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Abstract

Poverty alleviation in rural and coastal areas cannot be addressed only with increased agricultural development in land resources.
Seaweeds can act as seafood vegetables in order to mitigate global food production and play a substantial role in meeting the dietary
deficiencies of the country. Given this potential an attempt was made to study the biochemical composition of five dominant seaweeds
namely, Catenella repens, Ulva lactuca, Caulerpa racemosa, Enteromorpha intestinalis and Chaetomorpha melagonium in two selected
stations viz, station-1 (Vuda Park) and station-2 (Govt. Fishing Harbour) from Visakhapatnam coast of Andhra Pradesh, India.
Seawater samples were also collected simultaneously and monitored for temperature, salinity, pH, NO,, PO, SiO, and Chl q, b, c.
Seaweed samples were collected and analyzed for biomass, protein, carbohydrate, astaxanthin, lipid, moisture content and Chl a and
b. The study revealed luxuriant growth of E. intestinalis (8.23 kg/m?) whereas poor growth was observed in C. melagonium (5.04
kg/m?) at stn.1. The highest protein content was obtained from C. melagonium (18.22%) at stn.2 and lowest was obtained from E.
intestinalis (11.85%). The maximum carbohydrate and astaxanthin concentration was recorded in the same species of seaweed i.e. C.
repens and the least concentration was recorded from U. lactuca and the similar case was found in both Chl g, Chl b that they showed
highest in U. lactuca and lowest in case of C. melagonium. The lipid content was highest in C. melagonium (0.48%) at stn.1 and least
content in C. repens (0.75%) at stn.2. However moisture content was maximum in C. melagonium (85.55%) at stn.2 and minimum in
C. repens (52.59%) at stn.1. Owing to the food characteristics of the selected seaweeds, these seaweeds are recommended for dietary
supplement for coastal population as a wholesale, healthy and tasty food product to meet the food security challenges adequately. The
environmental parameters reveal the appropriate culture condition that can be taken up in order to propagate these seaweeds into

culture in order to make it a future food crop in the era of climate change.
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Introduction Unlike land-based plants, seaweeds do notrequire any fertilizers,
The seas and oceans are the valuable resources of the earth  P€St clearing, water, etc, rather they act as bioremediation agent in

which has all solutions to mitigate the effects of climate change. Our cleaning the water as they absorbs huge quantity of nutrients like

oceans are already inlocked death spiral. According to International NO, and PO, which actually is used for building their own biomass.

Programme on the State of Oceans (IPSO), a consortium of 27 top Hence to form this blue crop, the basic concept of its biochemical

mean experts in the world, the effects of climate change, ocean constituents is a must which will pave the way for its culture and

acidification and oxygen depletions have already triggered the consumption by human. It is estimated that by 2050, there will be

phase of extinctions of marine species. The oceans are the last wild 2.5 billion people on earth and food crop scarcity will be a major

spaces on earth which are ungoverned and untouched by human challenge. Seawater greenhouses can be an answer to this problem

hands. However in the changing era of climate crisis, we have little as mentioned by Charlie Paton, as these seaweeds are eaten by

. . . microscopic animals to blue whale. Present day seaweeds are
choice to exploit the ocean resources sustainably.

being used by food-processing industry and sold as ‘sea vegetables’

Citation: Kakoli Banerjee, et al. “Role of Physico-Chemical Variables on Growth of Seaweeds”. Acta Scientific Agriculture 3.5 (2019): 40-54.



Role of Physico-Chemical Variables on Growth of Seaweeds

preserved in frozen, dry and canned or salted form [36,54]. It
has been reported that about 10,000 species of macroalgae are
reported to exist [21,22], however only 200 species are consumed
worldwide as sea vegetables [45]. Although seaweeds are
consumed to a large extent in Asia however Indians have accepted
seaweeds as vegetables owing to the large scale productions of
rice, wheat and vegetables in the country. However in the changing
climatic conditions, sea resources utilization should be practiced
so that in case of salinization of land, sea resources can be utilized

as sustainable crop as they are rich sources of nutrients.

Seaweed farming could contribute to the coastal aquaculture
sector in creating new occupations and improved poverty
circumstances to develop coastal livelihoods. The environmental
parameters which govern the growth of seaweeds are also an
important parameter for its propagation and its culture technology.
It also addresses the climate change mitigation measure by
providing valuable biomass with potential for delivering food, feed,
bimolecular and energy (http: www.fao.org/docrep/field/003/
AC287E/AC287E01.htm). On this

programme aims to study the biochemical constitution in selected

background, the present
seaweeds in Visakhapatnam coast of Andhra Pradesh along with
the relevant environmental parameters to designate them as

potential sea vegetable in future food stock.

Materials and Methods
Study site

India encompasses 3214 km from North to South and 2933
km from East to West. It has a land frontier of 15,200 km and a
coastline of 7517 km. The present study site i.e. Visakhapatnam
coast of Andhra Pradesh located in this huge coastline is second in
position after Gujarat with alength of 1037 km (http://www.quora.
com). Out 0of 1931.21 km [59] of east coastline, 53.69% is occupied
by Andhra Pradesh, hence it is an important site for initializing
seafood industry here. But unfortunately this huge coastline with

numerous seaweed resources is untapped.

To examine the potentiality of the resource, two stations were
selected all along the coast in Visakhapatnam coast of Andhra
Pradesh, India viz, Station-1 Vuda Park (17° 43' 26.7594" N, 83°
20" 22.2" E) and Station-2 Govt. Fishing Harbour (17° 41' 45.7"
N, 83°18'6.4" E) (Figure 1). Five dominant seaweeds comprising
one red and four green seaweeds were identified and collected
following standard taxonomic keys (Rao and Sreeramulu 1964)
[48] from these sites. Sampling was done during postmonsoon
2016.
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Figure 1: Map location of selected stations.

Sampling and analysis of seawater

Seawater samples were collected from the seaweed growing area
for in-situ analysis of temperature, pH and salinity using standard
instruments (MEXTECH Multi stem handheld portable LCD digital
thermometer with sensor probe -50°C to 2300°C or -58°F to 572°F,
Oakton eco-testr pH 2 Waterproof pH tester 0.0 to 14.0 pH range
and Hand Refractometer, ERMA). Seawater samples were collected
for laboratory analysis of nutrients (NO,, PO, and SiO,) and Chl g, b,
¢ following standard spectrophotometric measurements [58].

Sampling and analysis of seaweeds

Collection of seaweeds was done during the low tide at the
intertidal zones and was picked with hand and immediately
washed with seawater to remove the extraneous foreign particles,
sand particles and epiphytes. Then it was kept in an ice box
containing slush ice and immediately transported to the laboratory
and washed thoroughly using tap water to remove the salt on the
surface of the sample. Then the seaweeds were spread on blotting
paper to remove excess water before they were sundried to
constant weight, and ground into powder. The powdered samples
were subsequently kept in dark and stored in room temperature

for further analysis.
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For collection of seaweeds a 0.25 m? quadrate was fixed
randomly. Biomass was estimated from this quadrate by weight
difference method. Proximate analysis of protein, carbohydrate,
astaxanthin, lipid and moisture were done as per methodologies
outlined by Lowry 1951 [31];
[52]; spectrophotometric method [4]; Soxhlet Apparatus Method
1879 [55] and AOAC 2005 [26] respectively Chl a and Chl b were
analysed by spectrophotometric method [43].

Sadasivan and Manickam 2007

Statistical analysis

All values for physico-chemical and biochemical parameters
were expressed in terms mean #* standard deviation. Pearson’s
correlation coefficients were carried out using SPSS 13.1 to find the
interrelationship between the biochemical and physico-chemical

parameters in the selected stations.

Results and Discussion

Data on environment parameters and biomass of Catenella
repens, Ulva lactuca, Caulerpa racemosa, Enteromorpha intestinalis

and Chaetomorpha melagonium are reported in Table 1 and
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Figure 2. During the study period temperature did not show
any variation owing to the location of the stations in the same
geographical locale. pH in both the stations were same (8.3) owing
to the buffer property of seawater. Salinity was higher in stn.1.
Nitrate concentration (15.26 ppm) was higher in stn.1 owing
to the presence of the sewage outfall directly from the city of
Visakhapatnam. Phosphate concentration (0.36 ppm) was higher
in case of stn.2, owing to the fact that huge amount of waste is
generated from the fishing activity. Silicate concentration (50.42
ppm) was found to be lower in case of stn.1 rather than stn.2. This
is because of the huge dredging activity in the port area as well
as major churning activity taking place between the water body
and the sediment compartment. Phytopigment (Chl a, Chl b, Chl ¢)
showed a higher concentration in stn.2 owing to the huge nutrient
influx due to anthropogenic activities. High pigment concentration
is observed in both the stations owing to a very congenial
environment of phytoplankton as the sampling was carried out
during the post-monsoon season. This season is characterized with

a secondary peak blooming period of phytoplankton.
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Figure 2: Variation in biochemical composition of seaweeds in selected stations
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. i Prescribed standards
Sl/No. Water Station-1 Station-2

for Coastal Waters
1. Temperature (°C) | 26.6 +1.21 27.2+1.19 28-30 °C*
2. pH value 83+0.4 8.3+0.39 6.5-8.5*
3. Salinity (PSU) 30 +3.27 28+3.32 33-34 PSU*
4. Chla (png/L) 2.11+0.39 5.21+0.41 0.5 to 3.7 pg/L
5. Chl b (ng/L) 492 +045 7.25+0.55 NA
6. Chl ¢ (png/L) 6.32 +0.49 9.59+043 NA
7. Nitrate (ppm) 1526 +0.96 | 14.08+0.42 0.01-0.06 mg/L**
8. Phosphate (ppm) 0.3+0.67 0.36 £ 0.55 0.001-0.01 mg/L**
9. Silicate (ppm) 50.42 +0.83 | 93.05+0.62 2.8 mg/L (avg)**

Table 1: Variation in physico-chemical parameters of two selected stations
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* Decree of the State Minister of the Environment Number 51of 2004 Regarding Standard Quality of Seawater
State Minister of the Environment, Republic of Indonesia (2004).

** Republic of South Africa, Department of Environmental Affairs. South African Water Quality Guidelines for
Coastal Marine Waters - Natural Environment and Mariculture Use. Cape Town (2018): 1-164.

NA: Not Available

The biomass of seaweeds largely depends upon season,
population structure and several other ecological factors [29].
The physico-chemical variables especially nutrients and salinity
contribute to the multiplication of the thallus (growth of seaweed)
[60]. The biomass of seaweeds can be correlated with the abiotic
factors that prevailed before or during the collection period [35].
Significant seasonal variations in biomass of C. repens, U. lactuca
C. racemosa, E. intestinalis and C. melagonium have been observed
in both sampling stations. The biomass of seaweeds were in the
order E. intestinalis > C. repens > C. racemose > U. lactuca > C.
melagonium in stn.1 and E. intestinalis > U. lactuca > C. repens > C.
melagonium > C. racemosa in stn.2 (Figure 2). In the present work,
maximum growth of the green seaweed E. intestinalis in stns.1
and 2 respectively was observed during post-monsoon season
(the optimum level of biomass as per FAO standard for red and
green seaweed is mentioned in Table 4); the period characterized
by optimum nutrient load, temperature, salinity and pH. This is
confirmed from the significant positive correlation (at 1% level
of significance except for salinity and nitrate in U. lactuca at stn.1)

between biomass, pH, salinity and nutrients (NO, and PO,) (Tables

2 and 3). Seaweeds as compared to other marine plants are short-
lived with successive growth periods and has more than two
growth peaks during their lifespan when the season is conducive
[60]. The lower biomass values obtained in stn.1 for all the species
except C. racemosa and E. intestinalis than stn.2 could be attributed
to an intermittent period in which some population rejuvenate and
recover from wholesome detachment (Figure 2). Seaweed utilizes
nitrogen in water to synthesize protein and phosphorus which is
needed for the production of nucleic acids and ATP for energetic
functions. Barsanti and Gualtieri [6] reported the importance of
phosphorusasitis connected mainly to the growth of seaweeds. Ifall
phosphorus is consumed, autotrophic growth will cease, no matter
how much nitrogen is available. The concept of Liebig is the “Law
of the Minimum”, meaning that seaweed growth is not limited by
the total amount of nutrients available but by the nutrient available
in the smallest quantity relative to its requirement. Concentration
will be an indicator of limitation of a specific nutrient, however,
and the rate of supply of that nutrient or its turnover time is more

important in determining the degree of limitation [6].
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r-value p-value
Combination | ¢, U. C. E. C C U. C E. C
repens | lactuca | racemosa | intestinalis | melagonium | repens | lactuca | racemosa | intestinalis | melagonium
tfril"p“;‘;tsufe -0.976* | 0.999 | -0.957* -0.976* -0.976* <0.01 | <0.01 <0.01 <0.01 <0.01
X pH 0786 | -0.911* | 0.737 0.786 0.786 <0.01 | <0.01 | <0.01 <0.01 <0.01
Xsalinity | 0.077 | 0.165 0.151 0.077 0.077 IS IS IS IS IS
X Chla 0931 | -0.991* | 0.901 0.931 0.931 <0.01 | <0.01 | <0.01 <0.01 <0.01
X Chl b -0.387 | 0.154 | -0.455** -0.387 -0.387 IS IS <0.05 IS IS
XChlc | -0.992*| 0934 | -0.999* -0.992* -0.992* <0.01 | <0.01 | <0.01 <0.01 <0.01
X NO, 0636 | -0432 | 0.692 0.636 0.636 <0.01 IS <0.01 <0.01 <0.01
X PO, 0764 | -0.897* | 0.714 0.764 0.764 <0.01 | <0.01 | <0.01 <0.01 <0.01
X Si0, -0.700%* | 0.851 | -0.645* -0.700* -0.700* <0.01 | <001 | <0.01 <0.01 <0.01
telzgzergltfre -0.997% | -0.722* | -0985* | -0.998* -0933* | <001 | <001 | <001 <0.01 <0.01
X pH 0.863 | 0.351 0.812 0.875 0.685 <0.01 IS <0.01 <0.01 <0.01
Xsalinity | -0.061 | 0.583* | 0.034 -0.085 0.225 IS <0.05 IS IS IS
X Chla 0972 | 0.607 0.946 0.977 0.866 <0.01 | <001 | <0.01 <0.01 <0.01
X Chl b -0.257 | -0.809% | -0.347 -0.233 -0.520%* IS <0.01 IS I <0.05
XChlc | -0.966*| -0.912* | -0.986* -0.959* -0.999* <0.01 | <001 | <0.01 <0.01 <0.01
X NO, 0523 | 0.944 0.602 0.503 0.744 <0.05 | <0.01 | <0.01 <0.05 <0.01
X PO, 0.846 | 0.319 0.791 0.858 0.659 <0.01 IS <0.01 <0.01 <0.01
X Sio, -0.792* | -0.228 | -0.731* -0.806* -0.586%* | <0.01 IS <0.01 <0.01 <0.05
)gigfn"p}x‘;ﬁtr‘z -0.723* | 0.997 | -0.999* -0.934* -0.851* <0.01 | <0.01 <0.01 <0.01 <0.01
X pH 0352 | -0.866* | 0.911 0.688 0.539 IS <0.01 | <0.01 <0.01 <0.05
Xsalinity | 0582 | 0.066 | -0.615* 0.221 0.389 <0.05 IS <0.01 IS IS
X Chla 0.608 | -0.974* | 0.991 0.868 0.760 <0.01 | <0.01 | <0.01 <0.01 <0.01
XChlb | -0.808*| 0.251 | -0.154 -0.517%* -0.668* <0.01 IS IS <0.05 <0.01
XChlc |-0913*| 0965 | -0.934* -0.999* -0.978* <0.01 | <0.01 | <0.01 <0.01 <0.01
X NO, 0943 | -0.519% | 0.432 0.741 0.853 <0.01 | <0.05 IS <0.01 <0.01
X PO, 0320 | -0.849% | 0.897 0.663 0.511 IS <001 | <0.01 <0.01 <0.05
X Si0, 0229 | 0795 | -0.851* | -0.589** -0.428 IS <0.01 | <0.01 <0.01 IS
‘;Zfi’;ae‘r‘;}t‘:; ;( -0.849% | -0.999% | -0.995* | -0.805* -0976* | <0.01 | <0.01 | <0.01 <0.01 <0.01
X pH 0537 | 0916 0.854 0.468 0.786 <0.05 | <0.01 | <0.01 <0.05 <0.01
Xsalinity | 0.403 | -0.176 | -0.043 0.474 0.076 IS IS IS <0.05 IS
X Chla 0.758 | 0.993 0.968 0.704 0.931 <0.01 | <0.01 | <0.01 <0.01 <0.01
XChlb | -0.671* | -0.143 | -0.274 -0.727* -0.387 <0.01 IS IS <0.01 IS
XChlc | -0.977*| -0.929% | -0.971* -0.957* -0.992* <0.01 | <0.01 | <0.01 <0.01 <0.01
X NO, 0.855 | 0.421 0.538 0.894 0.636 <0.01 IS <0.05 <0.01 <0.01
X PO, 0.508 | 0.902 0.836 0.437 0.764 <0.05 | <0.01 | <0.01 <0.05 <0.01
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X Si0, -0.424 | -0.857* | -0.781* -0.351 -0.700* IS <0.01 <0.01 IS <0.01

ten];;i)iiili(ure -0.997* | -0.751* | -0.917* -0.999* -0.866* <0.01 | <0.01 <0.01 <0.01 <0.01

X pH 0.866 | 0.963 0.655 0.882 0.564 <0.01 | <0.01 <0.01 <0.01 <0.05
Xsalinity | -0.066 | -0.759* | 0.264 -0.100 0.373 IS <0.01 IS IS IS

X Chla 0974 | 0.844 0.845 0.981 0.779 <0.01 | <001 | <0.01 <0.01 <0.01

X Chl b 0251 | 0.515 | -0.554** -0.218 -0.646* IS <0.05 | <0.05 IS <0.01

XChlc | -0.965%| -0487 | -0.998* -0.955* -0.983* <0.01 IS <0.01 <0.01 <0.01

XNO, 0519 | -0.248 | 0.770 0.489 0.838 <0.05 IS <0.01 IS <0.01

X PO, 0.849 | 0.972 0.629 0.866 0.535 <0.01 | <0.01 | <0.01 <0.01 <0.05

X Si0, -0.795* | -0.989* | -0.553** | -0.815* -0453* | <0.01 | <0.05 | <0.01 <0.01 <0.05

tenf;éfafure -0.851* | -0.976* | -0.952* -0.705* -0.918* <0.01 | <0.01 <0.01 <0.01 <0.01

X pH 0539 | 0.786 0.724 0.327 0.655 <0.05 | <0.01 <0.01 IS <0.01
Xsalinity | 0.399 | 0.077 0.170 0.603 0.264 IS IS IS <0.01 IS

X Chla 0.760 | 0.931 0.892 0.587** 0.845 <0.01 | <0.01 <0.01 <0.05 <0.01

XChlb | -0.668* | -0.387 | -0.472*%* | -0.824* -0.554* | <0.01 IS <0.05 <0.01 <0.05

X Chl ¢ -0.978* | -0.992* | -0.999* -0.901* -0.998* <0.01 | <0.01 <0.01 <0.01 <0.01

X NO, 0853 | 0.636 0.705 0.952 0.770 <0.01 | <0.01 | <0.01 <0.01 <0.01

X PO, 0511 | 0.764 0.700 0.295 0.628 <0.05 | <0.01 <0.01 IS <0.01

X Si0, -0.428 | -0.700 | -0.630 -0.204 -0.553** IS <001 | <0.01 IS <0.05

ten(f;})ll fafure -0.826* | -0.713* | -0.918* -0.957* -0.890* <0.01 | <0.01 | <0.01 <0.01 <0.01

X pH 0.500 | 0.339 0.655 0.737 0.605 <0.05 IS <0.01 <0.01 <0.01
Xsalinity | 0.441 | 0.592 0.264 0.151 0.325 IS <0.05 IS IS IS

X Chla 0729 | 0.597 0.845 0.901 0.809 <0.01 | <0.05 | <0.01 <0.01 <0.01

XChlb | -0.702* | -0.816* | -0.554** | -0.455% -0.607* <0.01 | <0.01 | <0.05 <0.05 <0.01

XChlc | -0.967*| -0.907* | -0.998* -0.999* -0.991* <0.01 | <0.01 | <0.01 <0.01 <0.01

X NO, 0877 | 0.948 0.770 0.382 0.809 <0.01 | <0.01 <0.01 IS <0.01

X PO, 0470 | 0307 0.629 0.714 0.578 <0.05 | <0.05 | <0.01 <0.01 <0.05

X Si0, -0.385 | -0.217 | -0.553** | -0.645* -0.498%* IS IS <0.05 <0.01 <0.05

teMn‘]’Ii)set;‘;fufe -0.682* | 0.659 | -0.941* 0.962 -0.918* <0.01 | <0.01 <0.01 <0.01 <0.01

X pH 0.297 | -0.920* | 0.702 -0.749* 0.655 IS <0.01 <0.01 <0.01 <0.01
Xsalinity | 0.628 | 0.837 0.203 -0.134 0.264 <0.01 | <0.01 IS IS IS

X Chla 0.561 | -0.768* | 0.878 -0.909* 0.845 <0.05 | <0.01 | <0.01 <0.01 <0.01

XChlb | -0.841* | -0.622* | -0500** 0.439 20.554% | <0.01 | <0.01 <0.05 IS <0.05

XChlc | -0.887*| 0370 | -0.999* 0.998 -0.998* <0.01 IS <0.01 <0.01 <0.01

X NO, 0961 | 0.371 0.728 -0.679* 0.770 <0.01 IS <0.01 <0.01 <0.01

X PO, 0264 | -0.933* | 0.677 -0.726* 0.629 IS <001 | <001 <0.01 <0.01

X Si0, 0172 | 0963 | -0.605 0.658 -0.553** IS <0.01 <0.01 <0.01 <0.05

Table 2: Correlation between physico-chemical parameters and biochemical parameters at the station 1 (Vuda Park).
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r-value p-value
Combination G U. C. E. C C U. C E. C.
repens | lactuca | racemosa | intestinalis | melagonium | repens | lactuca | racemosa | intestinalis | melagonium
Biomass X 0.999 | 0.830 0.919 0.988 0.993 <0.01 | <0.01 <0.01 <0.01 <0.01
temperature
X pH 0.999 | 0.866 0.943 0.996 0.962 <0.01 | <0.01 <0.01 <0.01 <0.01
X salinity 0.978 | 0.945 0.989 0.995 0.991 <0.01 | <0.01 <0.01 <0.01 <0.01
X Chla 0972 | 0.954 0.993 0.991 0.986 <0.01 | <0.01 <0.01 <0.01 <0.01
X Chl b 0991 | 0918 0.975 0.999 0.998 <0.01 | <0.01 <0.01 <0.01 <0.01
X Chlc 0.987 | 0.928 0.981 0.999 0.996 <0.01 | <0.01 <0.01 <0.01 <0.01
XNO, 0.966 | 0.961 0.995 0.988 0.982 <0.01 | <0.01 <0.01 <0.01 <0.01
X PO, 0.947 | 0.986 0.999 0.976 0.968 <0.01 | <0.01 <0.01 <0.01 <0.01
X Sio, 0.984 | 0.935 0.984 0.997 0.994 <0.01 | <0.01 <0.01 <0.01 <0.01
Protein X
temperature 0.877 | 0.999 0.893 0.984 0.960 <0.01 | <0.01 <0.01 <0.01 <0.01
X pH 0.908 | 0.996 0.922 0.994 0.905 <0.01 | <0.01 <0.01 <0.01 <0.01
X salinity 0.971 | 0.961 0.978 0.997 0.999 <0.01 | <0.01 <0.01 <0.01 <0.01
X Chla 0.977 | 0.953 0.984 0.994 0.999 <0.01 | <0.01 <0.01 <0.01 <0.01
X Chl b 0.949 | 0.979 0.960 0.999 0.995 <0.01 | <0.01 <0.01 <0.01 <0.01
X Chlc 0.958 | 0.973 0.967 0.999 0.997 <0.01 | <0.01 <0.01 <0.01 <0.01
XNO, 0.982 | 0.945 0.988 0.991 0.999 <0.01 | <0.01 <0.01 <0.01 <0.01
X PO, 0.992 | 0.901 0.996 0.981 0.996 <0.01 | <0.01 <0.01 <0.01 <0.01
X Sio, 0.963 | 0.969 0.972 0.999 0.998 <0.01 | <0.01 <0.01 <0.01 <0.01
Carbohydrate
X temperature 0.997 | 0.931 0.999 0.921 0.987 <0.01 | <0.01 <0.01 <0.01 <0.01
X pH 0.999 | 0.953 0.999 0.945 0.950 <0.01 | <0.01 <0.01 <0.01 <0.01
X salinity 0.984 | 0.993 0.979 0.989 0.995 <0.01 | <0.01 <0.01 <0.01 <0.01
X Chla 0.978 | 0.996 0.973 0.993 0.992 <0.01 | <0.01 <0.01 <0.01 <0.01
X Chlb 0.994 | 0.982 0.992 0.976 0.999 <0.01 | <0.01 <0.01 <0.01 <0.01
X Chlc 0.991 | 0.986 0.988 0.982 0.999 <0.01 | <0.01 <0.01 <0.01 <0.01
XNO, 0.973 | 0.998 0.967 0.996 0.989 <0.01 | <0.01 <0.01 <0.01 <0.01
XPO, 0.956 | 0.999 0.949 0.999 0.977 <0.01 | <0.01 <0.01 <0.01 <0.01
X Sio, 0.989 | 0.989 0.985 0.985 0.998 <0.01 | <0.01 <0.01 <0.01 <0.01
Astaxanthin X 0972 | 0916 | -0.557** 0.989 0.968 <0.01 | <0.01 <0.05 <0.01 <0.01
temperature
X pH 0.985 | 0.941 -0.612* 0.997 0917 <0.01 | <0.01 <0.01 <0.01 <0.01
X salinity 0.999 | 0.988 -0.751* 0.994 0.999 <0.01 | <0.01 <0.01 <0.01 <0.01
X Chla 0.999 | 0.992 -0.768* 0.990 0.999 <0.01 | <0.01 <0.01 <0.01 <0.01
X Chlb 0.999 | 0974 -0.699* 0.999 0.998 <0.01 | <0.01 <0.01 <0.01 <0.01
X Chlc 0.999 | 0.979 -0.717* 0.998 0.000 <0.01 | <0.01 <0.01 <0.01 <0.01
XNO, 0.997 | 0.995 -0.784* 0.987 0.998 <0.01 | <0.01 <0.01 <0.01 <0.01
XPO, 0.990 | 0.999 -0.822* 0.974 0.993 <0.01 | <0.01 <0.01 <0.01 <0.01
X Sio, 0.999 | 0.983 -0.731* 0.997 0.999 <0.01 | <0.01 <0.01 <0.01 <0.01
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Lipid X 0.893 | 0921 0.984 0.993 -0.899* <0.01 <0.01 <0.01 <0.01 <0.01
temperature
XpH 0.922 | 0.946 0.994 0.999 -0.819* <0.01 <0.01 <0.01 <0.01 <0.01
X Salinity 0.978 | 0.990 0.997 0.991 -0.981* <0.01 <0.01 <0.01 <0.01 <0.01
X Chla 0.984 | 0.994 0.994 0.986 -0.986* <0.01 <0.01 <0.01 <0.01 <0.01
X Chl b 0.960 | 0.977 0.999 0.998 -0.964* <0.01 <0.01 <0.01 <0.01 <0.01
X Chlc 0.967 | 0.982 0.999 0.996 -0.970* <0.01 <0.01 <0.01 <0.01 <0.01
XNO, 0.988 | 0.996 0.991 0.982 -0.989* <0.01 <0.01 <0.01 <0.01 <0.01
XPO, 0.996 | 0.999 0.981 0.968 -0.997* <0.01 <0.01 <0.01 <0.01 <0.01
X Sio, 0.972 | 0.985 0.999 0.994 -0.975* <0.01 <0.01 <0.01 <0.01 <0.01
chlaX 0.911 | 0.969 0.988 0.986 0.997 <0.01 <0.01 <0.01 <0.01 <0.01
temperature
XpH 0.937 | 0.981 0.996 0.995 0.971 <0.01 <0.01 <0.01 <0.01 <0.01
X Salinity 0.986 | 0.999 0.995 0.996 0.985 <0.01 <0.01 <0.01 <0.01 <0.01
X Chla 0.990 | 0.999 0.991 0.993 0.979 <0.01 <0.01 <0.01 <0.01 <0.01
X Chlb 0971 | 0.998 0.999 0.999 0.995 <0.01 <0.01 <0.01 <0.01 <0.01
X Chlc 0.977 | 0.999 0.999 0.999 0.992 <0.01 <0.01 <0.01 <0.01 <0.01
XNO, 0.993 | 0.998 0.988 0.989 0.974 <0.01 <0.01 <0.01 <0.01 <0.01
XPO, 0.999 | 0.984 0.976 0.979 0.958 <0.01 <0.01 <0.01 <0.01 <0.01
X Sio, 0.981 | 0.999 0.997 0.998 0.989 <0.01 <0.01 <0.01 <0.01 <0.01
ChlbX
0.999 | 0.889 0.919 0.988 0.999 <0.01 <0.01 <0.01 <0.01 <0.01
temperature
X pH 0.999 | 0.919 0.943 0.996 0.985 <0.01 <0.01 <0.01 <0.01 <0.01
X Salinity 0.979 | 0977 0.989 0.995 0.971 <0.01 <0.01 <0.01 <0.01 <0.01
X Chla 0.973 | 0.982 0.993 0.991 0.964 <0.01 <0.01 <0.01 <0.01 <0.01
X Chlb 0.992 | 0.958 0.975 0.999 0.986 <0.01 <0.01 <0.01 <0.01 <0.01
X Chlc 0.988 | 0.965 0.981 0.998 0.982 <0.01 <0.01 <0.01 <0.01 <0.01
XNO, 0.967 | 0.987 0.995 0.988 0.957 <0.01 <0.01 <0.01 <0.01 <0.01
XPO, 0.949 | 0.999 0.999 0.976 0.937 <0.01 <0.01 <0.01 <0.01 <0.01
X Sio, 0.985 | 0.969 0.984 0.997 0.978 <0.01 <0.01 <0.01 <0.01 <0.01
Moisture X 0.968 | 0.962 0.981 0.924 0.994 <0.01 <0.01 <0.01 <0.01 <0.01
temperature
X pH 0.983 | 0.978 0.992 0.948 0.999 <0.01 <0.01 <0.01 <0.01 <0.01
X Salinity 0.999 | 0.999 0.998 0.991 0.934 <0.01 <0.01 <0.01 <0.01 <0.01
X Chla 0.999 | 0.999 0.996 0.994 0.924 <0.01 <0.01 <0.01 <0.01 <0.01
X Chlb 0.998 | 0.999 0.999 0.978 0.958 <0.01 <0.01 <0.01 <0.01 <0.01
X Chlc 0.999 | 0.999 0.999 0.983 0.951 <0.01 <0.01 <0.01 <0.01 <0.01
XNO, 0.998 | 0.989 0.993 0.997 0.914 <0.01 <0.01 <0.01 <0.01 <0.01
XPO, 0.993 | 0.999 0.984 0.999 0.886 <0.01 <0.01 <0.01 <0.01 <0.01
X Si0, 0.999 | 0.999 0.999 0.986 0.944 <0.01 <0.01 <0.01 <0.01 <0.01

Table 3: Correlation between physico-chemical parameters and biochemical parameters at the station 2 (Govt. Fishing Harbour).
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Species Parameters Our study (average value) FAO level of red seaweed
Biomass (kg/m?) 6.89 **%500,00
Protein (%) 14.34 *3-29
Carbohydrate (%) 11.83 **31.02
Astaxanthin (ppm) 241.74 NA
C. repens
Lipid (%) 0.58 **1.49-2.65
Chl a (mg/gdrywt) 2.88 NA
Chl b (mg/gdrywt) 3.53 NA
Moisture (%) 52.61 ***+80-90
FAO level of green seaweed
Biomass (kg/m?) 6.68 ***500,00
Protein (%) 14.8 *6-26
Carbohydrate (%) 5.99 **33.17-50.83
Astaxanthin (ppm) 525.8 NA
U. lactuca
Lipid (%) 0.54 *%2.09-10.76
Chl a (mg/gdrywt) 1.87 NA
Chl b (mg/gdrywt) 3.07 NA
Moisture (%) 75.96 ***80-90
Biomass (kg/m?) 6.16
Protein (%) 16.33
Carbohydrate (%) 8.33
C racemosa Astaxanthin (ppm) 327.45
Lipid (%) 0.7
Chl a (mg/gdrywt) 3.89
Chl b (mg/gdrywt) 6.52
Moisture (%) 80.68
Biomass (kg/m?) 7.95
Protein (%) 12.15
Carbohydrate (%) 11.16
Astaxanthin (ppm) 388.96
E. intestinalis
Lipid (%) 0.62
Chl a (mg/gdrywt) 293
Chl b (mg/gdrywt) 4.34
Moisture (%) 59.44
Biomass (kg/m?) 5.74
Protein (%) 17.96
Carbohydrate (%) 8.47
Astaxanthin (ppm) 500.67
C. melagonium
Lipid (%) 0.51
Chl a (mg/gdrywt) 8.98
Chl b (mg/gdrywt) 13.69
Moisture (%) 85.35

Table 4: Recommended level of biochemical constituent in seaweeds as food for human beings.

*Use of algae and aquatic macrophytes as feed in small-scale aquaculture - A review

**Comparison of nutrient compositions and calorific values of eight tropical seaweeds.

***Seaweed aquaculture for food security, income generation and environmental health in tropical developing countries

NA: Not Available
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The moisture content of seaweeds were in the order C.
melagonium > C. racemose > U. lactuca > E. intestinalis > C. repens
in stns. 1 and 2 respectively. The quantitative analysis of moisture
content ranged from 85.28% to 90.57%. Higher moisture content
was found in red seaweeds G. corticata (90.57%) followed by green
seaweeds E. clathrata (87.22%) and lower in brown seaweed S.
linearifolium (85.57%). The difference in moisture content may be

due to the fleshy foliose structure of the species (Figure 2).

The protein content of seaweeds were in order C. melagonium
> C. racemosa > U. lactuca > C. repens > E. intestinalis in both stns.
1 and 2. Protein values showed more or less similar trend in all
the stations and the values were in order stn.2 > stn.1 (Figure 2).
The protein content of marine algae differs according to species.
Generally, it is low for brown seaweeds (3-15% of dry weight),
moderate for green seaweeds (9-26% of dry weight) and high
for red seaweeds (maximum of 47% of dry weight) [18]. The
fluctuation in the protein values in two stations can be explained
by variation in environmental conditions such as temperature,
salinity and nutrients. A protein content of less than 10% has
been reported from the species of Sargassum and Gracilaria [8].
Significant variation in protein in the same species of algae growing
at different localities and different periods was also stated by
(Parekh., et al. 1977) [42]. Usually high protein content (10-47%)
has been reported in red seaweeds [64], while in green seaweeds
itis fairly low [13].

The carbohydrate values in seaweeds were in the order C
repens > E. intestinalis > C. melagonium > C. racemosa > U. lactuca
in stns. 1 and 2. The maximum carbohydrate values was obtained
in stn.1 for E. intestinalis and C. melagonium which may be due to
the absorption of NO, and PO, from the ambient media for building
the biomass, represented in terms of carbohydrate concentration
(Figure 2). Carbohydrate comprises 50-60% of the dry weight of
seaweeds [55]. Soluble carbohydrate reported in Enteromorpha,
Ulva and Porphyra varied from 8.1-337% [28]. As per Manivannan.,
etal 2009 [32] the carbohydrate concentration of seaweeds varied
from 20-24%. Our results are far below the above stated values.
The decrease in carbohydrate may be observed due to extensive
growth of thallus of algae [12].

The lipid content of seaweeds varied from 3.15% to 5.30% [44].
The percentage oflipid was 2.82+0.24%, 2.94+0.45% and16+0.45%
in green, brown and red seaweeds, respectively [37]. The lipid of
seaweeds were in the order C. racemosa > E. Intestinalis > C. repens
> U. lactuca > C. melagonium in stn.1 and stn.2 respectively. Total

lipid content of Ulva, Sargassum and Gracilaria reported from west
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coast of Maharashtra ranged from 4.2 to 6.3%, highest being in
brown alga Sargassum. Lipid content in sea vegetables is very low,
ranging from 1-5% of dry matter [24]. In general, seaweeds exhibit
low lipid contents (Dawes 1998) [10] as has been observed in the
present study too (Figure 2).

The astaxanthin of seaweeds were in the order U. lactuca > C.
melagonium > E. intestinalis > C. racemosa > C. repens in stns. 1 and
2, respectively (Figure 2). Astaxanthin is widely used as a natural
red colourant in marine fish aquaculture [5,27]. The coincidence
of high astaxanthin value of C. repens with its carbohydrate level
in the study area might be due to tropical type of climate in the
present geographical locale, where temperature oscillates little
with season. Similar results on increase in carotenoids content
with increasing temperature and salinity with high astaxanthin
production were also found by Tripathy., et al. [61]. In case of
nutrient, Ausich [3] stated that when the Haematococcus culture is
subjected to stress in which nutrients are eliminated from growth

medium then the alga produces and accumulate astaxanthin.

The Chl a of seaweeds were in the order C. melagonium >
C. racemosa > E. intestinalis > C. repens > U. lactuca in stn.1 that
was similar in stn.2. The lowest Chl a values was obtained in Ulva
lactuca in stn.1 and stn.2 respectively. The maximum Chl b values
obtained in C. melagonium in stn.1 and stn.2 respectively (Figure
2). The seaweed growth season in Visakhapatnam coast of Andhra
Pradesh, India, begins from November to March. In general, biomass
maximum coincides with carbohydrate maximum suggesting a
link between seaweeds growth and carbohydrate content [33].
However, our results supported the above fact because of extremely
high surface water temperature and salinity during study period,
which is a characteristics feature of the present geographical locale.
This condition results in desiccation and subsequent reduction of

seaweed biomass.

Effect of temperature on biochemical properties of seaweeds

Biomass value showed a (p<0.01) negative relationship with
temperature except in U. lactuca at stn.1 and all the species of stn.2
showed positive relationship. The temperature range is different for
differentspecies and different processes of growth and development
[23]. Liu and Dong [30] found that light and temperature have an
important influence on the growth and biochemical component
of Gracilaria tenuistipitata. Protein has showed a significant
(p<0.01) negative relationship with temperature at stn.1 in all
the selected species in contrast to all the species at stn.2 which

showed a positive relationship. This may be due to prolonged
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negative pressure on seaweeds by the trawling activities at the
Fishing Harbour which has made the seaweeds for susceptible to
higher temperature. With respected to carbohydrate temperature
has shown significant (p<0.01) positive relationship at stn.2 and
U. lactuca in stn.1. In case of all the selected except in C. repens,
C. racemosa, E. intestinalis and C. melagonium at stn.1 which has
shown a significantly (p<0.01) negative relationship. Temperature
plays a vital role with respect to physiology of the plants although;
the species at stn.2 have shown their vigour growth with respect
to temperature. Temperature plays a major role in astaxanthin
production in plants. Since the study site is located close to the
equator in the southern half of Indian subcontinent hence it has
comparatively high temperature which possesses a positive impact
in the synthesis of astaxanthin. The significant (p<0.01) negative
relationship of astaxanthin with temperature is revealed at stn.1 in
all the species and in C. racemosa at stn.2. Lipid showed a (p<0.01)
negative relationship with respect to temperature in all the
species at stn.1 and C. melagonium in stn.2. This shows that with
increase in the temperature the lipid content in seaweeds usually
decrease. With respect to Chl a and Chl b temperature has shown
a significant (p<0.01) negative relationship in stn.1 in contrast to
stn.2. This shows that phytopigments (Chl g, Chl b) in seaweeds are
basically depend on other factors rather than temperature. In U.
lactuca and E. intestinalis significant positive correlation (p<0.01)
was observed in both stn.1 and all the species of stn.2 except in
C. repens, C. racemosa and C. melagonium at stn.1 with respect to
moisture content and temperature. This proves that with increase
in temperature moisture content in the plant is increased which
may be an adaptation of the seaweeds to overcome the extreme

saline condition.

Effect of pH on biochemical properties of seaweeds

With respect to biomass and pH has a significant (p<0.01)
positive relationship except in U. lactuca at stn.1. This shows that
pH of seawater noted at the selected site is perfectly congenial for
the growth of the plants. Ambient pH resulted in higher biomass
and higher specific growth rate [7]. The significant positive
correlation (p<0.01) between protein and pH in all the species in
both the stations. Protein values are proportional to the pH values
to its consumption by the seaweeds in growth and reproduction.
With respect to carbohydrate and pH, pH has a significant positive
relationship (p<0.01) in all the species in both the stations except
in U lactuca at stn.1. The conformation of the polysaccharide
chains is markedly dependent on the pH, the ionic strength of the
medium, but also on the temperature [25]. The significant positive

relationship (p<0.01) of pH with astaxanthin except in C. racemosa
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at stn.2 reveals the pH possess a positive role in synthesis of
astaxanthin in seaweeds. With respect to lipid and pH relationship
the results are showing positive significant relationship (p<0.01) in
all the selected species in both the stations except in C. melagonium
in stn.2. This may be due to the positive effect of the marine
environment on the seaweeds adaptation. In case of phytopigment
(Chl g, Chl b) of the seaweeds there is an overall (p<0.01) positive
significant relationship of pH which shows that each has a major
role in the growth of seaweeds. pH of seawater has shown a
significant (p<0.01) positive relationship with moisture content at
stn.2 and stn.1 except in U. lactuca and E. intestinalis at stn.1. It is
clear that due to low ocean acidification the pH level is increasing

which simultaneously supporting the moisture of seaweeds.

Effect of salinity on biochemical properties of seaweeds

A positive relationship of biomass has been observed with
respect to salinity in both the stations which indicates that salinity
conditions are suitable for the growth of the seaweeds where
as in case of stn.1 nutrient rather than salinity has lead to the
increased growth of the seaweeds. In general it can be stated that
the selected seaweeds poses an extreme salt tolerance covering a
wide range/spectrum 17%o-34%o [63]. Salinity also contributes to
the multiplication of the thallus (growth of seaweed) [60]. Salinity
has shown a significant (p<0.01) positive relationship in both the
stations among all the species except in C. repens and E. intestinalis
at stn.1 with respect to protein. Rupérez and Saura-Calixto 2001
[51], explained by lower seawater salinity in winter than in summer
season results higher value of protein. However, contradictory
results were found in our study which may be due to high salinity
tolerance of our selected seaweeds species. With respect to salinity
and carbohydrate showed a positive relationship except in C.
racemosa in stn.1. According to Munda and Kremer 1977 [39],
seaweeds synthesise higher carbohydrate influenced by increased
values of seawater temperature, salinity and sunlight intensity,
which confirms the influence of these parameters. In case of
astaxanthin salinity has posed a positive impact on the astaxanthin
exceptin U. lactuca and C.racemosa in stn.1 and C. racemosa in stn.2.
This clearly shows that with the increase of salinity the astaxanthin
synthesis in the seaweeds increases. In case of lipid salinity has
posed a negative impact in C. repens, U. lactuca and E. intestinalis at
stn.1 and C. melagonium at stn.2. The majority of marine algae have
very low lipid content ranging from 0.3 to 7% of DW [66]. Although
salinity represents one of the possible factors that can influence
lipid content in seaweeds [53]. The phytopigment (Chl a, Chl b)
value of seaweeds has shown insignificant (p<0.01) relationship

of case of stn.1 which may be due to the excess amount of city
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discharges from the outlet canals of the Visakhapatnam city. In case
of stn.2 there is positive significant relationship (p<0.01) which
clearly states that the selected species in the study area very much
acclimatized to the saline environment. Salinity and moisture has
a significant positive relationship (p<0.01) in both the stations in
all the species except E. intestinalis in at stn.1. Ginneken 2018 [20]
described that compensatory responses to salinity stress pressed

seaweed moisture.

Effects of nutrients (NO,, PO, Si0,) on biochemical properties

of seaweeds

With respect to nitrate and phosphate, biomass of the seaweeds
have shown positive relationship with nitrate and phosphate (except
silicate, where in some cases it has shown a negative relationship).
This may probably be due to the requirement of aquatic nutrients
for proper photosynthesis of the seaweeds at the cellular level.
This shows that biomass directly proportional to the phytopigment
concentration in the seaweeds. This shows that nutrients in the
ambient media play a vital role in growth of the seaweeds. In case
of nitrate and phosphate with protein shown a positive relationship
(p<0.01) with all the species at both the stations. Silicate values has
also shown positive relationship (p<0.01) in case of stn.2, contrast
to all the species of stn.2 although it has no major impact on
protein synthesis of the seaweeds. As per carbohydrate nutrients
has shown positive significant relationship (p<0.01) at stn.2 and
stn.1 excepting for U. lactuca at stn.1 for nitrate and phosphate
but in case of nitrate contradiction was found i.e. U. lactuca was
accepted rest of other species at stn.1. With respect to astaxanthin
with nutrients shows a (p<0.01) positive relationship at stn.1
and stn.2 except C. racemosa at stn.2, whereas silicate shows an
insignificant and (p<0.01) negative relationship with astaxanthin.
Astaxanthin does not have any specific relationship with nutrient
concentration in water and hence no specific relationship trend
has been observed with respect to nutrient and astaxanthin.
Nutrient have shown a (p<0.01) positive relationship with lipid
concentration for all the species at stn.2 except in C. melagonium
and in case of silicate except in all the species of stn.1. This may be
due to extreme unfavourable condition which shows the area to be
more eutrophic in nature. At stn.1 similar trend was observed for
nitrate and phosphate in all the species except in U. lactuca which
has shown an insignificant relation with nitrate. As per biomass,
similar is the trend for phytopigment with respect to nutrients in
both the stations for all the species. This may probably be due to
the requirement of aquatic nutrients for proper photosynthesis of
the seaweeds at the cellular level. Nutrient concentration has not

shown any significant (p<0.01) trend with respect to moisture
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content of the seaweeds. Nitrate has shown a significant positive
relationship (p<0.01) in both the stations for all the selected
species at 1% level of significance except E. intestinalis in stn.1.
This may be attributed to the protein synthesis requirement in the

plant tissues.

Due to impact of climate change the global concern has
been rising (Straub., et al. 2016) [57] with challenges like
the growing population according to (FAO 2009) [17]. Itis predicted
that in 2050, due to continued urbanization, 6.4 billion of these
people (70%) would live in cities (Forster and Radulovich 2015)
[19] and keeping that in view by 2050 excessive food demand by
70% or about 5.4 thousand million tons (Gt; FAO 2009) is required.
By two orders of magnitude the ratio of terrestrial agriculture
exceeds seaweed aquaculture [40]. The production of land-based
various agriculture products, most of which are plants were over
10 billion tonnes year!, whereas merely 100 million tonnes year!
of marine aquaculture products were produced (according to
various FAO reports and Duarte., et al. 2007) [14]. This is extremely
surprising to know that in a world whose surface is 70% water
receives most of the world’s sunshine and many seaweeds species
were acknowledged as nutritious, healthful and tasty foods but
still in case of global food production seaweeds have shown a very
modest scale production [35,38,47,46]. However, seaweeds and
their farming technologies can be business model for the coastal
population which encourages both the production and importance
of the cultivated algal biomass [9,41]. Out of the world’s population
data nearly 40% of the population lives in the coastal areas (UNEP,
2006). Thus, for coastal communities seaweeds can be termed as

an opportunity for wealth and sustainable livelihood [49].

Conclusion

Seaweeds offer untapped plethora of health benefits. The long
recognized traditional health benefits of certain seaweeds are
being now confirmed by modern scientific research. Seaweeds are
being used for its rich nutrient content and antioxidant property
in treating major degenerative and deficiency diseases. Though
seaweeds are consumed extensively by Indonesians, Japanese
and Koreans who have understood the nutritional properties and
valuable health benefits of seaweeds Indians are yet to explore its
benefits. It is reported that seaweeds like C. repens, U. lactuca, C.
racemosa, E. intestinalis and C. melagonium are highly concentrated
in the coastal belt of Andhra Pradesh. The biochemical composition
was studied simultaneously in relation to environmental factors
such as water temperature, salinity, suspended particulate matter

and nutrients (nitrate, phosphate and silicate). The study reveals
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that ambient environment conditions strongly regulate the protein,
lipid, carbohydrate and astaxanthin contents of the seaweeds. They
are also capable of withstanding wide range of salinity. This speaks
in favour of incorporating the seaweeds in fish or poultry feed
preparation, which can provide employment to island dwellers
of coastal area in several tiers like collection, culture, animal
feed preparation etc. The opening of a seaweeds based small
scale industry can be an optimistic conclusion, which needs to be
translated into reality for upgrading the economic profile of the

area.
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