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Abstract - The effects of lead acetate on the growth and leimital characteristics d¥igna
radiata (L.) Wilczek. Seedlings were studied with differecdncentrations of (5mM, 10mM,
15mM, 20mM, 25mM) lead acetate. The heavy metalttnent on green gram has caused a steep
decline in its growth, pigment content, other biexiical characteristics and enzyme activities with
increase in the concentration of the lead ace@ethe other hand, after bioremediation treatment
with various concentration of seaweed (Sargassughtwizmg/L, 4mg/L, 6mg/L) on 15mM lead
acetate treated plants a considerable increasheogrowth and biochemical characteristics were
noticed than in plants treated with heavy metah@aldAddition of seaweed has mitigated the toxic
effect of the heavy metal to some extent and iagtid) the growth parameters, pigment content,
biochemical characteristics and enzyme activitiésVigna radiata (L.) Wilczek. Seaweeds
exhibited better performance in reducing all thdlyants from the heavy metal than its

counterparts.

Keywords. Biochemical changes, Lead acetate, Enzyme acti@itgwth, Heavy metal, Seaweed, etc.

Introduction

Environmental pollution, especially by
chemicals, has received a great deal of attention i
recent years. Among all chemical pollutants, heavy
metals have specific ecological, biological andlthea
significance. A particular concern has been gdadra
over the possibility of toxic elements especialtydhd
Zn which cause a more insidious problems for mah an
animals due to their accumulation in food plahts
Response of seed germination and plant growth to
heavy metals has become the subject of great sttere
in recent years. Heavy metal toxicity causes migltip
direct and indirect effects on plant growth anceralt
many physiological functiond®”. The toxicity of
heavy metals is mainly attributed to their abiliy
binding to enzyme, resulting in the alteration loéit
catalytic functions and inactivatidf’. Heavy metals
are metallic elements which have a high atomic feig
and density much greater than water. Heavy metals
influence and interfere with a variety of processes
higher plants such as protein and enzyme synthesis,
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disturbances in cytokinesis, lowering of DNA
synthesis and stability.ead does not evaporate, but it
can be present in air as particles. Lead does not
degrade not it can be destroyed. The major useanf |
today is in the production of some type of batterie
also used in the ammunition, metal products (sheet
metal, solder and pipes), medical equipment anl hig
precision glass for lasers and other optical eqaigm

L ead as an environmental Contaminant

Metal toxicity in plants has been reported by
many workersg®. Nicholls and Mal (2003) studied the
effect of lead on growth of an invasive weegthrum
salicaria,L. and explained that application of lead
caused complete withering and death of the above
ground parts of all plants. Al-Yemeni (2001) stutlie
the effect of lead on seed germination and early
seedling growth oWigna ambacensis L. He observed
that the apical and shoot length \dgna ambacensis
L. seedlings were significantly inhibited by lead.
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Remediation of L ead using biosorbents

Biosorption or bioremediations consists of a
group of applications which involve the detoxificat
of hazardous substances instead of transferring the
from one medium to another by means of plants and
microbes. This process is characterized as less
disruptive and can be often carried out on site,
eliminating the need to transport the toxic materia
treatment sitest”. Biosorbents are prepared from
naturally abundant and /or waste biomass. Due o th
high uptake capacity and very cost effective souafce
the raw material, biosorption is a progression tolsa
perspective method. Seaweed are among the importan
marine resources with tremendous commercial
application. They offer several advantages for
biosorption because of their larger surface ardas T
feature offers a convenient basis for the produactid
biosorbent particles suitable for biosorption psixe
Seaweeds used as a soil amendment increases soil N,
K and Mg, which may be beneficial for crop
production. Soil acidity can be reduced by adding
calcareous seaweedsthothanmnion, Phymatolithon.
Seaweed manure is rich in potassium. Application of
seaweeds in plants cause the resistances to ladcteri
viral and fungal activities.

In the present study, it was aimed to find out
the impact of various concentration of Lead acetate
and the effect of varying amount of dried seaweed
powered of Sargassum wightii  with optimum
concentration of 15mM lead acetate on the growth an
biochemical characteristics oY¥igna radiata (L).
Wilczek.

Material and Methods

Healthy and Viable seeds ofigna radiata (L).
Wilczek were germinated in plastic troughs of unifo
size containing acid washed riverbed sand. Seeds of
equal number were sown in each pot. The three idhy o
seedlings were irrigated everyday with 50ml of
different concentration (5mM, 10mM, 15Mm, 20mM,
25mM) of lead acetate. Plants irrigated with half-
strength of Hoagland’s Nutrient Soluti@¥ served as
control. Various concentration dargassum wightii
(2g/L, 4g/L and 6g/L) was mixed with 15Mm lead
acetateand used for further study.

After ten days of the treatment thégna
radiata were used for measuring the growth
parameters such as shoot length, root length ales,
fresh weight, dry weight. Biochemical parametershsu
us Chlorophylla, b, Total Chlorophyll and Carotenoid
27 Anthocyanin content®. Total soluble sugar
(Anthrone method) protein conteft®, aminoacid
content™ proline content’, invivo nitrate reductase
activity ™ Catalasé'”! and Peroxidase activit§ also
analyse.

Results

Effect of five different concentrations (5mM,
10mM, 15mM, 20mM, and 25mM) of lead acetate on
the growth, biochemical and enzyme activities are
represented in Table 1 #. The results shows that
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growth parameters such as root length, sHeogth,
Leaf area, fresh weight and dry weight decreaseld wi
the increase in the concentration of lead acetate.
Similarly Chlorophylls, Carotenoid, Total Soluble
Sugar, protein and NR activity were also in a deg
trend. In contrary the pigment Anthocyanin, tdtak
amino acid, proline and the antioxidant enzyme sagch
peroxidase and catalase increased with the inciiedke
metal concentration. Remediation studies showstheat
growth parameters such as root length, shoot length
Leaf area, fresh and dry weight of the plant were
increased by increasing the amount of dried seaweed
powdered with15mM lead cetate solution treated
Vigna radiata plants (Table 5).

The chlorophyll and carotenoid contents had
been significantly increased after the applicatifn
seaweed treated metal solution Wigna radiata
seedlings. The anthocyanin content was decreased by
the application of seaweed treated metal solution
seedlings (Table 6).

Total soluble sugar and soluble protein
contents were significantly increased in the seggdli
after the application of seaweed treated heavy Imeta
solution. In contrary, total free amino acid amdlipe
contents were reduced after the application oftéba
lead acetate (Table 7).

The activities of enzymes such as catalase and
peroxidase in thevigna radiata seedlings had been
reduced after the application of seaweed treatad le
acetate solution, where as the nitrate reductasatgc
was increased by the application of seaweed powdere
(Table 8).

Discussion

The removal of heavy metals from our environment is
now shifting from the use of conventional adsorbent
to the use of seaweed biomass. Biosorbents are
prepared from naturally abundant biomass. Seaweeds
which originates from the ocean garden, is onehef t
best materials for an earth garden. Seaweeds helps
stimulating soil bacteria. This inturn increasetifity

of the soil by humus formation (which feeds on
bacteria), aeration and moisture retention. They
contain many polyfunctional metal binding sites for
both cationic and anionic metal compleXfs The
algae Sargassum wightii is a very good biosorbent of
heavy metal&”

This finding clearly indicates that addition of dry
seaweed biomass reduces the toxic effect of lead
acetate and thereby promotes the growthVigha
radiata. The increasing effect of seaweed biomass may
be due to the presence of Phenyl Acetic Acid (PAA)
and some growth promoting substan&s The dry
seaweed biomass were mixed with 15mM lead acetate
caused an increase in pigment content than theatont
ie lead acetate treated plants and also. Increafieei
number and size of the chloroplast and better grana
development”. An increase in protein content and
decrease in free aminoacid and Proline after the
application of Sargassum wightii biomass in 15mM
lead acetate observed in the present study indi¢chee
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seaweeds contain many growth promoting hormones
like auxin, gibberlins, and trace elements vitanans
mineral nutrient. In present investigation threvivo
nitrate reductase activity increases with the iaseein

the application of seaweed biomass. This may be due
to the increase in the uptake of nitrate by thentsla
Peroxidase and catalase are the enzymes responsible
for scavenging the plant materials from the stesse
impact. Upon the addition of dried biomass of
Sargassum wightii in 15mM lead acetate treated
seedlings ofVigna radiata, these enzyme activities
decrease considerably than in plants treated oitty w
the said metal. The present study shows thatottie
effects of lead on plants can be almost removethéy

addition of dried seaweed biomass.
Conclusion
In the present study, it has been

experimentally proved that the use of seaweedkés t
best biosorbent. We have reviewed the sources and
toxicology of heavy metals as well as the reasog wh
they need to be removed from our environment.
Conventional methods of removal are expensive and
hence the uses of low cost abundant environment
friendly biosorbents have been tested. The present
investigation on the use of dried algal biomass
available in large quantities for removal of heavy
metals has tremendous potential as an economic
effective safe alternative. Innovative, econontcal
feasible and novel biomass regeneration and
conversion of the recovered metal into usable faren

the best options to attract more usage of biosésben

The result of the present investigation clearlyveho
that the use ofSargassum wightii can efficiently
remediate the toxicity of lead acetate. Hence we
strongly suggest th&argassum wightii can be used as

a biosorbent of heavy metal in the metal polluted
environment for sustainable agriculture.

References
1. Al-Yemeni, M.N., Effect of cadmium and lead on
seed germination and early seedling growth of

Vigna ambacensis,L. Indian J .Plant Physial.,
6(2):147-151(2001).

2. Addy.S.K. and Goodman, R.N., Polyphenol
oxidasecperoxidase activity in apple leaves

inoculated with a virulent stain ofErwinia
amylovora. Indian Phytopathol, 25:575-579
(1978).

3. Allen, E.B. The reconstruction of distributed arid
lands: an ecological approach. In: Glenn, E.P.,
Waugh, W.J., Moore, D., Keonc, M.C. and
Nelson, S.G. (eds.), Revegetation of an
Abandoned Uranium Mining Site on the Colorado
Plateau, Arizona(1988).

4. Assche, F. and Clijsters, H. Effects of metals on
enzyme activity in plants.Plant Cell and
Environment, 24:1-15.(1990).

72

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Bates, L.S., Waldren, R.P. and Teare, I.D., Rapid
determination of the praline in water stress studie
Plant and Soil39:205-208. (1973).

Bollard, E.G. and Butler, G.W., Mineral nutrition

of plants. Annu.Rev. Plant Physioll7:77-112.
(1966).
Crist, R.H., Oberholser, K., Shank, K. and

Nguyen, M. Nature of bonding between
metallicions and algal cell wall€nvironmental
Science and Technology, 15: 1212 - 121741981).
Dembitsky, V. Natural occurrence of arseno
compounds in plants, lichens, fungi, algal species
and microorganismsPlant Science, 165: 1177 -
1192(2003).

Gavrilescu, M. Removal of heavy metals from the
environment by biosorptiorEng. Life Sci., 4(3):
219 - 232(2004).

Francis, C.W., Timpson, M.E. and Wilson, J.H.
Bench and pilot scale studies relating to the
removal of uranium from uranium contaminated
soils using carbonate and Citrate lixiviates.
Journal of Hazardous Materials, 66: 67 -
87(1999).

Hoagland,D.R. and Arnon,D.l., University of
California, Agriculture Experimental Station
Circular#347.(1938).

Jaworski, E.G., Biochem .Biophy. Res. Commun.
43: 1274-12791971).

Jayaraman, J. Laboratory manual in Biochemistry,
Willey-Eastern Company Limited, Madras, pp: 1-
65.(1981).

Kar,M . and Mishra, D., Catalase, peroxidase and
poly phenol oxidase activaties during rice leaf
senescencBlant Physiol. 57: 315- 319(1976)

Lowry, O.H., Rosenbury, N.J., Farr, A.L. and
Randall.J.Bio.Chem.193; 262-275,(1951).

Mancinelli, A.L., Chinaping, Huang Yang
Lunguist, P., Andeson, D.R. and Rabino, I.
Photocontrol of anthocyanin synthesis. The
action of streptomycin on the systhesis of
chlorophyll and antocyaninPlant Physiol.,
55:251-257(1973).

Menon, K.K.G. and Srivastava, H.C., Increasing

plant productivity through improved
photosynthesis. Proc. Indian Acad $8i359-
367.(1984).

Nicholis, A.M and Mal, T.K. Effect of lead and
copper exposure on growth of an Invasive weed,
Lythrum salicaria, (purple Loosestrife). OFIO
J.Sci.,103(5):129-133(2003).

Page, A.L. Fate and effect of trace elements in
sewage sludge when applied to agricultural lands.
U.S.Environ. Prot. Agency, Cincinnati- ohio, Ref.
No.EPA670:2-74-005(1974).

Romera, E., Gonzalez, F. and Ballester, A. 2006.
Bosorption with algae: a statistical review.
Critical Review of Biotechnology, 26: 223 -
235.(2006).

Salt, D.E., Blaylock, M. and Kumar, N.P.B.A.
Phytoremediation: a novel strategy for the removal



22.

23.

24.

25.

Murugalakshmikumari et al. Int. J. Res. Chem. Environ. Vol. 1 Issue 2 Oct. 2011(70-75)

of toxic metals from the environment using plants.
Biotechnology,13: 468 - 4751995).

Singth, D.B., Kanchan Makkar, Sarita Verma
and Mishra, S.N. Effect of putrescine,
ammonium nitrate and 1AA in ameliorating metal
and salinity induced stress
Indian J Plant Physiol 5(3)257-263.(2000).

Taiz, L. and Zeiger, E. Plant physiology. Sinauer
Associates (eds.), Sunderland, U.S.A., pp. 690.
(2002)

Taylor, I.LE.P. and Wilkinson, A.J.The occurrence
of gibberellins and gibberellins like substances in
algae.Phycologia, 16: 37 - 42 (1977).

Van Assche, F. and Cljsters, C. Effects of nsetal
on enzyme activity in plant®lant Cell Environ.
13:195-206.(1990).

. Wellburn,A.R.

mustard seedlings

and Lichtenthaler, H. In:
Advances in photosynthesis Research
(ed.Sybesma) Martinus Nijhoff, Cdlhe Hague

Vol.ll, and pp: 9-121984).

. Whaphan, C.A., Blunden, G. and Jenkins, S.D.

Significance of betalins in the increased
chlorophyll of plant treated with seaweed extract.
Journal of Applied Phycology, 5: 231- 234(1993).

. Wierzbicka, M. The effect of lead on the cell cycle

in the root meristem ofAllium cepa, L.,
Protoplasma207:186-194.(1999).

. Wool house, H.W. Toxicity and tolerance in the

responses of plant to metals. In: Ol. Lange, P.S.
Noble, C.B. Osmond, H. Ziegler (eds).

Encyclopedia of plant physiology, New series,
12:245-300.Springer-Verly, New yoxd983).

26. Volesky, B. and Holan, Z. 1995. Biosorption of
heavy metals. Biotechnology Progres; 235 -
250(1995).
Table 1: Effect of Various concentration of L ead acetate on the growth of Vignaradiata (L .)
wilczek
Parameters Control 5mM 10mM 15mM 20mM 25mM
Shoot 32.50 + 241 + 21.0+ 19.0+ 0577 | 18.2+0.233 | 16.6 £0.333
Length 0.057 0.057 0.577 (58) (56) (51)
(cm) (100) (74) (64)
Root 16.2 £ 0.057 134 + 9.5+0.251| 9.2+0.048 8.2 £0.088 7.2 £0.145
Length (100) 0.088 (58) (57) (50) (44)
(cm) (82)
Fresh 0.653 + 0.490 0.380+ | 0.283+0.003| 0.260 +0.005| 0.186 + 0.008
Weight 0.008 0.006 0.005 (43) (39) (28)
(mg) (100) (75) (58)

Dry 0.146 £ 0.076 £ 0.063 £ 0.046 £ 0.040 * 0.038
Weight 0.026 0.0005 0.0008 0.0003 0.0008 0.0003
(mg) (100) (51) (43) (31) (27) (25)
Leaf area 3.33+£0.166 2.86 £ 2.63 223+0.016 | 2.11+0.016 | 1.95%0.028

(cnf) (100) 0.033 0.033 (67) (63) (58)
(86) (79)

Values are an average of ten observations.
Values in parenthesis are percentage activity veisipective control Mean S
Table 2 Effect of Various concentration of L ead acetate on the Photosynthetic pigment of
Vignaradiata (L). Wilczek

Parameters Control SmM 10mM 15mM 25mM
Chlorophylla 0.123+0.000§ 0.106 + 0.098 + 0.095 + 0.085 + 0.013
(mg/gLFW) (100) .0008 0.0005 0.0005 0.0005 0.001

(86) (79) (77) (69) (24)
Chlorophyllb 0.056 £0.001| 0.043 + 0.034 + 0.026 + 0.021 + 0.095 +
(mg/gLFW) (100) 0.001 0.0008 0.0005 0.0008 0.001
(77) (61) (46) (37) (52)
Total Chrolophyll | 0.179 £ 0.0006 0.154 + 0.135+ 0.116 + | 0.105+0.001f 0.095+
(mg/gLFW) (100) 0.001 0.0005 0.001 (58) 0.001
(85) (75) (65) (52)
Carotenoids 1.124+0.001| 0.894+ | 0.765+0.002f 0.615+ | 0.576+0.001] 0.525+
(mg/gLFW) (100) .0008 (68) 0.001 (51) 0.001
(79) (54) (46)
Anthocyanin 4.230+0.011| 5546+ |5750+0.011] 6.673+ |6.753+0.017] 7.346 %
(mg/gLFW) (100) 0.017 (135) 0.012 (159) 0.017
(131) (157) (173)

Values are an average of ten observations.
Values in parenthesis are percentage activity migipective control Mean S
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Table 3: Effect of Various concentration of L ead acetate on the Biochemical Characteristics
of Vignaradiata (L.) wilczek

Parameters Control 5mM 10mM 15mM 20mM 25mM
Glucose 64.23+0.145| 29.60+0.115| 25.43+0.145| 22.70+0.115| 17.60+0.115| 14.70+0.152
(mg/gLFW) (100) (46) (39) (35) (27) (22)
Protein 4.63+0.088| 3.25+0.011| 2.64 +0.012| 2.50+0.023| 2.06 +0.017| 1.46 +0.011
(mg/gLFW) (100) (70) (57) (53) (44) (31)
Starch 2.05+0.006| 0.86+0.014| 0.64+0.011| 0.54+0.014| 0.44+£0.015| 0.34+£0.012
(mg/gLFW) (100) (42) (31) (26) (21) (16)
Amino acid 26.66 + 0.088| 43.43 + 0.233| 47.39+0.049 | 53,24 + 0.023| 56.06 + 0.021| 60.30 + 0.050
(umole/gLF (100) (162) (177) (199) (210) (226)

W)

Proline 1.246 + 0.008| 1.763 £ 0.014| 1.84 £ 0.011| 1.953 + 0.020] 2.066 + 0.017| 2.150 + 0.023

(mg/gLFW) (100) (141) (147) (156) (165) (172)

Leaf nitrate 15.16 + 0.088| 20.64 + 0.023 25.63 £ 28.45 +£0.017| 33.46 £0.015| 36.69 £ 0.015

(mg/gLFW) (100) (136) 0.027 (187) (220) (241)
(169)

Values are an average of ten observations.
Values in parenthesis are percentage activity veigipective control Mean S

Table 4: Effect of Various concentration of L ead acetate on Enzyme activities of Vigna
radiata (L.) Wilczek

Parameters Control 5mM 10mM 15mM 20mM 25mM
Nitrate reductase 7.65+0.005| 4.15+£0.017| 3.16%0.021 2.14+ 1.63% 0.94+
activity (100) (54) (412) 0.008 0.027 0.023
(umole/gLFW) (27) (21) (12)
Catalase activity 2.1+ 0.057 | 3.36 +0.015| 3.73+0.020 | 4.65+0.018 | 6.71+0.142| 8.27+0.011
(umole/gLFW) (100) (160) a77) (2212) (319) (393)
Peroxidase activity 0.0077+ 0.016 + 0.017+0.0003| 0.019+0.0003| 0.026 + 0.035 +
(umole/gLFW) 0.0003 0.001 (216) (242) 0.0008 0.00

(100) (212) (341) (458)

Values are an average of ten observations.
Values in parenthesis are percentage activity msipective control Mean %S

Table 5: Effect of lead acetate and Sargassum wightii on the growth parameters of
Vignaradiata (L.) Wilczek.

Growth Controal Control (lead 2gm/L 4gm/L 6gm/L
(Water) acetate 15M m)
Root length 16.2+ 9.5+ 1243 13.8% 15.5%
(cm) 0.057 0.251 0.233 0.166 0.290
(100) (58) (76) (85) (95)
Shoot length 32.5 19+ 21.73 24.86t 28.63+
(cm) 0.057 0.577 0.371 0.133 0.317
(100) (58) (66) (76) (88)
Leaf area (cf) 3.33+ 2.23+ 2.30+ 2.66t 3.06+
0.166 0.016 0.003 0.025 0.033
(100) (67) (69) (79) (92)
Fresh weight 0.653+ 0.283+ 0.436t 0.566+ 0610+
(gm) 0.008 0.003 0.008 0.008 0.005
(100) (43) (66) (86) (93)
Dry weight 0.146+ 0.046+ 0.097+ 0.10% 0.13
(gm) 0.026 (100) 0.0003 (31) 0.001 (66) 0.010 (74) 0.005
(88)

Values are an average of ten observations.
Values in parenthesis are percentage activiity rgspective control Mean S
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Table 6: Effect of lead acetate and Sargassum wightii on the pigment content of Vigna
radiata(L .) Wilczek.

Control
. 2gm/L 4 gm/L 6gm/L
Pigments Control (Water) (lead acetate SWp SWP SWp
15mM))

Chl. A 0.123+ 0.0005 | 0.0950+ 0.0006 | 0.098% 0.0003 0.10% 01133
(mg/g LFW) (100%) (77) (80) 0.0012 (87) | 0.0008 (92)
Chl. b. 0.0563+ 0.0012| 0.026& 0.0005 | 0.029& 0.0006 0.042& 0.047%
(mg/g LFW) (100%) (46) (51) 0.0017 (75) | 0.0012 (84)

Tot. Chlorophyll |  0.17% 0.0006 0.116 0.0012 | 0.136+ 0.0015 0142°& 0.158 0.001
(mg/g LFW) (100%) (65) (75) 0.0015 (79) (88)
Carotenoids 1.124% 0.0012 | 0.615+ 0.0017 | 0.812+ 0.0008 091k 1.02¢: 0.003
(mg/g LFW) (100%) (54) (72) 0.0045 (80) (91)
Anthocyanin 423 0.011 6.673+ 0.012 6.333+ 0.008 | 5.843% 0.093 | 5.18G 0.041
(mg/g LFW) (100%) (157) (149) (138) (122)

Values in parenthesis indicate percent activityjueaepresents mean of 10 samples with their Staetleor ¢)

Table 7: Effect of lead acetate and Sargassum wightii on the biochemical characteristics of
Vignaradiate (L.) Wilczek.

Biochemical Control (Ieign;(r:gtlat 2gm/L 4 gm/L 6m/L
Parameters (Water) SWP SWP SWP
15mM))

Total Soluble Sugar 64.23 0.145 22.7+ 0.115 28.6+ 0.057 | 35.1+ 0.321 | 41.1% 0.272
(mg/g LFW) (100%) (35) (44) (54) (64)
Total Soluble 4.63 0.088 | 2.50t 0.023 | 3.22: 0.066 | 3.75 0.018

Protein (100%) (53) (69) (81) 4.26t 0.027 (92)
(mg/g LFW)
Amino acid 26.66+ 0.088 | 53.24 0.023 | 48.5% 0.364 | 32.9% 0.303 | 30.33 0.158
(1 mole/g LFW) (100%) (199) (181) (123) (113)
Proline 1.246 + 0.008 | 1.953+ 0.020 | 1.630+ 0.015| 1.443 0.012 | 1.29G: 0.005
(mg/g LFW) (100%) (156) (130) (115) (103)

Values are an average of ten observations.
Values in parenthesis are percentage activity veigipective control Mean S

Table 8: Effect of lead acetate and Sargassum wightii on the enzyme activities of Vigna radiate

(L.) Wilczek
Contral Control 2gm/L 4 gm/L 6 gm/L
Enzymes (Water) (lead acetate SWP SWP SWP
15mM))
N'tra;itir\?i?;dase 7.65: 0.005 | 2.14% 0.008 | 3.85& 0.070 | 4.87& 0.090 | 6.46G 0.211
(1 molelg LEW) (100%) (28) (50) (63) (84)
Catalase activity | 2.10+ 0.057 | 4.65% 0.018 | 4.10+ 0.057 | 3.4Qt 0.058
(7 mole/g LFW) | (100%) (221) (195) (161) 2.66 0.088 (126)
Peroxidase activity 4.230+ 0.012| 6.673 0.012 6333t 0.008 | 5.843 0.093 5.18G: 0.041
("1 mole/g LFW) (100%) (157) (149) (138) (122)

Values in parenthesis indicate percent activityueaepresents
mean of 5 samples with their standard ettpr (
75



