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ABSTRACT

Seaweed cultivation offers significant nutritional, ecological and commercial benefits, but species per-
formance varies with seasonal and site-specific conditions. The present study evaluated the growth per-
formance and phycocolloid quality of Kappaphycus alvarezii, Gracilaria edulis and Gracilaria corti-
cata using raft culture at Mirya Bandar, Ratnagiri, Maharashtra, during pre- and post-monsoon seasons.
Growth, biomass yield and environmental parameters were monitored fortnightly, while phycocolloid
gel strength was assessed after harvest. During the pre-monsoon season, G. edulis showed the highest
growth (DGR 3.31 £ 0.05% day 1) and biomass yield (99.00 + 7.17 g line-1), whereas K. alvarezii and
G. corticata were affected by ice-ice disease and wave stress. During the post-monsoon season, K. al-
varezii showed better performance, while grazing affected both Gracilaria species. Carrageenan gel
strength in K. alvarezii was 53.6 + 3.60 g cm 2, compared with agar gel strengths of 17.22 + 0.43 and
13.00 £ 0.90 g cm™2 in G. edulis and G. corticata, respectively. The results indicate seasonal differences
in species suitability and highlight the importance of environmental conditions in determining seaweed
growth and phycocolloid quality.

Keywords: Kappaphycus alvarezii, Gracilaria edulis, Gracilaria corticata, Raft culture, Seasonal vari-
ation, Growth performance, Biomass yield, Phycocolloid

Introduction

Global fisheries and aquaculture production reached 223.2 million tonnes in 2022, comprising 185.4 million
tonnes of aquatic animals and 37.8 million tonnes of algae (Cottier-Cook et al, 2023; FAO, 2018) [7- 8. 12,
131 Global seaweed production has approximately tripled since 2000, reaching about 38 million tonnes in
2022, with most production originating from aquaculture. Seaweeds are increasingly valued as nutritious
food resources and as sources of bioactive compounds and industrially important phycocollids. They are rich
in vitamins, minerals, amino acids, and trace elements and are widely used in food, pharmaceutical, cos-
metic, and other industries (Dhargalkar and Pereira, 2005; Rajapakse and Kim, 2011) [9, 10, 32, 34] [j India,
commercial seaweed utilization began during the Second World War, particularly with agar production from
Gracilaria species (Rao and Mantri, 2006) 3% 361 India possesses considerable marine algal diversity, with
1,153 species reported, including 442 red, 211 brown, and 212 green algae (Rao and Gupta, 2015) [33: 351,
The Maharashtra coast also supports substantial seaweed diversity, including 46 species reported from
Ratnagiri waters (Redekar ez al, 2007) [36- 391,

Seaweeds are important raw materials for commercially valuable phycocolloids such as agar, alginate and
carrageenan. Increasing demand and pressure on natural resources highlight the need for sustainable cultiva-
tion and standardized production practices. Despite its potential, organized seaweed farming in India remains
limited by seasonal environmental variations, site-specific constraints, and species-specific differences in
growth and survival. Government initiatives such as the Pradhan Mantri Matsya Sampada Yojana (PMMSY)
have further emphasized the development of seaweed cultivation, seed production, processing and marketing
infrastructure.

The Konkan coast of Maharashtra, extending approximately 878 km, possesses considerable seaweed re-
sources in intertidal and subtidal habitats (Redekar ef al, 2007; Kavale et al, 2016) [23: 36:39. 251 However,
systematic studies evaluating the cultivation potential of commercially important seaweed species under sea-
sonal conditions in this region remain limited. Therefore, the present study was undertaken at Mirya Bandar,
Ratnagiri, to compare the growth performance and biomass yield of Kappaphycus alvarezii, Gracilaria
edulis, and Gracilaria corticata using raft culture during pre- and post-monsoon seasons. The study also
evaluated the gel strength of carrageenan from K. alvarezii and agar from Gracilaria spp. to assess their phy-
cocollid quality.
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Materials and Methods

Site Selection: The experimental site for seaweed cultivation was se-
lected based on the site-selection criteria suggested by Prema (2013)
B 33] and Trono (1994) [43. 461 Accordingly, Mirya Bandar,
Ratnagiri coast, Maharashtra, India (17.039542° N, 73.269939° E),
was selected as the experimental site (Fig. 1).

Raft Construction: A floating bamboo raft (1.0 x 1.0 m) was con-
structed using locally available bamboo poles of 3 - 4 inch diameter.
The raft was covered with commercial fishnet of 10-mm mesh size on
both the upper and lower sides for protection. It was anchored using
6 mm polypropylene rope attached to natural stones, following
Veeragunanathan et al, (2015) (441,

Seedlings Material: Seed material of Kappaphycus alvarezii (Doty)
Doty ex P.C. Silva, 1996 and Gracilaria edulis (S.G. Gmelin) P.C.
Silva, 1952 was procured from Mandapam, Tamil Nadu. Seed mate-
rial of Gracilaria corticata (J. Agardh) J. Agardh, 1852 was collected
from natural stocks in and around the Ratnagiri region. The live mate-
rial was transported in moist jute sacks to minimize desiccation and
was acclimatized in natural seawater at the culture site for 2 - 3 days
before deployment.

Kalbadevi
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Airya Jetty ®
Mirya beach@

Ratna Durga
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Raft Culture and Experimental Design: A 60 day raft culture ex-
periment was conducted during the pre-monsoon (22 March - 21 May
2017) and post-monsoon (27 September - 26 November 2017) sea-
sons. Seven monolines were initially deployed with K. alvarezii, G.
edulis, and G. corticata. After 15 days, three monolines of K. alvarezii
and G. corticata were detached due to ice-ice disease and hydrody-
namic stress. Four lines (n = 4) remained intact and were subse-
quently used for growth assessment

« K. alvarezii was stocked at 2.5 kg m2, following Gunalan et al,
(2010) 1% 151 with approximately 15 cm spacing between
planting points.

e G. edulis and G. corticata were stocked at 1.0 kg m 2, following
Chennubhotla ez al, (1992) [5: ©1, with uniform 15 c¢m spacing
between planting points.

Growth Assessment: Fortnightly sampling was carried out to moni-
tor seaweed growth based on changes in biomass. Random samples
were collected from the experimental lines, and wet weight was
recorded using a commercial weighing balance with an accuracy of
05g

Figure 1. Experimental cultivation location - Mirya Bandar, Ratnagiri district, Maharashtra west coast of India.

a) The daily growth rate (%) was calculated using the formula given
by Dawes et al, (1994) [8.91:

DGR (%) =

Ln(Wf — Wo) o
t

b) The plant yield (Y, g~ 'line™!) was calculated using the formula of
Doty (1986) [10- 111.

_ Ln(Wf — Wo)

Y Lt

X 100

Environmental Parameters: Water temperature, pH, and transpar-
ency were recorded weekly throughout the experimental period.
Temperature was measured using a GH Zeal Ltd. thermometer
(London, England) with a precision of +1 °C, while pH was measured
using an Eutech EcoTestr pH meter with a precision of +0.1. Water
transparency was determined using a 20 cm diameter Secchi disc.
Water samples were collected weekly for analysis of nitrite (NO,"),
nitrate (NO3"), phosphate (PO4>7), silicate (SiOy), dissolved oxygen
(DO), and salinity following standard analytical methods
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Extraction and Characterization of Phycocolloids: Phycocolloid ex-
traction was carried out using seaweed harvested during the pre-mon-
soon season. Carrageenan from Kappaphycus alvarezii was extracted
following Anggadiredja ef al. (2009) [1]. Briefly, 50 g of dried sea-
weed was washed thoroughly with tap water and treated with 6%
KOH for 3 h at 80 °C. The material was washed overnight under
slow-running tap water and boiled for 1 h until disintegration. The ex-
tract was filtered using a pressure pump, treated with 0.2% KCI,
frozen at -35 °C for 24 h, and thawed at room temperature. The ex-
tracted material was soaked in ethanol and dried at 50 °C.

Agar from Gracilaria edulis and G. corticata was extracted following
Orosco et al. (1992) [27- 291 and Anggadiredja et al. (2009) [1]. A 50 g
dried sample was treated with 500 mL of 5% NaOH at 90 °C for 2 h,
washed with tap water for 30 min, and treated with 1,500 mL of 1.5%
H,SO4 at room temperature. The material was subsequently washed
for 12 h and extracted with 1,500 mL distilled water at 110 °C for 60
min in an autoclave. The extract was filtered, squeezed through cloth,
and allowed to gel. The gel was frozen at -30 °C, thawed at room
temperature, and oven-dried at 80 °C.

Determination of Gel Strength: Gel strength of the extracted phyco-
colloids was determined according to Thrimawithana et al. (2010)
[43]. A 1.5 g sample of dried phycocolloid was dissolved in 100 mL
distilled water and stirred continuously at 90 °C for 30 min. The solu
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tion was maintained in a water bath at 90 °C for 15 min to remove air
bubbles. Approximately 22 mL of the solution was transferred into
three 50 mL beakers, cooled for 30 min, sealed, and stored for 24 h at
28 °C. Gel strength was measured using a TexVol TVT-300 XP
(Perton Instruments) equipped with a 12.7 mm diameter probe. The
probe was compressed to a depth of 15 mm at a cross-head speed of
2 mm s~!. Each sample was analysed in triplicate (n = 3).

Statistical analysis: Statistical analysis of the data was carried out as
per Snedecor and Cochran (1967) [3%- 42] as well as statistical soft-
ware SPSS-16 and SAS.

Results

Pre-monsoon growth performance

Daily Growth Rate (DGR %): The mean daily growth rate (DGR)
of the three seaweed species was estimated at 15-day intervals
throughout the 60-day culture period. At harvest, the highest DGR
was recorded in Gracilaria edulis (3.31 + 0.05% day™!), followed by
Kappaphycus alvarezii (3.14 £ 0.05% day ™)) and Gracilaria corticata
(2.67 £ 0.08% day1). A declining trend in DGR was observed with
increasing culture duration. Linear regression analysis was performed
between culture duration (15, 30, 45 and 60 days) and DGR for each
species (Fig. 1). ANCOVA indicated that the regression slopes and el-
evations did not differ significantly among the three species (P >
0.05). The maximum growth rate recorded during the experimental
period was % day ™! in G. edulis.

https://www.biochemjournal.com

Plant Yield: Mean plant yield of the three seaweed species was esti-
mated fortnightly over the 60-day culture period. At harvest, the high-
est plant yield was recorded in G. edulis (99.00 + 7.17 g line™"), fol-
lowed by K. alvarezii (77.75 + 5.55 g line ™) and G. corticata (41.25
+4.75 g line™1). Plant yield increased progressively with culture du-
ration in all three species. Linear regression relationships between
culture duration and plant yield were established separately for each
species (Fig. 2). ANCOVA revealed significant differences in the re-
gression relationships among the species (P < 0.05). The maximum
plant yield increment was 1.779 g day~! in G. edulis.

Environmental Parameters: Water quality parameters, including
temperature (°C), pH, dissolved oxygen (mg L71), salinity (psu),
transparency (cm), nitrite (mg L™1), nitrate (mg L™1), phosphate (mg
L1, and silicate (mg L), were monitored weekly throughout the
60-day culture period. The recorded physical and chemical parame-
ters and nutrient concentrations are presented in Fig. 3a-c.

Gel Strength of Carrageenan and Agar: The gel strength of car-
rageenan extracted from Kappaphycus alvarezii is presented in Fig.
2a. The maximum gel strength was 53.60 + 3.60 g cm 2 at 2 s, with a
viscosity of 839.8 cP and a gelling temperature of 43.2 °C. The agar
gel strength of Gracilaria edulis and G. corticata is shown in Fig. 2b
and 2c, respectively. G. edulis recorded a gel strength of 17.22 + 0.43
g cm 2 at 2 s, with a viscosity of 439.9 ¢P and a gelling temperature
of 47.0 °C. In G. corticata, the gel strength was 13.00 + 0.90 g cm ™2
at 0.5 s, with a viscosity of 314.9 cP and a gelling temperature of
64.2 °C. Overall, gel strength showed a declining trend with increas-
ing measurement time.

10.00 7.9705 + 0.0875 @ 10.00 ®) o % 3.8731 +0.0167 ©
& y="7.9705 + 0. X 3 s p e e Y=3.8731+0. X
S 800 e R2=0.7537 < 800 8 y=9.5958+0.1126x < 500 R2=0.1193
2 2 ~.. R2=009181 £ 0 . N
& 6.00 o . % 6.00 ' ﬁg : ’ ;
.5 = = 3.00 R T
E 400 N E 400 [ g $
g . e 8 (g . & 200 .
> 2.00 2 200 2 1.00
2 = 2
2 0.00 A 000 0.00
0 20 40 60 0 20 40 60 0 20 40 60
Days of culture Days of culture Days of culture

Figure 1. Relationship between days and mean daily growth rate (%) during pre-monsoon season (a) Kappaphycus alvarezii (b) Gracilaria
edulis (c) Gracilaria corticata
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Figure 2. Relationship between days and mean plant yield (g) during pre-monsoon season (a) Kappaphycus alvarezii (b) Gracilaria edulis (c)
Gracilaria corticata
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Figure 3. Variations in environmental parameters during the pre-monsoon season a) Physical parameters b) Chemical parameters c) nutrients
content
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(a) Mean gel strength of carrageenan (g cm™2) from Kappaphycus alvarezii.
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(b) Mean gel strength of agar-agar (g cm™2) from Gracilaria edulis.

PAENEI | "
: l!ll!l,l

' T T

L 0 CHRE AL T !

Foree (g)

¥ — Force
[~ — Distance

Figure 2. Mean gel strength of Phycocolloid
(c) Mean gel strength of agar-agar (g cm™2) from Gracilaria corticate

Post-monsoon growth performance

Daily Growth Rate (DGR, % day™1): At harvest, the highest DGR
was recorded in Kappaphycus alvarezii (4.80 = 0.02% day™1),
whereas the lowest was observed in Gracilaria edulis (2.60 + 0.45%
day™1). DGR showed a declining trend with increasing culture dura-
tion. Linear regression was performed between culture duration (15,
30, 45 and 60 days) and DGR for each species (Fig. 4). ANCOVA in-
dicated no significant differences in regression slopes and elevations

880

among the species (P > 0.05). The maximum growth rate obtained
during the culture period was 0.1504% day ™! in K. alvarezii.

Plant Yield (Y): Mean plant yield was estimated at 15 day intervals
over the 60 day culture period. The highest plant yield was recorded
in K. alvarezii (765.14 + 23.10 g line™!), followed by Gracilaria cor-
ticata and G. edulis. Plant yield increased progressively with culture
duration in all three species. Linear regression was performed be-
tween culture duration and plant yield for each species (Fig. 5).
ANCOVA indicated significant differences in regression slopes and/or
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elevations among the species (P < 0.05). The maximum plant-yield
increment was 15.567 g day™! in K. alvarezii.

Environmental Parameters: During the 60 day experimental period,
temperature (°C), pH, dissolved oxygen (mg L™1), salinity (psu), and

https://www.biochemjournal.com

transparency (cm), along with nutrient concentrations of nitrite, ni-
trate, phosphate, and silicate (mg L™!), were recorded weekly. The
observed environmental parameters are presented in Fig. 6.

o 1500 y= 13;369 + 0.1504x @ P 12.00 y= ;2.30(? ;8'(]1'.7147}( (®) g 8.00 y =I’i-2?:;_f?$’24x (©)
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= 10.00 e T 800 P e e
3 L g 6.00 e g 400 1
g 8 2.00 . . %»
0.00 0.00 o 0.00
0 20 40 60 0 20 40 60 0 10 20 30
Days of culture Days of culture Days of culture

Figure 4. Relationship between days and mean daily growth rate (%) during post-monsoon season (a) Kappaphycus alvarezii (b) Gracilaria
edulis (c) Gracilaria corticata
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Figure 5. Relationship between days and mean plant yield (g) during post-monsoon season (a) Kappaphycus alvarezii (b) Gracilaria edulis (c)
Gracilaria corticata
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Figure 6. Variations in environmental parameters during the post-monsoon season a) physical parameters b) chemical parameters c¢) nutrients
content

Discussion

Successful seaweed cultivation depends on suitable environmental
conditions, including protection from strong waves and winds rela-
tively calm waters, adequate water movement, and sufficient nutrient
availability. The study site at Mirya Bandar was selected based on the
site-selection criteria reported by Prema (2013) [3!- 33] and Reddy et
al, (2018) [33- 371 The environmental conditions recorded during the
experimental periods were generally within ranges considered suit-
able for seaweed cultivation and were comparable with observations
reported from Indian and other tropical waters (Herliany & Meylia,
2016; Rajeki et al, 2018; Susilowati et al., 2020; Kaliaperumal et al.,
1993, 2003; Subba Rao er al, 2008; Ganesan et al., 2011;

Veeragurunathan et al., 2015; Meena, 2018; Periyasamy et al., 2017,
Warnadi et al. 2018) [19740,44,23,24,43,14,47,27,31,48].

Comparative growth performance during the pre-monsoon
season

During the pre-monsoon season, Gracilaria edulis exhibited the high-
est growth performance among the three species, based on DGR and
plant yield. The relatively lower performance of Kappaphycus al-
varezii may be associated with the high water temperature recorded
during the study period. Water temperature ranged from 31 to 33 °C,
which may have favoured the development of ice-ice disease in K. al-
varezii, as reported by Ohno et al, (1994) (26, 28] Gunalan et al,
(2010) [1% 151 Johnson and Gopakumar (2011) [20: 221 apd
Arasamuthu and Edward (2018) [2]. The occurrence of disease and
subsequent loss of culture lines reduced the harvested biomass of K.
alvarezii and G. corticata. However, the surviving plants continued to
exhibit appreciable growth, indicating their ability to tolerate the pre-
vailing culture conditions.

The other physical and chemical parameters, including the nutrient
profile, remained within ranges favourable for seaweed growth, as re-
ported by Reddy et al, (2018) [35. 371, Both Gracilaria species
recorded DGR values exceeding 2% day~!, which is considered in-
dicative of good growth in Gracilaria spp. (Hendri et al, 2018) [16:
17]. The comparatively higher growth and biomass production of G.
edulis therefore suggest that this species was better adapted to the en-
vironmental conditions prevailing at Mirya Bandar during the pre-
monsoon period.

Comparative growth performance during the post-monsoon
season

The growth pattern changed during the post-monsoon season, with
Kappaphycus alvarezii recording the highest DGR and plant yield.
This seasonal improvement may reflect more favourable environmen-
tal conditions following the monsoon. In contrast, the growth of the
Gracilaria species was adversely affected by grazing pressure.
During the experiment, Lutjanus argentimaculatus was observed
feeding on the cultured Gracilaria biomass. Herbivory can substan-
tially reduce seaweed biomass, and biomass losses of up to 30% have
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been reported in seaweed culture systems (Bindu et al., 2011) [3].
Similar effects of grazing on cultured seaweeds have been docu-
mented by James ez al, (1984) [13: 20 Chennubhotla et al, (1986) [o-
71, Kaliaperumal et a/, (1993, 2003) (23, 24] and Ganesan et al, (2011)
[13,14]

The contrasting performance between seasons indicates that seaweed
growth at Mirya Bandar was strongly influenced by seasonal environ-
mental conditions and species-specific responses. Thus, selection of
species according to season may be an important consideration for
improving productivity under raft-based cultivation.

Gel strength of phycocolloids

The phycocollid characteristics differed among the species evaluated.
Kappaphycus alvarezii produced carrageenan with a mean gel
strength of 53.60 + 3.60 g cm™2 and a viscosity of 839.8 cP. The ob-
served gel strength was higher than the values reported by Eswaran et
al, (2002) 1. 121 (244 44 + 1.29, as reported) and Periyasamy et al,
(2016) [30- 321 (322.70 + 10.52), although direct comparison should be
made cautiously because extraction procedures and analytical condi-
tions can influence phycocollid properties. Studies outside India have
reported carrageenan gel strengths ranging from 42.54 — 70.41 g cm ™2
(Hasizah et al, 2021) 13- 16] and 50.40 - 114.40 g cm™2 (Bono et al.,
2014) 141,

Among the Gracilaria species, G. edulis produced higher agar gel
strength (17.22 + 043 g em™2) than G. corticata (13.00 + 0.90 g
cm™2). Reported agar gel strengths for Gracilaria spp. vary consider-
ably, ranging from 17-27 g cm ™2 (Oza, 1981) [28.30] 69 - 139 g cm™2
(Chennubhotla ez al, 1986) [0 7], 22 g em™ (Marinho-Soriano, 2001)
[24,26] and 36 - 180 g cm ™2 (Romero ef al, 2007) 38 411 Such varia-
tion may result from differences in species, geographic location,
physiological condition, harvesting age, cultivation method, and ex-
traction procedures. In particular, the extraction process and whether
material is obtained from vegetative tissue or cultivated seedlings can
influence phycocollid characteristics (Yong et al, 2014; Jayasinghe et
al, 2016) [49:21],

Overall, the present study demonstrated clear seasonal differences in
the performance of the three seaweed species. G. edulis showed supe-
rior growth and biomass production during the pre-monsoon season,
whereas K. alvarezii performed better during the post-monsoon sea-
son. Disease and grazing were important biological constraints affect-
ing biomass production. The phycocollid analysis further demon-
strated species-specific differences, with K. alvarezii yielding car-
rageenan of higher gel strength and viscosity, while G. edulis pro-
duced agar with higher gel strength than G. corticata. These findings
highlight the importance of seasonal species selection and standard-
ized cultivation and extraction practices for optimizing seaweed
biomass production and phycocollid quality

References

1. Anggadiredja TJ, Zatnika A, Purwoto H, Istini S. Rumput laut:
pembudidayaan, pengolahan dan pemasaran komoditas perikanan
potensial. Depok: Penebar Swadaya; 2009.

"LOLYLI9T

0T

$SEE 01 /310 10p mmmy//:sdpy woly papeojumo( “(6)01 ‘92

€69YL19T/S

T

ASUSDI SUOWWO)) dA1EaI) d[qearjdde ayy £q pauIdA0S a1k SA[OIME () (asn JO SN 10J (Wod [BUINOfwayd01q mmm//:sd)i) suonipuo)) pue suua] Ayl 23S [9707/60/87] U0 [o1asay ANSIWAYI0IE PRdUBAPY JO [RUINO[ [BUONRWIAU] £q SOZO [ 6I'0 1A 9Z0!



International Journal of Advanced Biochemistry Research

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

Arasamuthu A, Edward JP. Occurrence of ice-ice disease in sea-
weed Kappaphycus alvarezii at Gulf of Mannar and Palk Bay,
southeastern India. Indian Journal of Geo-Marine Sciences.
2018;47(6):1208-1216.

Bindu MS, Levine IA. The commercial red seaweed
Kappaphycus alvarezii - an overview on farming and environ-
ment. Journal of Applied Phycology. 2011;23(4):789-796.

Bono A, Anisuzzaman SM, Ding OW. Effect of process condi-
tions on the gel viscosity and gel strength of semi-refined car-
rageenan produced from seaweed (Kappaphycus alvarezii).
Journal of King Saud University—Engineering Sciences.
2014;26(1):3-9.

Chennubhotla VS, Kaladharan P, Kaliaperumal N, Rajagopalan
MS. Seasonal variations in production of cultured seaweed
Gracilaria  edulis  (Gmelin) Silva in Minicoy Lagoon
(Lakshadweep). Seaweed Research and Utilisation.
1992;14(2):109-113.

Chennubhotla VS, Kalimuthu S, Najmuddin M, Panigrahy R.
Changes in growth and phycocolloid content of Gelidiella
acerosa and Gracilaria edulis. Seaweed Research and Utilisation.
1986;9(1 & 2):45-48.

Cottier-Cook EJ, Lim PE, Mallinson S, Yahya N, Poong SW,
Wilbraham J, Nagabhatla N, Brodie J. Striking a balance: wild
stock protection and the future of our seaweed industries. United
Nations University Institute on Comparative Regional Integration
Studies Policy Brief, Brugge, Belgium. 2023;6:1-6.

Dawes CJ, Lluisma AO, Trono GC. Laboratory and field growth
studies of commercial strains of Eucheuma denticulatum and
Kappaphycus alvarezii in the Philippines. Journal of Applied
Phycology. 1994;6(1):21-24.

Dhargalkar VK, Pereira N. Seaweed: promising plant of the mil-
lennium. Science Reporter. 2005;42(5):60-66.

Doty MS. Estimating returns from producing Gracilaria and
Eucheuma on line farms. Monographs in Biology. 1986:4:45-62.

Eswaran K, Ghosh PK, Mairh OP. Experimental field cultivation
of Kappaphycus alvarezii (Doty) Doty ex P. Silva at Mandapam
region. Seaweed Research and Utilisation. 2002;24(1):67-72.

FAO. The state of world fisheries and aquaculture. Rome: Food
and Agriculture Organization of the United Nations; 2018:22-32.

Ganesan M, Sahu N, Eswaran K. Raft culture of Gracilaria edulis
in open sea along the south-eastern coast of India. Aquaculture.
2011;321(1-2):145-151.

Gunalan B, Kotiya AS, Jetani KL. Comparison of Kappaphycus
alvarezii growth at two different places of Saurashtra region.
European Journal of Applied Sciences. 2010;2(1):10-12.

Hasizah A, Mahendra Datta M, Laga A, Metusalach M, Salengke
S. Extraction of carrageenan from Eucheuma spinosum using
ohmic heating: optimization of extraction conditions using re-
sponse surface methodology. Food Science and Technology.
2021;41:928-937.

Hendri M, Rozirwan R, Apri R, Handayani Y. Gracilaria sp. sea-
weed cultivation with net floating method in traditional shrimp
pond in the Dungun River of Marga Sungsang Village of
Banyuasin District, South Sumatera. International Journal of
Marine Science. 2018;8:1-7.

Herliany NE, Zamdial Z, Meylia R. Cultivation of seaweed
Gracilaria sp. using longline methods under different space of
planting. Journal of Aquatropica Asia. 2016;2(2):11-16.

James PS, Chennubhotla VS, Rodrigo JX. Studies on the fauna
associated with the cultured seaweed Gracilaria edulis.
Proceedings of the Symposium on Coastal Aquaculture, MBAI,
Cochin. 1984:1193-1198.

Jayasinghe PS, Pahalawattaarachchi V, Ranaweera KKDS. Effect
of extraction methods on the yield and physiochemical properties
of polysaccharides extracted from seaweed available in Sri
Lanka. Poultry, Fisheries & Wildlife Sciences. 2016;4(1).

8383

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

https://www.biochemjournal.com

Johnson B, Gopakumar G. Farming of the seaweed Kappaphycus
alvarezii in Tamil Nadu coast-status and constraints. Marine
Fisheries Information Service. 2011;208:1-5.

Kaliaperumal N, Chennubhotla VS, Kalimuthu S, Ramalingam
JR, Muniyandi K. Growth of Gracilaria edulis in relation to envi-
ronmental factors in field cultivation. Seaweed Research and
Utilisation. 1993;16(1 & 2):167-176.

Kaliaperumal N, Jayasankar R, Ramalingam JR. Outdoor culture
of agar yielding red alga Gracilaria edulis (Gmelin) Silva.
Seaweed Research and Utilisation. 2003;25(1 & 2):159-162.

Kavale MG, Sreenadhan N, Singh VV. Cultivation of
Kappaphycus alvarezii (Doty) Doty ex PC Silva along the coast
of Palshet, Guhagar, Maharashtra. Indian Journal of Geo-Marine
Sciences. 2016;45(5):666-670.

Marinho-Soriano E. Agar polysaccharides from Gracilaria
species (Rhodophyta, Gracilariaceae). Journal of Biotechnology.
2001;89:81-84.

Meena R. Experimental cultivation of Gelidium pusillum in open
sea along the south east Indian coast. Indian Journal of Geo-
Marine Sciences. 2018;47(2):336-345.

Ohno M, Largo DB, Ikumoto T. Growth rate, carrageenan yield
and gel properties of cultured kappa-carrageenan producing red
alga Kappaphycus alvarezii (Doty) Doty in the subtropical waters
of Shikoku, Japan. Journal of Applied Phycology. 1994;6(1):1-5.

Orosco CA, Anong C. Yield and physical characteristics of agar
from Gracilaria chorda Holmes: comparison with those from
Southeast Asian  species. Nippon  Suisan  Gakkaishi.
1992;58(9):1711-1716.

Oza RM. Studies on Indian Gracilaria. IV. Seasonal variation in
agar and gel strength of Gracilaria corticata occurring on the
coast of Veraval. Journal of Agriculture. 1981;21:165-167.

Periyasamy C, Rao PVS, Selvavinayagam KT, Anantharaman P.
Feasibility of seaweed cultivation at new locations in the coastal
waters of Tamil Nadu. Seaweed Research and Utilisation.
2017;39(1):28-38.

Periyasamy C, Rao PVS, Selvavinayagam T, Shrinivasa RA. Pilot
scale field cultivation of Kappaphycus alvarezii (Doty) Doty at
two different locations in Bay of Bengal waters of Andhra
Pradesh, east coast of India. Seaweed Research and Utilisation.
2016;38(1):85-94.

Prema D. Site selection and water quality in mariculture. Cochin:
Central Marine Fisheries Research Institute; 2013:35-43.

Rajapakse N, Kim SK. Nutritional and digestive health benefits
of seaweed. Advances in Food and Nutrition Research.
2011;64:17-28.

Rao PS, Gupta RK. Algae of India: A checklist of Indian marine
algae (excluding Diatoms & Dinoflagellates). Kolkata: Botanical
Survey of India; 2015:93.

Rao PS, Mantri VA. Indian seaweed resources and sustainable uti-
lization: scenario at the dawn of a new century. Current Science.
2006;91(2):164-174.

Reddy CR, Eswaran K, Ganesan M, Thiruppathi S, Mantri VA.
Manual on best practice of seaweed cultivation: Kappaphycus al-
varezii. Gujarat: Central Salt and Marine Chemicals Research
Institute; 2018:13-14.

Redekar PD, Sadawarte RK, Kovale SR. Composition and sea-
sonal occurrence of marine algae (seaweeds) along Ratnagiri
coast. Unpublished sub-committee report, College of Fisheries,
Shirgaon, Ratnagiri, Maharashtra, India. 2007;1(2).

Rejeki S, Ariyati RW, Widowati LL, Bosma RH. The effect of
three cultivation methods and two seedling types on growth, agar

content and gel strength of Gracilaria verrucosa. Egyptian
Journal of Aquatic Research. 2018;44(1):65-70.

oy papeo[umod ‘(6)01 ‘920T ‘LOLYLIIT

£
o
e
2
a3
=
L
oy
n
X
oy
5
=
=
I
°
b
)
S
]
>
=
S
Z
~
=)
5
=3
oy
o
=
g
e
2
8
g
g
g
=S
=R
=8
>
e
=
=3
&
o
a
=
S
[N
g8
2
2
=
o
2
8
g
[N
g
s
&
S
<
I§]
S
5
S
7
&
a
a
g
3
@
g
a
aQ
]
2
&
ES
Z
2
5
=
£
=3
5
53
=
(]
=
2
=R
o
]
g
g
2
@
&
S,
Z
o
>
g
g
5
&
2
o
02
g
<}
2
o
a
o
Z
=
&
®
2
=
8
=
&
Q
g
£
G
Q
<l
2
2
1
Z
oy
<)
o
z
o



International Journal of Advanced Biochemistry Research

38.

39.

40.

41.

42.

43.

Romero JB, Montafio MN, Merca FE, Villanueva RD, Bacic A.
Seasonal variations in the composition and gel quality of agar
from Gracilaria edulis in the Philippines. Botanica Marina.
2007;50(3):191-194.

Snedecor GW, Cochran WG. Statistical methods. 6th ed. New
Delhi: Oxford and IBH Publishing Co.; 1967:593.

Subba Rao PV, Suresh Kumar K, Ganesan K, Thakur MC.
Feasibility of cultivation of Kappaphycus alvarezii (Doty) Doty at
different localities on the northwest coast of India. Aquaculture
Research. 2008;39(10):1107-1114.

Susilowati T, Harwanto D, Fawwaz CB, Haditomo AH, Sarjito S.
Growth of seaweed Gracilaria verrucosa cultured on different
initial weight with longline methods in Karimunjawa waters.
Scripta Biologica. 2020;6(4).

Thrimawithana TR, Young S, Dunstan DE, Alany RG. Texture
and rheological characterization of kappa and iota carrageenan in
the presence of counter ions. Carbohydrate Polymers.
2010;82(1):69-77.

Trono GC Jr. Eucheuma and Kappaphycus: taxonomy and culti-
vation. UP Research Digest (Philippines). 1994;1(2):21.

884

https://www.biochemjournal.com

44. Veeragurunathan V, Eswaran K, Malarvizhi J, Gobalakrishnan M.

45.

46.

Cultivation of Gracilaria dura in the open sea along the southeast
coast of India. Journal of Applied Phycology. 2015;27(6):2353-
2365.

Warnadi S, Setyaningsih Al, Kasih WA. Water quality and its ef-
fect on seaweed cultivation in Pari Island, Kepulauan Seribu DKI
Jakarta. IOP Conference Series: Earth and Environmental
Science. 2018;145(1):012145.

Yong WT, Chin JY, Thien VY, Yasir S. Evaluation of growth rate
and semi-refined carrageenan properties of tissue-cultured
Kappaphycus alvarezii (Rhodophyta, Gigartinales). Phycological
Research. 2014;62(4):316-321.

How to cite this article: Rathod AG, Pathan DI, Ghode GS,
Tibile RM, Dhawad BR. Comparative growth performance and
phycocolloids gel strength of three red marine algae during pre-
and post-monsoon seasons. International Journal of Advanced
Biochemistry Research. 2026;10(9):876-884. doi: https:/www.do
1.0rg/10.33545/26174693.2026.v10.19k.10205

oy papeo[umod ‘(6)01 ‘920T ‘LOLYLIIT

z
o
2.
2
]
=
W
oy
O
&
O
8
=
&
2
<o
b
)
S
3
>
=
e
5
~
S
]
I3
O
o
2
g
e
s
=Y
&
)
]
s
=R
S
>
o
<
=
<1
]
a
Z
g
<X
8
E
=)
P
e
&
a
g
(R
=1
s
*
S
°
PS)
S
©
=
7
&
o
a
g
2
@
g
a
Q
S
&
g
z
2
B
z
=N
5]
<]
=
g
3
2
=R
<}
g
2
g
2
@
&
S
Z
o
>
g
g
)
@
a
a3
2
g
=]
a
o
g
Z
=
a
®
32
=
5
=X
@
Q
g
=
a
Q
g
=
]
1
7
o
=)
@
z
@


https://www.doi.org/10.33545/26174693.2026.v10.i9k.10205
https://www.doi.org/10.33545/26174693.2026.v10.i9k.10205

