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Abstract

The Phaeophycean or brown algae are large group of filamentous and macroscopic plants have practical applications as a source

of structurally and functionally unique polysaccharides, alginic acid. Alginic acid is a linear Block-copolymer consists of two uronic

acids, D-mannuronic acid and L-guluronic acid linked with 1 - 4 glycosidic linkage bonds. The alginic acid extraction is based on

conversion of mixed salts of alginic acids in to the soluble form. Brown seaweeds are found in great abundance at Karachi coast. The

present studies deal with survey of two attached brown alga of the same genus (P. pavonia and P. tetrastomatica) along the four dif-

ferent sites of Karachi coast for its alginic acid and other biochemical constituents. The concentration of alginic acid in P. pavonia was

found to vary from 6.16-44.35 % and in P. tetrastomatica vary from 6.28 - 42.86 % in all four study shores (Hawks Bay, Buleji, Para-

dise Point and Manora) samples. The results showed high concentration of alginic acid found in winter and low in summer. Mostly

the physical properties relative density and viscosity of alginic acids of both species were also high in winter. Moisture contents of
the sample range from 5.89 to 13.9 %. Ash content varied from 23.54 to 41.35 % and carbohydrates from 28.51 to 46.98 %. Biomass
availability of this alga ranged from 570 to 1150 gm™ varying temporally along the coast.
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Introduction

Polysaccharides are complex carbohydrates, composed of ten
to up to several thousand monosaccharides arrange in chains. The
most common monosaccharide that appears as parts of polysac-
charides are glucose, fructose, galactose and mannose. Polysac-
charides forming on the one hand structural element of cell wall
whereas on the other hand storage forms of carbohydrates in
plants [1]. Polysaccharides have high molecular weight and are not

easily soluble in water.

Seaweeds are used in many maritime countries as a source
of food, industrial applications and as fertilizers. Marine algae or
seaweeds are particularly interesting with regard to the range of
diversity of polysaccharides structure. Polysaccharide products on
account of their physical properties have been used in a variety of

practical applications [2].

The alginic acid is the most abundant water soluble gelling
polysaccharides of brown seaweeds especially the members of
Phaeophycean. Alginic acid contents are generally varied from 40

% to 80 % of dry weight defatted algal biomass; depend on the

environmental factors [3,4]. The structurally brown algal thallus
depends primarily on alginates (alginic acid and its salts), and its
ability to form gels and viscous solutions contributes to the flexibil-
ity of algae. Among the macromolecules of the Sargassum, Padina,
Cytosmear and other brown algae, alginic acid was identified as the

most important constituent [5].

Alginic acid is widely demanded in food, pharmaceutical, tex-
tile, paint and paper industries. Properties of alginic acid utilized
in these products are thickening, stabilizing, gel forming and film
forming. Seaweeds play a small but very important role in the di-
rect economy of many countries. Commercially alginate is princi-
pally extracted from species of Microcystis, Laminaria, Ascophyllan
and Sargassum. The world market for alginates, excluding China,
was over 22,000 tonnes per annum and worth almost US$45M in
1990.

Biochemical constituents of seaweeds such as carbohydrate,
ash, protein, amino acid and lipids etc. have been extensively in-

vestigated in various parts of the world , to mention a few: Dictyota
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ceylinica from Sunder ban, India [6], Laminaria, Sargassum and
Focus sp. From Saint Martin, s Island of Bangladesh [7], Laminaria
sp., Undrain pinnatifida and Hizkiya fusiform from China, Japan
and Korea [8], Sargassum horneri from Japan sea of Toyama pre-

fecture, Japan [9].

A number of researchers from different coast of the world have
conducted the studies for biomass of seaweed [10-13]. Recently
Engelen., et al. [14] studied the biomass of Sargassum polyca-
tion around the Island of Curacao, Netherlands Antilles. Recently
Khan,, et al. [15] studied alginic acid yield, biochemical composi-
tion and biomass in eleven brown seaweed species of cape Monze
shore, Karachi. Khan and Qari [16] studied variation in Biomass,
biochemical composition and alginic acid content in two brown
seaweeds Spongiosum variable Kutz and Stoechospermum mar-
ginatum Agardh. Khan and Qari [17] studied on seasonal; varia-
tion in water soluble polysaccharides alginic acid extracted from
Sargassum boveanum ]. Agardh (Phaeophyta, Sargassaceae) along

the different shore of Karachi coast, Pakistan.

In Pakistan large numbers of seaweeds are found and many of
which occur in great abundance but still are not utilized as a source
of alginic acid. Although amongst Phaeophycean most of the spe-
cies are abundantly found all year round on the coast of Karachi
[18 -23]. The present study is initiated to assess the two Padina
species (P, pavonica and P, tetrastromatica) potential as a source of

alginic acid that could be used for future exploitation.

Material and Methods

Seaweeds were collected on monthly intervals for the period
of whole one year from four different shores of Karachi coast
i.e, Hawks Bay, Buleji, Paradise Point and Manora. The sampling
method of Chapman [24] was followed for estimating the seaweed
biomass. A quadrate of one-meter square was used for sampling.
Each month ten quadrates (ten feet apart) from low tidal mark
to high tidal mark were randomly sampled in the intertidal zone.
All the seaweeds were hand-picked and brought to the laboratory
than washed with seawater followed by fresh water to remove ad-
hering impurities and epiphytes. For further estimation seaweed
samples were dried at 70°C for 24 hours till constant weight and

were ground in fine homogenized powder.

The extraction of alginic acid method is used described by Haug
[25]. The determination of purity and the physical properties i.e.,
relative density and viscosity of alginic acid the methods of Whyte.,
et al. [26] and Whyte [27] were followed. Schematic process of al-
ginic acid extraction in brown seaweed is presented in figure 1.

Moisture and ash contents were estimated by standard method of
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A.0.A.C. [28]. The carbohydrate was estimated by the phenol-sulfu-
ric acid method reported by Dubois., et al [29].

Figure 1: Schematic diagram of alginic acid extraction process.

Results and Discussion

The data about seasonal variation in water soluble polysaccha-
ride alginic acid of two brown species P. pavonica and P. tetrastro-
matica reveals high variability in the content of alginic acid and
their physical properties in between species, collection time and
sampling shores. Figure 2 showed that the highest concentrations
of alginic acid were found during the winter season (November-
February) while the small percentage of alginic acid was found in
summer season (May- August). The highest yield of alginic acid
was obtained from P. tetrastomatica as compared with P. pavonica
(Figure 3). It is also noted that the highest alginic acid content was
found in the samples of Buleji shore as compared to other shores
(Figure, 4).

The concentration of alginic acid in P. pavonia were found to
vary from 2.35.14.64 % at all four study shores (Hawks Bay, Buleji,
Paradise Point and Manora) of Karachi coast with the mean value
of 10.53 + 2.20 % at Hawks Bay, 9.02 + 2.71 % at Buleji, 10.92 *
2.05 % at Paradise Point and 11.42 * 1.84 % at Manora (Figure 5).
At Hawks Bay the alginic acid content was found high in Novem-
ber (14.64 %) and low in July (6.16 %) and at Buleji the content
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Figure 2: Monthly variation in alginic acid content

(% dry wt) of P. pavonia and P. tetrastomatica.

Figure 3: Variation in alginic acid content

(% dry wt) of P pavonia and P, tetrastomatica

Figure 4: Variation in alginic acid content (% dry wt) of P. pavonia

and P, tetrastomatica at different shores of Karachi coast.

was found high in September (12.37 %) and low in June (2.35 %)
(Figure 5). At Paradise Point alginic acid content was found high in
March (14.16 %) and low in July (8.16 %) and at Manora shore it
was high in December (14.61 %) and low in July (8.34 %) (Figure
5).

The concentrations of alginic acids in P tetrastomatica were
found in a range of 7.34 - 16.61 % at all four study shores with
the mean value of 10.61 + 1.29 % at Hawks Bay, 10.92 + 1.99 % at
Buleji, 10.94 + 2.26 % at Paradise Point, 11.61 + 2.20 % at Manora
and 14.07 = 0.253 % at Cape Monze (Figure 6). The alginic acid
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Figure 5: Seasonal variation in alginic acid content of P. pavonia.

content in P, tetrastomatica was found high in a period of February,
March and December (12.11 - 12.18 %) and low in June (8.54 %)
at Hawks Bay where as it was high in October (13.89 %) and low in
June (7.34 %) at Buleji (Figure 6). At Paradise Point the alginic acid
content was high in February (16.61 %) and low in June (8.54 %)
and at Manora shore it was high in January (15.49 %) and low in a
period of April-June (9.45-9.76 %) (Figure 6).

Figure 6: Seasonal variation in alginic acid

content of P, tetrastomatica.

In P. pavonia Hawks Bay shore sample the relative density of al-
ginic acids was high in the month of December (0.935 g/cm?) and
low in the month of March (0.757 g/cm?®) whereas in Buleji sample
it was high in the month of March (0.99 g/cm?) and low in January
(0.69 g/cm?) (Figure 7). At Paradise Point shore sample the relative
density was high in May (0.94 g/cm?®) and low in February (0.74 g/
cm?®) whereas at Manora sample the high value of relative density
was found in July (0.97 g/cm?) and low in January and April (0.79
g/cm?) (Figure 7).

In P, tetrastomatica Hawks Bay sample the physical property of
alginic acid, relative density was found high in the month of Janu-
ary (0.997 g/cm?®) and low in the month of April (0.843 g/cm?)
whereas in Buleji sample it was high in the month of May (0.935 g/
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Figure 7: Seasonal variation in gel density of P. pavonia.

cm?) and June (0.934 g/cm?) while low in December (0.851 g/cm?)
(Figure 8). In Paradise Point shore sample the relative density of P.
tetrastomatica was high in April (0.96 g/cm?) and low in January
(0.68 g/cm?®) whereas in Manora sample the high value of relative
density was found in May (0.93 g/cm?) (Figure 8).

Figure 8: Seasonal variation in gel density of P. tetrastomatica.

In P. pavonia Hawks Bay sample the high viscosity of alginic
acid was found in December (109.3 cp) and low in August (84.6¢p)
where as in Buleji shore sample the viscosity was high in August
(99.3 cp) and low in February (71.81 cp) (Figure 9). In Paradise
Point sample viscosity was high in April (101.36 cp) and low in
February (73.9 cp) and in Manora sample the value of viscosity
was high in the month of February (91.4 cp) and low in January
and March (78.4 cp) (Figure 9).

In Hawks Bay sample of P. tetrastomatica the high viscosity of
alginic acid was found in March (104.5 cp) and December (103.4
cp) and low in August (82.5 cp) where in Buleji sample viscosity
was high in December (98.3 cp) and low in November (77.9cp)
(Figure 10). In Paradise Point sample viscosity was high in July

(104.9¢cp) and low in January (67.4cp) and in Manora sample the
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value of viscosity was high in the month of July (99.5 cp) and low in

January and August (71.6 cp) (Figure 10).

Figure 9: Seasonal variation in viscosity of P. pavonia.

Figure 10: Seasonal variation in viscosity of P.tetrastomatica.

Carbohydrate concentrations of brown seaweed P. pavonia were
vary from 24.51 - 44.35 % with the mean value 0f 29.96 + 2.87 % in
Hawks Bay samples, 31.46 + 3.34% in Buleji samples, 31.47 + 2.16
% in Paradise Point samples and 34.77 + 5.2 % in Manora sam-
ples. The carbohydrate concentrations in Hawks Bay sample were
high in January (35.16 %) and low in June (24.51 %) and in Buleji
sample high concentrations were found in January (37.64 %) and
low in March (24.92 %) (Figure 11). In Paradise Point sample the
values of carbohydrate found high in January (36.13%) and low in
June (29.59 %) where as in Manora samples high concentrations
was found in February (44.35 %) and low in July (28.46 %) (Figure
11).

Carbohydrate concentrations in P. tetrastomatica were vary
from 23.16 - 42.86 % with the mean value of 36.07 * 2.19 % in
Hawks Bay samples, 32.42 + 5.69 % in Buleji samples, 31.43 +
2.09 % in Paradise Point samples, 39.75 * 1.62 % in Manora shore
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samples. The carbohydrate concentrations in Hawks Bay samples
were high in January (39.43 %) and low in September (33.69 %)
and in Buleji samples high concentrations were found in January
(39.28 %) and low in July (23.16 %) (Figure 12). At Paradise Point
samples the values of carbohydrate were high in December (34.63
%) and low in May (28.42 %) whereas in Manora samples high car-
bohydrate concentrations were found in February (42.86 %) and
low in May (37.16 %) (Figure 12).

Figure 11: Seasonal variation in carbohydrate

content of P. pavonia.

Figure 12: Seasonal variation in carbohydrate content

of P. tetrastomatica.

Ash concentrations in P. pavonia were vary from 24.35 - 37.46
% with the mean values of 32.65 * 3.72 % in Hawks Bay sample,
28.04 + 2.38 % in Buleji sample, 33.10 * 2.31 % in Paradise Point,
31.04 * 3.56 % in Manora samples. In Hawks Bay shore samples
ash concentrations were high in March (37.46 %) and low in Au-
gust (26.34 %), and in Buleji samples high in January (32.78 %)
and low in June (24.35 %) (Figure 13). In Paradise Point samples
ash concentrations were high in January (37.29 %) and low in July

(29.34 %) whereas in Manora samples high ash concentrations
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were found in September and June (36.0 %) and low in November
(25.6 %) (Figure 13).

Figure 13: Seasonal variation in ash content of P. pavonia.

Ash concentrations in P, tetrastomatica were vary from 21.47 -
37.59 % with the mean values 0of 30.76 *+ 3.12 % in Hawks Bay sam-
ples, 27.95 £ 3.21 % in Buleji samples, 31.23 + 1.73 % in Paradise
Point samples and 29.56 + 1.93 % in Manora samples. In samples
of Hawks Bay shore ash concentrations were high in August (37.59
%) and low in June (27.36 %) and in Buleji samples it was high in
November (31.94 %) and low in October (23.26 %) (Figure 14). In
Paradise Point samples ash concentrations were high in September
(34.29 %) and low in period of June and October (29.19 %) where
as in Manora samples high ash values were found in period of Janu-
ary and May (32.31 %) and low in March (26.84 %) (Figure 14).

Figure 14: Seasonal variation in ash content of P. tetrastomatica.

The concentrations of moisture in P. pavonia were vary from
6.16 - 13.6 % with the mean values of 7.46 + 1.03 % in Hawks
Bay samples, 7.80 * 0.88 % in Buleji samples, 10.77 + 1.33 % in
Paradise Point samples and 11.04 + 1.31 % in Manora samples. In
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Hawks Bay samples, moisture of seaweeds were found high in De-
cember (9.53 %) and low in March (6.16 %) and in Buleji samples
high moisture was found in February (9.31 %) and low in Novem-
ber (6.24 %) (Figure 15). In Paradise Point samples moisture was
high in February (12.49 %) and low in July (8.34 %) where as in
Manora samples high moisture values were found in January (13.6
%) and low in May (9.4 %) (Figure 15).

Figure 15: Seasonal variation in Moisture content of P. pavonia.

In P, tetrastomatica concentrations of moisture were vary from
4.85 - 12.37 % with the mean values of 7.46 + 1.13 % in Hawks
Bay samples, 6.50 + 1.21 % in Buleji samples, 10.87 = 1.04 % at
Paradise Point and 8.67 + 1.51% in Manora samples. In Hawks
Bay samples moisture concentrations were found high in Febru-
ary (9.44 %) and low in June (6.33 %) and in Buleji samples it was
high in November (9.79 %) and low in September (4.85 %) (Fig-
ure 16). In Paradise Point samples moisture was high in October
(12.37 %) and low in May (9.36 %) whereas in Manora samples
high moisture values were found in February (11.2 %) and low in
May (6.25 %) (Figure 16).

Figure 16: Seasonal variation in moisture

content of P, tetrastomatica.
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Biomass of Padina pavonia was range from 135 - 480 gm?with
the mean values of 331.25 + 69.51 gm™ at Hawks Bay, 288.3 + 93.88
gm? at Buleji, 304.58+64.08 gm at Paradise Point and 283.75 *
99.72 gm? at Manora. At Hawks Bay biomass of seaweeds was
found high in January (420 gm?) and low in September (195 gm™
) and at Buleji high biomass was found in February (480 gm?) and
low in April (180 gm) (Figure17). At Paradise Point biomass was
high in November (410 gm™) and low in July (175 gm™) whereas at
Manora high biomass was found in January and February (410 gm
) and low in August (135 gm?) (Figure 17).

Figure 17: Seasonal variation in biomass of P. pavonia.

Biomass of P, tetrastomatica range from 145 - 410 gm with the
mean values of 276.25 + 64 gm? at Hawks Bay, 249.16 + 94.84 gm™
at Buleji, 250.41 + 69.49 gm™ at Paradise Point, and 279.58 + 86.27
gm at Manora. At Hawks Bay biomass of seaweeds was found high
in December (390 gm2) and low in August (185 gm) and at Buleji
high biomass was found in December (410 gm™) and low in April
(120 gm™) (Figure 18). At Paradise Point biomass was high in No-
vember (380 gm?) and low in May (175 gm%) where as at Manora
it was high in December (410 gm) and low in August (145 gm)
(Figure 18).

Figure 18: Seasonal variation in biomass of P, tetrastomatica.
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The completely randomized design with nested treatments
analysis of variance (ANOVA) model was used to test the signifi-
cant differences of alginic acid and its physical properties in sea-
weed between month shores and species (Table 1). The results
showed that there were high significant variations found between
month and sites for alginic acid (F= 6.61 and F = 3.78 respective-
ly). Significant variations were also found in between species for
relative density (F =1.81) and between month, sites and species
for viscosity (F = 1.67, F = 4.52, F = 2.78 respectively). There was
significant correlations were also found in between month, sites
and species for carbohydrates (F = 3.36, F=12.08 and F = 12.9 re-
spectively) and moisture (F = 1.99, F=54.88 and F = 11.15 respec-
tively). Whereas for ash most significant variations was found only
in between sites (F =15.05). There was significant variation were
also found in between month and species for biomass (F =10.37

and F = 11.40 respectively).

Alginic Acid
Source DF Adj MS F P
Month 11 17.570 6.61*** 0.000
Species 1 7.200 2.71 0.104
Shores 3 10.049 3.78* 0.014
Error 80 2.659
Total 95
Density
Source DF Adj MS F P
Month 11 0.006 1.81* 0.066
Species 1 0.006 1.78 0.186
Shores 3 0.001 0.230 0.875
Error 80 0.003
Total 95
Viscosity
Source DF Adj MS F P
Month 11 91.500 1.67* 0.095
Species 1 152.060 2.78* 0.099
Shores 3 247.260 4.52%* 0.006
Error 80 54.700
Total 95
Carbohydrate
Source DF Adj MS F P
Month 11 38.520 3.36%* 0.001
Species 1 148.190 12.92%* 0.001
Shores 3 138.610 12.08*** | 0.000
Error 80 11.470
Total 95
Ash

96

Source DF Adj MS F P
Month 11 10.290 1.33 0.224
Species 1 16.319 211 0.150
Shores 3 116.532 15.05*** | 0.000
Error 80 7.742
Total 95

Moisture
Source DF Adj MS F P
Month 11 2.819 1.99* 0.041
Species 1 15.836 11.15* 0.001
Shores 3 77.930 54.88*** | 0.000
Error 80 1.420
Total 95
Biomass
Source DF Adj MS F P
Month 11 31730 10.37** | 0.000
Species 1 34884 11.4%* 0.001
Shores 3 5325 1.74 0.165
Error 80 3061
Total 95

Table 1: Analysis of variance (ANOVA) for alginic acid, physical
properties and biochemical constituents in seaweed (P. pavonia
and P. tetrastomatica) from Karachi coast.

{* = Significant at P < 0.05, ** = Significant at P < 0.01,

*** = Significant at P < 0.001}.

There was significant correlations were found in between al-
ginic acid of different shores samples such as Buleji and Manora
samples of P pavonia (r* = 0.515) and Hawks Bay and Paradise
Point samples of P. tetrastomatica (r?> = 0.627). Significant corre-
lation were also found in between different parameters of both
species (P. pavonia and P. tetrastomatica) for example in between
alginic acid (r? = 0.927), relative density (r? = 0.613), carbohydrate
(r*=0.896), ash (r? = 0.675) and biomass (r? = 0.921). A significant
correlations were also found in between different parameters of
same species for example in P pavonia alginic acid and carbohy-
drate samples (r’= 0.886), alginic acid and ash (r? = 0.539), alginic
acid and biomass (r? = 0.789), relative density and viscosity (r? =
0.564), ash and carbohydrate (r? = 0.573), carbohydrate and bio-
mass (r? = 0.778) and moisture and biomass (r? = 0.572) and in P
tetrastomatica samples in between alginic acid and carbohydrate
(r? = 0.946), ash and carbohydrate (r? = 0.542), moisture and car-
bohydrate (r’= 0.742), biomass and carbohydrate (r? = 0.716) and
biomass and moisture (r? = 0.603).
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A wide variation was found in alginic acid concentration ex-
tracted from both (P pavonia and P. tetrastomatica) species col-
lected in different localities in different seasons. P. tetrastomatica
February sample of Paradise Point (16.61 %) have high alginic acid
concentrations while the lowest value of alginic acid concentra-
tions were recorded in P. pavonia June sample of Buleji (2.35 %).
It was also observed that the alginic acid yield was high in both
species of Padina when attained its maximum biomass [30]. The
relative density was also high during winter period in both species.
The variation were found in alginic acid, and carbohydrate concen-
trations at studied shore in different seasons due to the environ-
mental factors like temperature, pH, light, salinity and dissolved
oxygen [19,31,32]. In present work the colour of alginic acid was

dark brown i.e., it was as commercial standard [33].

Marked changes in the biochemical constituents and bio-
mass were apparent among the both species of brown seaweeds
at all studied shores. The results of carbohydrate were recorded
in the present study have much resemblance with the results of
Chakraborty and Santra [6] for the Dictyota dichotoma from Sun-
der ban India; Hossain,, et al. [9] for the species of Sargassum from
Toyama Prefecture, Japan and Arvizu,, et al. [34] for Eisenia arbora
from Baja California Sur, Mexico. The marine plants especially sea-
weeds have 80- 90% water and consider as biologically important
for metabolism because it participates in the chemical reactions of

metabolism as a source of hydrogen ion [9].

In present study the high carbohydrate values were found in
winter season and low in summer season like the alginic acid and
biomass. Significance individual differences were observed in the
biochemical composition (carbohydrate, ash and moisture) and
biomass with change of season and environmental factors [31,35].
Environmental factors (light, temperature, pH, salinity and dis-
solved oxygen) may change the nutritional status of seaweeds
[9,36]. Light intensity also affect the concentrations of carbohy-
drate i.e., the intensity of the light is high then the rate of photo-
synthesis will increase but, the rate of photosynthesis will only
increase to an extent after intensity of light reaches a certain point
photosynthesis rate will stay still and due to this way affecting
the carbohydrates synthesis. Dissolved oxygen levels in sea water
also affect the biochemical composition as it is high in the winter
season and related to photosynthetic activity of marine plants and
more production of plants [31]. Qari and Siddiqui [37] studied the
hydrographic condition in sea water and reported that dissolved
oxygen in seawater was high in winter or northeast monsoon pe-
riod (November-February) and low in summer or southwest mon-
soon season (mid May- mid September). The high dissolved oxy-
gen in northeast monsoon period can be related to photosynthetic

activity and more production of plants.
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It is concluded from the present results it is clear that the sea-
weed species P. pavonia and P. tetrastomatica are edible and can be
used for human food because both studied species of seaweed have
considerable amount of Alginic acid and biochemical constituents
(carbohydrate, ash and moisture). Considering these facts, the pres-
ent data contributes baseline information for future exploitation of
seaweeds as a source of alginic acid and carbohydrate. Results of
the study also indicate that winter season (November-February) is
the best time to harvest the brown seaweed species especially P. pa-
vonia and P. tetrastomatica that produce the high viscosity alginic

acid and carbohydrate for the industrial use.
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