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CULTIVATION AND PROCESSING OF SEAWEEDS , 
•• 

by Y.~linova, Y.Voronova, VNIRO,Moscow, USSR 

Seaweeds and seagrasses growths are characteris~ic of the 

cos.tal shallow water areas. In moderate latj "';i~e:-'l they form veri. · 

table underwater meadows and forests composed primarily of brown 

Laminaria (Laminariales) and (Fucalee) seaweeds and in tropicnl 

and subtropical zones - of sea grasses, red and sargass seaweeds. 

The world o.cean numbers over 8 thousand species· of macropbytes 

(seaweeds). However the major part of biomass is provided by a fe~ 

genus and species. The largest amount of biomass is produced by 

Laminaria. The following Geni' of seaweeds are the most widespread 1 

~-ones - among the brown see.weeds: Lamine.rie., V"'1"c<lcystie, llereocyStil 

Undariat Alaria, Lessonia, Durvillea, Fucus, Ascophyllum,Sarn:nsoumi 

among the red weeds: Gracilaria, Gelidium, Eucheuma, Hypnea,Chon

drus, Gieartina, Porphyra, Pterocladia, Furcellaria, Phyllophora, 

Ahnfeltia; among the green weeds: Ulva, Entermorpha, Gaulerpa end 

some otbers. I 
f.!arine vesetation of moderate latitudes· is most abundant. i 
The sea\•teeds reserves in various areas· ·have been aDsessed v:i tr. 1 

a varying de;-:;ree of comp? ehenaion an·d reliability. Tha overall 
I 

reserves of seas ancl ocoans bcnthic ner...v1eedn mi1~ht be assessed in.. ' 

very approximate termo as a~ounting to 150 rnln t of fr~sh macs 

(Blinova, 1~85). A potential world-wide seaweeds yield a~ounts to 

18 mln t o! fresh mess (GBran, 1575) 

stit:utec1 n most peropcct.ivc c1bj('lct of nrtificin.l c11ltiv1,l.i0n. : · :::: 

'capi to.l investments !or their cul tivntion., a· feed that io in short 
I 

. . , 
..I / '. 
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supply or expensive, they serve as a raw stock for obtaininc irrepla

cabe substances ( aear, carraeeenen, algin~tes, monni~ol) and 

make good foodstuffs and fodder. 

The seawe!?ds mariculture has a number of advanta~es over their 

harvasting in natural conditions. Weeds may be cultivated in pro

fit-lucrative areas convenid't for exploitation. The most_widespread 

cultivation method using artificial substrates su.;merged in water 

Offers a substantially simpler way of harvesting. The plantation· · 

crop yield is higher than that of the natural one. Genetics and se

lection help create forms (grades .) with a higher crop yielq. It ap

pears possible to cultivate large quantities of seeweeds even beyond 

the area of their natural habitat. 

Out of 'several thousand species ~f benthio seaweeds ao few as 

a little over 100 ~re harvasted and 20-25 species are currently 

cultivated. The present-day world yield of commercial seaweeds 

.amounts to 3,5 mln t (Yitbook of fishery statistics,1984), 705:. or 

around 2-2,2 mln t of that araount are cultivated. 

The oeaweeds are rich in microelements, iodium, A,B,C- groups 

vit~ins, carbohydrates~ ptoteins; they contain antibr~cterial syh

stances capable of stepping vp anticoagula.tive p:ropertit.s of blood. 

Se8.weeds·. contair_ secci1t:1.roses that do not induce diabetes, an. in-

creased iodium content prevents goitre from developing •. 

Various specie.a of red 3enweeds provide v-aluable, sonetimes ir

replacf.ble gel-! orming substance a: ac;ar, agaroid, carrar,eenan • 

. They are wi~ely-uaed primarily in medicine, pharmacology, phytopatho

logy, food-stuffs :f.nduntry, pP.rfW':lery and many other oectorr.. 

The brown s0;.w:eeds provide a.lr,inntes and mann:i tole, Alr:i11r1tcs 

~: 

' . 

I 
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er.iploye:d a:; o. bindinr,, activutine ::;tr:bilizint. o.nd emulG:1tir.t: .. 
substance in foodstuffs, textile c~d other industries. They nre 

capable ·Jf bi"ldin~ stroncium SO which is important for bein& able !o 

extr!lct this element out of an or~~nnism affected by it. ~ .. annitol is 

incrca~i~5ly u~ed for blood transfur,ions. 

ranee times iriuneniorial sea.weeds have been consumed as food 
. 

particularly by the peoples of South-East Asi6.. I~ov1adays other 

peopleG increasingly follow suit. 

Se-:.r.-eeds end their processin~ wastes are used for producinr; 

Granules employed as n.n integral part (1-10~) of artificial feeds. 

See.v:eeds enrich artificie.l feeds primarily with microeler.ients and 

vito..."!lins. Such artieicie.l feeds step up sener~l condition of the 

steel:: an:l increase tl1c co~'t"llercial output. 

Providec sea~eeds are used a~ fertilizers the structure oi sc~l 

reger..cr:ites u.:ld the growth-stimulatin~ microelements and sµbstence~ 

ere bron~ht into it. 

The cultivRtion of sea.weeds dates bach s0veral hundred yee.rs 

but.it.::; indu3tria.l cultivation b£-r,an in th~ 5C-6G:::i of. this century 

primarily in Jc.pan, Chino., Eorth o.nd South Koren, Philippines, 

Taiwo.n o.nd sor:te other countries. In 1 ~CO th!! volwne of cul tivc.teC. 

w11eda n:nounted to: in Chine.-1441 thousand tons, in Taiwan-11 thouss; · 

tons, Lapan - 426 thousand tona,in South Kore3 - 1~6 thou t, in 

Philippin~s - 1JJ t~ou t; (Vnrd, 1~8J). In 1~80 the world output 

of.agar amounted to 7 thou t, that o! carrRgeenan - 10 thou t, 

algin~tes - 22 thou t (Chrioteller,Furnenux Gordon et al.,1~CJ). 

~"!1e \"O~ 1..j. r5 :r·:-nc1. ic11· see.•:.re~ds, their prodncts and price~: o;·~ in-

:-c1e~oir.r; ever~· year. In 1902 thC' u~ ~e:iwccd phycocoloids priCt'O 

I• 

I 

i 
l 
j 

I 
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amou.."lted~to·: agar (powder) and alginic acid - JO US dollars a kilo, ·. 
carraeeena.ri (colllD!ercial) - 40 US dollars a kilo, k-, A-, and i-

"'· 
carrac~enari ·;· - ·ea US dollars a hundred grams ( Gellenbeck, Chap:-=ut, 

198)). 

In the Chine~se People's ~epublic the principle mariculture 

objects are: J.aminaria"japonicn,Porphyra, Gracilaria, Eucheuma; . 
in Japan - Porphyra, Undario., Laminaria, the greens; in l!orth and 

South Korea - Laminaria and Porphyra, on the Philippines - Eucheu.r:l.o.. 

In a number of countries located in subtropical and tropical areas 

( China, Taiwan ioland, · _ Philippines, Vietnam, lQdia, Italy) 

ago.r- and carrageenaii .-ccntaining o.lgae and mainly Graci1'-1ria and 

Eucheuma are cultivated. 
. . 

They are grown a.s a monoculture.-or o. pol~culture with fishes, 

s~rirnps and crabeo. A project hns been developed in the USA tor 

cultivatin~ llecrocy~tis at ocean ~arms for power purpuses. 

All methods_e~ployed for algne fnroing r.ay fall int6 

3 groups: 1 - totally marine (extensive)cultivation; 2 - indivi

dual, usually initio.1 stages of cultivation tak~ pl~ce 1!1 recu

lated conditions with the marine cultivation of the end product 

(intensive-extensive cultivation); J - the entire cycle of culti

vation is conducted under re8Ulated conditions (int;nsiv~ cultiv3-

tion). At the present time and in the near future thP. most lucra-

tive rnettod is going to be th~ second one. This method permits to 

ge\ (;\;l~anteed, sufticiently high and shorter term yields compared 

to the firct r.1etlrod • .On the other hands it is substantially cheaper, 

l'F:qu~ .cn;1 lo\·:.-:.:· ?11:\":fn·it .. l and power consumption involved nr:i•.fr ".it 

the third rnctllod. This method o! marieul t..ire is economi.cull:r more 
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beneficial for most countries nnd allows cultivation in the arena 
· . 

. . where there is n~ natural profit-makin~ growths and beyond the 

limits of the nature.l area. The bulk of the yield for the current

ly cultiveted algae (around 8C%) is obtained using the second 

method. 

The first method (totally marine cultivation) reqiures insig-

nificant material and power consumption involved, however its 

yield is inferior to the other cultivation methods and it is 

highly .affected by changing environmental conditons. This nethod 
one ... 

is the cheape~t and ?hould _ considerable manpower be available it 

might become widely used primarily for~gae cultivation in closed 

gulfs, l~goons, coes;al salt-water ponds to grow red seaweeds as 

! 

I 
. i 

I 
i 
I 
! 

a raw stock for obtaining agar, carrag~enan . and other gel-producin~ 

substances and for consuming as food. I 
'~he third r:tethod reqr!.ire·a highest material and power consump-

tion involved, it is the most expensive one. At the present time 

the developed countries of North America, Europe and Asia conduct 

axperimental cultivation in special tanks. This method of cultiva

tion should prove lucrative when growing expensive al~ae to~obtain 

vsluable substances• 

·Tables 1 and 2 feature yields and products obtained with 

various methods of cultivation. 
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Tnble 1 
·. 

The yield of algae when cultivated in the sea, lagoo~s,ponds 

( extensive and intens~ve-extensive methods) 

Specie-~ Purpuse Country Yield,dry:we~ght 

-------------------------------------------------------------- t/ha 

Laminaria 

. 
racrocystis 

. -
Eucheuma 

Pot•phyra 

Gelidium 

Gloiopeltis 

Gracilario. 

Table 2 

. !\Brown algae 

foodstuffs 
alginates 

fuel 
foodstuffs 
fertilizers 
alginates 

Red algae 

foodstuff's 
carragecr.:.:m-

foodstuffs 

agar 

gel-!ormer 

agar 

Japan 
China 
USSR 

USA 

Phili}lp1nes 

Japan 

.f apan 

Japan 

Taiwan 
ttaly 

20 
20 

10-15 

50-70 

1J-JO 

8 

2,5 

0,45 

2;0 
2,5 

The algue yield (dryweisht)in regulotad systems , intensive 

cultivntion.method (accordin~ to G~llenbeck, Chnpmnn, 1~8)) 

s ecico .1'1 
-2 Jav-1 

Chondrus crispus 2p-;30 

Gelidiua coulterii 17 .. 
Gi~n~tina ~xaspcrata 11-20 

Gracilm:ia tolii!cra 7-16 (late numincr) 

Gracila~ia sp. 7-16 

Hypmea ~4sei!oiinis 12-17 

Ir~.dnen r,orda to. 23-26 

' 
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Neongarhiella baileyi 6 (winter) 
..• 

2C-40 (spring,slL":'lr.'.Cl 
.. ·---------------------------------------

Various ~ethods of seaweed cultivation are employed: ~. 

sto1!e and i·ock-based one, on sea-bottom te::t"races; on arti:"iciel 

reefs; on artificial· substrate~ subraereGed in water; on silty 
' 

and sandy ~rounds of lagoons, pones a.~~ other enclosed ~ater spaces; 

in s-pecinl pools a."ld reculo.ted \':ater to...'lks. Th~ seo.-bottom see-:.-eed . 

cultivation is not widespread • .a.he artificial reef seaweeds faming! . 
i 

has end will increasingly go on heving great importance ,for steppini 

up thP. natural productivity of coastal ar.eas. A method of subm"r;::ed ! 
cultivation on stationa:ty and movable facilities usin8 nrtifici~l 

~ .. substrates (ropes, nets, bands m!lde o·I conveyor belts, w~ter hos~::: 

and tyres) is the most vride.opread one. Brovm, re!~ an.d &recm 

are culivated that way.A soft ground of lagoons and other enclosed i 

water bodies is employed to cultivate unattached forms of red 

secweed~, pri~arily Gr~cilnria. the latter method of seaweed culti-j 
I 

vation in special tanks with regulated optimal ffrowth conditions I 
I 
I is employed for cultivating the most valuable and ·expensive v;eeds i 

both as monoculture or with objects of other trophic lev~l~. 

Larninarialea and priMarily Larninaria japonica constitute 

around 70~ of global volume of \•;enVTeeds. They are followed vol"..i=:t~-. 
wise by Porphyra, Euheuma and Gracilaria. The nbove species co~-

sti tute over S5~ of biomass provlded by all cultivated s-~c.\':eeds. 

t:ost seaweeds (S5%) are cultivated in the~ countries of So:ith-· 

hast Asia \•:here they· nrP. consur.ied as foo~ and ',,,o ·a lP-oser extc:'lt 

employed for extrncting af~ar, cnrrnr,eenan and nlr,irir.teo u:1cd ir. ''.;c 

textile industry and for other purpuscs. :·~enrly at\ cul tiv;ltcd 

species rnay be consumed as food. 

I 
I 
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A number of recent publicRtions (Gellenbeck,ChapmElll, 1963' 

. J.!eer,1~03; !forth, 1~83; Robinson,1~E5; ~·:11eelPr, Neushul, 71aessn~!·, 

1 ~7~) deal .... .-it:: the univers~l probler.io or seaweeds cul tiva~ion in 

VClriOU!> countries 3:-td contnin data 01\ thE' pre:ient-d<;y :;tnt1.l8 Of 

... nnricul ture, principle species cultivated, their conDwnption, me

thods of mo.riculture, diseases,epiphytes and r.·ethods to ficht the:n; 

Research.is llnder wa.y_in the field of commercially cultivated 

species of seaweeds in order to advance ·· biotechnology involved, 

to intensify anti-overgrowing meaaures, to select new, more produc

tive sorts (clones) resintant to dci seases and overcrovdng·. The ztu; 

dies are focused on biology, ecology, life history and prcduction 

capacity of se~~eeds - potential objects of mariculture • 

~he most significant ecological fact~rs conditioning .the erowth 

and yield of seaweeds are: temperature, illumination, bio~enes, 

via tcr velocity and some others. For each pa.rticuler c;eogre.phicnl 

area one should Select the species most ac1cpted to pri~!lrily \':ater 

temperature.Illumination is generally controlled by.modifying tte 

depth of cultivation~ A shortage of biogenes is generally cornpens~te 1 

by the introduction o! mineral a.Ttd orei,nic fertilizers,· waste water 

and b~ulling up biogenes-rich depth v:aters. 

At t::e present time and probably in .the future laminnrias, ~;::-.r 

and cn.rra8ecnen-c.:>ntBinin8 3cm·:eeds nnd porphyra rcn~;in ti:e principJ · 

cultivated opecieo. The ne.in principles nnd st'"'t;es - .. ' for 

biotecJinology of cultivation o! theae gro'..lps will be discus1'ed belc·: .. 

· Various species of le.mina.rias and prir.mrily LaninaTia jc.ponico 

end Unc~ria ·r.elonr:inr. to hrovm lnn:.f.nnrino nrc the mo:it ric~on-!':cr~l~ 

object of cul tivn.tion. C11im!. cul ~ivnteo world' a lnrr:ent volu:ic of 
·~ 

Laminaria (1,0-1,5 rnln t or raw 11a&11) Thin seaweed iz thP. pr:!nc:ipl'-' 

object o! cultivntion in North l:orca, South Y.ore,_,., Ja.pnn, US:'.m. , 
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Biotcchnoloe;y o! eul~ivatinc lru:iinaries is sufficiently ~ell 
·. 

developed aYid c!esC?ribed .• The. general sche~e of their cul ti

vation is universal but it has its modifications for iI:dividual 

specie3 and rer.ions. 

:i:::i their development lruninarics ha.ve t\·:o stnces: the aporo

phy·te nnd eametophyte ones. Different species and the mw.c species 

from varic~~ reGions differ by thalluses sizes, time of rippeninc 

of sporo.ng"iums and spores, optirml conditions for ,;rowth nnd deve

lopment; tim• of crowth and resorbtion for various star:es nnd p~rt~ 

of thalluse:::. 

The proceas of cul tiva.tint; the laminn1·ie~ n~m·:eeds con3ists o·r 

the followin~ principle stages: selection of areas for nnriculture, 

~reparing for mountint:; the framework of pl~.ntntion, prepar~ticn 

-of pl:mtinr; ~me: outgrowth cubntrates and prepr.rr.tion o! rr.other froth~-

stirnul~tion of simul~aneous ~~~s zo~spore 3!er.uninc from mother 

fronds by dryine, settlj.ng of spores on pl:.utin~ and outr;rowth 

substrntes, deliverin~ the substrates with fixed and outgrov:in& em~)

riospores to the sea or to special tanks witn the regulated environ

ment parameters for growing seedlings, transplo.nting the sPedlin~s, 

cultivntine the co~~ercial·product in the s~a. This procens-is"cor:- , 
I 

pletcd by harvesting tile crop and its initial treatment (dryint;,cc:-1- j 

scrvetion, !ree~in~) • 

. ·:.r:.e:1 lookir.c fer a. plnce to ln.y out see.v;eed f3r:·a, sreciP.1 et-

tention should be pa:ld to biolot.;ical fo.ctora of the cultivn~ed 3_re-
. 

cies, rep;ional ecoloeical cond:itions and socioeconor.ic f:'lctors. 

!::.1 m~~arly o.11 countries the fro.1:1ev:ork of tlie pl~r. t~.1.t i.cn (.· · i · 

:- co':'lat:rnction) conpriacs tno ba~i~ horizontlllly t.it~htenl'.'ci 4C:-1 ?.C -, 

lonr, c~.rr1.er c:-:.blea plr.ccd at .".'. 5-~ m distnnce !ror1 ~.'lch 'Jt ·:.,:-. 

A cat~<? is tir;htened by an r!nchor or pole guys. The cr..blca arc l•i:?lc~ 
I 
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at a certain depth by special fixers. Ropes and cRlbes o! tlif ferent 
·. 

dieme~ers (5-60 m~) made of S):nthetic ~~rl.vaget~ble fibres are 
~ 

used for the horizontal cahles and I·lanting and outr,rO\-;th substrates 

In order to obtain viable spores , mother fronds are mr\de ei tr.."r 

of nntural seaweeds growths or they are placed in plnn~ation's 

specially prepared sectors ~here they are grown in thinned out 

beds ~ut of the biggest seedlings. The composinB .and delivering. 

the l!lOther !1·onds should not exeed 1-2 hours; they must be protec

ted from· exposure and rain. t~other fronds are dried to stimulate 

a rapid simultaneous zoospores withdr~wal. For this purpuse the 

plants are aired for 4-16 ours under a roof. Another method con

sists in airing the.suspended fronds for 1-4 hours until after 

all water ·11as disappeared from the surface followed by their 

juxtaposition with paper,rolling them j~ rolls and keeping them 
!' 
in cases for 12-24 hours. 

~n~ spores· are settling on the substrates (ropes,strings) 

in specinl tanks, pools, bodies of boats. Layers of dried frondc ~nd 

substrates are placed into tanks, submerged.in sea water and left 
I 

tor 24 hours. In most cases, however, sea wnter spores suspension 

is obtained first. It is !iltered through a gnuae or a cloth, 

dissolved to a re.quired concentration followed by S\lb::tergin1; tile 
. . 

substrates into it !or 24 hours. The r.pore-induccd nubstratea are 

d~livercd to either 6.:..1mar::.ne plantation or to regul11ted environ

mental par~eters tanks at special seedlings growinc facilities. 

2-4 cm ~ :>ng bit.a :ot ·string with 1-2 cm long seedlincs are employee. 

a5 pln~tine ~~t1rial or 10-100 cn lonB !ronda ~re t~anoplnnt~d o~ 

!resh ropes 1-4 plants every 10-40 cm. \"!h~n culti·.rnting se~dlin~i:; 

in the reculated conditiono the substrates are mount~d on !rn~~~ 
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of various constructions; prior to its use sea wnter is filt~rec, 
•• 

..an opti~al tampera~ure, lighting (natural or artificial), content 

of nutrative substances and- ·aeration are maintained, v-:a.ter is . 

change~, the development of bacteria and microalGae is continuous:y 

monitered. The luminaries seaweeds are usually cultiv~ted ~ithin ~ 

year or tv10-years cycle. Substrates with seedlings are placed on 

horizontal cebles in the sea every .40-100 cm to obt~in a commercial 

prc~uct. Vlhen sea water is short of nutrative matter a fertilizer 

is made -use of. The yield amounts to 50-200 t/ha (raw weight). 

The fooa-consumed Lnminaria (Sea kale) should contain up to 2c-22:~ 

of water. In the Chinese People's Republic 11 special facilities 

produce 3 billion seedlingo &."'lnually and distribute them among all 

state a~d cooperative faros of the country to yield 1-1,5 mln t 

of commercial Laoinaria japonica out of these seedlines. (Blinova, 

Belov, l~aksimov, 1985; Tseng, 1981) In China quality L. japonica 

is sold for J yuans a kilo ( US 1 dollar is worth 2?2 yunns). 

Und~ria pinnatifida is cultivated mostly 1n Japan. The volu~e 

of cultivation reaches 100 thou t. excedding t~tis species natural 

yield e times over. (Rhodes, 1$85). 

Gie.nt Y.elps - Uacrooystis v1ri!era and 1.!acrocystis an~sti

!o:J.ia belonr:,ing to brown la.minaries .aea\"leeds are. equally perspcctiv-· 

for cultivntion. They reach 20-40 m in length. The giant kelp-ori

ented m~Ljor research is conducted in the U~A alone the Cnli-

rornia ~ih'ore \':hP.re there is an experimental farm. A daily il}.

cre!'!ent amounts up to about J,8~:.. The cultivation of ?.Tacrocystis iD f 

believed to become profitHhle v:hnn practiced on oceun !nrma-plat~or:~ i 
clr•pth 

with t~c nutrntive matter-inrea"hed ~~tero employed ao a fertili-

zer (:;o:rth, 1~00; llar(;er, I•eushul,1~C2). A hector of plr,ntation 

1"1 

I 
I t 
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accomodates around ·1 tbousand plant's yielding )00-500 t of raw. 

weightu· annually. Other countries such as China and France 

are &lso interested in Macrocytie. 
('> 

. In Japan and oth'e:- countries experiments are 

under way with Sarg~sewn hornaTi and S.muticwn. Vlhen cultivated 

on nets (1,8 x 19 m) within a period of November through April 

Sargasswn yielded 200-785 kg of dry w~isht from 1 net • 

The biomass is recommende~ to be employed as a fertilizer and . . 
for treating waste waters.(Yamauchi' 1984). 

Red altec Porphyra spp. is ~ne of the most lucrative cultivated 

species-in Japan, South Korea amd to a lower extent in China, 

USA and some other cou~tries. This epecieb~s cultivated to 
' be consumed as food, it contains up to 40% of proteins in -· · -

dry mass as well as vitamines and microelements. The methods of 

cultivatini Porphyra are developed quite well. Ja?an•s demand 

in this produce is fully met. The annual Porphyra yield ~n 

Japan ·amounts to around 300-350 "tao.ti t. ,, 

Porphyra spp. has two stages of .. t;rowth-c· · up to 10-50 om 

long lamellar gametophyte and fibre-like microscopic sporophyte 

(conchocell&.-. phase) inbabitinc; sheils • Gametophyte produce 

m1nospores (asexual reproduction), carpospores and spermatii 
. . 

(sexual rciJroduction). · 15-~.5 1: 
0

long, l, 2-2,4 m wide frame-

mounted synthetic fibre nets with 15 x 15 cm cells.serve as a 

substrate for cultivating Porphyra. The frames are fixed horizon-.. .. 
'•· tally on poles in the sea dryinc; off at loYI and submer~ing at 

high tide or ~lse float5.ng facilities may be built. Collectors, . 
usually bunches of enells, are placed into porphyra• o grov.t.ilo 

that collect the settlinr; carpospores. Itibre~like conohc~ lls 
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dev~lop on the collectors out of fertilized carpospores. The col-
~ I 

lectors with con~hocella on them are submerged into pools and 

cultivated there in o~~i'!l!.al.-cohditions to obtain conchospores. 

The developed conchoepores settle on the nets in the pool&. In 

autumn the nets carrying the conchospores outgrowth are brought over 

to the sea to get e commodit7 mass.· A part of nets with the out

growth are packed into plastic bags and frozen at minus 20-25°c. 

When necessary these nets are brout;lt into the sea. The commodity 

PorphYJU is usuallJ grown near river~· mouths when the e.U.t content . , 

is reduced and there is an abundance of nutrative substances. 

There are 2-4 yields in Kovember-through March. A 18 x 2m net 
Vleight 

_1ields 3~-105 kg of raw Porphyra. The yield is picked by special 

-~·machines. It is flushed, dried, pressed in lf\yers and finally 

dried off again. Though the cultivation of porphyr~ has long 

been industrialized, this process is elaborated still further. 

Much is bed.ng done in the fieldof selection, upgrading the quality . ,/ 

of the product, creating ~c ·mcdfo. for growing por}hyra within the 

·,_phase of conchocells, studying the diseases and a possibltt preser

vation of living · rnatu:;..·e - • thalluses and availability of conchocells, 

&11 throughout the year. Iu China a research is conducted in the ': ... 
area of porphyra selection a~d~ot obtaining well developing seed

lings out of monospores.(Miura,r,~erril,1982; Li, 1984). There are . . 
porphyra growing farms on the US Pacific coast in the .PeY1jet 

S?und bay. In this area porphyra grows all around the year •. 

There are several yields a year. The annual growth of demand in 
. 

this product amounts to 10-JO~. 40 mariculture farms equiped with 

JOO nets ~ach would meet the US neod f vr this product (Freeman, 

1985) 



• 

• 1: 

14 

..... 
The a;;ru and cnrrn.t;eenan- containing red ~e~meedf: are cul tiv~tc( .. 

in three principle ~ays: on a silty and s~~dy bottom of sh~llow 

le.goons and.artificial brackish water ponds; on nets and ropes sub

merged in tlic nen; in special trulks with pnrtly or totally rer,ul~-tcc 

environmental (hllbitnt) parameters, thot are mounted in th~ op-::n 

air con-:~itions or in hothouses. In een~rnl a lurge-ocale yield is 

currently obtained us~ng the first two me~hods of cultivatin8 Euche

uma,- Gracilaria ems to o. lower extent Gelidium. Numerous :-:uccessful 

experiments are under wo.y with such seaweeds as Chontlrus crispus, 

Gigartina, .Hypnea, Iridaea, Pterovladia. 

There is a great voltL~e or cultivatinc EucheUJr.a opp;, a red 

tropical see.weed consumed as food and used for producing ca.rra;;eena.: 

Philippines is the main center of cultiv~~ing it. In 1~80 .the volur.u 

of loce.lly cultivated red seaweed:... nmount~d to 1JJ thou t, the bulk 

of the yield beins that of Eucheuma. The fa.ms are located a'."!On':': thr 

reefs on shallow waters protected from storms and with good stre~.os 

available. Eucheuma is cultivated on nylon nets mounted hori

zontally (2,5 x 0.5 ~) •. 1 heetar accomodntes 800 nets with 10C thou

sand bunches cif plc.nts fi"Ked to them eech weighing· 2CO gro.r.is. An e:.:

perienced worker pls.nts 2-3 nets an hour. Ar.nually "there are 4 yiltl. 

amountinr. to the overall mass o! 1J-JC t/hn (dry weight). 

Coral ref:f'-located plantations of 2 apecies of Euchcmm 

have been launched in China. where there o.re 250 he of plen~ation3 

with the annue.1 yield of JOO t of dry senweeds (Liu, Zhuang,.1 ~6J) 

Tanzania has set out to study 5 species o! Zucheuma. and to locate 

reeionz auitnble fer thliir fnrminr.;. One of the npcoico-ZncLcrr.~ ~:n~;-, 

ci:tormio is experimentally cul:tivotcd in tnnks in ti1e USA.A mn.;d:-.1.w ... 
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? 
d~ily mass increment arnount3 to 20-)1~~ nt. 12,2 kr}m- plnnt density. 

Calculations indicate that in order to obtain 1000 t of dry sea

weeds the cultivation pools surfnce should amount to 10 ha and 

the overall cultivation a:ea - to 24 ha. 

5 species or Gracilnria are cultivated a.t e.n inciustrin.l sci1.le, 

but the main.cultivated species is Gracjl3rin varrucosa. Gr~cil::u-in 

has n high growth rc.a.te, it is eurytherm, inhibit·s ·eutropic waters 

polluted by wastes at depths of 0,5-4 m; it may produce polyploids 

wich ope~s up wise opportunities for selection; it hen a high 

ogar co~t~nt and may be consumed as food •. There ere ettachec and 

unattached f ors of Gracilaria. The unattached form is of the vege

table reproduction• Within the life cycle of the attached form 

there is a juxto.position ofisomorphic generations of grunetopl1yte 

.e..~d sporophyte, it has a high reproductive potential. The unatt~ced 

form of Gracilaria is cultivated in shallow le.goons and il?nds mainl~· 

where :lt1 optimum level of salinity. temperature end nuitrative 

matter is maintained by using non-orga~ic and organic fertilizers 

and wo.stea. The yield amounts up to J-10 t/ha of dry weight. 

\','hen cul tivati:ig "racilaria and some other reJ &em·:e£:ds species 

t11e overgro\'tin;:; is r. problen ha.rd to solve. liracileria mny be · 

cultiveted in policulture with crabes, shrimps ~.llld other ·object~. 
I 

'.'."hen cul tivnting Grncilnrin subMer~ed in c1.:o.wa.ter the nets nnr: l 
I 

·ropes are mounted 0.5-2 m deep in a way si:nilar to Forphyra. cul tiv~.- j 

tion O.!'!.d the ropes ·a:re attached to horizontal cnblen o! tl·e frcme. 

Frond bunchea wei~h.'nc; 26-1<?0 gr are i."'lterte.'lgled with ropes end 

·nets.':':11?.re sever~l yitJlds a yenr. Every yield amounta to J,5 ~:t; 

I 
I 
I 
I 
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of dry rn~ss per 1 m or rope annually. •::hen cul tivntinl; ~racil::iria 

. in tanks cne nRy expect to yield 24 t/ha of dry 

at 2~ kg/m2 pl~nting density. 

...w~f 
~.annually 

"' 1 

The lnrGest amount of Gracilaria (several thousand ton) iij 

cultivated in lagoons and ponds or the island of Taiwan.(Yang, 

\':ang, 198J) 

Gracileria is also cultivated in ponds or Tailand: the e.nnu?..1 

yield amounts to 7 t/ha a year, a~ar content - JC~, cear output -

180_t.(Edwards, Tam, 1~8J). Gracilaria is also cultivated in a 

lagoon on the island of Sicily: the yi~ld is 12 t/ha. In the Car:r . .,ean 

countries edible ~racilaria costs 6-6,5 US dollars a kilo. Inten

sively exhausted, the natural Gracilaria resouroes are Getting re 

duced• The Internntional Develop~ent £esenrch Centre bnsed ·in 

Ottav;a, Canada pn.s launched a proeram of cul tivatllie this species 

back in 1980. In the West Indies o.n annual Gracilaria :1ield may 
~ 

be expected to reach 1~ t/ha of dry \ ~ie;htSmith, Uichols, ?.~cLache::, 

198J,1S8~). The US annual tank-bnsed Gracilaria yield a~ounts to 

127 t or dry mass (Lapoint, Ryther, 1978). The Chinese People3 Re

public suggests to '4se the same plantations for cultivating G1·aci-

. _ laria jostedtii if:.ay throueh Mover:tber ~nd Laminaria japonica D cer..

ber through }.~ay. This joint cultivation is economically more 

p:rofitnble. (Li,Chong,J.'eng 1 S84) 

Research and scientific efforts and the red alP,ae experimen

tal cultivation are under Vlay in a number of countries (USA,. Canada, 

France and some others~. In Calif oi:nia, USA t!·.orcrre experir1entnl 

fa1·ms !or studying and cul tiva. ting 2 Gelidium species. Theae npe

cieo biomaso increment amo~nts up to 1,26~ a day. The Cracilarie 
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cultivstion !arms are believed to be able to become ~~~tit-~~kir.g ... 
. bY stepping up yields via fertilization and selection. Dry Gelidiu.~•s 

P.rice is high (2 US dollus a pound) and goes on risiiig. (Harger, 

Neuchul, 1~82). 

U-he green ai;gae are cultivated at a lower.scale mostly in the 

countri~s of South-East Asia. They ~ consUJ:led as food since they 

contain up to 26~ of protein~, and also as fertilisers and for 

treating v:aste waters. A number of Monostroma, Ulva, Entromorpha, 
1. 

Gaulerpa\ Cladophora _ species are also cultivable. In Jap~..n 

l!onostroma litissimwn is net-cultivated·. A single 18r.2m n~t yields 

~ thriee a year an overall amourio! 26 kg of raw algae. In·· Philip~ 

pines Gaulerpa racemosa is cultivared in 5-100 c~ deep artificial 

ponds and on the mangrove area littoral since 1~50.(Horstmann,1~EJ) 

Fighting diseases, epip_hyt~s-··, u~P.=,Zing 'by t~·e invertebrates 

constitutes a major problem of alr.ae cultivation. 2 group of dis

eases mey be identified& those induced ~y unfavourablg environ-

. mental conditions 'physiological) and by various types of infections 

_(infectious). The physiological diseases are dealt with by creating 

more favourable conditions for a further gro~th by reducin~ the 

density of plenting,~ertiliv.ation, modifying the depth o' culti

vation, delivering the algae facilities to better water cfrculation 

areas etc. The same methods help treat the in!ectioan ddaeases but 

,.various chemicals including antibiotics are also used. '"'The. epi

¢lytes ~e:. !ought against. by ti:r: ~ollowing methods: using sp~cific 

al~aecides, shaking the cultivated species, .. pontrolling .•and 

pulsinr; the nutrative .rrmtter ln. The biological method of 

dealing v:i th the cp~:p,hyt~s. ..rnm:;ccto the use of animnlo tl'•·~t oclc~-

,. 
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tively consume exel.ussively the epithyte~ Only those species should .. 
b~ cultivated that undergo ;..o.w epithytes overgrowinc ~d selection 

should be conducted with this in mind. 

In the Chinese ~eople's Rerublic; Canada, Norway, USA, SWeeden 

and some other co1mtries efforts are made to select productive, 

ad~pted to_ certain conditions, diseases andepithytes - ·resistant, 

contain_ing an increas~d amount of nutrative substances clones of 

Laminaria, Porphyra, Gracilaria, Gelidium, Chondruc • Por the 

last 25 years high temperature-resistant and highly productive 

clones of Laminaria japonica have been selected and cultivc.ted in 

th~ Chine~e People's Republic to yield over 1 mln t.The work is 

going on in this direction • 

The chinese, US, sweedish experts in r;enetics nnd nelectiori of 

aglae recur increasingly to the method of tiooue culture. This r.ie-

thod is employed to study,reproduce nnd preserve the cenotypes of 

·various types of algae. 

A new -r~ay to cul ti~rate algae consists in grovline them in the 

atmosphere saturated with water vapouDs rather than in Vlater. 

(Moeller, Garper, Griffin, 1S84). 

The U~3R possesses considerable resources of nat~ral algae, 

hence the emphasis was laid on probing into the natural ra\v re

sources and their rational expl6ita~ion. Por the last 1l1 years 

attention Vias increasingly focused on maricul tu:.·e due to a reduction 
I 

.in nntural algae resources badly affected primarilly by the anthro-

pogenic influence namely pollution, eutrophication and intansive 
.... 

exploitntion. Besides; the dcr.iand in al~ae and ito products is 

risinc with every passing year. Tiae cul tiv:.ition (Of nli;ac v:ill rc~:iov~ 

a shor:ta~e in rnw aleae and will help preserve nature. 
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In the USSR the seaweeds ~tivation is handled by scientific 

and.research institute~· or the USSR Ministry of Fishery and the 

USSR Academy of Sciences. The maint effort of these bodiee in the 

field of commecial seaweeds cultivation is aimed at ident!fying 

the mo~t lucrative species of seaweeds to be cultivated in varicus l 
seas ~"ld re-~ions, at developing the biotechnologies of cultivat:lne 

seaweeds both as an extensive se-:o.. culture and as nn intensive-

extensive culture (seedlings_ in regulated-conditions at special 

facilittes with a further sea cultivation) a~~ as an inten3iv~ . . 

culture (factory cultivation). It.is highly probable that t~e in

tensive-extensive method o! oomr.teTcial ataweeds cultivation will 

emerge as the most lucrative one here like eld\vere. 

. ... The USSR is interested in advancing the research to per!ect 

the biotechnology, to create more productive cloned of seaweeds 
. . 

. with predetermined properties, in preve•tion and fighting d~seases 

and epipbytes,in raising the profitability of the mnriculture f~r.=. 
I 

ming and in identifying the regions suitable for cultivatingcoIT"e:r-! 

.. cial seaweeds !ron the ecologic!ll, social and economic viev;point: 

In the USSR boral seas and primarily in the~~~ of.Japan, 

White end Barents seas Le.minarias appear to be the most perspective 

species for the cultivation (Blinova, 1984) The jnpanese lnmin~ric 

(La.niinnrin jnponicn) io cultivntncl in the Sen o! Jnpnn n:fnce 1!:"72 

and currently there are thTee fnrmo here with a total pl_c.ntation 

area of ·over 100 hectars. The : .,, t.:f.1rP+.5 on: i:.;. C"'"~::et~d in. n two-

year;~ycle. The yield amounts to 70-1CO t/ha (raw weieht); The 

Laminl'\ria plnntations fire loce.tcd in di f fercnt ecolo~icnl ·~md 

climntc zones, hnnce the different pcriodn of riponninc !or zoo~r0r· 

formation ot substrate spores, appearance o! seedlings end yield 

'I 

I 
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collection of various f.arms. The periods of aporification and those 

of substrates sporing, most favourable ecological conditions for 

the development of different stages of Laminaria japonica, parti

cults.ri tiea and growth-rate of e~orophytea in various seasons of 

the first and the second 7ear,deadlines for pulling up and lower

ing the outgrowth substrates have all undergone stud7 and the 

deadlines for ~ollectin& the yield have been poeitivel7 iden

tified. V!ork ha_s begun to shorten ~apanese laminaria' e two-year . 
cultivation cycle so that it would become a year-long cycle. 

This necessitated.an aquisition of early ripe zoosp~res (July

August). Methods of selecting the fronds having a tendenc7 towarda 

an earl7 sporofication have been found. A method has been worked 

out to stimulate an early'zoos?ores.ripenning by a speciail7 chosen 

regime of feeding and exposure for a !~ster accumulation of amino

acids promoting frond's reproductive tissues ~ '!"6wth. • A tech

nological scheme has been elaborated for a short-term shop-based 

cultivation of laminaria seedlings. The chemical composition of 

the :· Lam:t"!•t:ria. japoriic~ .. ·Cl.!~ tivated thalluses has been studied. 

{!iakienko, Maltsev, Krupnova,1981; Buyak:f.Jla, Podkorytova, 1983) 

In order to produce more alginates it is necessary to begin 

cultivating Coataria costata in the Sea of Japan. This speciet 

has a n~ber of advantages over Laminaria japonica: a shorte~~ 

lite cycle (1 year), the spores ripen and outgrowths break out 

., earlie:u and they an less demanding to the environment (Makienko, 

Koiseyenko, 1980). 

In the USSR boral se~;.s J,a.minaria saccharina , L, digi ta ta 

are the most lucrative species for the artificial cultivation. 

(Blinova,1984;?.te.karov,1982). Since 1975 biology las been studied 

f 

f 
I 

I 
i . 
; 
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and biotechnology'developed for cultivating Laminaria eacch~~...na 

in the Barents and White Seas. It was proven that Laminaria 

saccharina might be cultiva~ed in the Barents ~nd White Seas 

in the two-year cycle. The average length of laminari~'s frond 

grown o~ the rope-bae~d substrates submerged in sea water amoWlts 

to 2-J m,their mass ie 400-500 g, the maximum mass being 1-1,5 kg, 

the ex~ected yield - 50-100 t/ha, the yield is collected in July-

Ausust. 

An experimental plantation was set up in the Barents Sea in 

1983. The experimental large-scale cultivation of L. saccharina 

at the plantation facilities h~s made it possible to test the 

results of research condusted for so man1 7ears. The plantation

grown laminax:ia was good both for using it as food _and for extrac

ting alr:;inates and manni tol. The yild amounted to 55-60 t/ha of ra ... : 
·• 

''ft? ic;ht...- - ~ Blinova, r.takarov, Khokbr)'akov, 1986) The Barents Se a-

based Laminaria saccharins 7ield is similar to the one collected 

on the Laminaria japonica ~lantations located in the USSR Rar 

East and in Japan. 

The problec of' agar-containing algae mariculture appears 

quite urgent &Del practically important. Unfortunately most 

high yield agar-containing algae of the USSR seas have a s~ow 

growth-rate, the1 reproduce their resources poorl1 and in general 

their cul ~ivatiQ.:Q:.: is deficient. The most perspective spicie t1·om 

the viewpoint of cultivation is Gracilaria verrucosa having a 

high growth-rate (Makienko,Maltsev,Krupnova,1981). The bioloeical 

study o1 G. verrucosa end the elaboration of its cultivation's 

biotechnology ar·e ccxnducted at sea and in regulared to.nks · con-
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ditions in the Sea of._ Japan and the Black Sea. A :factory method 

o:f cultivat;ng Abnfeltia and Gracilaria is being developed in 

the Far East. 

Experiments are under way aimed at increasing the overall 
. commcrJUnlly l~crative 

mass or Furcelaria, -~.re~ Weed found in the Baltic Sea area 

by setting up artificial reefs and mounting additional fixed 

substrates at sea. The initial inspiring results have been obtained. 

At the present stage the industrial algae proc3ssing has 

reached significant proportions. Primarily it is related to a 

substantial content of organic substances in algae (up to 701> of 

polysaccharides, ·around 30~ of alginic and other acids)- The algae 

tissues are marked by a lable content of dry substances - 8 through 1 

30%, i.hc- accumulation of minerals - 10 through 25 corresponciinc;lyta 

level of organic substan·ces content depends on biological and ecolo-; 

gical causes. the season and the area where ~he algae are located. 

Table 3 

Ether Protein Other gen~~A g~·oup Cellulose nonnitro- r¥ i" soluable )f x 6, 25 .:;enous non- ma ter 
lipid organic mat£g~tent 

Red algae 
Porphyra-3 species 

0,1-2,s 12,0-44,4 5,1-15,8 45,1 76,4-94,C 

Gelidium,Ahnleltia 
Furcellaria,Phyllo-
phoria etc. 

Brov:n algae 0,.35-),8 
Laminaria-12 species 

4,6~23,5 5,7-14,4 32,6 50,0-76,0 

Sargassum-5 species 
Fucus -8 species 
Costaria, Alaria etc. 

Green algae 
Ulva, ~ntcromorpha 

'iO, 7~·2,3 10,1-25,0 2, 1-6,5 61s1 7r::. 6 ~,. E ~' -o~ .• ' 
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The seaweed raw material is stored by hnrvesting cultivated ·. 
and natural growths at their habitat.or by collecting washed O.\',,...&y 

weede. Freshly harvested seaweeds are unstable due to organic 

matter decomposition, the::-efore they are consumed either fresh or 

. they are conserved by way of natural and artificial drying, fr~c::iri:~:- 1 
arid chemical conservants treatment. (Chapman, 1~80) ... 

The red a.'ld brown seavreeds are specifically valuable by the 

cont~1t of their orgnnic matter which makes it possib~e to obtain the 

products' that are impossible to get from the land-ero~rn plants. ~he 

red seaw.e~ds" industrial processiL0 is aimed at extracting polysncch~

rides-carrageenan -(fractions: kappa,larobda, jota), furcellaran, ar,nr, 

employed by the foodstuffs industry as eel-former~ and thickenners • 
(! 

These polysacc~arides have a conunon char~cteristic feature detrmi-
. . 

ning a universal technological approach to their extraction. 

These polyssacharides always contain monomeric galactose, the re:i~

tionship between gelactose remne.nts -oc(1 ·•J> and p (1 .. 4); they-

contain a galactone derivative -J,6 -anhydrogalactose; a·considera~le 

amount o! sulfate, the amount o! sul!nte content in a,~a.r is belo\•: 

6 ~ . 
"'. in• .. danish agar-!u:racella.rs -1)-18~:., ; ' in· carragecno.n:::; -

20-35~; agars a~d ccrrageenans molecular wei&ht io ~ithin the ranGc 

of 100 thou. As to the atruc·~ure or ·n.:::~r:-: .,. ..• they contain two poly

saccarides - agarose and agarpectin. Whereas 0.8arose contains no 

sulfate at all, ~~aropectin ec~tnins around 10~ of it as well aE 

D - 8lucuronic and pyruvic acids. Furcellarans and (ka.ppn1 1.a!:1bdn .. 
and jota) carrageenans contain D-galactose and J,p-andhydrogalac-

tose .with a certain sulfat.e content ve.rying in different t:·pc-o of 

carra~eennn. . , 
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Carrageennns, agar, !urcellaran arc employed in the foods!uff s .. 
industry due to their valuable qualities: a capability to forn 

gels and availabili~y of viscous and a number of other technolo-
. 

gical properties. They are soluble in v:ater: -sodium c:."?.rrc..;eena.'l 

ruid lf,.mbda. .--!carrageenan - in _cold water; kappa-carrat:;eenan-in 

hot water at so0 c, furcellaran. - at 70°c, aBars - when boiline. 

Under the influence of electrolynes the carraeeenans gel-for~ation 

is stepped· up and vrhen substituting sodium by calciur.i they for~. 

thermotransformeble &els. I.:ixing the carraeeenans . pernits tc 

reach necessary:elasticity or texture • At the carraceenans reaction; . ' . 
with proteins e.nd saccherines they stabilize milk an~- fruit·· 

mixtures. The 1,0-1,5~ carrageenans solutions gels have their 

melting point within the range of J5-80°c (Dano,1S76) • 

The.carrageenans may be extracted of the followins see.weeds: 

Cbondrus, Gicartina, Iridaea, Euchewna, Hypnea, Furcellaria, 

Phyllophora. It- is not~worthy that carra&eenans of these se~-

weeds contain two !~actions, for instance the kappa or jota ~e~~ 

·forming fraction anci the lar:-.bda thickemr:a: traction. 

In a nUJ?lber of countries (U~A, France, Den~ark, Philippinr·n 

Spain, Great Britain, Rumania as v1ell us Japan\ the production of 

carra~eenan.o, furcellarane is bnsed on the technolor,y ma_de ... p cf 

the following major processesa extraction; purification o! cerraeee

nan, bringing it out of solution and drying (r.iartin, 1S84). 

The extraction of carrageenans boils down to keeping ·::~nhed 

se~weeds in l'n alcali or sal tn ·.·in.:-rned · or lukev:erm solu·t.ione. 

Dependinr; on the product to be extrnctcd, t:ie t>!:?mpcr turr. c~ e:;·t!·-~

tion, concentration ond a renctivl.? nnrl r:•··, :~n-:.e1·i".l ~·l~tio ~ ·· 

select~d accordinelY. 

·::hP.n extrnctine lambdr. carraceenf'.ln the operntion is 
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carried out in a large ·hydromodule at a moderate temperature; 

;·.;hilc e:dracting kuppn and jota c~:.rrar:eenan the process requires 
.. 

e.n incree.sed temper~ture and a lo•:· hydromodule to be employed. 

Upon mixinr, the carraGeenan solution with diatomite, a cellul 

ose powrle:r·, carrngeena."'1 is purified by filtration. The o.lk!ili 

solution-~e.sed deriv:.ttion of carrageenan is accompanied by a si-

=mul tCUleous extraction of soluable. sal ~s, piements whereas the to

tality of cellulose components, hemicclluloses and a lnr~cr part of 

protein remain unsolved and are removed. 

The extraction of carrageennn from the solution (filtrate) 

is alcohol-bnsed. A water extract.containing 1% of dry matter 

is poured into alcohol (isopropanol or ethanol). Efforts are 

made to decrease the amount of alcohol used for extracting car

rageenan. There are methods of carrageenan\s purification, con

centration a,d clarification by trcatine· the extract iii diil~jeJ\eDlti \ 

filtration module~ of different designes equiped with ultrnfilters 

(~trong, 1$75, Kosaka Masumi,1~84). 

Carrc.geenen falls out a.s a sediment in highly concentr:.ted 

alcohol· In certain cases it is gel-like. Potassium chloride is 

added prior tc th~ alconol treatment to a.meliorate the c1ehydl'~.tion 

of tisoues. The sedimentation is eloo po~sibl~ when carrc.geP.!"!n.n i::: 

-!-:rozen. With this method em-rloyed for thn seqwceds contninr; a lar;-e 

amount of keppa-carrageenan (phyllop~ores, !urcellerias), potasnit:..7. 

chlorijP. is ndded to the !il tro.te. A r;el-likP sediment is collec~.;ec 

c.nd frozen wit:1 a. resulting aepnrction o! cr)13tnllized water. After 

washin1.; it up in the potns~ium chloride solution, the sedi::ent is 

prcsnce to remove the largest amount posDible of the o~lt ~clutjc~. 

Aft~r this t!w c;cc1 iment is V!lC\lUJ;'.-r:~·j.P.d till n 1 c~· nu:ni<~ i t.Y 

" .. ~ .... ..,_.~-....,_...~_...... ... , --= ...... 1'00--.. ·---·--1~-----------__.._.,. .. _ ...--.,. ...... 
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is attained in it then it is pulverized 90 thnr the dinmeter or 
• 

perticles rQ.nges 200-JOO microns. 
•;. 

The method of extracting, say, jota - carrageenan differs. 

(US Patent 3849395). When extracting jota - carra~eeno.n out of 

Eucheuma apinoeum, Agardiella tene~a in order to step up_ a sel

forming capacity it is modified in the potassium hydroxid1~ solution 
ThE! 

followed by its neutralization till it reaches pH a. 'Q.tric acid 

(pH J) is addad to the jota-rarr~enan solution which is followed 

by heating till a2°c and held that way for 4 hours. Then sodium 

alkaili is· added till pH 7 and th?. ~olution is cooled. The processes 

that follow are ~imilar to those employed for extractinjother car

rageeno.ns. The use of the above technology allows to extract rather 

' pure cnrrageenans • 

In conformity with the carrageenans quality and properties as~ I 

sessment chart worked out by The Rational Cent~r for Coordination 

of Foodstuufs Researgh (Fr:ulce) they should meet the follo~ing 

requirements·(Rioux, 1S84): 

- yellowish or colourless powder 

Taste - v~g~table slime 

Content: 
hum:!.dity - belo\V 12% f~llowing a 4-hour long 105°0 deying · 

ethanol or 

isopropnnol ~ below 1% 

(dry matter) 

sulfates - over 15% e~d under 4~ 

a.ah unsolved in 

1~ sulphuric acid 

solution - under 2% 

•. 

I ! 
l 

I 
...:_ _____________ ............................ --.......... ~ ..... ~ 
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ash - .over 15% an~ under 4°" of dr1 matter following a 

550°C calcination. 

viecosit1 of 1.5~ 

solution 

at 75°C - over 5 cP 

In accordance with the established norms the content of metalli 

impuriries· (mg/kg) .constitutes: zinc -10; arcenic -J; copper -25. 

In the UJSR the agaroid and furcellaran gel-formers are derived 

from Peyllophora nervosa and Furcellaria fcstigt.:t~ seaweeds con

taining_ carrageenan at an industrial scale. 

The technology of extracting theee gel-formers varies due 

specific natural featur~s of ~~e ee&weeds containing polieaccarides 

but basically the ·r-roduct;~n is similar to the technologies 

-~f proceraing the carrageenan-containing seaweeds employed in 

other countries. 

When extracting agaroid and,furcellaran, particular attention 

should be attached to the preparation of seaweeds prior to the extr~

ction allowing to remove soluable salte, nitrogenated mat~er, 

low-molecular polysaccarides; it modi!ies the structure of high

molecular polysaccharides and eubstantiall1 shortens the time 
' and reduces the effort spent on extracting the product. Processing 

Phyllophora with the hydrochloric acid followed by the sodium alkali 

. neutralization results in ptoducing agarold used for making sugar

based mixtures because the uee of this treatment affects the eta-
• 

bili~y of water solution agaroid gel. (The USSR.Inventor's Certi-

ficate 938902) 

Treating seaweeds with hot sodium alkali solution ( 2:~ concen

tration and more) su~gestod for extracting from ?hyllophora a gel-



-~ 
-i 
i 
t 

I 
i 
~ 
l 

' t 

i 

t .. 
f 

l 
1 

• ' . . 

1 
' t 
\ 
' 

j 
I• 

l 
i 
' 

' 1 

2( 

form'!r . named ··"rhyllophorin'' w:iken it possible to extract a 
•• when· 

nir;hly st£'.ble gel product, e~pecially so mixcsd with 7C-; o.6 st::;~r, 

e.nd mniliorutes· gel-formation properties of water solution ( The 

USSR inventorh tertificate, 60).367) 

To secure a relatively total gel-formers extraction i~ is 

conducted at pH 6,5-7,5, within the 1 :15 through 1 :JO re::• materiai 

and cxtragcnt· ~ ratio range at the temperaiure of ~8-1co0c in 

a battery of extractors or using the method of continuoua diff<i!>ior.: 
1 - i. • 

v1hich .proves to be most effective (Boydyk, 1974). The eficctiven0~s 1 

of extractint; furcellaran in .a: Vleek alkali has been substnntir-.ted 

( Pyay-f) 198C). 

The choice of :..ue techn~loe;y for extracting carrageen['.n ic 

determined by the direction of its further use. From the econonic 

viewpoint it is lucrative to extract e. purified product ( mnkin,:·; 

use of the technologies employed in the countries of Westerr" Europe 

and Japan). This product could be ef~ectively utilized very spar~nGl~ 

i.n the foodstuffs technology which would decrease its co!lsumpticn 

as a whole. 

The do.ta concerning the use of car~~tGeenans for producine; 

foodstuffs is summarized in Tables 4 cmd 5 (:i~11rtin, 1984) 

.. 
Country 

T able 4 

Volume of VIOrld s1.lle tlllc1 consumption of 

Populntion, · 
mln 

Cnrrageena.ns 
so.lea, t J:'oodotu!f s 

• tnduatry, t 

( 1 c· ~·,. ) 
""L .... 

nnnual n.~r 
cepitn: r. 

------------------------------------·----· .. 
USA 

Greo. t Bri tnin 

J o.pnn 

240 

55 

110 

J2CO 

170C 

1700 

2700 

600 

1400 -

, 1 

11 
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Germr·ny 

Fr~ce 

60 

55 
·. 

Other countries 

17CO 

1500 

4200 

Use 

Total 14000 

Table 5 

Use of carrn~eenens in France 

' · .Foodstuffs 
Frinciple 
·functiono 

In w~ter des3eris gel-f ornation 

~el-formation 
(little sugnr) 

• 

Lo ... r-celorie s 
jams 

additives to fruit 
juices, s7rups 

suspensions 

edible dressing gel-f ormntion 
(for frozen fish) · 

jell~ · soucen thickenning 

concentratedi:: fati protein par-

1100 

1000 

2800 

9600 

16 

18 

Doses uced, ,.· 
I·' 

0,8-1,2 

0,5-1,0 

0,1-0,5 

0,8-1,2 

C,4-C,6 

C,CI-O,C2 In milk 
milk tic~e~ stabilization 

cocoa with milk prevents cocoa f:.·orn 0,02-0,03 
subsiding 

pn::try cream thickenning 
" 

0,2-0,J 

i4ilk ~elly gel-form!ltion 

ice-cream mix~·:d with other 0,01-0,05 
st1-tbil:izers 

mii!t: dtinks_ giving shape o, 1-0,4 

.... ,, . whipped cream stabilization C,05-0,5· 

In the US5R nr;o.roid, rur, cellnrnn olon~ with food (V:ar nrc 

tna.inly uoed !or producina contectionnries and ice-crcm'I. 
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Table 6 
·-

Use of agGroids, furcellarane and ac;nr in the U3~R 

Items 

Frui.:t jelli~s 

Fruit fudge 

t:arshmallow 

. Pe.stry· ·cream 
dressing 

Pasry cream 

Candies filling 

: .. Ice-cream 

Doses used, ~; 

agnroid 

O,J 

4,0 

c,01 

furaccelaran 

0,2 

c,a 
o,a 

e.p;ar 

o,6-

o.~ 

Ci,C4-0,15 

C,04-0, 15 

1,5'! 

c,01 

Gelidiwn (16 species), Pterocladia (4 species), Gracilarie. 

(6 species), Ahnfeltia (2 species) are used for extracting~~~-. 

:el :tece~i~ years .while extracting .agar the attention is focused 

on treating the seaweeds prior to extraction. It consints in cold 

and hot water washing, soaking in alkali and acid ~olutions and 

it is aimed at raisine the 11~:.:··and st:ibility of a~ar-.~el. In: .. --:

gentina, J:exico, India, Shri-Lanka, Chili, Japan and Vietn~.n 

Gracilaria is treated by ~ 2-10% concentration sodium hy~roxice 

solution; In Japan the use of this method stipule.tes ti1nt the q-:.rnli

ty sec.weeds are processed for ~-J hours at 85-S0°C, wherec~s. th~ 

low-grade weeda are treated for C,5-2,0 hours at 70-75°C corres

pondingly (Ok~zaki, 1970). 

I~ a number of countries sc·.vrecda nrc proc0:-n<'!d by nc i~ 
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solutions, sometimes·:after soaking in alkali. At .a plant in Chile 

Gracilaria is first soaked in a 2,5~ solution of sodium hydroxide 

for 1,5 hours, then washed in a O,JS sulphuric acid solution, 

washed again following which agar is extracted.(Chapman,1980). 

The emi)loyment of alkali or acid treatment speeds up conside

rably the agar extraction process. In the case of Gelidium it 

goes 4owo from 4 to 0,5 h~urs. In Japan the temperature employed 

for extracting agar depends primarily on the type of material: 

the extraction out of Gracilaria, easily boiled soft iQ carried ·

out at 100°C, and that out of Gelidium, that is hard to ~oil -

at 125~C in autoclaves. 

The purification of extracts is made up of sedimentation, 
·/ 

filtration and centrifugation whereas water soluble, dying ' pro-
, 

tein and mineral matter is removed by washing and gel-pressing, 

ion exchanging resins treatm~nt,e~tract•s · diatomite treatment 

and treatirgit by activated cEa"bon (Cooper, 1977; Selby et al., 

1973). 

The dehydration of purified extracts (gels) holding 99 cwd 

90-94% of t1ater is an important and complicated operation. In 

Japan when extracting q~al:ity agar from. Gelidium Annafeltia 

gelSs freezing out in natU:-al conditions is recurred to. The c:,_;ar 

dehydration~or the purpuees of food is carried out by preesins ge 

J.!ke agar,out and its drying. Most B6ar-extracting enterprises in 

Spain, Latin America, South-Eaat Asia employ atomization to dry 

the agar extra~t or its dl"W'l'grying which is detrimental due to 
.,"' 

a modification in. gel-forminc properties,stepping up productio~'s 

powor consumption at the same time. '1. 

In the USSR asar is ext rue tcd from Ahnfel tia pliei,ta inhibit 
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t11e ".":~'lite Bea nnd Ahn. tobuchienzis of the t:1c Pr.r-E~st ~i::?~s. :::e 

n~ar-e~tr~ctin~ technoloCY involveo a r~~-~~t~rial treat~~nt by 
·-

C. 3-C. 5 solutionii of cc.lciul'!l hydroxide. Polis~t.t!clai.de is obt:-~i:ie:

by continuous avtoclave extractions at 12(-125 C nt 1 :12 r:1w 

materie.l - extrr.ct ratio. In or<ler to remove mech.~.nic impurities 

the extract is filtered nnd decanted. After h~vinc been decnnte~ 

the extract ie cooled. The gel is cut in pl~tes, washed in \"m.ter, 

bleac'!1ed in sodium hypochloride. The most effective nethod of 

purific~tion con~ists in sediment~tion of non-~Gnr m1tter by adcin~ 

a ce.lcium c~rbon~te suspension to the Ahnfcltia agar extr~ct on t~e 

basis of. 2CC-JCV.~ of calcium oxide to the extra.ct dry rn:!tter anQ 

a consequent centrifu~ation.(raalyukov, 1~71). 

There are sevsral mcthod!l of dehydratinr: the o.gnr-conte.inin~ 

gels in the practice o! proce~sinz Ahnfeltin. One of them consists 

in mel"ting the washed eel, acparo.ting the rer:iainin~ impurities cut 

of the solution thus obtained, concentrntin~ it in a v~cuum-dricr 

and drying it by ato •. lizati~n or by drum-drying. Another rn~thod is 

used for extra.cting quality a~ar• It stipul~~cs t:- at the product 

is dried follo~ing the defrostation of ngarold obtained by fre~zL~G 

both in ne.tural conditions or after eel's dehydration by pre!•sin:. 

(~aslyukov,1~71). 

I 

! 
j 

I In recent years a sublimation drying method is increacincly ~?-i 
• i plied for dryine; asar gels, permit tinr. to ob ta.in a quality prod?:.:t.. 1 

I 1:eth6ds o! extractinB ar,3r in the world practice of processi~~ 

the aca.r-cC\ntaining see.weeds c.i·e si.milnr. A certain difference is 

cl•.ie to varyin~~ rnv: materialo and production po-r.ntials. 

?he sh~~e ot extracting and u~i~~ e~or for ~akin~ !00~3tuff: 

.ifl lo;·:er tirnn thn t cf cnrrril'P~e~rmr-: in '~11 co1P. .. ricrn ( C?XChH:inr~ 

I 
i 

I , ,. , I 
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Japrui). The unique prorerties or frozen ar:ar, that is its ability 

to produce elastic, 9table n~d transpnrent r,els are effectively 

enplo;;·ec in other sectors, bn:iically in medicine. 

A. biochei:iical "" p::irticuluri ty of I.aminaria, Boklonia~ I.~acro-

cystis, Bisenia, ?ucus, Ascophyllum, Sarga:isum brovm 5eav:eeds cc..:.

sists in ·the :mount of alcinic acid mu ts they cont~in. (around JC:"). 

The elginic ncid, some comncrcinl a.lginntcs are chr~racterized by a 

high molleculC'.r weicht -around 2CO thou., a!1d their solutions h::4'\"'e 

considerable viscosity rnn~ine 10C-6CO centipoises (er). 

The industrial production of alginates in the USh, Prence, 

Ilorwey, \T~pan and t~~c cotmtrib~ or South America c,cnernlly e'!lbr::ccs: 

a pretreatMent of senweeds, extraction or nlcinates, filtration of 

their solutions, sedimentation of the aleinic acid, obtninine e 

soluble form of :. alein~te •. 

Acid pretreatment of sea~ecds permits to remove soluble min~r~l 

o.nd orga11ic matter, to make alcinic o.c.:id _sal ta soluble (Hnrdihor:lt, 

·fs77; ~·ateus et al., 1877; Duville et a1.,1~7.l)• Then the alein~:tes 

are extracted from see.weeds in a!! nlko.li solution (pH 1C) 73.kin!': 

use of mainly sodiu.~ ca.rboni te (Haug, 1868; Ckazaki, 1 ~71). 

After ha•:ing been mixed with an adsorbent the alFJinates sol".ltions 

are purified with various types of filters, used consequtively, 

centrifuged, separated, floated. A combination of the~e methods is 

frequently employed. (Chnpmnn,1~80; V1'rj1~ht 1~7J; Ilnsabe, 1~7A) 

Ti1c ncdirncntation o! the aleinic acid is caused by oxi

dizinc th~ purified solutions till· it reaches pH 1.5-J.O. The sccli-

.... -.. •------... cir.",. s-=-=••• ... ••>••• .... -·=-••-... oe.,..a --.o;e11J11e--.;-• -19111•wz.---- ............ ----
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ment of alginic acid ie washed in cold and hot water, bleached in 

sodium hypochlorite, washed in alcohol, then Jried in vacuum in 

an infra-red source drier and pondered (Chapman, 1980). The al

ginic acid serves as a semifinished item tor obtaining various 

alginates including sodium alginate and calcium alginates employed 

in foodstuffs technolo17. 

At the present moment the USSR does not '!xtract alginate for 

food producing technical sodium alginate instead. ·However the rese-. 
arch centers of the country are active in searching for the uays 

to perfect tec!lnologies of extracting the alginic acid and alci

nate s out of Laminaria saccharina, Laminaria digitata, Laminaria 

japonica { also the cultivated one), Fucus veeiculosus, F. serratus • 

~.us it has ~een·positively'established that treating Lam~-

naria with weak mineral acids solutions to remove s2lts and or-

ganic compounds promotes an increased alginates yield and a ste]~ed 

up viscosity of it& solutions {Podkorytov411 1985). The purifi•· 

cation of algi.!late soiutions consisting in filtration of ~ater

solved animal glue after sedimentation followed by ren1ovint; seli.

weeds minute particles by way of electrofloatatic,n··hao also proven 

effective {Vrishch, 1976). i. suggestion h8.3·~bee!J. put ~forward to 

treat 1aminaria twice by a weak solution of hydrochloric acid 

followed by washings and the extraction of sodium nlginate to 

incr~se .. the._yield and to shorten the duration of the process • 
. -. 

The yield of alginate constitutes 21% of dry seaweeds, the molecul~r 

weight is 90 thou. ~his technoloc1 excludes the operations of 

alginic acid seaimentation and its washing. {'~he US;.;;R inventor's 

t) .~ertificate,1113078) • 
. ~ 
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!~ •~rld practice of extractine. the el~inates (in Grent 

Britnin, USA; Norway, France. C~ile nnd India) used also ror foods 
1.he 

anong other thi.n...:;e is indicativ~ or economic effectiveness or pro- ' 

ceasing·· bro~ seaweeds. Along with the carrneeennno, aleinntes 

are widely used in foodstuffs technolo~. The .; effect or 

these h:drocolloids is similar to that of cnrrsgeenans apart fron 

the fact that along with the texture formation they are capabla or 

imparting the ncccsaar;y organoleptic properties to food ndxtures 

~aking them elastic, stable ond thickened. 

Tabl~ 7 indicates characteristics c.nd_principle uses or some 

alginates produced by Protan company (liorv1cy) •· 

\ Table 7. 

Use of alginates in i-Iorwe.y 

Trademarks of 
aleinntes 

Frotanal S 

Protene.l. SF 

J;'ro tan al L 

Protanel LF 

Prota.n&l DGJ 

Protan«l JC 

Protanfll JCL 

Viscosity 
~ 

solution 
cP 

600 

600 

250 

250 

250 

·250 

250 

Principle 
use 

Foodstuff a 

same 

seme 

same 

gel 

ice-cren(ll 

ice-cream 

Prota.n Frostgel 10-)0 meat,fish freezing 
·powder S. 

Protan BR,SP, 10-)0 
ABHF, / .. BTJ, AJmR, 
ABHF, S:i>H, ·st'I'll 

f rc. t!im·.l VR 

· rrotom:l VR 667 

cakes 

eA.kes 

Notes 

1-8 - sodium 
alginates; 

g anc 10 - sodiun
c~lcium alr,onates 

the colour o! dry 
alginates.is whit~; 

pH or eolµtions -
6-7 

,_., r- •-•_...-_____ ,.... ___ .;.. _____ ~-~..--------....,.-----:---~ 
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Hydrocolloids e~tracted from seawweds should not be considered 

as food seasonings because they are known not to be diges~sd by 

. human organism, but in a number of cases they constitute an in

dispensable technological additive making a product formation pos

sible. In the -countries of the European Economic Community (EEC) 

(in Prance and FRG, for instance) a ,•ermitted daily consumption 

dose for adults is: carrageenan - 19.3-22,7; alcinates - 8,6-10.1; 

agar - 7.7-9.1 (Kuhnert, 1980) • . 
The strategy of controlling a content Gf hydrocolloids in food 

their intensification an4 ihe ~quiremants they are to meet, methlis 

of analyzing their content (reliabilit7, quickness, precision and 

~ ·reproducability of resuJ.ts) - all these problems were ~reated at 

the 11-nd International Conference on the 11Gums and stabil;izers 

in the foodstuff's industry" that took place in \':rexnrun , ·wales, G.B 

in lune 1983 (·hillips, 1~84). Besides, in the framework of lllhe 

EEC countries the discussion focused on using hyd~ocooloids in va

rious foodstuffs including the canned ones. Also discussed were 

the problems of ~ermiseible doses for a dally consumption and tnos~ 

of specifying thei~ purity. 

Research is conducted to standartize the equipment (rheo-

lographs, viscoelastometera, texturometers) securin~ hieh- pre

cision results of a modification of characteristics for the 

systems mixed with hydrocolloids to determine the optimal regi.mc3 

for processing and preserving foods.(Fiszmerub et al.,1982). At the 

same time the neccsgity is discussed of .reducing a great deal 

of rheological characte:ristics and of selectins ocveral parameters 

reflecting the conduct of hydrocelloids in solutions and gels. 
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A nur.tber of countries, primarily thooo:o! Far ~ast Asia 

(Japc.'!l, China, I.forth r..n~ South Ja:oren, Philippines utc.) \':idely 

consu~e nc.tur:il nnd cultivated seaweeds a:; rood. 

In this situation· the attention is fo~used on workin~ o:Jt the . 
proces~e~ o~ their con:;ervntion to retain their nutr!ltive va.lue 

and attractive commercial.appeal. Fresh se~ueedn to be pre~erved 

by !reezinG or dryin8 undert;o. decolorntion by acetic acid trc;-.t;-;er.t 

with 001 ensuing -.·:ashing end airin~ in the sun or by hydro:i;n.!1~ 

peroxide tre~tl'lent \'dth ·the presence of ncetic ar.h:;dridc {?:a.:::f;.ro 

Sieehiro, 1 ~74.) In ~c.pnn nround JC i terns of fish, mollusc, vi-:: '.'.~t:·~ 

bles, vinr:1.P-r, su~ar, oouces, !lour (noorilc~, vermicc·lli) r.iixeturc.= 

based solely on Lm:iinaria are produced an1? sold. 

Tc.bletecl and. granulnted grain-like flour or lnctose-bn:;ed :re.=~

products are prapared from Und~ria to ~~kc the m~ximum u~e of cc~.=. 

ponents beneficial !or hurnnn or~~nism. {Ikue Takao, 1~01). 

ln the 1~editeerenenn countries Sa.rgassum i~ uned for prer~

ring semif inished dishes pecked in pl11stic b~[;S, freeze-::iixeC: ·::. t!;. 

carrots, fish or tomato souce. The proeucts have a low calorie.:; cc:-_ 

tent, hov:ever they incorporate vitamin C, iron, ipdium, thus meeti!"". 

adult'~ d~ily demand in thP.m. (El-Dashlouty, 1~C2). 

~he peoples of the Crient {Ja.pnn, Philippinf"s, Vietn~:.r.i) tr:..~ 1-

tionnlly employ liquid taste seasonnine;s based on consentrnte~ 

extr;· .ct's from_ brown~ Jenweeds nnd e;lutominates. Sweet :mnd·;;ich !'~.::;t~ ~ 

are also prepared that contain J,o.mim1ria and Underia-ext1 .. ~cter. 

paste~like rnaas mixed with a !nt-tree fish meal, dnr rnilk, au;,cr, 

whi tc r:dso, honey, crushed. seoa!l'lc oceda (Kobaynsi Toaikhriru, 1 <'re). 
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Upon cor.iplction of ti1e compo.icn of lluatill{; the dice~tabil!ty 
-. 

or v3rious foods containing seaweeds-based dishes, hiehly nutrative 

products contninine Laminaria powder or paste added in 2-15~ to 

meat, bakery, stuffed sterilized fish products as nn £0.ible jressin:, 

forRick~1~ed filcts nre groV1ing ev~r Foore popular. (Askar 1 1$t2; 

Herve, 1984·; Pilnik et· al., 1984, Ofstad, 198)}. . 
Ir. the U~3R food-used Lmninaria japonica and Lam. saccherina 

apart from being crushed to po\'/der, flour, t;ranules -\re also pre.:. 

served in· frozen, dried, snlted·and marinated stnte. They nre com~ 
tl1e 

monly ~se·o. in cooking and canned .roods production. Depending on 

the type of c3.Ilned food it is made:..up of veectables, fish, mollusc 

· ,, meat, sugar syrup, tomato juice and spices nlonr, with seaweeds • 

(Yevleva, 1979). 

I 

Cor.iplex processing of sea\•1eeds (in Japan, China) is · .n principo.:l 

ly novel trend thnt is econontically sound especially for the cul

tivated brovm seaweeds because it is ai~ed at maximum ·possible 

extraction of this material's valuable conponGnts, Usine sta~e· 

extraction.and oreruiic solvents; fractions are extracted of" 

lipids, vitar.iins a.nd other biologically active matter (mannit, 

pigments) to be employed in medicine and other sectors. Hot water 

is used for extracting the alginic acid, polyzaccherides (for the 

foodstuffs industry} and seaweed sediment (!or feedD) (Tomikanera 

Takasi, 1~64) 

T;1e developr.ient of induntrial .stocl:-brecdint; causes· a. ~"\ec1?.:;:-:i ty 

to nearJh !or the ways to utilize seaweeds as animal f~ed. It in 

widely known that t1'e brown seaweeds (fresh, water washed, choppcG; 

· boiled) are uaed as an independer.t feed rr ae an additive to the 

I 
I 

I 
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da:ly diet or nni~als. The complex or valuable natter co~taincd in ·-
nea-::E -~·ds perrni ts to UHer them primnrily as n vi t:1min and minr.ral 

' ~ 

ai~it~:ve. (Table 5). 

~ince lons a.go c.nd up to the present time the a.nino.l a.tock of 

variouo coastal countries of the v;orls is kept on "r.iarine" pasture:; 

durin& the ebb-time where they feed on sea~eeds. In IselnnJ ~tcep, 

cows and horm~s graze on such pasrures throu~hout t!w -::inter and in 

cr·rtain rerions in summer too. Genc1':illy horses pr:--fer Lo.minarir;. 

feddin!;"On yount; thnlluses, cows nppreciate Rhodymenia and Alnri~. 

In Mori.my sheep are· regulnrly kept in .cons tal areas. In ~cot

lend CO'-"S c.nd z'hcep craze on constnl pacture.n v:hcrc they fcec on 

various species of seaweeds. In the Orkney Islands and other sr:~.11 

islnnds there are local breeds of sheep that era?.e !}eawct?d~: all th-=.?i1 

life throu:;h. In Pr&-icc, in Ifor:iv:mdy and Ilretagne alon.r.: with the 

natur!1l breeding on pasture~, there is a ste.11 breeding \•:hen the 

animals are fed with a mixture of · ·, seaweeds washed in fresh 

~ater and bran. On the american co~st too cows a.~d poultry fGr~ o~ 

fresh seaweeds. On the Comnror lsle.nds flee.weeds 'lre an inte~ra.l 

pRrt of the daily diet of Arctic foxes. The experiment3 carried 

out in ~uba h~ve indicated thet an Ulva additive amountin~ to 1c~· 

of the :!aily diet has increaoecl t!•~ c;ro\·;th-r!'.'.te of 'poultry. 

T .. 1e pronuction of flour 1,.:;;-:5cd on i;ecme~do has beP-n 111.unch.~.:. 

in ri. nunber of countrieo. The world production amounted to over 

1CC thou t v:ith Norv;riy occupyinr; the leading posltion(Lnvrovskay:?.~~·~' 

The scaweeds-detived flour stcpn up the yield of dniry milk, 
' 

poul t1·y e~:r;:i and :;heel V!OOl yield nnd cutr-i down th1 incj r!cncC' 

ot Animul tub~rcul~oio nnd ~ton~1tit. Tho nddition of J~ o! !lour t 

( 
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ingly. This is indicative of var1ing levels of D.itrogene mr.tter 

in ·--: , brown seaweeds (Chapman, 1970) 
Table 8 

Comparative chemical composition (~ of dry mat~er) 
of-brown seaweeds, flour, conventional feeds. 

?!acrophyte 
seaweeds 

Water Proteins 

Fucus vesiculosus 
+Fuc. serratue 

Fucus serratus + 
Fuc. balticas 

12.4 

12.J 

Ascophyllum nodosum 11.1 

Laminaria hyperborea 12.4 

~e.minaria saccharin& 14.6 

Laminaria digitata 18.6 

Bro~n seaweeds cali- 9.1 
f ornian flour 

Brow:i seaweeds nor- J.5 
way flour 

5.0 

4.4 

6.0 

5.9 

6.4 

5.s 

5.6 

7.5 

Danish flour 5.0 13.1 

.:.icotch flour o.9 

Oats 
10.3 

Pote.tQ tops 

Hay 
9.7 

Fats 

2.0 1).1 

o.a 16.0 

J. 1 11.a 
().8 13.7 

0.7 16.6 

o.6 1.J 

o.4 JB.5 

3.0 19.0 

1.1 

• 27.5 

o.4 
.. 

(Chapman, 1970) 

5.5 

5.7 

5.8 

J.6 

J.J 

26.7 

5.8 

a.o 

10.3 

2.a 

62.0 

68.0 

56.0 

63.7 

59.4 

36.6 

40.6 

52.0 

66.7 

35.j 

5a.2 

84.5 
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It iu counter-productive to uae rPd se~~cadD ~~ an animnl fee~ 
·. 

cornpo1!c:1t since- they contcdn nuch n vnluable rno.tter an r~:i::ar rtnd 

carracecnan. Beside.r these polymers are stable in \':i ths Landing 

the action of dir,estive ferments which should not be ignored when 

assesr-iue a nutrative value of senv:eeds. 

In the U!';3R the pror.essinp, of seaweeds is acomp:mied by the 

utili:?.ation of production V!aates ·(after axtractin~ the ~el-f0rn!e:·.:.:) 

to obtein t"i!C suorc~ products for derivinr; proteins und a!!iino rrcias • 

.For this· purpuse the scm-.eed wo.n tes and.,·rco nn addition1ll treatme:it. 

It is rccor.:'TicndcC. to reccur to the tcchnolor,y of extrnctine feed ~y

drolizn te from Ahnfelcia \':a::ites \'ihich incorpor:ttcn- a hydroc· ·loric 

acid treatment.of wastes to achieve demineralizaLion ~ith the en5~-. 
ing .sulphuric acic'I hydrolysis and dry calcium ox:ide neutralize.tic::. 

( ,,. · 10.,c) 111m1ne:., :.1,; • 

rydrol1zatc constitµtcs a protein additive for l! beln!lced 

.. amino ncid a'!'l(: mineral co!':lposi tion of feedl3. 

This product appears as_ a clark-brorn liquid S!"':Cllin:~ of dri~.-: 

mushrooms. It incorporates (%): dense mntter - 2~.5, ~cncral nitrn-

gen - 2 .1, non-orgn:iic matter ·-1, 15, includinc; botl: bioeenic 

m~cro rmd rnicrirlrments. 

ThP. mc:thod of producinr; the. eerw:eed aminopcptidc feed po\'!Cler 

o:. hieh biolo.gica.l nctivity fro:1 ·Phylophora nnd J.··urcellnria 

hr.r; been developed and extensively tented. 5'.:'" .c lW:>R Inventor' o Ce:--
.._. ' 

. t: ficute, 1487876). This product incorport~tcd: c~·ude protein.(55-~c· 

e.r:ii~i ncids (45~). The ra.tioes of luceine, irrepl·· cn.hle 'o.nd rep-

lr.cr.ble .nMino n.cicia are optir.i'.ll. Th~ nenweedn -:r'!injpcptic1P. in cf-

ti J ) d .. '-'ihI i i 1 c·· .,. ·ti 1,."') :fee v2 .y e11p .oye ior i o r.rr:t n•: n pon<,s. 1101r.o 0 · t:i •• , , , • 

·' 



.·.,, 

, 

42 

Uespite a growing output of fertilizers , numerous countries 

particularly the newly independant ones ai'e short cii'. them, where

as macrophy'te seaweeds. are rich in or:;anic and.mineral matter. 

Apart from nitric extracts, the unfixed amino acids are biologically 

the most prominent ones. Their content in brown seaweeds con-

sti tu tee 17p - 87 .4 11gt,, in red algae - 19-221 and in gredll o;. .. e;.; 

44-86 mg;& of the dry matter. Nitric bacteria cultures intro

dused in the peat and chernozyom soils are protected from a deteri-; 

oration by carbohydr~tes incorport~ted in seaweeds (40-70$ content) 

whareas the alginic eodilim salt causes sandy soils to become denser 

aquiring better physical propert~es due to lumping. (C~ta~man,1980) 

All seaweeds incorporate a relatively high amount of calium 

but little phosphorous: green ones - 2,7%, brown and red ones -

·up to O,J~ of the dry matter (Romankevich). Phosphorus salts 

should be added to render effective the seaweeds fertilizers. 

Generally the seaweed ash should h~ve a diverse content of macro

and microelemente. It is commonly known that provided they are used 

correctly microelements substantially upgrade the quality of 

produced plants. 

The utilization of seaweeds ( mixture of brown and t;reen sea

weeds) a_s fertilizers in the agriculture of coastal areas of a num

ber of countries has been practiced for centuries. The seaweeds 

are put into the soil fresh and Wlcut or chopped and mixed with pea~ 

or organic fertilizer to form a compost, or else they arc used as 

specially prepared extracts. Brown seaweeds swept up on the shore 

are employed as fertiiizers mostly when mixed with some others. 

Red seaweeds are rarely employed for this purpuae. The ferilizing 

quality of seaweeds depends on their time of driftins in the oea, 

weather and the strength of V1aves. 
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In Ireland, Sco~land, France and in Alaska and on the a&erica 

pacific coast such seaweeds as, say, Ascophyllum and Laminaria 

are used primarily for growing potatoes. In Great Britain the 

volume of seaweeds fertilizing the soil amounts to 4o t/ha. ~his 

prevents virus deeeasee from expanding, the potato "manse" fl'03 

developing and decelerates-the growth-rate of the potato weeds. 

In Scotland ·the fertilizer seaweeds are chopped and buried 

10-15 cm deep at the rate of 65-75 t/ha. In Ireland plantations 

are fertilized with seaweeds in the stubble period in autumn. 

In South Africa mixed K~klonia and Laminaria seaweeds.are used 

as a soil conditioner. 

Maxicrop, Algynure and Scargo fertilizers produced by dehydra

ti~g Fucales with alkali are used iJ hothouses, hotbeds.and in 

gardens. Maxicrop incorporates 94,8% of dry matter: organic com

ponents - 51,2%, ash -43,6%, humidity -5,2% (Chapman, 1980) 

The use of red seaweeds for fertilizing or the amelioration 

of the soils by the lime pretreatment of acidified areas is wide

spread in Prance; It is believed that the effect of this seaweed 

fertilization is slow in comimg, therefore they are not to be appli 

each year. In the Bretagne province seaweeds are used as compost 

mixed with or~anic fertilizers. Such a fertiliser is used for Grow

ing al~alf a and meadow grasses. In India and Shri-Lanka many specie 

of seaweeds, Gracilaria among them, are mized with low-grade fish 

and put into the soil to fertilize coffee plantations. 

In the USSR the wastes of proces•ing Furcellaria (a!ter extrac· 

tine furcellaran) are used as fertilizers on acricultural fields. 
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~he development of the direction makinz use of biolocic~ll~ ·. 
active substP.nces - growth r~gulntors ( auxin~'::- hybberelpimJ, 

cytocinins) individually extracted from brown Laminaria, Ecklona, 

Fucun n9 a cienns of a~riculturnl plnnts treatment to enh~nca 

their yields and to runeliornte the quality of pl~.ntsnrpoars 

very important (Zaitaev et al., 1980). 

The dAte. th~?t hns been used does not exhaust all possible 

optionc for utilizing the acaweeda. Numerous research efforts 

exerted around the world within the framework of nen~eeds procec

sing indicate that thrr~ are real opportunities of expanding their 

use, particulnrly co provided the raw material base is stabilize~ 

, by cultivating the seaweeds • 

A &rowing amount of extracted cnrrageennns and alginates will 

~ake it possible to remove such a valuable product ns nGnr iD frc

the. t~chnoloe;y of foods processing nnc to use it ~xclusiv~ly in 

madicine for preparing diegnostics nutrative media, vnccinea for 

the benefit of ht;?Jan h~alth and that of the animals. 

The industriel procesoes of the world-~ice production of 

carrageenan, e.c;ar an..i alt;inates extracted from t~e sea.weeds may· 

' I 

I 
I 
f 

be su!I'"'"Jarized for the ends of cornpariscn as follows (Sciiemes I-r'i:):; 
I 

red se::iweed:J 
containin~ c~rraceena.n 

; 
extrr.ction 

' ex·~ract purification 
~ra~ee~en extraction 
------.... dtyinr, . + . 

.c.~.rr~r-:e<mnn 

II 
rP.d ~en:::eedc 

contnininc a..·-n;· 
~ 

prerxtrnction 
+ 

agar extrnction 
purilicntion 

~el I"' extrlc ts 
°"d -~ ryint; • ~ ='t'?.r 

III 
brO'-':n r.~r..\•teC' ~ .~ 

cont1~inin,--; al;..in::.~ 
ncid 

' , 
t • t. preex rec ion l 

i I 
C'.leino te e~tr.ecticn t 
settlin~ of ~leinic tr 

acid 
• r J • • I convPr~d.on o c. ~::.~ . 

ncid ii.to :?]ginrte 

" nl;~in· tc 
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'1~1!'? lendinr, producer-countries in t":is field focus their 
·. 

sf'forts on per fee tint; various technoloeocal methods \~·i th the vieh' 

"' or upereding the quality and expanei."lf; the output or Gel-forrnero 

l'lnd thickeners. The experience _accumulated by these countries in 

the field of induGtrial production should be shared by other count-

rie:; to launch or to expand their production. }'or exar;::t-!e: acar fro1:1 I 
cul ti Vt!. ted ~rrtr.ilA?i.a in Vietnam· as well as alginate from Sareas~um; 

I algi..~ate from cultivated Laminaria in Horth ~orea; aleinate from 

.. J.iacrocystis in Peru; in the future - carrageenan from Eucheuma in 

Tanzania ,,. 

In "~:!ide:lines for the Economic and Socic.l Development of the 

USSR" a creet deal of nttention is attached to creating antl perfec

t~ne biot~chnoloeieo. A ·business-like cooperntion with other count-
,,. •. , ... •."-~-

ries inclucin.": the CEEA. countries ..-Jill ·promote a successful ::Jolution 

6f :hese -.tas}:s. The USSR is developing buSiness contRcts v:i th a 

number of countries. Due. to the fact that the countries'of ~outh-Ea~t 

Asia h~vc centuries-old tra<ii tions nn1'! ::iakc ereat strides forward 

in com."!le:rcilll aeus:eeds cul; tivation our country has sent a number 

or scient~fic groups to study the experience of cultivating the 

sea.weeds i.1 Korean People's ~emocratic Republic, Cninese Prople' s 

Republic and Japcn. 

It is especially important to launch a proc;rnm of trnin~ and 

cul tiv:·lting t:n:-- sea.weedo in the co\mtriea of Africa, Central and 

South America. The major commercial spe~ies found here are: 

0acrocyotis, 'Lessonia, Durvillaea 81!long brown nl~ae inhibitin~ 

rnodernte nnd Sargassw:n dwelline in tropical lattitudc3. There.are 

oevcral opecies of red seaweeds: Grncilaria, rteroclndia, Gelidium, 

Hypnea, Gigartina, Euchewna, Porphyr~ (de Oliveira,1~81). 
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These same species rnny become the objects of Dariculture. ·. 
In the countries of Central and South America and in Africa 

including the drvelopinl; countries, sen~eeds are! traditionally 

i~ored or used ns food at a very low scnle even in the conditi~ns 

of severe foods shortage. Takin~ into consideration seaweeds vcrJ 

high nutrntive value and an extremely beneficial healt11 effect 

the u3e of seaweeds as food products should be extensively pub-

lioized in these and other countries of the ~orld. Owinc to th~ 

• \ 

f<'lct that. fl~~ natural resources in a number of countries ~re li::·:titcG. 
i end in some of the others they could be easily dwindled by n l~rge- i 
I 

scale exploitation, it is necessary to elaborate the cultivction 

technology for the leeding objects of rnariculture in the co~st~l 

waters of various regions keepin~ in mind geographical, ecolocical 

social nnd economic particularities of the countries. 

fhe seaweeds constitute a national asset, a treasure of every 

coastnl country of the world, a valuable raw material source. ::?;·.c 

use of sea.,·;eeds especially within the framework of a more exten

sive complex extraction o! organic rantter will proaote man's well

being, will influence the economy, includinr, that of the develo~ing 

countries despite the expenditures madP., human effort consu~ed 

in the area of cultivation and procesoinB of this zource of 

raw mat~rinl::r. 
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