents the absorbance in presence of sample.

2.3. Statistical analysis

All tests were performed in triplicate. The average and standard deviation were calculated
using Excel 2007. Analysis of variance (ANOVA) was used to evaluate the significant

difference, with the criterion of P < 0.05.

3. Results and discussion

3.1. Antioxidant activities of PHA and its fractions

As the antioxidant activity is influenced by  various factors in a test, the activity is
characterized in a better way by employing different assays. Thus, the antioxidant activity of
PHA and AEA was studied using DPPH scavenging assay, reducing power, TAC, and lipid per

oxidation by TBARS.

3.1.1. DPPH assay

DPPH..is a free radical donor, which has been used widely in studying the
scavenging effects of various compounds (Matsukawa et al., 1997; Jao and Ko, 2002). The
method is based-on the reduction in absorbance at 517 nm in presence of proton-donating
substance, accompanied by a sharp color change from purple to yellow. The pepsin hydrolyzate
and the fractions showed a significant decrease in both absorbance and the color change. The
scavenging ability of PHA increased up to 60 %, whereas AEA showed ~ 30 % (Fig 1). A

similar result was reported for phycoerythrin pigment protein hydrolyzate from Porphyra
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(Yabuta et al., 2010). From the above result, it is obvious that PHA has the ability to quench
DPPH radical more effectively than AEA. This might be due to production of small peptides
during digestion that contribute to the activity. These substrates formed after digestion could
scavenge free radicals in a much better way and convert them to more stable products and thus

terminate the reaction.

3.1.2. Reducing power

Reducing power is used to evaluate the potential of an antioxidant to donate hydrogen or
electrons. It is widely accepted that an increase in absorbance over.700'nm results in greater
reducing power (Duh, 1998). The reducing power of AEA was enhanced 7 times by digestion
with pepsin. The reducing power activity was expressed in terms of ascorbic acid equivalents
(Table 1). A study conducted by Moure et al. (2006) revealed that peptides of 0.7 Kda from soy
protein hydrolyzate showed maximal reducing power, and the activity was greatly influenced by
protein size (especially by low molecular weight fractions) and concentration. Carnosine and
anserine, peptides obtained from mackerel protein hydrolysis, revealed higher reducing power
activity (Wu et al., 2003)."These studies reveal that after hydrolysis, the effectiveness of the

antioxidant property could be greatly enhanced.

3.1.3. Total antioxidant capacity

TAC determines the efficacy of an antioxidant to donate its electrons. TAC was
expressed in terms of ascorbic acid equivalents (Table 2). After hydrolysis, the TAC increased

greatly. This increase indicates that peptides formed after hydrolysis must be responsible for the
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enhanced activity. Thus, naturally formed peptides can be used as antioxidants instead of

chemically synthesized antioxidants as therapeutics and preservatives.

3.1.4. Lipid per oxidation by TBARS

Food may undergo rancidity during storage and might end up in the production of
primary and secondary lipid per oxidation products, which ultimately results in thedoss of flavor,
texture, and nutrients of stored food. In living systems, per oxidation leads to-formation of ROS,
malonodialdehyde (MDA), a cytotoxic product that influences many cellular functions and
causes chronic disease (Sevanian and Ursini, 2000). Natural antioxidants'were found to be much
safer and more effective than synthetic antioxidants (Elias et al., 2008). In the present study, the
PHA showed 52% inhibition and AEA showed 24% inhibition. Pepsin, used for hydrolysis, did
not show any inhibition of lipid per oxidation; on the contrary, it showed higher absorbance than
the control, which was a mixture of egg yolk homogenate along with other reagents and
considered fully oxidized. Hence, while calculating the percent inhibition of lipid per oxidation,
the pepsin showed negative enhances per oxidation (Fig 2). Therefore, these results indicate that
PHA seemed to contain some antioxidant peptides that were responsible for enhanced activity.
Hagen and Sandnes (2004) also showed reduction in lipid per oxidation in an experiment
conducted by injecting brine solution containing salmon fish protein hydrolyzate into smoked

salmon fish fillets.

3.2. Radical scavenging activity of fractions of PHA

PHA was fractionated by size exclusion chromatography on Sephadex G-100, and

two major peaks showing higher absorbance at 220nm were designated as F-I and F-II (Fig 3).

10
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DPPH assay was performed for all the fractions (Fig 3). The peak F- I showed little activity,
whereas the peak F- II showed a maximum activity of 75 %, which is higher than the aqueous
extract (30%) as well as the pepsin hydrolyzate (60%). The electrophoresis pattern on SDS-

PAGE revealed the peak F-II to be a low molecular weight peptide of lower than 3 Kda (Fig 4).

From this study, it is evident that antioxidant property can be enhanced by means of enzymatic
hydrolysis. In a similar study, Yabuta et al. (2010) showed an increase in antioxidant activity
after digestion with proteases, and this activity attributed to colored compound phycoerythrobilin
having absorbance at 493 nm. In the present study, the enhanced antioxidant activity is mainly
due to small molecular weight (< 3 Kda) peptides formed by pepsin digestion (Fig 4) having
colorless appearance showing maximum absorbance at 220 nm (Fig 3). Although AEA and PHA
showed absorbance at 492 nm, the Peak F-II did not show any absorbance at this wavelength
(Fig 5), which ruled out the presence of phycoerythrobilin in the sample. Many studies have
reported that after enzymatic hydrolysis, the antioxidant activity significantly increased (Lin et
al, 2012; Samaranayaka et al., 2011; Yabuta et al, 2010). Various food sources like milk, fish,
egg, soya beans, and several others have been exploited to produce antioxidant protein
hydrolyzate and peptides using various proteases (Samaranayaka et al., 2011). Further, in most
of the studies, fresh and raw materials of algae (Ganesan et al., 2008, 2011; Tamura et al., 1998)
have been-used, but dried, commercially available seaweed can be employed in order to know
about. the changes in antioxidant property. Thus, the present study was carried out using
commercially available seaweed, and we found that antioxidant activity has tremendously
increased when hydrolyzed using enzymes. As most of the food based industry employs enzymes

for hydrolysis, this method is cost-effective, as well.

11
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4. Conclusion

Further studies have to be carried out in order to isolate and identify the active component
responsible for antioxidant activity. Present studies indicate that seaweeds can serve as a
significant source of natural antioxidant, which might be helpful in preventing age related
chronic diseases along with other beneficial effects to human health. This hydrolyzate can also

be used as food preservatives to prevent the oxidative damages without any side effects.

Acknowledgments:

The authors are grateful to the management of VIT University for providing the facilities

and funding for the work and financial support to one of the authors Ms. Indumathi P.

12



Downloaded by [Dr Alka Mehta] at 01:17 01 July 2016

References:

Balboa, E. M., Conde, E., Moure, A., Falque, E., and Dominguez, H. 2013. In vitro antioxidant
properties of crude extracts and compounds from brown algae. Food Chem. 138: 1764—1785.
Bhatia, S., Sharma, K., Sharma, A., Namdeo, A.G., Chaugule, B.B. 2011. Anti oxidant potential

of Indian Porphyra. Pharmacologyonline, 1: 248-257.

Branen, A. L. 1975. Toxicology and biochemistry of butylated hydroxy anisole and butylated

hydroxy toluene. J. Am. Chem. Soc. 52: 59-63.

Chandini, S. K., Ganesan, P., and Bhaskar, N., 2008. In vitro. antioxidant activities of three
selected brown seaweeds of India. Food Chem. 107: 707-713.

Devi, K. P., Suganthy, N., Kesika, P., and Pandian, S. K. 2008. Bioprotective properties of
seaweeds: In vitro evaluation of antioxidant activity and antimicrobial activity against food borne
bacteria in relation to polyphenolic content. BMC Complem Altern M. 8:38.

Duh, P. D. 1998. Antioxidant activity of burdock (Arctium lappa Linne): its scavenging effect on
free-radical and active oxygen. J. Am..Chem. Soc. 75(4):455-461.

Elias, R. J., Kellerby,.S. S.,; and Decker, E. A. 2008. Antioxidant activity of proteins and

peptides. Crit Rev Food Sci Nutr. 48: 430—441.

FAO, 2006:" Year-book of fishery statistics. Food and Agricultural Organisation of the United

Nations, Rome, 98: (1-2).

Fujiwara, T. 1961. Studies on chromo proteins in Japanese nori, Porphyra tenera. V. on the sugar

components of phycoerythrin. J. Biochem. 49: 361-367.

13



Downloaded by [Dr Alka Mehta] at 01:17 01 July 2016

Ganesan, K., Suresh Kumar, K., and Subba Rao, P. V. 2011. Comparative assessment of
antioxidant activity in three edible species of green seaweed, Enteromorpha from Okha,
Northwest coast of India. Innov. Food Sci. Emerg Technol. 12(1): 73-78.

Ganesan, P., Chandini, S.K., and Bhaskar, N. 2008. Antioxidant properties of methanol extract
and its solvent fractions obtained from selected Indian red seaweeds. Bioresour. Technol. 99:

2717-2723.

Hagen, H., and Sandnes, K. 2004. Process for improvement of meat quality in fish, protein
hydrolysate and method of producing a protein hydrolysate: International Patent WO

2004/071202.

Ito, N., Hirose, M., Fukushima, S., Tsuda, H., Shira; T., and Tatematsu, M. 1986. Studies on
antioxidants: their carcinogenic and modifying effects on chemical carcinogenesis. Food Chem.

Toxicol. 24: 1071-1082.

Jao, C.H., and Ko, W.C. 2002. 1, 1-Diphenyl-2-picrylhydrazyl (DPPH) radical scavenging by
protein hydrolyzate from tuna cooking juice. Fisheries Sci. 68: 430—435.

Keyrouz, R., Abasq, M« L., Le Bourvellec, C., Blanc, N., Audibert, L., Argall, E., and Hauchard,
D. 2011. Total phenolic contents, radical scavenging and cyclic voltammetry of seaweeds from
Brittany. Food Chem. 126(3): 831-836.

Kuda, T., Tsunekawaa, M., Gotoa, H., and Araki, Y. 2005. Antioxidant properties of four edible
algae harvested in the Noto Peninsula, Japan. J. Food Comp. Anal. 18: 625-633.

Lin, H. C., Tsai, W.S., and Chiu, T.H. 2012. Antioxidant properties of seven cultivated and

natural edible seaweed extracts from Taiwan. J. Aquat. Food prod. Technol. 21 (3): 248-264.

14



Downloaded by [Dr Alka Mehta] at 01:17 01 July 2016

Macartain, P., Gill, C. I. R., Brooks, M, Campbell, R., and Rowland, .LR. 2007. Nutritional
Value of Edible Seaweeds. Nutr Rev. 65(12): 535-543.

Matsukawa, R., Dubinsky, Z., Kishimoto, E., Masak, K., Masuda, Y., Takeuchi, T., Chihara, M.,
Yamamoto, Y., Niki, E., and Karube, I. 1997. A comparison of screening methods for

antioxidant activity in seaweeds. J. Appl. Phycol. 9: 29-35.

Mensor, L. L., Menezes, F.S., Leitao, G.G., Reis, A.S., Santos, T.C., Coube,C.S., and Leitao,
S.G. 2001. Screening of brazilian plant extracts for antioxidant activity by the use of DPPH free
radical method. Phytother. Res. 15: 127-130.

Moure, A., Dominguez, H., and Parajo, J. C. 2006. Antioxidant properties of ultrafiltration

recovered soy protein fractions from industrial effluents. and their hydrolysates. Process

Biochem. 41: 447-456.

Ohkowa, M., Ohisi, N., and Yagi, K. 1979. Assay for lipid peroxides in Animal tissue by

thiobarbituric acid reaction. Anal. Biochem. 95: 351-358.

Oyaizu, M. 1986. Studies on product of browning reaction prepared from glucose amine. Jpn J

Nutr. 44: 307-315.

Priesto, P., Pineda, M., and Aguilar, M. 1999. Spectro photometric quantitation of antioxidant
capacity through the formation of a phosphomolybdenum complex: Specific application to
the determination of Vit E. Anal. Biochem. 269: 337-341.

Ramarathnam, N., Osawa, T., Ochi, H., and Kawakashi, S. 1995. The contribution of plant food

antioxidants to human health. Trends Food Sci Tech. 6: 75-82.

15



Downloaded by [Dr Alka Mehta] at 01:17 01 July 2016

Ruberto, G., Baratta, M.T., Deans, S.G., and Dorman, H.J.D. 2000. Antioxidant activity of
selected essential oil components in two lipid model systems. Food Chem. 69: 167-174.

Safer, A.M., and Al-Nughamish. 1999. Hepatotoxicity induced by the antioxidant food additive
butylated hydroxytoluene (BHT) in rats: an electron microscopical study. Histol. Histepathol.

14: 391-406.

Samaranayaka, A.G.P., and Li-Chan, E.C.Y. 2011. Food-derived peptidic antioxidants: A review
of their production, assessment, and potential applications. J Funct Foods. 3: 229-254.

Sevanian, A., and Ursini, F. 2000. Lipid per oxidation in membrane and low-density lipoprotein:

Similarities and differences. Free Radical Biol. Med. 29: 306-311.

Soni, B., Visavadiya, N.P., and Madamwar, D. 2008. Ameliorative action of cyanobacterial
phycoerythrin on CCl4-induced toxicity in rats. Toxicelogy. 248: 59-65.

Soni, B., Visavadiya, N.P., and Madamwar, D. 2009. Attenuation of diabetic complications by
C-phycoerythrin in rats: antioxidant activity of C-phycoerythrin including copper-induced
lipoprotein and serum oxidation: Br'J Nutr.102: 102-109.

Suetsuna, K., and Nakano; T. 2000. Identification of an antihypertensive peptide from peptic
digests of wakame (Undaria pinnatifida). J. Nutr. Biochem. 11: 450 — 454.

Takenaka, S.; Sugiyama, S., Ebara, S., Miyamoto, E., Abe, K., Tamura Y., Watanabe, F.,
Tsuyama, S., and Nakano, Y. 2001. Feeding dried purple laver (nori) to vitamin B12-deficient
rats significantly improves vitamin B12 status. Br J Nutr. 85: 699-703.

Tamura, Y., Takenaka, S., Sugiyama, S., and Nakayama, R. 1998. Occurrence of anserine as an
antioxidative dipeptide in a red alga, Porphyra yezoensis. Biosci., Biotechnol., Biochem. 62: 561-

563.

16



Downloaded by [Dr Alka Mehta] at 01:17 01 July 2016

Vijayabhaskar, P., and Shiyamala, V. 2012. Antioxidant properties of seaweed polyphenol from
Turbinaria ornate (Turner) J. Agardh, 1848. Asian Pac J Trop Biomed. 2(1): 590-598.
Wang, T., Jonsdottir, R., and Olafsdotti, G. 2009. Total phenolic compounds, radical scavenging

and metal chelation of extracts from Icelandic seaweeds. Food Chem. 116(1): 240-248.

Wu, H. C., Chen, HM., and Shiau, C. Y. 2003. Free amino acids and peptides as related to
antioxidant properties in protein hydrolysates of mackerel (Scomber austriasicus). Food Res Int.

36: 949-957.

Yabuta, Y., Fujimura, H., Kwak, C., Enomoto, T. and Watanabe, F. 2010.-Antioxidant activity of
the phycoerythrobilin compound formed from a dried Korean Purple Laver (Porphyra sp.)

during in vitro digestion. Food Sci. Technol. Res., 16: 347-351.

17



Downloaded by [Dr Alka Mehta] at 01:17 01 July 2016

Fig 1: Radical scavenging ability of aqueous extract of dried nori sheets (AEA) and its pepsin
hydrolyzate (PHA). The assay was performed in triplicate (n=3). Values are represented as mean

and found to be significant with p-value<0.05.
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Fig 2: Inhibition of lipid per oxidation by AEA, PHA, and pepsin.
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Fig 3: Elution profile of pepsin hydrolyzate by size exclusion chromatography (dark line) and

DPPH scavenging activities of fractions (dotted line).
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Fig 4: SDS-PAGE of aqueous extract of nori sheets along with pepsin hydrolyzate and active
fraction F-II. Lane /- Peak F- II, Lane 2- PHA, Lane 3- ACA, and Lane 4- Medium range
molecular weight markers. The black arrow shows band of low molecular weight peptides of <

3.0 Kda in Lane 1 and 2.
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Fig 5: Comparison of UV-visible absorption spectrum of aqueous extract of nori powder (AEA),
pepsin hydrolyzate (PHA), and the low molecular weight fraction obtained after gel filtration (F-

ID).
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Table 1: Reducing power capacity (ug ascorbic acid equivalents) of AEA and PHA'
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Sample Average absorbance at

Ascorbic acid

700nm equivalents(ug)
AEA 0.102+0.005 8.5
PHA 0.708+0.008 59

'All the values are mean (n=3) + SD: Standard Deviation. As pepsin does not show any

significant activity, it was excluded from the table.
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Table 2: Total antioxidant capacity (ug ascorbic acid equivalents) of AEA and PHA'

Sample Average absorbance at Ascorbic acid
695nm equivalents(ug)

AEA 0.302+0.01 37.8

PHA 0.807+0.02 101

'All the values are mean (n=3) + SD: Standard Deviation. As pepsin does not show any

significant activity, it was excluded from the table.
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