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In India, the seaweeds are harvested by 
handpicking. In the United States rapid 
industrialisation has been brought 'in during 
1917-1918 in harvesting the Macrocyst/s beds 
by mechanical harvestors (Dawson, 1966). 
Mathieson (1969) described the harvest of 
Macrocyst/s using motor-driven barges with 
mowers. The mechanical harvestors cut the 
kelp canopy just under one metre below the 
water surface and transport the material to the 
barge. This way, several hundred tons of 
seaweed can be cut in a day. After being 
harvested, the material is washed and chopped, 
and the algin extracted. Irish moss (Chondrus) 

is gathered by raking fron^ a small boat or from 
the shore. Long handled rakes (3 to 5m long) 
are used to scrape it from the rocks where it 
grows A good raker will remove only the large 
blades and leave the others to be harvested at 
a later date. More than one crop can be 
harvested per season if a bed is properly raked. 
Large mechanical dryers have been used for 
drying the wet weed (Mathieson, 1969). 

Gelidiella acerosa and Gracilaria edulis are 
the red algae used in India for commercial agar 
extraction. These plants are handpicked, 
dumped in boats, brought to the shore and 
dried on the beach sand. The impurities are 
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cleared before weighing and packing the 
seaweed. Species of Sargassum and Turbinaria, 
which are used for algin extraction, are either 
dried on the beach sand or treated with 
formalin in wet condition and then dried on 
the beach sand. The percentage of moisture 
and purity decide the cost of seaweed at the 
time of sale. Cleared dry seaweeds are 
weighed, packed in gunny bags and despatched 
to industries. The process of manufacture of 
agar-agar and algin are detailed below. 

Agar-Agar 

The extraction of agar-agar in the case of 
species of Gracilaria is done by soaking the 
dried seaweeds, grinding into pulp, leaching in 
soft water and introducing as dried pulp into 
boiling water for extraction. The supernatant 
clear sol is romoved after it gels. Drying of the 
gel is done on plastic netting. The resulting 
agar, which analysis compares favourably with 
any imported product, is 45% to 50% in weight 
of the clean dry seaweed. The residue (which 
is high in mineral and trace element contents) 
obtained after the removal of agar, when dried 
and pulverised, is a useful supplementary stock 
feed. The water used in leaching the seaweed 
pulp is a rich source of trace elements 
potassium, calcium, magnesium, sulphur etc. 
and organic compounds and could be used in 
fish ponds, gardens, orchards or for yeast 
culture. 

In the method of Bose et. a/. (1943) for 
preparation of Gracilaria agar, the whole 
seaweed is leached for 18 hours and then 
extracted. The sol is allowed to gel, and the 
gel is heated to GÔ 'C and maintained at it for 
sometime, this last step resulting in sediment­
ation of the suspended impurities. The starch 
is removed by treating the gel with 0.2% acetic 
acid for one hour; this is followed by washing 
the gel with water. Karunakar et. al. (1948) 
employed bacterial growth for breaking down 
and absorbing algal metabolites. They sus­
pended the chopped up gel in soft water 
containing inoculum, keeping the culture for 
two 24-hour periods, with one change of water. 

Chakraborty (1945) applied the Japanese 
freezing method to Gracilaria verrucosa of 
Chilka Lake. With same species from Chilka 
Lake, Mahonty (1956) found autoclaving at 
230°F necessary, as a previous step to freezing 
for removal of suspended impurities. A cottage 
industry method for Gracilaria edulis agar in 
which freezing is not obligatory was worked out 
by Thivy (1958). The method is based on the 
finding of Pillai (1955 b) that a third of the 
carbohydrate, 60 to 90% of the inorganic 
compounds and some of the organic nitrogen 
are withdrawn from the seaweed when it is 
finely ground in distilled water. Early workers 
had found that most of the ash of seaweeds is 
water soluble. The speed of the dissolving out 
of ions depends on nature of the epidermal 
layer and this is in turn on the depth at which 
the algae are growing (Vinogradov, 1953). 
Thus, by comminuting the seaweed, the barrier 
formed by the epidermal layer is broken up and 
the water soluble compound is more complete 
in this method than in the other methods 
studied in India with reference to Gracilaria. 
The advantage of this method is that the 
comminuted seaweed is purified whereas in the 
other methods the gel also has to undergo 
purification, and it is easier to manipulate the 
seaweed pulp than the sol or gel for removal 
of impurities. Furthermore, the yield in the 
cottage industry method is higher because 
extraction from the seaweed pulp is efficient. 

Freezing Method 

In the case of Gelidiella acerosa, the 
weed which was soaked in acidulated water 
for 24 hours is introduced into soft water at 
100°C, the proportion being one part by 
weight of dry weed to forty of water preferably 
rain water or distilled water. The pH at the 
beginning of the extraction is adjusted to 6.0 
after introducing the seaweed, but slightly 
acidic conditions will enhance extraction of 
the product. Extraction is carried out for one 
hour at this temperature, then the liquid is 
allowed to simmer for another hour. Finally, 
the enamel vessel in which the extraction 
is carried out together with the liquid is 
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left in a warm chamber to cool gradually, 

permitting sedimentation of the suspended 

particles. When cold, the gel is removed, 

melted in a water bath and poured into 

enamel trays to gel again. After three hours 

the gel is cut into strips and these are 

placed in wooden trays and frozen at 

temperatures between 0° and -5°C. They 

are frozen for 24 hours and then al lowed 

to thaw at room temperature. As soon as the 

thaw water has drained off, the strips of 

gel are placed on plastic screen placed on 

galvanised wirenetting and dehydration is 

completed either in the sun or in hot air at 

65°C. This agar is of superior quality and 

is 40% of the dry seaweed. 

In Japan and United States the freezing 

is done by simple exposure and no costly 

equipment is involved. For eliminating this 

cost, the fi ltrate is treated wi th 9 0 % industrial 

alcohol, so that agar is f locculated. 

Method of Extraction for Commercial Grades 

of Sodium Alginate 

Stanford (1883) discovered the presence 

of alginic acid in the cell wal ls of brown 

algae. Several methods were then devised 

for the extraction of alginate. Two industrial 

processes are those of Keico Co. and Algin 

Corporation. 

Stanford's method consists of macerating 

the algae wi th ten times the weight of sodium 

carbonate, and acidifying the extract to 

obtain alginic acid. It is mixed wi th either 

sodium or calcium salts to make sodium or 

calcium alginate. In the Kelco Co. and Algin 

Corporation processes, they are first treated 

wi th acid or calcium chloride to reduce the 

salt content. Sodium alginate in crude form 

extracted by digestion wi th sodium carbonate 

is treated wi th calcium chloride solution to 

form calcium alginate and then acidified 

before converting to sodium alginate. 

Viscosity of the alginate solut ion is a 

very important property for its use in textile 

and pharmaceutical industries. Viscosities as 

high as 4000-5000 centipoise are required 

by the industry, whereas the sodium alginate 

obtained from the above methods have very 

low viscosity. Therefore, it is desirable to 

modify the process so that different grades 

of alginate can be prepared (Desai, 1967). 

The details of the process are as fo l lows. 

The dry algae are thoroughly cleaned 

in running water and washed for 2 hours 

in hot water at 52°C, the water drained 

out and immersed in 0 3 to 0.5 N sulphuric 

acid in the ratio 1:3 and kept at 42°C. The 

acid is washed out and the pH is 

brought to neutral. The algae are then 

digested in 4 % solution of sodium carbonate 

overnight. The solution is centrifuged 

and filtered through a filter press to obtain a 

clear f lu id of crude sodium alginate. It is 

then bleached wi th sodium hypochlorite and 

with sodium bisulphite. The resultant solution 

is mixed wi th half the volume of 90% 

industrial a lcohol . The used alcohol could 

be redistilled for further use. Sodium alginate 

is collected and dried at 70° in oven. 

This method has been found to give most 

suitable quality of sodium alginate. Different 

grades of viscosities can be easily produced 

by varying the time and temperature of acid 

wash. If both the temperature and time 

increased, the viscosity is lowered and if the 

temperature is reduced wi th a slight increase 

in t ime, higher viscosity is obtained. 

Some studies on alginic acid 

were also made in India. Valson (1955) 

determined the alginic acid content of several 

species of brown algae occurring in the Gulf 

of Mannar. Varier and Pil lai (1952) studied 

the extraction of alginic acid and determined 

the optimum condit ion. Pillai (1957 ) 

employed acidified potassium permanganate 

as the bleaching agent in his process. 

Kappanna et. al. (1962) have determined the 

alginic acid content in several species of 

brown algae occurring on the Saurashtra 
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coast. Visweswara Rao and Mody (1964) gave 
a slightly more simplified process than the one 
described earlier. Shah et. a/. (1967) reviewed 
the work done on alginates till 1965. 

The cultivation of seaweeds for industrial 
purposes may be practised anywhere, but the 
greater demand for edible seaweeds will 
probably continue in Asia, at least in the 
future. The red alga known as dulse 
{Rhocfymenia palmata) is widely eaten in 
Canada and Europe. Certain large kelps are 
made into pickles in Alaska. Other uses of 
seaweeds and their products are narrated by 
Chennubhotia (1977) and Chennubhotia et. al. 
(1981). 

The laver (nori) harvested in Japan is 
first washed in seawater and then chopped 
up finely and again washed in fresh water. 
The chopped laver is spread out by hand or 
machine within a frame or on a mat of bamboo 
splints with a measure of 600 sq cm. By this 
procedure the chopped lavers only remain on 
the mat as a sheet. The water is removed by 
passing through the mat. Chopped lavers of 
4 kg produce 100 or more sheets. The mats 
with the wet laver sheets are dried in the 
sun. During cloudy days the sheets are 
dried in a drying room maintained at a 
temperature of 35°C. Here the sheets dry in 
about 3 h. The dried sheet of laver is 
generally 20 X 19 cm in size and weighs 2.5 g. 
The sheets are used for domestic consumption 
(Sreenivasa Rao, 1967). 

/. S. I. Specification for Agar-Agar and A Igin 

Agar-agar : The agar should be white or pale 
yellow in colour. It should be either odourless 
or having a slight characteristic odour, and 
a muscilaginous taste. It should be insoluble in 
boiling water. The other requirements are as 
given in the following table. 

S. No. Characteristics Requirements 

1. 

2. 

3. 

4. 

5. 

6. 

Moisture, percent by 
weight, on drying at 
105°C for five hours 
maximum 

Total ash, percent by 
weight, maximum 
Acid insoluble ash, 
percent by weight 
maximum 
Insoluble matter, percent 
by weight maximum 

Arsenic (as As), mg/kg. 
maximum 

Lead (as Pb), mg/kg. 
maximum 

20 

6.5 

1.0 

1 

3 

10 
•< As given in 

Water absorption Indian Standard 
Gelatin Starch and \ specification for 
dextrines agar; food 

"' grade. 1970 

Alginic Acid: It occurs as a white to yellowish-
white fibrous powder. It should be odourless 
and tasteless. It should be insoluble in water, 
readily soluble in alkaline solution and insoluble 
in organic solvents. The material should 
conform to the I. S. I. requirements given below. 

(Indian Standard Specification for alginic acid, 
food grade. 1976) 

S. No. 

1. 

2. 

3. 

4. 

5. 

6. 

Characteristics Requirement 

Purity (Cg Hg Oe)n 
percent by mass, minimum 
Moisture, percent by mass, 
on drying at 105°C for 4 hr. 
maximum 
Insoluble matter, percent by 
mass, maximum 
Ash percent by mass, 
maximum 
Lead (as pb) mg/kg, 
maximum 
Arsenic (as As), mg/kg, 
maximum 

91 

15 

0.2 

4 

10 

3 

BULLETIN 41 77 



TWELVE 

BIBLIOGRAPHY 

AGADI, V. V. AND A. G. UNTAWALE. 1978. Marine algal flora of Goa coast Seaweed Res. Util., 3 
(1 & 2): 56-70. 

AGADI, V. v., N. B. BHOSLE AND A. G. UNTAWALE. 1978. Metal concentration in some seaweeds 
of Goa (India). Bot. Mar, 21 (4); 247-250. 

AGHARKAR, S. P. 1923. The present position of our knowledge of the aquatic flora of India-
Jour. Indian, bot. Soc, 3: 252-260. 

ANON, 1983. Proven Technology 7. Technology of cultured seaweed production. Mar. Fish. 
Infor. Ser. J QE. 54: 19-20. 

BACKGROUND, A 1976. "Nor i " farming in Japan (cultivation of the edible seaweeds of the 
genus/'or/3/?yra). In: Farming marine organisms low in tfie food chain. Development in 
Aquaculture and Fisheries Science. Vol. 1 (Ed. P. Korringa) Elsevier Scientific Publishing 
Co. Amsterdam, pp 17-48. 

BALAKRISHNAN Nair, N., N. SHOBA AND M. ARUNACHALAM. 1982. Algae from southern 
Kerala coast. Indian J. Mar Sol., 11 (3): 266-269. 

BARDACH, J. E. J., H. RYHTER AND W. 0. MCLARNEY. 1972. Seaweed culture. In: Aquaculture. 
The Farming and husbandry of Freshwater and Marine organisms. Wiley-lnterscience. A 
division of John Wiley & Sons, Inc. New York pp 790-840. 

BHANOERI, P. P. 1974 a. An estimate of ths iodina yielding ssawaad Asparagopsis taxiformis 
(Delile) Collins and Harvey from some subtidal reefs of Saurashtra coast. J. mar. biol. 
Ass. India., 75 (1):288-289. 

BHANDERI, P. P 1974 b. Culture of tha agar yielding seaweeds on ropes from Gujarat. J.mar-
biol. Ass. India, 16 (3):847-849. 

BHANDERI, P. P. AND Y. B. RAVAL. 1975. Possibility of seaweed cultivation along the Gujarat 
coast Seafood Export Jour., 7 (12):33-36. 

BHANDERI, P. P. ANDY. A. TRIVEDI. 1975. Seaweed resources of Hanumandandi reef and 
Vumani reef near Okha Port. Indian J. mar. Sci.. 4 (1):97-99. 

BHANDERI, P. P. AND Y. A. TRIVEDI. 1977. Rope culture of algin yielding seaweed Hormophysa 
triquetra (Linnaeus) Kuetzing. Bot. Mar. 20 (3):183-185. 

BHOSLE, N. B., V. K. DHARGALKAR AND A. G. UNTAWALE. 1975. Effect of seaweed extract on 
the growth of Phaseolus vulgaris L. Indian J, mar. Sci., 4:207-210. 

BISWAS, K. 1932. Census of Indian algae. Scope of algological studies in India. Rev. Algol., 
5:197-219. 

82 CMFRI 



BISWAS, K 1934. Progress of algological studies in India. Cur/-. Sc/., 3:237-241. 

BISWAS, K. 1945. A general review of the marine algae of the western coast of India. Jour. 
Bombay nat. Hist. Soc. 45:515-530. 

BLACK, W. A. P. 1954. Constituents of the marine algae. Ann. Rep. Chem. Soc. 50:322-335. 

BLANCO, G. J. 1973. Status and problems of coastal aquaculture in the Philippines. In: Coastal 
Aquaculture in the Indo-Pacific Region (Ed. T. V. R. Pillay) F. A. 0. Fishing News (Books) 
Ltd., pp. 60-67. 

BLUNDEN, G., C. J. BARWELL, K. J. FIDGEN AND K. JEWERS. 1981. A survey of some British 
marine algae for anti-influenza virus activity. Bot. Mar., 14 (5) 267-272. 

BOERGESEN, F. 1930. Some Indian green and brown algae especially from the shores of the 
Presidency of Bombay. Jour. Indian bot, Soc, 9:151 -174. 

BOERGESEN, F. 1931. Some Indian Rhodophyceae especially from the shores of the Presidency 
of Bombay—I. Kew. Bull.. No . / : 1-24. 

BOERGESEN, F. 1932a. Some Indian Rhodophyceae especially from the Presidency of 
Bombay—II. Kew. Bull., No. 3: 113-134. 

BOERGESEN, F. 1932 b. Some Indian green and brown algae especially from the Presidency 
of Bombay. Jour. Indian, bot. Soc, 11: 51-70. 

BOERGESEN, F. 1933 a. Some Indian Rhodophyceae especially from the Presidency of 
Bombay 111. Kew. Bull., No. 3: 113-142. 

BOERGESEN, F. 1933 b. Some Indian green and brown algae from the Presidency of Bombay. 
Jour. Indian bot. Soc, 12. 1-16. 

BOERGESEN, F. 1934 a. Some Indian Rhodophyceae especially from the Presidency of 
Bombay-IV. Kew. Bull., No. 4: 1 -30. 

BOERGESEN, F. 1934 b. Some marine algae from the northern part of the Arabian Sea with 
remarks on their geographical distribution. Kgl. Dansk. Vidensk. Selskab. Biol. Meddel.-
11 (6):1-72. 

BOERGESEN, F. 1935. A list of marine algae from Bombay. Kgl. Dansk. Vidansk. Sslskab Biol 
Meddel., /2 (2): 1-64. 

BOERGESEN, F. 1937 a. Contributions to a South Indian Marine Algal f lora-1. Jour. Indian 
bot. Soc, 16: 1 -56. 

BOERGESEN, F. 1937 b. Contributions to a South Indian Marine Algal flora-11. Jour. Indian bot. 
Soc. 16: 311-357. 

BOERGESEN, F. 1938. Contributions to a South Indian Marine Alga! flora-Ill. Jour. Indian bot. 
Soc. 17: 205-242. 

BOKIL, K. K., V. C. MEHTA AND D. S. DATAR. 1972. Seaweed as manure. I l l , Field manurial 
trials on Pennisetum typhoides S. H. (Pearl Millet) and Arachis hypogea (Groundnut). 
Bot. Mar.. 15 (3): 148-150. 

BULLETIN 41 83 



BOKIL, K. K., V. C. MEHTA AND D. S. DATAR. 1974. Seaweed as manure: I I . Pot culture 
manurial experiments on wheat. Phykos, 7 3 ( 1 ) : 1 5 

BOSE, J . L., KARIMULLAH AND S. SIDDIQUE. 1943. Manufacture of agar in India. J. Sci. 
Industr. Res., (India) 7: 98. 

BURELLY, P. 1968. Las algues d'eau douce Bou bee et. Cie, Paris. Tomes 1,2 and 3. 

BUKHARI, S. S. AND A. G. UNTAWALE. 1978. Seaweeds as liquid fertilizer and foliar spray. 
Seaweed Res. Util.,3 (1&2): 71-78. 

CACCAMESE, S., R. AZZOLINA, G. FURNARI, M. CORMACI AND S. GRASSO. 1980. Ant imi­
crobial and antiviral activities of extracts from Mediterranean algae. Bot Mar, 23 {5): 
285-288. 

CACCAMESE, S., R. AZZOLINE, G. FURNARI, M. CORMACI AND S. GRASSO. 1981. Ant imi­
crobial and antiviral activities of some marine algae from eastern Sicily. Bot Ma., 24 
(7): 365-367. 

CAMERON, M. C , A. G. ROSS AND E. G. V. PERCIVAL. 1948. Methods of the routine estimation 
of mannitol, alginic acid and combined fucose in seaweeds. Jour. Soc. Chem. Ind. 
London, 67: 161-164. 4 

CHACKO, P. I. AND C. MALU PILLAI. 1958. Studies on util isation of the seaweed resources 
of Madras State. Contr. Mar. Biol. St. Krusadai lslar)d. 6 :1 -12 . 

CHACKO, P. I., S. MAHADEVAN AND R. GANESAN, 1955. A guide to the field study of the > 
fauna and flora of Krusadai Island, Gulf of Mannar. Contr. Mar. Biol. St. Krusadai Island, 
3: 1-16. 

CHADEFAUD, M. 1960. Traite de Botanique, Tome 1, Masson et. cie, Paris. 

CHAKRABORTY, D. 1945. Agar-agar manufacture from Gracilaria confervoides. Jour. Proc. Inst. 
Chem. ( India), 17: 188. 

CHAPMAN, V. J . 1962. The algae, London. 

CHAPMAN, V. J . AND D. J. CHAPMAN. 1975. The algae. English Language Book Society and 

Macmil lan, 497 pp. 

CHAPMAN, V. J . AND D. J . CHAPMAN, 1980. Seaweeds and Their Uses. Third Edition, Chapman 

and Hall, London, pp 62 97. 

CHATURVEDI, D. K., S. S. VERMA AND S. P. KHARE. 1979. Studies on feeding marine algae 

(Gracilaria meal) to laying white leghorn birds, Proc. int. Symp. Marine Algae of the Indian 

Ocean Region, CSMCRI, Bhavnagar, India, p. 51 (Abstract). 

CHAUHAN, V. D. 1970. Variation in alginic acid content wi th growth stages in two species of 
Sargassum. Bot. Mar., 73 (1) : 57-58. 

CHAUHAN, V. D. 1972. Physiological ecology of the early stages of Sargassum swartzii (Turner) 
C. Ag. Bot. Mar. 7 5 ( 1 ) : 49 -51 . 

CHAUHAN, V. D. 1978. Report on the survey of marine algae resources of Maharashtra coast. 

Salt. Res. Ind., 74(1): 1-10. 

84 CMFRI 



CHAUHAN, V D. AND V. KRISHNAMURTHY. 1967. Observations on the output of oospores, their 
l iberation, viabi l i iy and germination in SaAgfassi/m swez/z/V (Turn) C. Ag. Proc. Semi Sea 
Salt and Piants, CSMCRI, Bhavnagar, pp. 197 -20 ' . 

CHAUHAN, V. D. AND V. KRISHNAMURTHY. 1968. An estimate of algin bearing seaweeds in the 
Gulf of Kutch. Curr. Sci 37: 648. 

CHAUHAN, V. D. AND 0. P. MAIRH. 1978. Report on the survey of marine algae resourcss of 

Saurashtra coast, India. Sa/r /?es. / /70 ' . , /4 (2 ) : 21 -41 , 

CHAUHAN, V. D. AND H V. JOSHI. 1979. Effect of lndole-3-Acetic acid and Gibberellic acids on 
the early growth of Sargassum. Proc. Int. Seaweed Symp. Marine Algae of the Indian Ocean 
Region. CSMCRI, Bhavnagar, India, p. 23 (Abstract). 

CHEN, T. P. 1976. Culture of Gracilaria. \n : Aquaculture practices in Taiwan. Page Bros 
(Norwich) Ltd. pp. 145-149. 

CHENNUBHOTLA, V. S. K. 1976. Seaweed Culture. Indian Science Congress 63rdSession, Waltair 

{Abstract). 

CHENNUBHOTLA, V. S. K. 1977. Food from the sea: food from the seaweeds. Seafood Export 

Jour., 9 (3): 1-4. 

CHENNUBHOTLA, V. S. K., M'. NAJMUDDIN AND BIDYADHAR NAYAK. 1977 a. A comparative 

study of the yield and physical properties of agar-agar from different blends of seaweeds. 

Seaweed Res. Util., 2 (2): 87-90. 

CHENNUBHOTLA, V. S. K., S. KALIMUTHU, N. KALIAPERUMAL AND J . R. RAMALINGAM. 
1977 b. Studies on the growth variation, aiginic acid and mannitol contents in Padina 
gymnospora (Kuetzing) Vickers. Seaweed Res. Util.. 2 (2) : 91-94. 

CHENNUBHOTLA, V. S. K., S. KALIMUTHU, M. NAJMUDDIN AND M, SELVARAJ. 1977 c. Field 

culture of Gelidiella acerosa in the inshore waters of Gulf of Mannar. Supplement to Jour. 

Phycol. Vol. 13, Abstract No. 454. 

CHENNUBHOTLA, V. S. K., N. KALIAPERUMAL AND S. KALIMUTHU. 1978 a. Culture o\ Gracilaria 

erft///5 in the inshore waters of Gulf of Mannar (Mandapam). Indian J. Fish., 25 {\ & 2): 

228-229. 

CHENNUBHOTLA, V. S. K., N. KALIAPERUMAL AND S. KALIMUTHU. 1978 b. Seasonal changes 
in growth, fruit ing cycle and oospore output in Turbinaria conoides (J . Ag.) Kuetzing. 6ot. 
IVIar., 21 (1): 67-69 

CHENNUBHOTLA, V. S. K., KALIMUTHU, M. NAJMUDDIN, R. PANIGRAHY AND M. SELVARAJ. 

1979. Seasonal variation in growth, yield of agar-agar and its physical properties in some 

agarophytes of Tamil Nadu Coast. Proc. Int. Symp. Marine Algae of the Indian Ocean 

Region. CSMCRI, Bhavnagar, India p. 41 (Abstract). 

CHENNUBHOTLA, V. S. K., N. KALIAPERUMAL AND S. KALIMUTHU. 1981. Seaweed recipes 

and other practical uses of seaweeds. Seafood Export Jour., 75 (10) : 9-16' 

CHENNUBHOTLA, V. S. K., N. KALIAPERUMAL, S. KALIMUTHU, M. SELVARAJ, J . R. 

RAMALINGAM AND M. NAJNUDDIN. 1982. Seasonal changes in growth and aiginic 

BULLETIN 41 85 



acid and mannitol contents in Sargassum ilicifolium (Turner) J. Agardh and S. myrio-
cystum J. Agardh. Indian J. Mar. Sci., 11 (2): 195-196. 

CHENNUBHOTLA, V. S. K. 1981. Status of seaweed industry in India. U N D P Report on the 
Training Course on Gracilaria aigae of the South China Sea Fisheries Development 
and co-ordinating Programme, Manila, Philippines. No SCS/Gen/81/29: 139-145. 

CHENNUBHOTLA, V. S. K., N. KALIAPERUMAL, S. KALIMUTHU AND PVR. NAIR. 1983. 
Biology of the economically important Indian seaweeds. Collected Abstracts of the 
International Seaweed Symposium, Qingdao, China. 

CHENNUBHOTLA, V. S. K , S. KALIMUTHU, M. NAJMUDDIN, R. PANIGRAPHY AND 
M. SELVARAJ. 1986. Changes in growth and phycocolloid content of Gelidiella 
acerosa and Gracilaria edulis. Seaweed Res. Utiln. 5 (1 & 2) : 45-48. 

CHENNUBHOTLA, V. S. K., N. KALIAPERUMAL, J. R. RAMALINGAM AND S. KALI VIUTHU. 
1986 Growth, Reproduction and spore output in Gracilaria foliifera (Forskkal) 
Boergesen and Gracilariopsis sjoestedtii (Kylin) Dawson around Mandapam. Indian 
J. Fish. 53 (1): 76-84. 

CHENNUBHOTLA, V. S. K., S. KALIMUTHU AND M. SELVARAJ. 1986. Seaweed cul ture-
its feasibility and industrial utilization Proc. Symp. Coastal Aquaculture 4: 1206-1209. 

CHENNUBHOTLA, V. S. K., B. S. RAMACHANDRUDU, P. KALADHARAN AND S. K. DHARMARAJ. 
1987. Seaweed resources of Kerala coast. Seminar on Fisheries Research and 
Development in Kerala. Trivandrum (Abstract). 

CHENNUBHOVLA, V. S. K., M. NAJMUEDIN, J. R. RAMALINGAM AND N. KALIAPERUMAL. 
1987. Biochemical composition of some marine algae of Mandapam cost (South 
India). Symposium on Research and Development in Marine Fisheries. Mandapam 
camp. 

CHENNUBHOTLA, V. S. K., N. KALIAPERUMAL AND M. S. RAJAGOPALAN. 1987. Seaweed 
culture in india—An appraisal. Ibid. 

CHIDAMBARAM, K. AND M. M. UNNY. 1947. Note on the value of seaweeds as manure. 
Madras Agri. Jour. (July). 

CHIDAMBARAM, K. AND M. M. UNNY. 1953. Note on the value of seaweeds as manure. 1st 
Int. Seaweed Symp., pp. 67-68. 

CHRISTENSEN, T. 1962. Alger. In systematisk Botanik (Ed. T. W. Bocher, M. Lange and 
T. Sorenson) Vol.2. No. 2. Munkagaard, Copenhagen. 178 pp. 

DAVE, H. M., V. SITAKARA RAO AND U. K. TIPNIS. 1969. Iodine content of marine algae from 
Saurashtra coast. Phykos, 8: 68-70. 

DAVE, M.J. AND R. G. PAREKH. 1975. Protein content of green seaweeds from Saurashtra 
coast. Salt. Res. Indi., 11 (2): 41-44. 

DEVE, M. J. , S. K. GARG AND E. R. R. IYENGAR. 1977. Assessment of the possibility of 
seaweeds to be utilised as supplementary animal feed. Sa/r/?es.//7c/., 13(1&2): 33-40. 

86 CMFRI 



DAVE, M. J . , R. G. PAREKH, S. K. GARG AND D. J. METHA. 1979. Preparation of seaweed 

meal for the feeding of farm animals. Salt Res. Ind., 15 (2) ; 34-38. 

DAVIDSON, F. E. 1950, The effect of auxin on the growth of marine algae. Amer Jour. Bot., 

57. '502-510. 

DAWSON, E. Y. 1966. l\/larine Botany: An introduction. Holt, Rinehart and Winston Inc, New York. 
371 pp. 

DE JUSSIEU, A. L. 1 789. Genera plantarum secundum ordines naturales disposita, Paris. 498 pp. 

DESAI, B. N. 1967. Seaweed resources and extraction of alginate and agar. Proc. Semi 

Sea Salt and Plants. CSMCRI, Bhavnagar, pp. 343-351. 

DEVEAU, L. E. AND J. R. CASTLE. '979 . The industrial development of farmed marine algae. The 

case history or Euctienuma in the Philippines and USA. In: Advances in Aquaculture 

(Ed. T. V. R. Pillay and Wm. A. Dil l) F. A. 0 . Fishing News Books Ltd. England, 

pp 410-415. 

DHANDUKIA, M. M. AND R. SESHADRI. 1969. Arsenic content in marine algae. Pfiykosa, 

8: 108-111. 

DHARGALKAR, V. K. 1979. Biochemical studies on Ulva reticulata Forsskal. Proc. Int. Symp. 

Marine Algae of the Indian Ocean Region, CSMCRI, Bhavnagar, p. 40 (Abstract) 

HARGALKAR, V, K., T. G. JAGTAP AND A. G. UNTAWALE. 1980. Biochemical constituents of 

seaweeds along the Maharashtra coast. Indian. J. Mar. Sci.. 2 ( 4 ) : 297-299. 

DHARGALKAR, V. K., V. V. AGADI AND A. G. UNTAWALE. 1981. Occurrence of Porphyra 

vietnamensis (Bangiales, Rhodophyta) along the Goa coast. Mahasagar, 14 (1); 75-77. 

DIXIT, S. C. 1964. Species list of Indian marine algae determined by Boergesen. J. Uni. Bombay. 
32 (2 -5 ) : 1-23. 

DIXIT, S. C. 1968. Species list of Indian marine algae- II J. Univ. Bombay, 36 (3-5): 9-24. 

DODGE, J . D. 1969. A review of the f ine structure of algal eye spots. Br phycol. J. 4 

199-210 

DOSHI, Y. A. AND P SREENIVASA RAO. 1967 a. Stable agar by gamma irradiation Nature' 

216: 931 . 

DOSHI, Y. A. AND P. SREENIVASA RAO. 1967 b. Radiation induced enhancement of gel 

strength in red seaweeds. Indian Jour Chem., 5: 342-343. 

DOSHI, Y. A., P. V. RAJU AND P. SREENIVASA RAO. 1968. A relation between the sulphate 

content in red seaweeds and the gel strength of agar. Sci. Cul., 34: 493. 

DOUGHERTY, E.G. AND ALLEN, M. B. i960 . In: Comparative biochemistry of photoreactive 

systems (Ed. M. B Al len). Academic Press, New York and London, pp. 129-143. 

DURAIRAJ, S., K. G. JOSEPH AND M. KINGSLEY LAINE. 1978. Preparation of sodium alginate 

with improved viscosity. Seaweed Res. Util, 3 (1&2) : 5-8. 

^ULLEtlN 41 87 



EICHLER, A. W. 1886. Syllabus der Vorlesunqen uber speciella and Medicinisch-pharmaceutische 
Botanik, 4th Ed. Berlin 

ENDLICHER, S. 1836. Genera plantarum secundum ordines naturales disposita. Vindbonae 

FELDMANN, G. 1963. In Precis de Botanique. (Ed. M. Chadefaud and M. Emberger) Masson 

et. Cie, Paris, pp 83-249. 

FOTT, B. 1959. Algenkunde, Gustav Fisher, Jena. 

FRITSCH, F. E. 1935. The structure arid reproduction of algae, Vol. I. University Press 

Cambridge, pp. 1 - 791 . 

FURUKAWA, A. 1973. Present status of Japanese marine aquaculture \n: Coastal Aquaculture 

in Indu-Pacific Region (Ed. T. V. R. Pil lay). F. A. 0 Fishing News (Books) Ltd., pp, 29-47-

GARBER, P., J . D. DUTCHER, E .G.ADAMS AND J R. SHERMAN. 1958. Protective effects 

of seaweed extracts for chicken embryos infected with influenza B or mumps virus. 

Proc. Soc. Exp. Biol. Med, 99. 590-593. 

GOLDSTEIN, M. E. 1973. Regeneration and vegetative propagation of the agarophyte Gracilaria 
debilis (Forsrkal) Boergesen. (Rhodophyceae) Bot.Mar.,26 (4) : 226-228. 

GOPALAKRISHNAN, P. 1969. Some marine algae from the Gulf of Kutch. Phykos, 8: 61-67. 

GOPALAKRISHNAN, P. 1970. Some observation on the shore ecology of the Okha coast. 

J. mar. biol. Ass. India. 12 (1 & 2) : 15-34. 

GUIST, G.G., C. J. DAWES AND J. R. CASTLE. 1982. Mariculture of the red seaweed, Hypnea 
musciformis. Aquaculture, 28 (3, 4): 375-384. 

HARVEY, W. H. 1836. Algae. In Flora Hibernica, Mackay, J . T . D u b l i n . 

HENRIQUEZ, P., A. CANDIA, R. NORAMBUENA, M. SILVA AND R. ZEMELMAN. 1979. 
Antibiotic properties of marine algae. I I . Screening of Chilean marine algae for 
antimicrobial activity, fior./War, 22 (7): 451-453. 

HORNELL, J . 1918. Report on the further development of fishery resources of Baroda State. 

HUMM, H. J , 1951. The red algae of economic importance. Agar and related phycocolloids. 
In: Marine Products of Commerce (Ed. Tressler, D K,). New York. 

IYENGAR, M. 0 . P. 1957. Algology in progress of science in India. Sn. VI. Botany. Natn. 
Inst. Sci. India. New Delhi: 229-251. 

JAGANNATHAN, V. AND R. VENKATAKRISHNAN, 1979. Nutritional investigations of seaweeds 

in chick ration. Proc. Int. Symp on Marine Algae of the Indian Ocean Region CSMCRI, 

Bhavnagar, India pp. 49-51 (Abstract). 

JAMES, P. S. B. R., V. S. K. CHENNUBHOTLA AND RODRIGO. 1980. Studies on the fauna 

associated with the cultured seaweed Gracilaria edulis. Proc Symp. Coastal Aquaculture, 

M. B. A. I,, Cochin, India, p. I l l (Abstract) 

88 CMFRI 



JOSEPH, I. AND S MAHADEVAN, 1948. Production of agar-agar. Dept Res. Univ. Travancore, 
Rep. for Septen, pp. 55-60. 

JOSEPH, I., K. GANAPATHY AND S RAMAMURTHY. 1948 Recoverable iodine from Indian 
Sargassum. Dept. Res. Univ. Travancore, Rep. for Septen., pp. 60-61. 

JOSHI, A. C. 1949. Indian Botany; present position and prospects. Presidential Address. Four. 
Indian hot. Soc, 28: 1-15, 

JOSHI, H. V. AND V. KRISHNAMURTHY. 1971. The species of £A?fe/-o/no/-p/7a from India Bot. 
J. Linn. Soc. 65 (1): 119-128. 

KALE, S. R. AND KRISHNAIVIURTHY. 1967. Effect of different media on the germlings of 
U/va factuca var. rigida. Pfiy/(os, 6 (1 & 2): 32-35 

KALIAPERUIVIAL, N. AND M. UMAMAHESWARA RAO. 1975. Growth, fruiting cycle and 
oospore output in Turbinaria decurrens Bory. Indian J. Fish., 22 (1 & 2): 225-230. 

KALIAPERUMAL, N. AND S. KALIMUTHU. 1976. Changes in growth, reproduction, alginic 
acid and mannitol contents in Turbinaria decurrens Bory. Bot. l\Aar., 19: 157-159. 

KALIAPERUMAL, N. AND, M. UMAMAHESWARA RAO. 1981. Studies on the standing crop 
and phycocolloid of Gelidium pusillum and Pterocladia heteroplatos Indian J. Bot, 4 
(2): 91-95. 

KALIAPERUMAL, N.AND M. UMAMAHESWARA RAO. 1982, Seasonal growth and reproduction 
of Gelidiopiss variabilis (Greville) Schmitz J, Exp. Mar. Biol. Ecol., 61: 265-270. 

KALIAPERUMAL, N , V. S. K. CHENNUBHOTLA AND S. KALIMUTHU. 1977. Growth, reproduction 
and liberation of oospores in Turbinaria ornata (Turner) J. Agardh. Indian. J. iVIar. Sci., 
6. (2): 178-179. 

KALIMUTHU, S 1980. Variations in growth and mannitol and aiginic acid contents of Sargassum 
myriocystum J, Agardh Indian J. Fish ,27{\ & 2): 265-266. 

KALIMUTHU, S., V. S. K. CHENNUBHOTLA. M. SELVARAJ, M. NAJMUDDIN AND PANIGRAHY, 
1980. Alginic acid and mannitol contents in relation to growth in Stoechospermum 
marginatum (C Agardh) Kuetzing. Indian Fish, 27 (1 & 2): 267-269. 

KANNAN, L. AND K. KRISHNAMURTHY. 1978. A survey of the algae of the Porto-Novo region 
(Coromandel Coast. Bay of Bengal). Seaweed. Res. Util. 5 (1 & 2): 1-4. 

KAPPANNA, A. N. AND V. SITAKARA RAO. 1932. Iodine content of marine algae from Gujarat 
coast. Jour. Sci. Indust. Res. (India), 21: 559-560. 

KAPPANNA, A. N.AND A. VISWESWARA RAO. 1963. Preparation and properties of agar-agar 
from Indian seaweeds. Indian Jour. Tech. 1: 22A. 

KAPPANNA, A. N,, A. VISWESWARA RAO AND I. C. MODY. 1962. Alginic acid content of some 
of the brown seaweeds of Sourashtra coast. Curr. Sci., 31: 463-464. 

KARUNAKAR, P. D., M. S. RAJU AND S. VARADARAJAN. 1948. Manufacture of agar-agar from 
seaweed, Gracilaria lichenoides. Indian Vet. J., 24: 274. 

BJLLETIN 41 89 



KOSHY. T. K. AND C. C. JOHN. 1948. Survey of Grac/'/ar/a resources of Travancore coast. Depf. 
Res Unia. Travancore. Rep. for Septen.. pp 53-55. 

KOW, T. A., Y. S. LING AND T. W. HIN. 1973. Experiments in coastal aquculture in Singapore. 
\n: Coastal Aquaculture in ttie Indo-Pacific Regions (Ed. V. V. R. Piliay) F. A. 0. Fishing 
News (Books) Ltd., England pp. 375-383. 

KRISHNAMURTHY, v. 1967. Marine algal cultivation-necessity, principles and problems. Proc, 
Semi. Sea Salt and Plants CSMCRI, Bhavnagar. pp. 327-333. 

KRISHNAMURTHY, V. 1980. The marine algae of Tiruchendur, South India. Seaweed Res. Util., 
4(1) : 49-58. 

KRISHNAMURTHY, V. AND H. V. JOSHI, 1969. The species of Uiva Indian waters. Bot J. Linn. 
Soc.62: 123-130. 

KRISHNAMURTHY, V. AND H. V. Joshi. 1970. A Check-list of Indian Marine Algae, CSMCRI, 
Bhavnagar. pp. 1-36. 

KRISHNAMURTHY, V. R.VENUGOPAL. J. G. THIAGARAJ AND H. N. SHAH. 1957. Estimating 
drift seaweeds on the Indian coasts. Proc. Semi. Sea Salt and Plants, CSMCRI, Bhavnagar, 
pp. 315-320. 

KRISHNAMURTHY, V., P. V. RAJU AND R. VENUGOPAL. 1969. An aberrant life history in 
Gracilaria edulis (Gme\.) SWva and Gracilaria corticata J. Ag. Curr. Sc/., 5S (14): 343-344. 

KRISHNAMURTHY, V., P.V. RAJU AND P. C. THOMAS. 1975. On augmenting seaweed resources 
of India. J mar biol. Ass. India., 17. (2): 181-185. 

KUROGI, M. 1963. Recent laver cultivation in Japan. Fisfiing News Intl., 2 (3): 269-274. 

LANGALIA, J. K., K. SESHADRI AND D. S. DATAR. 1967. The alkali contents of the marine 
algae. Proc. Semi Sea. SaJt and Plants, CSMCRI, Bhavnagar pp. 289-295. 

LEVRING, T., H. A. HOPPE AND 0. J. SCHMID. 1969. Marine Algae. A survey of Research and 
Utilization. Gram, be Gruyter & Co., Hamburg, pp. 1-421. 

LEWIS, E. J. 1962 a. Studies on the proteins, peptides, and free aminoacid contents in some 
species of Padina from south-eastern coast of India. Curr Sci, 31. 90-92, 

LEWIS, E. J 1962 b. Studies on the proteins peptides and free aminoacid contents in some 
species of brown algae from south-eastern coast of India. Rev. Algol., 6: 209-216. 

LEWIS, E. J. 1963 a. Studies on the proteins, peptides and free aminoacid contents in some 
species of marine algae from south-eastern coast of India. Rev., Algol., 7: 15-25. 

LEWIS, E. J. 1963 b. The proteins, peptides and free aminoacid composition in species of 
Acanthophora from south east coast of India Rev., Algol., 7: 237-241 

LEWIS, E. J. 1963 c. Studies on the proteins, peptides and free aminoacid contents in some 
species of red algae from south-eastern coast of India. Proc. natn. Inst. Sci. India, 29-
137-145. 

LEWIS, E. J. 1963 d. Studies on fortnightly analysis of the proteins, peptides and free aminoacids 
in some marine algae from Bombay. Proc. natn. Inst. Sci. India, 29: 363-286. 

90 CMFRI 



LEWIS, E. J. 1967. A review of protein, peptide, and free aminoacid contents of Indian Marine 
Algae. Proc. Semi. Sea Salt and Plants, CSMCRI, Bhavnagar, pp. 296-308. 

LEWIS, E. J. AND E. A. GONZALVES. 1959 a. Studies on the free aminoacid contents of some 
marine algae from Bombay, Jour. Univ. Bombay, 28: 1-5. 

LEWIS, E. J. AND E. A. GONZALVES. 1959 b. Aminoacid contents of the erect and creeping fronds 
of species of Caulerpa from Bombay. Jour. mar. biol. Ass. India, 1: 54-56. 

LEWIS, E. J. AND E. A. GONZALVES. 1959 c. Studies on the free aminoacid contents of species 
of Caulerpa from Bombay. Jour, mar biol Ass. India, 1: 203-205. 

LEWIS, E J. AND E. A. GONZALVES. I960. Aminoacid contents of some marine algae from 
Bombay. New Phytol, 59. 109-115. 

LEWIS, E. J. AND E. A. GONZALVES 1962 a. Studies on the protein, peptide and free aminoacids 
in cystocarpic and tetrasporic plants of Agardhiella roubusta from Bombay. New Phytol., 
61: 288-290. 

LEWIS, E. J. AND E. A. GONZALVES. 1962 b. The protein, peptide and aminoacid contents of 
some species of marine algae from Bombay. Mn. Bot. N. S., 26. 301-316. 

LEWIS, E. J. AND E. A. GONZALVES. 1962 c: Periodic studies of the proteins, peptides and free 
aminoacid \n Enteromorpha prolifera, f. capillaris and Ulva lactuca var. rigida. Ann. Bot. 
N.S.. 26:ZM-Zn. 

LING, S. W. 1973. A review of the status and problems of coastal aquaculture in the Indo-Pacific 
Region. \n. Coastal Aquaculture in the Indo-Pacific Region. (Ed T. V. R. Pillay) F. A. 0. 
Fishing News (Books) Ltd.. pp. 2-25. 

LINNAEUS, C. 1754. Genera plantarum. Holmiae. 500 pp 

MAHONTY, C. B. 1956. Fishery byproducts industry in India—Seaweeds, in : Progress of Fisheries 
Development in India-Cultack. 

MAIRH, 0. P. 1982. Seasonal variation in alginic acid and viscosity of sodium alginate from a 
brown alga Cystoseira indica (Thivy et Doshi) Mairh, from Port Okha Seaweed Res Util., 
2 ( 1 ) : 43-46. 

MAIRH, 0. P. AND V. KRISHNAMURTHY. 1968. Observations on the germination of spores and 
growth of germlings in a Cystoseira. Jour. Indian bot. Soc. 47: 256-263. 

MAIRH, 0. P. AND P. SREENIVASS RAO. 1978. Culture studies on Gelidium pusillum (Stack). 
Le Jolis. fior./War, 27 (3) : 169-174. 

MAIRH, 0. P., P.C.THOMAS, B. K. RAMAVAT AND P. SREENIVASA RAO. 1979. Fertilizer 
pellets and their application in the field cultivation of Gelidiella acerosa (Forssk.) Feld et 
Hamel. Proc. Int. Symp. Marine Algae of Indian Ocean Region, CSMCRI, Bhavnagar, India. 
Abstract No. 12. 

MATHIESON, A. C. 1969. The promise of seaweed. Oceanology Intl., Jan/Eeb. 1969. pp, 37-39. 

MEHTA, B. R. AND R. G. PAREKH. 1978. Mannitol content in brown algae of the coast of 
Sourashtra. Bot. Mar, 21 (4) : 251-252. 

BtilUETIN 41 91 



MEHTA, V. C, B. S. TRIVEDI, K. K. BOKIL AND M. R. NARAYANA. 1967. Seaweeds as manure: 
I- Studies on nitrification. Proc. Semi. Sea Salt and Plants. CSMCRI, Bhavnagar pp. 
357-365. 

IVIICHANEK, G. 1975. Seaweed resources of the Ocean, F. A. 0, Fish. Tech. Rep. No. 138. pp 
1-126. 

MISRA, J . N. 1966. Phaeophyceae in India. I. C. A R. New Delhi, pp. 1-203. 

IVIITRA, G. 1946. Development of Chilka Lake, Cuttacl< 

MIURA, A. 1975. Porphyra cultivation in Japan. \r\: Advance of phycology in Japan. (Ed. J. 
Tokida AND H. Hirose) Dr. W. Jung b. v. Publishers, The Hague, pp. 273-304. 

MOHAN JOSEPH, M. AND V. KRISHNAMURTHY. 1977. Studies on the shedding of carpospores 
in Gracilaria corticata J. Ag. Seaweeds Res Util., 2(1) : 1-8. 

MURTHY, M. S. AND P. RADJA. 1978. Eco-biochemical studies on some economically important 
intertidal algae from Port Okha (India). Bot. Mar., 21 (7) : 417-422. 

NAQVI, S. W. A ,MITTAL, S. Y. KAMAT, SOLIMABI AND C V. G REDDY. 1979. Bromine content 
in some seaweeds of Goa (central west coast of India). Bot. Mar., 22 (7) : 455-457. 

NAQVI, S. W. A., SOLIMABI, S. Y. KAMAT, L FERNANDES AND C. V. G. REDDY. 1931. Scree-
ning of some marine plants from the Indian coast for biological activity. Bot. Mar., 24 
(1) : 51-55. 

NEELA, M. V. 1956. Analysis of seaweeds. Home. Sci. Bull. Women's Christian Coll.. Madras. 

NEISH, I. C. 1979. Developments in the culture of algae and seaweeds and the future of the 
industry. In : Advances in Aquaculture (Ed. T. V. R. Pillay and Wm. A. Dill) FAO Fishing 
News (Books) Ltd. England pp. 395-402. 

OZA, R. M. 1971. Effect of lAA on the growth of fragment of Gracilaria corticata, J. Ag, Seaweed 
Res. Util., 1 : 48-49. 

OZA, R. M. 1978. Studies on Indian Gracilaria. \l. Seasonal variation In agar and gel strength of 
Gracilaria corticata. J. Ag. occurring on the coast of Veraval. Bot. Mar., 27 (3) : 165-167. 

OZA, R. M. AND V. KRISHNAMURTHY. 1968. Studies on carposporic rhythm of Gracilaria 
verrucosa (Huds) Papenf. Bot. Mar.. 11 (1-4) : 118-121. 

OZA, R. M. AND P. SREENIVASA RAO. 1977. Effect of different culture media on growth and 
sporulation of laboratory raised germlings of Ulva fasciata Bot. Mar., 20 (7):427-AS]. 

PAPENFUSS, G. F. 1955. Classification of the algae. In: A Century of Progress in the Natural 
Sciences, 1853-1953. Calif. Acad. Sci. San Francisco, pp. 115-224. 

PAREKH, R. G. AND VISWESWARA RAO. 1964. Extraction of bulk proteins from the green 
seaweed, Ulva rigida. Indian Jour. Tech., 2: 387. 

PAREKH, R. G, L. V. MARU AND M.J.DAVE. 1977. Chemical composition of green seaweeds 
of Saurashtra Coast. Bot. Mar. 20 (6): 359-362. 

PARIJA, P AND B. PARIJA. 1946. Algal succession on a rocky island named Charai Guha 
in the Chilka Lake. Jour. Indian bot. Soc. (M. 0. P. Iyengar Commemo. Vol.) pp. 375-379. 

92 CMFRl 



PARKER, H. S. 1974. The culture of red algal genus Eucheuma in the Philippines Aquaculture, 
3 (4): 425-439. 

PASCHER, A. 1914. Ber. dtsch. bot. Ges. 32,136. 

PATEL, B. A. AND G. V. JOSHI. 1967. SeasonI variations in chemical composition in Ulva 
lactuca and seawater. Indian. Jour. exp. Biol., 5: 236-238. 

PATEL, J. B., B. V. GOPAL, V. R. NAGULAN, K. SUBBARAMAIAH AND P. C. THOMAS. 1979. 
Experimental field cultivation of Gelidiella acerosa at Ervadi, India. Proc. Int Symp. 
Marine Algae of the Indian Ocean Region, CSMCRI, Bhavnagar, India, pp. l^-lb 
(Abstract). 

PATEL, J. B., B. V. GOPAL. V. R. NAGULAN, K SUBBARAMAIAH AND P. C. THOMAS, 1980. 
Experimental field cultivation of Gelidiella acerosa at Ervadi, India. Symp. Coastal 
Aquaculture, Marine Biological Association of India, Cochin p. 189 (Abstract). 

PERCIVAL, E. 1968. Marine algal carbohydrates. Oceanogr. Mar. biol. Ann. Rev., 6: 137-161. 

PILLAI, V. K. 1955 a. Observations on the ionic composition of bluegreen algae growing in saline 
lagoons. Proc. nitn. Inst. Sci. India, 21: 90-102. 

PILLAI, v. K., 1955 b. Utilization of natural byproducts for the cultivation of blue-green algae. 
Curr. Sci., 24: 21. 

PILLAI, V. K. 1955 c. Water soluble constituents of Grac//ar/a//c/?e/70/rfes. Jour. Sci- Indust. Res. 
(India), 14B.W1ZM1. 

PILLAI, v. K 1956. Chemical studies on Indian seaweeds. I: Mineral constituents. Proc. Indian 
Acad. Sci., B. 44: 3-29. 

PILLAI, V. K. 1957 a. Chemicalstudiosonlndianseaweads.il: Partition of Nitrogen. Proc. Indian 
Acad. Sci.. B 45: 43-63. 

PILLAI, V. K. 1957 b. Chemical studies on Indian seaweeds. Ill: Partition of Sulphur./'roc, Indian 
Acad. Sci.. B 45: 101-121. 

PILLAI, V . K . I 957 c. Alginic acid from Sa/"fliassu/77 seaweeds, Res. Ind. 2. 70-T\. 

PILLAI, V. K. 1964. Studies on the use of alginates in frozen fishery products. Fishery. Tech. 
; : 176-179. 

PRESCOTT, G. W. 1968. The algae: A review. Haughton Mifflin Co., Boston 436 pp. 

PROVASOLI, L. 1957. Effect of plant hormones on Ulva. Biol. Bull.. 114: 375-384. 

QASIM, S. Z. AND M. V. M. WAFAR. 1979. Occurrence of living corals at several places along 
the west coast of India. Mahasagar. 72 (1): 53-58. 

RAGOTHAMAN, G. 1979. Littoral algal survey of south Gujarat coast (Devka, Golvad and 
Daman), Proc. Int. Symp. Marine Algae of the Indian Ocean Region CSMCRI, Bhavnagar, 
India, p. 6 (Abstract). 

9ULLETIN 41 9 3 

http://Chemicalstudiosonlndianseaweads.il


RAJU, p. V. 1971. The effect of in situ application of growth hormones and fertilizers on photo-
synthetic c'* incorporation in some marina algae. Bot. Mar. 14 (2): 129-131. 

RAJU, P. V. AND P. C. THOMAS. 1971. Experimental field cultivation of Gracilaria, edulis (Gmel). 
Silva. Bot Mar., 14(2): 71-75. 

RAJU, P. V. AND R. VENUGOPAL. 1971. Appearance and growth of Sargassum plagiophyllum 
(Mart.) C. Ag. on a fresh substratum. Bot. Mar. /4 (1): 36-38. 

RAMA RAO, K. 1970. Studies on growth cycle and phycocolloid content in Hypnea musciformis 
(Wulf.) Lamour. Bot. Mar.. 13 (2): 163-165. 

RAMA RAO, K. 1979. Studies on Indian H/pri93ceaa—V. Spores and natural propaguies in the 
selected species of Hypnea. the potential Indian Carrageenophyte, for its field cultivation. 
Proc. Int Symp. Marine Algae of the Indian Ocean Region. CSMCRI, Bhavnagar. India, 
pp 30-31 (Abstract). 

RAMA RAO, K AND V. KRISHNAMURTHY. 1968. Study of the preparation and properties of 
phycocolloid from Hypnea musciformis (Wulf.) Lamour. from Veraval, Gujarat coast, Bot. 
Mar.,11:\2Q-\ZZ. 

RAMA RAO, K. AND P. C. THOMAS. 1974. Shedding of carpospores in Gracilaria edulis (Gmel.) 
Silva. Phykos. 13 (1) : 54-59. 

RAMA RAO, K. AND V. KRISHNAMURTHY. 1978. Studies on Indian Hypneaceae. I. Seasonal 
variation in phycocolloid content in two species of Hypnea (Gigartinales, Rhodophyceae). 
Bot. Mar.. 21 (4): 257-259. 

RAMA RAO, K. AND K. SUBBARAMAIAH 1980. A technique for the field cultivation of Hypnea 
musciformis (Wulf.) Lamour., a carrageenophyte. Symp. Coastal Aquaculture. M. B. A. I., 
Cochin, India, p. 189 (Abstract). 

RANDHAWA, M. S. 1930, Historical review. Address; in: Proc. Symp. Algology. ICAR, New Delhi, 
pp. 4-24. 

ROUND, F. E. 1973. The Biology of the Algae, Edward Arnold, Londbn-278 pp. 

RYTHER, J. H. 1968 a. Porphyra (Nori) culture in Japan. The status and potential of aquaculture 
particularly invertebrate and algae culture. Part II. Invertebrate and algae culture. 
(Reproduced by National Technical Service, Springfield. Va. 22151). pp. 228-241. 

RYTHER, J. H. 1968 b. fy/7£/a/-/a culture in Japan. The status and potential of aquaculture; parti­
cularly invertebrate and algae culture. Part II. Invertebrate and algae culture (Reproduced 
by National Technical Information Service, Springfield. Va. 22151). pp. 242-248. 

SADASIVAN PILLAI, K. 1961. Alginic acid from Sargassum seaweeds of Indian coasts—Its 
extraction on a cottage industry basis. Chemical age of India, 12 : 425-430. 

SADASIVAN PILLAI, K. AND N. S. VARIER. 1952. Studies on the structure of alginic acid from 
the Sargassum seaweeds of Cape Comorin. Jour. Proc. Inst. Chem., (India), 24 : 205. 

SAITO, Y. 1975, Undaria. In : Advance of Phycology in Japan (Ed. J. Tokida and H. Hirose) 
Dr. W. Jung b. v. Publishers, The Hague, pp. 304-320. 

94̂  CMFRl 



SAITO, Y. 1979. Seaweed aquaculture in the North West Pacific. In :/4£/i/a/7ce/>? Aquaculture 
(Ed. T. V. R. Pilly and Wm. A. Dill). F. A. 0. Fishing News (Books) Ltd. England, pp. 
402-410. 

SARMA, Y. S. R. K. AND M. KHAN. 1980. Algal taxonomy in India. Botanical records and 
monogfaphs-2. Today and Tomorrow's Printers and Publishers, New Delhi, pp. 1 -153. 

SHAH, H. N. AND A. V. RAO. 1969. Recovery of mannitol from Indian brown seaweeds. Res. 
//jc/., 74(3) : 117-119. 

SHAH, H. N., I. A. IVIody and A. VISWESWARA RAO. 1967. Seasonal variation of viscosity of 
sodium alginate from Sargassum species and the preparation of high viscosity alginates, 
Indian Jour. Tech., 5 : 269-270. 

SITAKARA RAO, V. AND U. K. TIPNIS. 1964. Protein content of marine algae from Gujarat coast. 
Curr. Sci.. 35.- 16-17. 

SITAKARA RAO, V. AND U. K. TIPNIS 1967. Chemical composition of marine algae from Gujarat 
coast. Proc. Semi. Sea Salt and Plants, CSMCRI, Bhavnagar, pp. 277-288. 

SMITH, G. A. 1955. Cryptogamic Botany: Vol. I. Mc Graw Hill Book Co., New York. 546 pp. 

SOLIMABi AND S. W. A, NAQVI. 1975. Alginic acid content of some brown seaweeds of Goa 
MatiasagarS (1 & 2) : 97-99. 

SOLIMABI AND B. DAS. 1977. Distribution of iodine in marine algae of Goa region. Indian J. 
mar. Sci., 5 (2 ) : 180-181. 

SOLIMABI, B. DAS, S. Y. KAMAT, L. FERNANDES AND C. V. G. REDDY. 1980. Seasonal changes 
in carrageenan and othsr biochemical constituBnts of H/pnaa musciformis. Indian. 
J. ma/. Sc/..S (2): 134-136. 

SOLIMABI, B. DAS, P. K. MITTAL AND S. Y. KAMAT, 1981. Bromine and iodine contents in 
sponges and algae of the Andaman Sea. Indian J. mar. Sci., 10 (3): 301-302. 

SREENIVASA R^O, P. 1967. Laver cultivation in Japan. Salt Res. Ind., 4 (4): 141-144. 

SREENIVASA RAO, P. 1969. Systematics, ecology and life history of Indian Gelidiales with 
special reference to agarophyte Gelidielia acerosa (Forsskal) Feldman et Hamel. Salt 
Res. Ind.. 6: 46-47. 

SREENIVASA RAO, P. 1970. Systematics of Indian Gelidiales. Phykos. 9: 63-78. 

SREENIVASA RAO, P. AND S. R. KALE. 1969 Marina algae from a little known place of Gujarat 
coast I. Algae from Gopnath. Phykos, 8: 71-82. 

SREENIVASA RAO, P. AND Y. A. Shelat. 1979. Antifungal activity of Indian seaweed extracts. 
Proc. Int. Symp. Marina Algae of the Indian Ocean Region. CSMCRI, Bhavnagar, India, 
p. 47 (Abstract). 

SREENIVASA RAO, P. AND K. S. PAREKH. 1981. Antibacterial activity of Indian seaweed 
extracts. Bat Mar., M (11): 577-582. 

SREENIVASA RAO, P., E. R. R. IYENGAR AND F. THIVY. 1964. Survey of algin bearing seaweeds 
at Adatra reef, Okha. Curr. Sci 33: 464-465. 

RULLETIN 41 95 



SREENIVASA RAO, p., H. H. PAREKH, B K. RAMAVAT AND S. B. BHATT. 1979 a. Preparation 
and properties of liquid seaweed fertilizer. Proc. Int. Symp. Marine Algae of the Indian 
Ocean region. CSIViCRI, Bhavnagar, India p. 57 (Abstract). 

SREENIVASA RAO, P , S. J. TARWADE, K, S. R SARIVIA, K. ANJANEYULU AND H. M. IViODY, 
1979 b. Seaweed as a source of energy: Production of fuel gas from seaweed, Sargassum. 
Proc. Int Symp. Marine Algae of the Indian Ocean Region, CSMCRI, Bhavnagar, India. 
p. 56 (Abstract). 

SREENIVASA RAO, P., K. S. PAREKH AND H. H. PAREKH. 1979 c. Antibacterial activity of 
different fractions of seaweed extracts. Proc. int. Symp. Marine Algae of the Indian Ocean 
Region, CSMCRI, Bhavnagar, India, p. 47 (Abstract). 

SREENIVASA RAO, P, K. S. PAREKH, H. H. PAREKH, S. B. TRIVEDI AND B. A. DAVE. 1979 d. 
Effect of seaweed extracts on MKcoAaciTe/'/u/n mAez-cu/os/s. Proc. Int. Symp. Marine Algae 
of the Indian Ocean Region, CSMCRI, Bhavnagar, India, p. 47 (Abstract). 

SRINIVASAN, K. S. 1946. Ecology and seasonal succession of the marine algae at Mahabalipuram 
(Seven Pagodas) near Madras. Jour. Indian, hot. Soc. (M. 0. P. Iyengar commemo. Vol ) 
pp.267-278. 

SRINIVASAN, K. S. 1930, Distribution patterns of marine algae in Indian seas Proc. Symp. 
Algology, ICAR, New Delhi, pp. 219-242. 

SRINIVASAN, K. S. 1965. Indian botany in retrospect with particular reference to algal systematics. 
Jour. Asiatic Soc, Bengal, 7: 49-78. 

SRINIVASAN, K. S. 1966. Conspectus of Sargassum species from Indian territorial waters. 
phykos, 5: 127-129. 

SRINIVASAN, R. AND T. SANTHANARAJA. 1967. Studies on the extraction and properties 
of agar-agar from ths seaiwaad Gracilaria spacies in Madras State. Madras Jour. Fish., 
3: 146-151. 

STANFORD, E. C. C. 1883. Chem. News., 47: 254-257, 262-269. 

STANIER, R Y. AND VAN NIEL, C. B. 1962. Bad Rev., 42, 17. 

SUBBARAMAIAH, K. 1937. Ascorbic acid content and growth in Ulva fasciata De\\\e. Phykos, 
6: 115-117. 

SUBBARAMAIAH, K. 1970. Growth and reproduction of Ulva fasciata Delile in nature and 
in culture. Bot. Mar.. 13 {•{)•. 25-27. 

SUBBARAMAIAH, K., AND V. KRISHNAMURTHY. 1967. Laboratory culture of seaweeds. Proc 
Semi. Sea Salt and Plants, CSMCRI, Bhavnagar pp. 321-326. 

SUBBARAMAIAH, K., S. R. KALE AND V. KRISHNAMURTHY. 1967. Gametes and germlings of 
Ulva fasciata Delile. Curr. Sci., 36: 128-129. 

SUBBARAMAIAH, K., K. RAMA RAO, P. C. THOMAS, M. R. P. NAIR, B. V. GOPAL AND V. R. 
NAGULAN. 1975. Cultivation of Gelidiella acerosa. Salt Res. Ind., /7(1) : 33-36. 

96 CMFRI 



SUBBARAMAIAH, K., K. RAMA RAO, M. R. P. NAIR, C. V. S. KRISHNAMURTHY AND M. 
PARAMASIVAM 1979 a. Marine algal resources of Tamil Nadu. Proc. Int. Symp. 
Marine Algae of the \nd\an Ocean Y\eQ\o'n, CSMCRI, Bhavanagar, India, p. 14 (Abstract.) 

SUBBARAMAIAH, K., K. RAMA RAO AND M. R. P. Nair. 1979 b. Marine algal resources of 
Lakshadweep. Proc. Int. Symp. Marine Algae of the Indian ocean Region., CSMCRI, 
Bhavnagar, India, pp. 6-7 (Abstract). 

SUBBA RAO, G. N. 1965. Use of seaweeds directly as human food. Indo-Pacific Fish. Coun. Reg. 
Studies. No. 2: 1-32. 

SUBBA RAO, P. v., K. RAMA RAO AND K. SUBBARAMAIAH. 1977. Screening of certain red 
seaweeds for phycocolloids. Seaweed Res. Util, 2 (2): 82-86 

SUBRAHMANYAN, R. 1967. Methods of assessing seaweed resources and problems. Proc. Semi. 
Sea 5a/r and/'/a/??*, CSMCRI, Bhavnagar. pp. 311-314. 

SUMITRA VIJAYARAGHAVAN, M. D. RAJAGOPAL AND M. V. M. Wafer. 1980. Seasonal 
variations in biochemical composition of seawaads from Goa coast. Indian J. mar. Sci. 
5 ( 1 ) : 61-63. 

TAMIYA, H. 1960. Role of algae as food Proc. Symp Algology. ICAR, New Delhi, pp. 379-389 

TAYLOR, W. R. 1964. The genus 7'w/"i&//7a/"/a in eastern seas. Jour. Linn. Soc. London (Botany), 
55:475-490. 

TEWARI A. 1975. The effect of a morphactin on ths vagatativa growth of Gslidiella aaerosa 
Phykos 74(1 & 2) : 125-128. 

TEWARI, A., M. PRASADARAO AND V. KRISHNAMURTHY. 1963. Chemical composition of a 

species of/'o/p/?//'a from Visakhapatnam. S. India. Curr. Sci., 37; 138. 

THIVY, F. 1952. Investigations of seaweed products in India with a note on properties of various 
Indian agars. Proc. Indo-Paci. Fish. Council, Sec. 2 : 173-175. 

THIVY, F. 1958. Economic seaweeds. In Fisheries of West Coast of India, Bangalore, pp. 74-80. 

THIVY, F. 1960. Seaweed utilization in India. Proc- Symp. Algology, ICAR, New Delhi, pp. 
345-365. 

THIVY F. 1964. Marine algal cultivation. Salt Res Ind., / (1) . 23-28. 

THOMAS, P. C 1977. Seasonal variation in the yield and physical properties of agar-agar from 
Gracilaria verrucosa (Hudson) Papenfuss. Seaweed Res. Util., 2 (2) : 78-81. 

THOMAS, P. C. AND V. KRISHNAMURTHY. 1976. Agar from cultured Gracilaria edulis (Gmel.) 
SWva. Bot. Mar., 19: 115-117. 

THOMAS, P. C, K.RAMA RAO AND K. SUBBARAMAIAH 1975. Periodicity in growth and pro­
duction of agar of Gelidiella acerosa (Forssk.) Feldman et Hamel. Indian J. Mar. Sci., 4 
(2) ; 210-212. 

BULLETIN 41 97 

file:///nd/an


UMAMAHESWARA RAO, M. 1969 a Catalague of marine algae in the reference collection of 
the Central Marine Fisheries Research Institute. Bull, cent mar. Fish. Res. Inst, 9 : 37-48. 

UMAMAHESWARA RAO, M 1969 b. Agar and algin yielding seaweeds of \n6\a. Proc. 6th Int. 
Seaweed Symp., pp. 715-721. 

UMAMAHESWARA RAO, M. 1969 c. Seasonal variations in growth, alginic acid and mannitol 
contents oi Sargassum w/ghtii and Turbinaria conoides from the Gulf of Mannar, India. 
Proc. 6th Int Seaweed Symp. pp. 579-584. 

UMAMAHESWARA RAO, M. 1970. The economic seaweeds of India. Bull. cent. mar. Fish. Res. 
Inst. No. 20: pp. 1-68. 

UMAMAHESWARA RAO, M. 1972 a. Coralreef flora of Gulf of Mannar and Palk Bay. Proc. Symp. 
Corals and Coral Reefs (1969). pp. 217-230. 

UMAMAHESWARA RAO, M. 1972 b. On the Gracilariaceae of the seas around India. Jour, mar 
biol. Ass. India. 14 (2) : 671 -696. 

UMAMAHESWARA RAO, M. 1972 c. Ecological observations an some intertidal algae of Manda-
pam coast. Proc. Indian natl. Sci. Acad., 5S B (3 & 4) : 298-307. 

UMAMAHESWARA RAO, M. 1973. The seaweed potential of the seas around India. Proc. Symp 
on Living Resources of the Seas Around India (1968). pp. 687-692. 

UIV*AMAHESWARA RAO, M. 1974. a On the cultivation of Gracilaria edulis in the nearshore areas 
around Mandapam. Cw/T. Sc/,, 43(20) : 660-661. 

UMAMAHESWARA RAO, M. 1974 b. Observations on fruiting cycle, spore output and germination 
of tetraspores of Gelidiella acerosa in the Gulf of Mannar. Bot Mar., 17 (4) : 204-207. 

UMAMAHESWARA RAO, M. 1976. Spore liberation \n Gracilaria corticata J. Agardh growing at 
Mandapam. J. exp. Mar. Biol. Ecol., 21 ; 91—98. 

UMAMAHESWARA RAO, M. 1978. Seaweed resources of Andhra Pradesh. Seaweed Res. Util. 3 
(1 & 2 ) : 51-55. 

UMAMAHESWARA R^O, M. AND T, SREERAMULU. 1963. Vertical zonation and seasonal and 
variation in the growth of Porphyra on Visakhapatnam coast, Curr Sci, 32 : 173-174. 

UMAMAHESWARA RAO, M. AND T. SREERAMULU. 1970. An annotated list of the marine algae 
of Visakhapatnam (India). Bot. Jour. Linn. Soc. 63 : 23-45. 

UMAMAHESWARA RAO, M. AND S. KALIMUTHU. 1972. Changes in mannitol and alginic acid 
contents of Turbinaria ornata (Turner) J. Agardh in relation to growth and fruiting. Bot 
Mar., 15: 57-59. 

UMAMAHESWARA RAO, M. AND N. KALIAPERUMAL. 1976. Some observations on the liberation 
and viability of oospores in Sargassum wightii (Greville) J. Ag. Indian J. Fish., 23 (1 & 2) 
232-235. 

^2 CMFRI 

file:///n6/a


UNNI, C. K. 1967. Natural radioactivity of marine algae. Proc. Semi. Sea Salt and Plants, CSMCRI: 
Bhavnagar. pp. 265-273. 

UNTAWALE, A G. AND V. K. DHARGALKAR. 1975. Report on the seaweed resources of the Goa 
coast. N. I. 0 , Dona Paula, Goa. pp. 1-10. 

UNTAWALE, A. G., N. B. BHOSLE AND V. K. DHARGALKAR. 1977. Properties of phycocolloid 
extraction from seaweeds of Goa. Indian J. mar. Sci., 6 (2) : 181-183, 

UNTAWALE, A. G., V. K. DHARGALKAR, V. V. AGADI AND T. G. JAGTAP. 1979. Marine algal 
resources of the Maharastra coast. Tech. Report. Natl. Inst, of Oceanography, Goa. 48 pp. 

UNTAWALE, A. G, V K DHARGALKAR AND V. V. AGADI. 1983. List of marine algae from India 
N. I. 0 , Dona Paula, Goa. pp. 1-42. 

VALSON, A. P. 1955. Alginic acid content of some of the common seaweeds of the Gulf of 
Mannar area. Curr. Sci, 24: 343-345. 

VARIER, N. S AND K. SADASIVAN PILLAI. 1952. Mannitol fpom Sargwjsa/T? seaweeds. II. Optimum 
conditions for extraction of alginic acid from Sargassum aeaweedsof Cape Gomorin. Bull, 
cent. Res Inst., 2; 39. 

VARMA, R. P. 1960. Flora-of the pearl beds off Tuticorin. Jour. mar. biol. Ass. India, Z\ 221-225 

VARMA, R. P. AND K. KRISHNA RAO. 1962. Algal, resources of Pamban^ area. 7 î̂ Aa/?i J.i Fish. 
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