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CULTIVATION AND PROCESSING OF SEAWEEDS -
by Y.Blinova, Y.Voronova, VNIRO,Moscow, USSR

Seaweeds and seagrasses growths are characterisvic of the
costel shallow water areas. In moderate lati%ides they.form veri -
tadble undérwatér meadows and foresis composed primarily of brown
Laminaria (Laminariales) and (Fﬁcales) seaweeds and in tropical
and subtropical zones - of sea grasses, red and sargass seaweeds.

The world ocean numbers over 8 thousand species of macrophytes

(seaweeds). However the major part of biomass is provided by a few E

genus and species. The largest &mount of biomass is produced by

" Laminaria. The following geni: of seaweeds are the most widespread

ones ~ among the brown seaweeds: Laminaria, Marcécystig, Nereocy:ti
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Undaria; Alaria, Lessonia, Durvillea, Fucus, Ascophyllum,Sarnj;essum

among the red weeds: Gracilaris, Gelidium, Eucheuma, Hypnea,Chon-
.drus; Gigartina, Porphyra, Pterocladia, Furcellaria, Phyllophore,
Ahnfeltia;'among the green weeds: Ulva, Entermorpha, Gaulerpe end
. some others.

Harine vegetation of moderate latitudes is most abundant.

The secawveeds reserves in various areas have been asgsessed with

a varying desree of comprehension and reliability. The overall
reserves of seas and occans benthic seaweeds mipht be aqsesaed in..
very approximate terms as amounting to 150 mln t of fresh mass
(Blinova, 1685). A potential world-wide seawceds yield emounts to
18 mln t of fresh mess (Gdran, 1575)

Moat ﬁariculfuré exvorts kalieve tnat the rorvweeds formdns oo,
stitutes a mosi perspective object of artificinl cultivation. -0y
weeds species heve s high mrowth-ronte, they do not require rrent

‘capital investments for their cultivation, a feed that 1o in short
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.suﬁply or expgnsive, they serve as a raw stock for obtaininﬁ irrepla-~ '
cabe substances € agar, cérrageenen, alginates, monnitol) end
make good foodstuffs and fodder. |

The seaweeds mariculture has a number of advantepges over their
harvasting in natural conditions. Weeds may be cultivated in pro-
fit-lucrative areas conveniét for exploitation. The most widespread
‘éultivafion method using artificial substrates suhmerged in water
Qffers a substantially simpler way of Harvesting. The plantation- -
crop yield is higher than that of the natural one. Genetics and se;
lection heip create forms (grades ) with a higher crpp yield. It ap-
pears possible to cultivate large quantities of seeweeds even beyond
the area of their natural habitat.

Out of ‘several thousand species of benthio secaweeds as few as
a little over 100 are harvasted and 20-25 species are currenély
cultivated. The present-day world yield of commercial seaweeds
‘amounts to 3,5 min t (Y@%book of fishery statistics,1984), T0: or
around’2-2,2 mln ¥ of that amount are cultivated. ‘

The seaveeds are rich in microelements, iodium, A,B,C-~ groups
vitamihs, carbohydrates, ptoteins; they contain antibgcterial sybh=-
stances capatlc of stepping vp anticoagulative properties of bdlood.
Seaweeds contair. saccuaroses that do not induce diabetes, an in-
creased iodium content prevents goitre from developing.

JVarious species of red seaweeds provide valuable, sometimes ir-
replace.ble gel-forming substances: agar, agaroid, carrageenan,
. They are widely-used primarily in medicine, pharmacology, phytdpatho-
logy, foodstuffs jindustry, perfumery and meny other osectorr,

The brovn scaweeds provide alginates and mannitolss Alrinates

J




employed as a binding, activating sisbilizing and emulinting
subhstance invfoodstuffs,%%extile end other industries. They are
capaﬁle a? binding stroncium €0 which is importont for being able %o
extract this element out of'an or;renism affected by it. mannitel is
increasinzly used for blood transfugions.

Bince times immeriorial seeaweeds have been consumed as food
perticulerly by the peoples of South-East Asie. Nowédays other
peoples increésingly follow suit.

. Se-weeds and théir processing waétes are used for producing
granules employed'as an integral part (1-10) of artificial feeds.
Seaweeds-enrich artificiel feeds primerily with microelements and
* vitamins. Such articicial fedds step up generzl condition of the
gtock and increase ithe cormercial output.

Provided scaveeds are used az fertilizers the structure ol scil
regencrates and the growth-stimulating microelements and spbstences
are brousnt into it.

The cultivation of seaweeds dates bach several hundred yeers
but its industrial cultivation began in the 5C-6Csg of this century
pfimarily in Jepan, China, Forth and South Korea, Philippines,
Taivwen and some other countries. In 1€€0 the volume of cultivated
weeds cnmounted to: in Cnine-1441 thousand tons, in Taiwan-=11 thousa:’
tons, Lapan ~ 426 thousand tons,in South Korea - 196 thou t, in
Philippines - 133 thou t; (Vard, 1€83). In 1980 tiie world output
of agar amounted to 7 thqu t, thet of carrageenan -~ 10 thou t,
elginntes - 22 thou t (Christeller,Furneaux Gordon et al.,1S£3).
éhe verld é2m-né for seeweads, their prodicts ana prices soie in-

rcreasing every year. In 1¢82 the US seaweed phycocoloids prices




amounted~to: agar (powdgr) and alginic acid - 30 US dollars a kilo,

carrageensn (commercial) - 40 US dollars a kilo, k-, )\'} and i-
carrageenan "~ - 88 US dollers a hundred grams ( Gellenbecg, Chapran,
1983).

In the Chinebse People's Republic the principle maricul ture
objects are: Laminafia'japonicn.Porphyra, Gracilaria, Eucheuma;
in Japan - Porphyra, Underia, Léminafia, the greens; in Rorth and
South Korea - Laminaria and Porpnyra, on the Philippines - Eucheuma.
In e number of countries locested in subtropical and trepical arees
¢ China, TPaiwan island, ~ . Philippines, Vietnam, India, Italy)
agarQand carragecnan -~ccntaining algae and mainly Gracilaria and
" Eucheuma are cultivated. _

They are grown as a’monoculture;or'a polycul ture with fishes,
shrimps and crabes. A project has been developed in the USA for
:;ultivating ecrocyctis at ocean farms for power purbuses.

A1l methods employed for algae farming may fall inté
3 groups: 1 - totlally marine (extensive)cultivation; 2 - indivi-
'dual, usually initianl stages of cultivation take plzce in regu-
lated conditions 'with the marine cultivation of the end product
(intensive~-extensive cultivation); 3 - the entire cycle of culti-
vation is conducted under regulated conditions (inténsive cultiva-
tion). At the prescnt time and in {he near future the most lucra-
~tive methoﬁ is going to be the secbnd one. This method permits to
get gwaranteed, éufficiently high and shorter term ylelds compared
to the firct metl:od. On the other hands it is substantially cheoper,
reguicas lower materieni and power consumption involved nredirat

the third method. This method of mariculture is economicully more




" beneficial for most countries and allows cultivation in the areas
where there is no natu;al profit-making growths and beyond the
limits of the naturel area. The bulk of the yield for the current-
ly cultivated algae (around 8C%) is obtained using the second
metnod.

The first method (totally marine cultivation) reqiures insig-
nificant matcrial and power consﬁmption involved, however its
yield is inferior to the other cultivation methods and it is
highly affected by changing environmental conditon;. This method
is the cheapestoggd should . considerable manpower be available it
might become widely used primarily foregigae cultivation in closed
gulfs, lqgoons, coesial salt-water ponds to grovw red seawveeds as
a rav stgck fof obteining agar, carrageenan ané other gel-producing
substances and for consuming as food.

The third method req:ires highest material andé power consump-
tion involved, it is the most expensive one. At the present time
the developed countries of North America, Europe and Asia conduct
experimental cultivation in special tanks. This method of cultiva-
tion should prove lucrative when growing expepsive alrae to’ obtain
valuable substances.

‘Tables 1 and 2 feature yields and products obtained with

various methods of cultivetion.




Table 1
The yield of algae when cultivated in the sea, lagoons,ponds

( extensive and intens've-extensive methods)

Species Purpuse Country Yield,dry- weizght
t/na
. XBrown algae
Japan 20
Laminaria foodstuffs China 20
alginates USSR 10-15
racrocyst{s fuel v USA 50-T0
. foodstuffs
fertilizers
alginates
Red algae
Eucheuma foodstuffs Philippines 13-30
carragecran”
Pofphyra foodstuffs Japan 8
Geliﬂium agar dapan 2,
dloiopeltis gel-former Japan 0,45
Gracilaria agar Taiwan 2,0
Ttaly 2,5
Table 2

The algae yield (dryweight)in *egulatad systems , intensive

cultivation method (according to Gellenbeck, Chapmnn, 1¢83)

Species

g.m"z é&§'1

Chondrus crispus

Ge}idiun coulterii

Girsartina exasperate

Gracileria foliifera

Gracilaria sp.

Hypmea myscifoimis

Iridaea cordate .

-

25-30
17
11-20

7-18 (late summer)

7-16
12-17
23-26




Heoagarhiella baileyi 6 (winter)

2C-40 (spring,sumes

Various methods of seaweed cultivation are employed: a.
stone and rock-based one, on sca-bottom terraces; on artiliciel
reefs; on artificial - substrates submerered in water; on silty
and sdndy grounds of lagoons, ponds and other enclosed water spacesé
in specinl pools and regulated water tanks. The sea-bottom seaweed A
cultivation is notvwidespread. +he artificisl reef seaweeds farming%
has end willvincreasingly go on heving great importance for ste,pin%

up the natural productivity of coastal arees. A method of subm-rzedi

cultivation on stationaty and movable facilities using artificic

)

;’substrntes (ropes, nets,bands made o{ conveyor belts, woter hose:
end tyres) is thae most widespread one. Brovn, re¢ and green so:iweced:
are culiveted that way.A soft ground of lagoons and other enclocsed i
water bodies is employed to cultivete unattached forms of red :
seaweeds, primarily Grécilaria. The latter metnod of seeweed culti—%
vafion in special tenks with regulated optimal growth conditiocns }
is employed for cultivating the most valuable and expensive vieeds ?
both as monocuiiure or with objects of other trophic levels, z

Laminariales and primerily Laminaria japonica constitute f
| around 705 of global Qolume of vieaweeds., They are followed volunef l

wvise by Porphyra, Euheuma dnd Gracilaria. The clove speéies con=-

stitute over S5 of biomass provided by all cultivnted'seaweeds.
Lost seaweeds (S5%) are cultiveted in the countries of South-

Eagt Asia where they'ﬂre'consumed es food and {o-a lesser extent
employed for extracting'agar, carrageenan and alpinates used ir ‘e
textile industry and for other purpuscs. :‘early all cultivited

. species may be consumed as food,.




A number of recen? publications (Gellenbeck,Chapman, 1S863)
_Meer,1¢83; North, 1983;.Robinson,1955; “heeler, FKeushul, %aessner,
1¢7¢) deal with the universal problems of seasweeds cultivation in
various countries and cdntuin date on the present-dsy :tatus of
ﬁmariculture, principle species cultivated, their consumption, me-
fhods of mariculture, diseases,epiphytes and rethods to figﬁt them,.
Research is under way in the field of commercially cultiveted
species of seaweeds in order to advance - biotechnology involved,
to intensify anti-overgrowing measures, to select new, more prodic-
tive sorts (clones) resistant to diseases and over;rowing. The stu;
dies are focused on biology, ecology, life history and pfoduction
capacity 6f secweeds - potential objects of mariculture.

‘he most gignificant ecological factors conditioning .the growth
and yield of seawceds are: temperature, illumination, biogenes,
_ﬁater velocity and some others. For each particuler geogrephicael
area one should Select the species most adapted to primarily water
temperature.Illumination ié generally controlled by modifying tre
depth of cultivation. A shortage of bilogenes is generally compensater
by the introduction of mineral and orgﬂnic fertilizers, waste weatler
and b¥£ulling up biogenes-rich depth wéters. g

At tue present time and probably in the future laminarias, n;orx
and cnfrageenan-éontaining seaveeds and porphyra remuin tire principl
culti@at;d species. The 1ein principles and st-ges - - for
biotechnology of cultivation of these groups will be discussged telct.

- Various svecies of leminarias and primerily Lamineria joponice
end Undaria telonping to btrown luaminarias ere the most meso-nenice
: bbject of cuitivation. Chine cultivates vorld's lerpest Y?lumc ol
Laminaria (1,0-1,5 mln t of raw messg) This seaweed iz the prineiple

object of cultivation in Yorth Xorea, 3outh Yoree, Japan, U33R.
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Biotechnology of cﬁltivatinc laminarieé is suffipiently well
developed ané desgribedi. The. general scheme of their culfi-
vetion is universal tut i§ hes its modifications for individualv
specie3s and regions.

in their dcyelopmont laminaeries have two stages: the sporo-
phyte and gametophyte ones. Different species and the sarmc species
from varicus regions differ by thalluses sizes,‘time of rippenin:
of Spcraﬂgiums and spores, optimal conditions for rrowth and deve-
lopment; tim. of growth and resorbtion for various stares and pzrts
.of thalluses. |

The process of cultivaeting the laminaries scaweeds consists of

the follovsine principle stages: selection of areas for nariculture,

preparing for mounting the framework of plantetion, preparaticn

-0f planting and ouigrowth subsirates and preperntion of mother fron:.

stimulnation of simultaneous mass zoospore sierming from mother
fronds By drying, settling of spores on pl:rating and outgrowth
substrates, delivering the substrates with fixed and outgrowing emh-
riOSpore§ to the sea or to special tanks witn the regulated environ-
ment parameters for growing seedlings, transplenting the seedlings,
cultiveting the commercial product in the sca. This procesns. is cor-
pleted bﬁ harveating tne crop and itc initial treetment (drying,ccn-
servetion, freezing).

“nen looking for a place to lay out seevieed far-s, srecial et-
tention should te paid to biological factors of the cultivaled spre-~
Vcies,'reaional ecological conditions and’socioecononic factors.

Ta nearly ell countries the framework of the plantaticn (v .1

. » construciion) comprises two basis horizontally tishtened 4C-120 -

long cnrrier cnbles plcced at » 5-6 m distance from each oilinr,

A catle is tishtened by an rnchor or pole guys; The cebles ere held
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at a certain depth by special fixers. Ropes and calbes of céifferent
diemeters (5-60 mm) madé of synthetic ~rd_vogetible fibres arz
used for the horizontal cables and planting and outgrowtﬁssubstretesa
In order to oﬁtain viable spores, mother fronds are made either
of natural seaweeds growths or they are pleced in plantation's
specially prepered sectors vhere they are grown in thinned out
beds out of the biggest seedlinés. The composing and delivering,
the mother fronds should not exeed 1-2 hours; they must bhe protec-
ted from-expésure and rain. MNother fronds are dried to stimulate
a rapid simultanebus zoospores withdrowal. For this purpuse the
plants are ai;ed for 4-18 ours under a roof. Another method con-
sists in airing the suspended fronds for 1=4 hours until after
ali viater has disappeared frém the surface followed by their
juxteposition with papgr,rolling them in rolls and keeping them
“in cases for 12-24 houré.
™. gpores are settling on the substrates (ropes,strings)
in spécial tanks, pools, bodies of boats. Layers of dried fronds =znd
substrates are placed into tanks, submergedin sea water and left
- for 24 hours. In most cases, howeveé, gsea water spores suspension
is obtained first. It is filtered through a gauge or a cloth,
| dissolved to a reqdired concentration followed by subnerging tae
substrates into it for 24 hours. The rpore~induced substrates are
‘delivered to either & marine plantation or to regulated environ-
| mental parqmeters tanks at special seedlings growing facilities.
2-4 cm *ong bits .of -string with 1-2 cm long seedlings are employec
g5 plasting material or 10-100 cm long fronds are transplanied ou
fresh ropes 1-4 plants every 10-40 cm. Vhen cultivating secdlinss

in the regulated conditions the substrates are mounted on frares

PP
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of various construction?; prior to its use sen water is filtered,
en optinmal tamperature, iighting.(natural or artificial), content
of nutrative suvstances and.-aeration &re maintained, weter is .
chénged, the developmeni of bacteria and microalgae is continuously
monitered. The luminaries seaweeds are usually culiivated within 2
year or two-years cycle. Substrates with seedlings are placed on
horizontal cebles in the sea every 40-100 cm to obfain 8 commercisl
prcﬁuét._When sea water is short of nutrative matter a fertilizer
is made mse of. The yield amounts to 50~200 t/ha (r;w weight).
The food-consumed Laminaria (Sea kale) should contain up to 20-22: g
of water. In the Chinese People's Republic 11 special facilities 7 é
proﬁuce 3 billion seedlings annually and distribute them among 811 |
state and cooperative farms of the country to yield 1-1,5 mln t
of commercial Laminaria japonica out of these seedlings. (Blinove,
Belov, laksimov, 1$85; Tseng,1S81) In China quality L. japonica :
is sold for 3 yuans a kilo ( US 1 dollar is worth 2?2 yuans).
Undaria pinnatifida is cultivated mostiy in Japan. The volume }
of cultivation reaches 100 thou t. excedding tis species naturzl f?
yield & times over. (Rhodes, 1S85). ;
Gient kelps - llacrocysiis pyrifera and Macrécystié angusti-
folia belonsing to brown laminaries seavweeds are equally perspective
for cultivation. They reach 20-40 m in length. The giant kelp-ori- :
ented miior research is conducted in the USA along the Cali-

fornia shore vhere there is an experimental farm. A daily in-

crement amounts up to about 3,85, The cultivation of lacrocystis is

bélieved to become profitsble vwhen ngcticed on ocean farmg-plat’or:-
dep

vith the nutretive matter-inreached vwnters employced as a fertili -

zer (Yorth, 1€80; Harger, lieushul,16€2). A heetar of plantaiion |
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accomodates around 1 thousand plants yielding 300-500 t of an.
weight - annﬁally. Cther countries such as China and France
are &lso interested in Kacrocytis,

- In Japan and o%hgr R countriée experiments are
under way with Sargassum horpari ;hd S.muticum. When cultivated
‘on nets (1,8 x 19 m) within a period of Hovember through April
Sargassum yielded 200-785 kg of dry weight from t net .

The biomass is recommended to be employed as a fertilizer and
for treating waste waters.(Yamauchij 1984).

Red algee Porphyra spp. is .ne of the most lucrative cultivated
species in Jdpan, South Korea amd to & lower extent in China,
USA and some other couniries. This epecie%ﬁa cultivated to )

be consvmed as food, it contains up to 40% of proteins in

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

cultivat;ng Porphyra are developed ﬁuite well, Japan's demand

in this produce is fully met, The annuasl Porphyra yield jin

Jepan amounts to around 300-350 Bom t. .

Porphyra épp.has two stages of ° growth=" up to 10-50 om
long lamellar gametophyte and fibre-like microscopic sporophyte
(conchocells.. phase) inhabiting shells , Gametophyte produce
monospores (gsexpal reproduction), carpospores and spermatii
(sexual reproduétion). "15~45 12 long, %,2-2,4 m wide frame-
mounted synthetic fibre nets with 15 x 15 cm cells.serve as a
subsirate for cultivating Porphyra. The frames are fixed horizon-
* +tally on poles'in the sea drying off at low and submerging at

high tide or 21lse floatiﬁg facilities may be built. Collecctors,
usually bunches of enelils, are placed into porphyré'e grov.tns

 that collect tane settling carpospores. Ribre-like cononccells
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develop on the collectors out of fertilized carpospores. The col-
lectors with conqhocelie on them are submerged into poéls and

cultivated there in op%iral. conditions +to obtain conchospores.

- The developed concnospores settile on the nets in the pools, In

autumn the nets carrying the conchospores outgrowth ere brought over

to the sea to get e commodity mass. A part of nets with the out-
growth are packed into plastic bags and frozen at minus 20-25°C.
Vhen necessary these nets are broﬁ%ht into the sea. The commodity
Porphyna'is usually grown near river.. moufhs vhen the salt content
is reduced and there is an abund;ncg of nutrative substances.

There are 2-4 yields in November through Idarch. A 18 x 2m net
weight

'5_'yie1ds 35-105 kg of raw Porphyra., The yield is picked by special

&

'machines. It is flushed, dried, pressed in lsyers and finally

dried off again, Thougn the cultivation of porphyre has long
been industirialized, this process is elaborated still further.
luch is being dome in the fieldbf selection, upgrading the quality

of the product, creating ‘¢ medin for growing porphyra within the

. phase of conchocells,studying the_diéeases and a possible preser-

vation of livéng mature °~ thalluses and availability of conchocells

sll throughout the year. Ia China a research is conducted in the .

erea of porphyra selection and.df obtaining well developing seed-

lings out of monospores.(Miura,Merril,1982; Li, 1984). There are

porphyra growing farms on the US Pacific coast in the Pewjet
Sound bay. In this area porphyra grows all around the year..
There are seversal yields & year, The annual growth of demand in
this product amounts {0 10-30%, 40 mariculture farms equibed with
300 nets eéch would meet the US need fur this product {Freeman,
1985)
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. The ajar and carrageenan= containing red seaweceds are cultivaticed
_in three principle ways; on a silty and sancdy bottom of shallow
lagoons and.artificial brackish water ponds; on nets and ropes sub-
merged in the sea; in special tanks with partly or totally regulctec
environmental (habitat) parameters, that are mountcé in the opzn
air coniitions or in hothouses. In gencral a lurgé-scale jield is
currently obtained using the first two meihods of cultivating Euche-
uma, Gracilaria ocns to a lower exient Gelidium. Numerous czuccessful
experiments are under way with such seaweeds as Chondrus crispus,
Gigartina,_Hypnea, Iridaea, Pterocladia.
' .Theré is a great volume of cultivating Eucheuma app}, a red
tropical seavieed consumed as food and used for producing carrageena:
Philippines is the main center of cultivating it. In 180 the voluwne
of locally cultivated red seaweed: amountad to 133 thou ¢, the bulk
of the yield being that of Eucheuma. The fzrms are located amont the
reefs on shallow waters protected from storms and with good streenms
available. Eucheuma is cultivated on nylon nets mounted hori-
| zontally (2,5 x 0.5 m);,1 hectar accomodates 800 ncts with 10C thou-k
gand bunches of plants fixed to them eech weighing- 2CO grams. An ex-
perienced worker plents 2-3 nets an hour. Annually ‘there are 4 yild.
amouhfing to the overall mass of 13-3C t/ha (dry weight).

Coral reff-located plentations of 2 species of Euchenna

have been launched in China where there are 250 hc of plentations

viith the annuel yield of 300 t of dry seaveeds (Liu, Zhuang, 1€63)

Tanzenia has set out to study 5 species of lucheuma and to locate
regions suitable for théir farming. Une of ihe apesies-Puchema Tg-

. eiformis is experimentally cultivated in tanks in tiie USA,A meyinar
. 4
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deily mess increment amounts to 20-31¢< gt.12,2 k:-,/m2 plant density.
Celculations indipate that in order to obtain 1000 t of dry sea-
weeds the cultivetion pools surface should amount to 10 ha and
the overall cultivation area - to 24 ha.

5 srecies of Graciloria are cultivated at en industrial scale,
but the main cultivated species is Gracjlsria varrucosa. Grecilaria

has & hich growth rate, it is eurytherm, inhibits eutropic weters

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

wich opens up wise opportunities for selection; it hes a high

agér content and may be consumed as food. There eare ettachec and
unattached fors of Gracilaria. The unattached form 1is of the vege-
table reproductione WVithin the life cycle of the attached form

there is a juxtaposition ofisomorphic'generations of gametophyte

end sporophyte, it has a high reproductive potentisl. The unatteced

form of Gracilaria is cultivated in shallow legoons and Rgnds meinly
where an optimum lével of salinity, temperature end nuitrative
matter is maintained by using non-organic and organic fertilizers
end wastes. The yield amounts up to 3-10 t/ha of dry wéight.

When cultivating “racilaria and some other rel seaweeds species

tne overgrowving is & problen herd to solve. Uracileria may be
cultivaeted in policulture with crabes, shrimps and other objects.

/
“hen cultivating Grecilerie submerred in ccawater the nets and

‘ropes are mounted 0.5-2 m deep in a way similar to Porphyra. cultivc-

tion ond the ropes-are attached to horizontal cables of tle freme.

Frond bunches weigh'ng 260-100 gr are intertengled with ropes end

nets.There several yiélds a year, Every yield amountis to 3,5 g

|
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of dry maés per 1 m of rope eannually. “hen cultivating freacilaria
s - eesh]
~in tanks cne nay expect to yield 24 t/ha of dry ;éss,annually

(3

at 2-4 kg/m2 plonting density.

The larzest amount of Gracilaria (several thousond ton) ig
cultivated in lagoons and ponds of the island of Taiwan.(fang,
- Wang, 1983)

CGracileria is also cultivafed in ponds of Tailand: the ennual-
yield amounts to 7 t/ha a year, agar content - 3C7, egar output -
180:t.(Edwards, Tam, 1983). Gracilaria is also cultivated in a
lagoon on the island of Sicily: the yitld is 12 t/ha.In the Cari%ean
countries edible Uracilaria costs 6-6,5 US dollars a kilo. Inten-
sively exhéusted,the natural Gracilaria resources are setting re-
ducéd° The International Devé10pment Research Centre bnsed in
Ottawa, Canada hné launchec a program of cultivating this species
‘:fack in 1280. In the West Indies an annual Gracilaria yield may

be expacted to reach 19 t/ha of dry \*igﬂZSmith, Iichols, McLacher,
1983,158%). The US annual tank-besed Gracilarie yield amounts to
127 t of dry mass (Lapoint, Ryther, 1978). The Chinese Peoples Re-
pubiic suggests to use the same plantations for cultivating Giaci-
. laria jostedtii ilay through Hovember and Laminaria japonica D ceri-
ber through Yay. This joint cultivation is economically more '
protitable.(Li,Chong,Meng 15384) )

Research and scientific efforts and the red alsae experimen-~
tal cultivation are under way in a number of countrieq (USA,,Canada,
France and some others). In California, USA thcrthe experimentsl
farms for studying and'cultivating 2 Gelidium species. These ope~

cies viomass increment amounts up to 1,26% a day. The Gracilarie
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cultivation furms are believed to be able to become . rzfit-meking

'~:by stepping up yields v;é fertilization and selection. Dry Gelidium;s
price is high (2 US dollams a pound) and goes on rising. (Harger,
Neuchul, 1983).

Qhe green a}gae are cultivated at a lower:.scale mostly in the
countries of South-East Asia. They are consumed ss food since they
cbntain up to 26% of proteins, and also as fertilisers and for
treating waste waters. A number of Honostroma, Ulve, Entromorpha,
CGaulerpa, Clesdophora - _ species are also culti;able. In Japon
Monostroma litissimum is ne%-cultivated. A single 18:2m net yields

. thrice a year an qverall amouri of 26 kg of raw algae. In ~~ Philip-
pines Gaulerpa racemosa is cultivared in 5-100 c= deep artificieal
ponds and on the mangrove area littoral since 1¢50.(Horstmann,1SE3)

Fighting diseases, epiphytes-, grezing by ti.e invertebretes
constitutes & major problem of elgne cultivation. 2 groups of dis-
eases may be identified: those induced By unfavourable environ-
mental conditions {physiological) end by various types of infections

-(infectious). The physiological diseases are dealt with by creating
more favourable conditiond for a farther growth by reducing the
density of planting,bfértilization, modifying the depth of culti-
vation, delivering the algae facilities to better water circulation
areas etc. The same methods help treat the infectious déseases but

_various chemicels including antibiotics are also used. “The. epi-
phy'tes 2x€, fought against.by tiiz following methods: using specific
}algaecides, shaking the cultivated species, gcontrolling .~and
pulsing the nutrative ,mﬁtterv- in. The biological mecthod of

dealing with the 'cpﬂphytcsL sugrects the use of animals thnt sclec-




tively consume extlussiygly the epithytes. Only those species should
be cultivated that_underéo Saw epithytes overgrowing and selection
should be conducted with this in mind.

In the Chinese Xeople's Republi¢; Canada, Norway, USA, Sweecen
and some other countries efforts are made to seiect productive,
adzpted to certain conditions, diseases and epithytes - -resistant,
containing an increased amounf of nutrative substances clones of
Laminaria, Porphyra, Gracilaria, Gelidium, Chondrus . _ For the
last 25 years high temperature-resistant and highly productive
clones>of Laminaria japonica have been selected and cultivcted in
the Chinese People's Republic to yield over 1 min t. The work is
Zoing on in this direction.

The chinese, U5, sweedish experts in gehetiés nnd selection of
aglae recur increasingly to the methéd of tissue cultiure. This me-
thod is employed to study,reproduce and preserve the genotypes of
-various types of algae. |

A néw way to cultivate algae consists in growing them in the
atmosphere saiurated with water vapouss rather than in wvater.
Moeller, Garber, Griffin, 1884).

The ﬁSSR possesses considerable resources of natural algae,

" hence the emphasis was laid on probing into the natural raw re-
sources and their rational expléitation. Por the last 1(: years
attention was increasingly focused on maricultu.e due to a reduction
.in natural algae resou*ces bedly affected primarilly by the anthro-
ppgenic influence namely pollution, eutrophication and intansive
e;ploitation. Be;ides; the demand in algae and its products is
rising with every passing year. The cultivation of algae will renove

a shortage in raw algae and will help preserve nature.

e e e e weme . e wrr s s
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In the USSR the seaweeds Cultivation is handled by scientific
and. research institutes of the USSR Ministry of Fishery and the
USSR Academy of Sciences. The maint effort of these bodies in the
fielé of commecial seaweeds cultivation is Qimed at identifying
the most lucrastive species of seaweeds to be cultivated in varicus
seas and re-ions, at developingz the biotechnologies of cultivating
seawéeds both as an extensive sealgulture and as an intensive-
extensive culture (seedlings in regulated conditione at special
facilitijes with a further sea cultivation) and as an intensive
culture (fectory cultivaiion). It is highly probabie that the in-
tensive-extensive method of commercial staweeds cultivation will
emerge a3 the most lucrative one here like elswere.
aj' The USSR is interested in advancing the research to perfect
thé biotechnolcgy, to create more productive cloned of seaweeds
. with ﬁredetermined properties, in prevemtion and fiéhting diseases
and epiphytes,in reising the profitebility of the mariculture Ifar-
ming and in-identifying the regions suitable for cultivating. correr-
.cial seaweeds from the eéological, sccial and economic vievipoint.

In the USSR boral seas and primarily in the 5~n of JFapan,
White end Barents seas Laminarias appear to be the most pe:spective
species for the cultivation (Blinova, 1984) The japanese lamincric
(Laminarin jnponica) is cultivated in the Sen of Japan nince 1072
and currently there are three farma here with a total pl;;tation
area of bver‘100 hectars. The - "Vtivetion is.crm2ue¢t2d in 2 two-
year:gycle., The yield ;mounta to 70-1C0 t/ha (raw weight); fhe
Laminnria plnntatiéns are loceted in different ecological ind
climnte zones, hence the different periods of ripenning fcr zoospor:

formation of substrate spores, appearance of seedlings and yield

|

|
|
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collection of various farms. The periods of sporification and those
. of substrates sporing, most favourable ecoidoglical c;hditions for
the development of different stages of Laminaria japonica, ggrti-
cularities énd growth-rate of sporophytes in various seasons of
the first and the second year,deadlines for pulling up and lower-
ing the outgrowth suhstrateé have all undergone study and the
deadlines for collecting the yield have been positively iden-
tified. Vork has begun to shorten japanese laminaria's two-year
cultivation cycle so that it wpuld become a year-long cyc}e.

This necessitated .on aquisition of early ripe zoospores (July-
August). Methods of seiecting the fronds having a tendency towarda
ﬁh early sporofication have been found. A method has been worked
out to stimulate an early zoospores .ripenning by a specially chosen
regime of feeding and exposure for a {aster accumulation of amino-
acids promoting frond's reproductive tissues " svéwth. . A tech-
nological scheme has been elaborated for a short-term shop-based
cultivation of laminaria seedlings. The chemical composition of
the © Laminaria japonica- -cultivated thalluses has been studied.
(*iakienko, Maitsev, Krupnouve,1981; Buyakina, Podko:r:'ytova, 1983)

In order to produce more alginates it is necessary to begin
cultivating C&staria costata in the Sea of Japen. This specie$

" has a nupber of advantages over Laminaria japonica: a shortex”
life cycle (1 year), the spores ripen and outgrowths break out
earliep and they are less demanding to the environment (Makienko,
Moiseyenko, 1980).

In the USSR boral se<s Jlaminsria saccherina , L, digitata
are the most lucrative species for the artificial cultivation.

(Blinova, 1984;lekarov,1982). Since 1975 biology hse been studied

!
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and biotechnology developed for cultivatiné'Laminaria sacoharina
~ in the Barents and White Seas. It was provea thet Laminaria
saccharina might be cultivared in the Barents and White Seas
in the two-year cycle. The average length of leminaria's frond
grown on the rope-based gsubstrates submerged in sea water amounts
to 2-3 m,their mass is 400-500 g, the maximum mass being 1-1,5 kg,
the expected yield - 50-100 t/hs, the yield is collected in Jul&-
August.

An ;iperimental plantation was set up in the Barents Sea in
1983. The.experimental large-scale cultivation of L. saccharina
: at the plantation facilities has made it possible to test the
resﬁlts of research condusted for so many years. The plantation-
grown lamin;nia was good both for using it as food and for extrac-
ting atcinates and mannitol. The yild amounted to 55-60 t/ha of raw
veirnb-- . Blinova, Makarov, Khokhryakov, 1986) The Barenta Sea-
based Laminaria saccharina yield is similar to the one collected
on the Lamineria japonica plantations located in the USSR Par
East and in Japan.,

The problem of agar-coﬁtaining algae mariculture appears
quite urgent &nd practically important. Unfortunately most
high yield agar-containing algae of the USSR seas have & 8.0W
growth-rate, they reproduce their resources poorly and in general
their cultivation: is deflcient. The most perspective spicie from
" the viewpoint of cultivation is Gracilaria verrucosa having &
high growth-rate (Makienko,Méltsev,xrupnova,1981). The biological
study ol G. verrucosa end the elaboration of its cultivation's

.'biotechnology ere canducted at sea and in regulared tonks - con-
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ditions in the Sea of Japan and the Black Sea. A factory me thod
of cultivating Ahnfeltia and Gracilaria is being developed in
the Far East. »
Experiments are under way aimed at increasing the overell
masgs of'Fﬁicela;¥§?§§s%g%l%G%S%§QE$Y%n 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 indusirial algae proc2ssing has
reached significant proportions. Primarily it is related to a
substantial content of organic substances in algae (up to 70% of ;
., Polysaccharides, around 30% of alginic and other acids). The algae é
tissues are maiked by a lable content of dry substances - 8 throug'né
30%, ke accumulaticn of minerals -~ 10 through 25 correspondainzly,a
level of organic substances contenf depends on biological and ecolo-

gical causes, the season and the area where the algae are located.

Table 3 f

i

{

: o Otner enzrei ;
Plant giou Bther Protein = Cellulose : gr anic
> B0 soluable Mx 6,25 momnitro- | PELCS |

;enous non- :
lipid organic mat%ggtent i

Red algae 0,1-2,8 12,0-44,4 5,1-15,8 45,1 76,4-94,C .
Porphyra-3 species :
Gelidium,Annleltia :
Furcellaria,Phyllo- '

phoria etc.

Brown algae 0,35-3,8 4,6-23,5 5,7-14,4 32,6 50,0-70,0
Laminaria-~12 species :

Sergassum-5 species . : i
Fucus -8 species i
Costaria, Alaria etc, '

Green algze 10, 72,3  10,1-25,0 2,1-6,5 61,1 £,6-85,6
Ulva, interomorpha
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. they are conserved by way of natural and artificial drying, freczin--

- conting of their organic matiter which makes it possible to obtain the

'employed by the foodstuffs industry as gel-~formers and thickenners.

"sulfate at all, ggaropectin cocntains around 105 of it as well as

23

The seawecd raw ma@erial is stored by harvesting cultivated
and natural growths at their habitat.or by collecting washed avrsy
weedgs. Freshly harvested seaweeds are unstable due to organic

matter decomposition, the:refore they are consumed either fresh or

gﬁd chemical conservants trzatment. (Chapman, 1¢€0)

The reit and brown seaweeds are specifically valuable'by the

products’ that are impossible to get from the lang-grovmn plants. The
red seaveeds industrial processing is aimed at extracting polyscccho-{

ridés-carrageenan-(fractions: kappa,lambda, jota), furcellgran, zgor,

. e
These polysaccharides have a common characteristic feature detrmi-

ning a universal technological app}oach to their extrection.

These polyssacharides always contain monomeric galectose, ihe reic-
tionship between gelactose remnents -(x(1 #'3) and p(1 + 4); they
contain a galactose derivative -3,6 -anhydrogulactose; a consideratle
amount of sulfate, the amount of sulfate content in ager is below '
6 % ~ in ° danish agar-furacellars -13-18{;, ‘° in- - carrégecnans -
20-35%; agars and cerrageenans molecular Qeight igs within khe ranse

bf 100 thou. As fo the structure of 'aznorz ..., they contain two poly-

saccarides - agarose and agarpectin. Whereas agarose contains no

D - glucuronic and pyruvic acids. Furcellarens and (kappa, lambda
and jdta) carrageenans contain D-galactose and 3,6-andhydrogalec-
tose with a certain sulfate content verying in different t:pes of

carragecnan, ;
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Carrageenans, agar, furcellaran arc employved in the foodsiuflfls

industry.due to their ;aluable qualities: a capability to fornm
gels and availability of viscous and a number of other technolo-
gical properties. They are soluble in water: -sodium c“rz .;2enan
and lembda -.:carrageenan - in cold water; kappa-carrageenan-in
hot weter at 50° Cy furcellaran - at 70°C, agars - when boiling.
Under the influcnce of electrolyées the cerregeenans gel-forreiion
is stepped up and when substituting sodium by calcium they for-
thermotransformeble gels. Ilixing the carrageenans _ pernits tc
reach necessary elasticity or texfure . At the carrageenans reactlcr
with proteins end saccherines they stabilize milk and fruit- -
vmlxtures. The 1,0-1,5% carrageenans solutions gels have their
meltiﬁg point within the range of 35-80°C (Dano,1%76).

' The .carrageenans may be extracted of the following seeweeds:
Chondrus, Gigartina, Iridaea, Eucheuma, Hypnea, Furcellarisa,
Phylloppora. It is noteworthy that carrageenans of these sez-
weeds contain two fractions, for instance the koppa or jota cel-
forming fraction and the lambda thickenrr: fraction.

In a humber of countries (U?A, Prance, Dennmark, Philippinos;

'Spain; Great Britain, Rumania as well as Japan)the production of |
cerrageenans, furcellarane is based on the technology maﬁe «p of
the following major processes: extraction; purification of carrusee;
nan, bringing it out of solution and drying (lfartin, 1S84).

The sxtractiion of carrageenans boils down to keeping ashed
seaweeds in en alcali or salts wn*ned © or lukeverm solutions.
Depending on the product to be extr~c»cd the temper ture ¢f erntv-ec-
tion, concentrat?on and a reactive and ruv nterinl otio ¢
selected sccordingly,

“‘hen extracting lambdr. carrageennn the operation is




carried out in a lnrge'hydromodule at a moderate temperature;
while extracting koppa and jota carraﬁeenan the proc;ss requires
en increessed temperature ;nd a lo hydromodule to be employed.

Upon mixing the carrageenan solution with diatomite, 2 cellui
ose powdef. catrngéenan is purified by filtration. The alkali
solution-besed derivation of carrageenan is accompanied by a si-
“multaneous extraction of soluable salts, pigments whereas the to-
tality of cellulose components, hemicelluloses and a larmer part of
protein remain unsolved ané are removed.

' The extraction of carrageenan from the solution (filtrete)
is alcohol-baosed. A water extract containing 15 of dry matter
is poured intc elcohol (isopropanol or ethanol). Efforts are
made to decrease the amount of alcohol used for extracting car-
rageenan. There are methods of carrageenan s puriflcatlon, con-
centration and clarification by treating the extract in andfencnh
.filtration modules of different designes equiped with ultrafilfers
. (Strong, fS?S, Kosaka Masumi,1684).

Carrcgeenan falls out as a sediment in highly concentrzted
alcohol. In certain cases it is gel-llke. Potassium chloride is
added prior tc the alconol treatment to ameliorate the dehydration
of tissues. The sedimentation is elso pocsible when carrageenan ic
frozen. With this method employed for the seaxeeds containg a larse
emount of keppa-carrageenan (phyllop' ores, furcellerias), potassiux
chloride is added to the filtrate. A gel-like sediment is collectied
and frcozen witu a resulting separetion or crhstallized water. After
washing it up in the potassium chloride solution, the sedimen% is
pressed to remove the lerrest amount possible of the salt sclutiesn.

After this the sediment is vacuum-cried till a 1€ numidity
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is attained in it‘thgn it is pulverized so thar the dirmeter of
perticles ranges 200-300 Picrons.

The method of extrac;ing, say, Jota - carrageenan differs.
(US Patent 3845395). When extracting jota - carrageenan out of
Eucheuma épinosum, Agardiella tenera in order to step up a sel-
forming capacity it 1is modified in the potassium hydroxide soluticn
followed by its neutralization ti11 it reaches pH g.h é'citric acid
(pH 3) is addad to the jofa-rarraggenan solution which is followed
by heating till 82°C and held that way for 4 hours. Then sodium
alkgﬂj.is'added $i11 pH 7 and the salution is cooled. The processes

that follow are gimilar to those employed for extractingother car-

rageenanse. The use of the above technology allows to extract rather

'* pure carrageenans.

In 6onformity with the carrageenans quality and broperties'ass
sessment chart worked out by The National Center fof Coordination
of Foodstuufs Reseergh (France) they shouléd meet the folloying

requirements- (Rioux, 1€84):

_ '}ppearance - yellowish or colourless powder
Taste - vegietable slime
Content:

humidity - below 12% following a 4-hour long 105°¢ drying -
ethanol or

isopropanol = below 1%

(dry matter)

sulfates - over 15% end under 40%

ash unsolved in |

1<, sulphuric acid'

- gsolution - under 2%

r
t
¥
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" from Phyllophora nervosa and Furcellaria fcetigiir. seaweeds con-

taining carrageenan at an industrial scale,

of procerainé the carrageenan-containing seaweeds employed in

. neutralization results in ptoducing agaroid used for meking sugar-

27

ash - .over 15% and under 40% of dry matter following a
550°C calcination, ‘ «
vigcosity of 1.5% |
golution |
at 75°C - over 5 cP
In accordance with the estaplished norms the content of metalli
impuriries (mg/kg) .constitutes: zinc -10; arcenic -3; copper -25.

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

The technology of extracting theee gel-fbrmere varies due
specific natural features of the seaweeds containing poliséccarides

but basically the 'production is similar to the technologies

other countries, [
¥hen extracting agaroid and furcellaran, particular attention

should be attached to the preparation of seaweeds prior to the extrsa!

ction allowing to remove soluable salts, nitrogenated matter,

16w-mo]ecu1ar polysaccarides; it modifies the structure of high-

molecular polysaccharides and substantially shortens the time

and reduces the effort spent on extracting the produét. Processing

Phyllophora with the hydrochloric acid followed by the sodium alkali

based mixtures becausq the use of this treatment affects the sta-
bility of water solution agaroid gel. (The USSR Inventor's Certi-
ficate 938902)

Treating scaweeds with hot sodium alkali solution ( 27 concen-

tration and more) suggested for extracting from Phyllophora a gel-
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'cSnducted at pH 6,5-7,5, within the 1:15 through 1:30 rew material

2L

former - naned “"Phyllophorin" mnkes it possible to extract a

. waen-
nirhly steble ge} product, especially so mixed with 7C. of su:=r,
_and amiliorates gel-formation properties of water solution ( The

USSR inventors tertificate, 603367)

To secure a relatively total gel-formers extraction it is

3
[
i

and extragent’ . ratio range at the temperature of ©8-1C0°C in

a battery of extractors or using the method of continmoud diffusion:

which .proves to be most effective (Boydyk, 1974): The efiectivenoss;
of extracting furcellaran in == week alkali has been substantinted |
(Pyayy) 196C). .

The choice of lue technology for extracting carrageencn is
determineé by the direction of its further use. Erom the economnic
viewpoint it is lucrative to extract & purified product ( mekins
use of the technologies employed in the countries of Western Zuronc
and Japan). This product could be effectively utilized very sparingly
in the foodstuffs technology which would decrease its consumpticn

as a whole.

The data conéerning the use of carrsygeenans for producing

foodstuffs is summarized in Tables 4 and 5 (i‘artin, 1964)

T able 4
Volume of world sale and consumption of crrragecnnnc
(1¢€2)
Country Population,- Carrageenans Carrageensns consunsich
mln soles, t Foodstuffs annunl ner

+ Industry, t cepite, &

USA 240 32C0 2760 11
Great Britain 55 1700 600 11
Jepan 110 17C0 1400 - 13
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Germeny 60 17C0 11C0 18
France 55 1500 1060 18
Other countries 4200 2800
] Total 14000 96C0
i Table 5

Use of carraceenens in France

, Principle Doses used,
Uge " Poodstuffs functions G
In water desserts' gel-formation 0,8-1,2
‘= Low-celories el-formation -0,5-1,0
Jjems ?little sugar)
additives to fruit suspensions’ 0,1-0,5
juices, syrups
edible dressing gel-formation G,8-1,2
(for frozen fish) :

jell. - souces thickenning C,4-C,6

In milk concentratédr: fat, protein par- c,CI-0,C2
milk _ ticles stabilization
cocoa with milk prévents cocoa from 0,02-0,03
subsiding
pastry cream thickenning N 0,2-0,3
kilk Jelly =  gel-formation
" - ice~cream mix»d with other 0,01-0,05
‘ stabilizers

miik dfinke. . giving shape . 0,1-0,4
_whipped cream  stabilization C,05=0,5-

In the USSR agaroid, fur-cellaran along with food arar axc

mainly used for producing confectionaries and ice-crcam,




Table 6

Use of agar&ids, furcellarane and agar in the USGR

Doses used, &

Items
agaroid furaccelaran erar

Pruit jellies | 0,3 0,2 -
Fruit fudge - - c,6
Larshmallow - - ¢,¢
_Pastry ‘crcan - .

dressing - c,8 G,c4-0,15
Pasry cream ' -7 0,8 Cc,(4-0,15
Candies filling 4,0 - 1,5"
~Jce-cream | c,01 - - ¢,C1

Gelidium (16 species), Pterocladia (4 species), Gracilaris
(6 Species), Ahnfeltia (2 speciés) are used for eitracting arc-.,
=a rece:v years while extracting agar the attention is focused
on treating the seaweeds prior to extraction. It consigts in cocld
- and hot water washing, socking in alkeli and acid zolutions and
it is aimed at raising the yi. .l"and stability of agar-zel. In 'r-
gentina, l'exico, India, Shri-Lanka, Chili, Japan and Vietin:zm
Gracilaria is treated by o 2-10% concentration sodium hycroxice
solution. In Japan the use of this method stipulates tigt the quali-
ty secwecds are processed for 2-3 hours at 85-<0°c, wherecs the
low-grade weeds are treated for 6,5~2,0 hours at 70-75°C corres-
pondingly (Okezaki, 157C).

In a number of countries - scrweeds are procersed by  ncil
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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 0,3% sulpbhuric acid solution,
washed again following which agar is extracted.(Chapman,1980).
The employment of alkali or acid treatment speeds up conside-
rably the agar extraction process. In the case of Gelidium it

goes dowvn from 4 to 0,5 hours. In Japan the temperature employed

for extracting agar depends primarily on the type of material:

the extraction out of Gracilarie, easily boiled soft ig carried -
out at 100°C, and that out of Gelidium, that is hard to boil -

at 125°C in autoclaves.

The purificgtion of extracts is made up of sedimentation,
filtration and centrifugation whereas water soluble, dying , pro-
tein and mineral matter is removed by waéhing and gel-pressing,
ion exchanging resins treatment,extract's’ diatomite treatment
and treatingit by activated carboan (Cooper, 1977; Selby et al.,
1973).

The dehydration of purified extracts (gela) holding 99 and

i
!
1
|

90-94% of water is an important and complicated operation. In
Japan waen extracting quality ager from. Gelidium Annafeltia

gelSs freezing out in natural conditions is recurred to. The &, ar

"2
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dehydration for the purpuses of food is carried out by pressing gel
liké agar,out and its drying. Most agar-extracting enterprises in
Spaii, Latin America, South-Eaat Asia employ atomization éo dry
the ager extract or its drum drying which is detrimental due to

a modification ia*gel-forming properties.etepping up production'g
powor consumption at the same time. .

In the USSR sgar is extructed from . Ahnfeltia plicata inhibitj
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the Taite Bea and Ahn. tobuchiensis of the tlie Par-Ensgt Sang. Tle

esar-extracting teéhnology involves a raw nmateriel treatmont by
C.3-C.5 solutioné of c;icium hydroxide. Polisaschkaide is oviziner
by coniinuous avtoclave extractions at 12(-125 C at 1:12 ruw
material - extract ratio. In order to remove mechonic impuritics
the extract is filiered and decanted. After having been decanied
the extract ic cooled. The gel is cut in pletes, washed in water,
blecached in sodium hypochloride. The most effectiv; nethdd of
purification consists in sedimentation of non-azar matter by adéing
a celcium carbon>te suspension tc the Ahnfeltia agar extract on zhe
basis of. 2CC-3CC:> of calcium oxide to the exiract dry mstter and

a conseﬁuent centrifugation. (Faslyukov, i€71).

There are sevsral methods of dehydrating the agar-conteininz
gels in the practice 6! processing Ahnfeltian. One of them consisis
in melting ihe washed gel, separating the remainine impurities cut
- of the soclution thus obtained, concentratins it in a vacuum-drier
and drying it by ato.ization or by drum-drying. Another meihod is
used for extracting qualiiy agar- It stipuleies t'at the product
is dried following the defrostation of agarold obtained by freszing
both in netural conditions or after gel's dehydration by pressin-.
(aslyukov,1ST71).

In recent years a sublimation drying method is increasingly op-
plied for drying aser gels, permitting to obtain a quality prod:st.

I'ethods of extracting agar in the world practice of processins
the agar-containing seaweeds cre similar. A certeain diflferebce is
due to varying rav materials and production pot"ntiels.

The ghnre of extrécting'and using eger for making foodastuffis

is lower tnan that ¢l carrnrcennns in nll cofhries ( exeludine
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Japan). &he unique prorerties of froien arar, that is its ability .
to produce elestic, atable and transparent rels are effectively
enployec in other sectors, bnsically in medicine.

A bioéhenicgl particularity of laminaria, Bokloni&t llacro-
cystis, Bisenia, Pucus, Ascophyllum, Sargassum brown seaweeds ccil-
sists in the amount of alginic acid salts they contzin.(around 3C!).
The elginic acid, some comnercianl clginates are cheracterized by a
high molleculer weight -around 2CC thou., and their solutions hove
considerable viscosity ranging 10C-6C0 centipoises (cF).

The industrial production of nlginates in the USA, Frence,
Horwey, Japan and thc countribs of South America renerally embrnces:
a pretreatment of seaweeds, extraction of qlginates. filtration of
their solutions, sedimentation of the alginic acid, obtaining e
soluble form of . alginate. .

Acid pretreatment of scaweeds permits to remove soluble min~rzl

and organic matter, to make alginic acid salts soluble (Yardihorst,
'f977; "ateus et ai., 1877; Duville et 8l.,1¢74)* Then the algin-tes
are extrocied from seaweeds in an alkali solution (pH 1C) ~zkinr
use of mainly sodium carbonite (Haug, 1868; Ckazaki, 1S71).
After having been mixed with an adsorbent the alginates solutions
arevpurified with various types of filters, used cnnsequtively,
centrifuged, separated, floated. A combination of thege methods is
frequently employed. (Chapman,1S60; Wright 1973; Ilascbe, 1978)

The aedimentation of the alginic acid is ceused by oxi~

dizing the purified solutions till it reaches pH 1.5~3.C. The scdi-
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ment of alginic acid is washed in cold and hot water, bleached in
sodium hypochlorite, washed in alcohol, then dried in vacuoum in

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

" ginic acid serves as & semifinished item for obtaining various

alginates including sodium alginate and calcium alginates employed
in foodstuffs technology.

At the pregsent moment the USSR does not exiract alginate for
food producing technical sodium a!éinaté instead. However the rese-
arch cénters of the country are active in scarching for the ways
to perfect technologies of extracting the alginic acid and algi-
nates out of Laminaria saccherina, Laminaria digitata, Laminsrie
japonica ( also the cultivated one), Fucus vesiculosus, F. serratus.

Trus it has been positively: éstablished that +treating lLami-
naria with weak mineral acids solutions to remove selts and or-
ganic compounds promotes an increased slginates yield and a steppec .
up viscosity of its solutions (Podkorytovs,1985). The purifi.-
cation of alginate solutions consisting in filtration of vater-
solved animal glue after sedimentation followed by removing sea-
weeds minute p#iticles by way of electrofloatation has also proven
effective (Vrishch, 1976). A suggestion has:.been put forward to
treat lLaminaria twice by a weak solution of hydrochloric acid
followed by washings and the extraction of sodium alginate to
increse, the yield and to shorten the duration of the process,

The yieiiof alginate constitutes 21% of dry seaweeds, the ﬁblecular :
weight is 90 thou. This technology exclude; the operations of
alginic acid sedimentation and its washing. (‘he USuR inventor's

Lertificate, 1113078},

K
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The world practice of extracting tﬁé elginates (in Great
Britain, USA; Norway, France, Chile pnd India) used clso for foods
anong other things is indicative oftgionomic effectiveness of pro-
cessing -’ brofm seaweeds. Along with the carrageenans, alginates

are widely used in foodstuffs technology. The o effect of

the fact that along with the texture formation they are capable of
imparting the necceesary organoleptic properties to food mixtures
making them elastic, sfable and thickened.
Table 7 indicates characteristics cnd principle uses of some
alginates ptoduced by Protan company (Korway).
\ Table 7.

Use of alginates in Horway

Trademarks of Viscosity Principle Notes
» use
elginates solution
cP
< 3 4 p) |
Frotanal S 600 _ Foodstuffs 1-8 - sodium
alginates;
Protenel SF 600 same
Protenal L 250 : seme
Protanzl LFP 250 same ¢ ané 10 - sodium-
Protanel DG3 250 gel elcium algonates |
Protanal JC 250 ice~creap
Protanel JCL 250 ice~-cream the colour of dry
Protan Frostgél 10=30 meat,fish freezing alginates is white;
powder S.
Protan ER,SP, 10=30 pH of colutions -
ABHF, A3BI,ARIR, 6-7
ABHP, 3VH, SFTH '
Frctancl VR cakes ;
'I

RS R AL h o

"Protonel VR 687 cakes
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‘as food seasonings because¢ they are known not to be digestsd by

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

" reproducability of results) - all these prohlems were treated at
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Hydrocolloids extracted from seaweeds should not be considered

diespensable technological additiye making a product formation pos-
sible; In the countries of the European Economic Community (E=C)
(in Prance and FRG, for instance) a ,ermitted daily consumption
dose for adults is: carrageenan - 19,3-22,7; alginates - 8,6-10.1;
agar - T7.7-9.1 (Kuhnert, 1980).

ihe strategy of controlling a content of hydrocolloids in food
their intensification and the requiremants they are to meet, methis

of analyzing their content (reliability, quickness, preeision znd

the "-nd International Conference on the "Gume and stabiljzers

in the foodstuffs industry" that took place in Vréxnam , VWales, G.E
in June 1985 (-hillips, 1284). Besides, in the framework of khe
E&C countries the discussion focused on using hyd;ocooloids in va-
rious foodstuffs including the canned ones. Also discussed were

the problems of permissible dosed for a daily consumption and thos:

of spécifying their purity.

Research is conducted to staﬁdartize the equipment (rheo-
lographs, viscoelast6ﬁeters, texturometers) securing high- pre-
cision results of a modification of characteristics for the
systems mixed ﬁith hydrocolloids to determine the optihal regimea
for processing and preserving foods.(Fiszment et al.,1982). At the
same time the neccsgity is discussed of reducing a great deal
of rhneological characteristics and of selecting oeveral parameicrs

reflecting the conduct of hydrocelloids in solutions and gels.
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A nunber of countries, primarily theso:of Fur Fast Asia
(Japaa, China, Horth ghd South Korea, Philippines etc.) widely
conegume netural and cultivated seaweeds as food.

In this situation the atténtion is facused on workin-; out the
procesces of their conservatibn to retain their nutrative value
and attractive commercial .appezl. Fresh segweeds to be preserved
by :reezing or drying undergo decoloration by acetic acid irertrent
vith an ensuing washing end airins in the sun or by hydrosonz
peroxide treatment with :the presence of ncetic anhydride (!azero
Sigehiro, 1€74.) In Jepan around 3C items of fish, mollusc, verots
bles, vineser, sugar, gsouces, flour (noodles, vermicclli) mixeturcc
based solely on Laﬁinaria are produced anc sold.

. ‘ Tcbleted and granulated grain-iike flour or lactosefbased Trez™
products-are praopared from Undnria to mﬁkc the maximum use of cor-—
'ponents beneficial for humen orianism. (Ikue Takao, 1€81),
1n the Hediteeranean'countries Sargassum is 'used.for prera-
ring semifinisned dishes pecked in plastic bags, freeze-mixec - ith
carfots, fish or tomato souce. The products have a low calories cc:
tent, novever they incorporate vitamin C, iron, iodium, thus meetir
. adult's deily demand in them. (El-Dashlouty, 1¢C2).
fhe peoples of the Crient (Japan, Ph%lippinns, Vietnmm) trz-’i-
tionally employ liquid taste seasonnings besed on consentrated
! ’ extracth'frém,bréwnfseuweeds and glutominates. Sweet sandwiich pr.ote-
- are also prepared that contain Lam;naria and Underia-extrﬂqted
paste~like mass mixed with a fat-free fish meal, dry milk, surer,

b white miso, honey, crushed sesame seeds (Kobaynsi Tosikhnaru, 1°€C). |




- .. meat, sugar syrup, tomato juice and spices along with seaweeds.
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Upon complction-of tie compaisn of  1luating the dipestebility
of various fcods contuiniﬁg seawecds-based dishes, highly nutrative
products containing Laminaria powder or paste added in 2-15% to
meat, bakery, stuffed sterilized fish products as an €dible Iressing
forrﬁckngeé filets are growing ever wore popular. (Askar,1S82;
Herve, 19843 Pilnik et al., 1584, Ofstad, 1¢83).

Ir. the USSR food-used Laminaria japonica and ﬂam. saccharina
aparthfrom being crushed {o powder, flour, granules re also pre-
served in frozen, dried, salted and marinated state. They are com-
monly used in cooking andfggnned fo&ds production. Depending on

the type of canned food it is made.up of vegetables, fish, mcllusc

(Yevleva, 1979).

Complex processiﬁg of seaweeds (in Japean, China) is -.e principa’
ly novel trend that is economically sound especially for the cul-
tivated brown seaweeds because it is aimed at maximum possible
extraction of this material's veluable components, Using stage
extraction and organic solvents,’ fractions are extrocted of’
lipids, vitamins and other biologically active matter (mannit,
pigments) to be employed in medicine and oiher sectors. Hot weter
is used for extracting the alginic acid, polysaccherides (for the !
foodstuffs industry) and seaweed sediment (for feeds) (Tomikanera
Takasi, 1<64)

The development of industrial stock~brecding causes a ngcassity

'tq searsh for the ways to utilize seaweeds as animal feed. it is

widely knovn that tie brown seaweeds (fresh, watcr washed, chopped;

. boiled) are used as an independert feed rr as an additive to the

o ——— s~ ————a e s
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daily diet of animuls._?he complex of valuable naiter contained :in
seawve *ds permifs to use them p{imnrily as a vitoamin and mineral
aiditive. (Table 5). | |

' Since long ago and up tc the present time the animnl atock of
various coastal countries of the worls is kept on "marinc™ pastures
during the ebb-time where they feecd on seavweeds. In Iseland .lreep,
cows an¢ horscs graze on such ﬂﬁsrures throurhout the winter and in
¢ riain regions in summer too. Gencrally horses pr-fer Leminaric
feddins'on young thalluses, cows.appreciate Rhodymenia and Alaricz.

In Norvwey shecp are regularly kept in constal areas. In Scoi-

lend cowé end sheep g;aze on constnl pastures vhere they feed on
.various épecies of seaweeds. In the Orkney Islands and other smzll
islands there are local breéds of éheep that graze ceaweed:s &ll thei:

life ithiroush. In France, in Normandy and Bretagne eloxnr with the

-

~ natural breeding on pastures, ithere is a stell breeding when the
animels are fed with a mixtiure of ~ - "i seaweeds washed in fresh
veter and bran. On the american coast too cows and poultry fecd on
fresh seaweeds. On the Comaror Islends seeweeds nre en interrel
pert of the daily ciet of Arctic foxes. The experiments carried
out in Cuba have indicatéd thet an Ulva additive amountins to 1C)°
of the daily diet hes increased ti:n growth-raote of noultry.

Tae production of flour tcsed on seawveeds has been lrunchal

in 2 number of countries. The world production amounted to over

K , . 1CC thou t with Norvny occupyins the lecading position(Lavrovskaya;{ﬁf
The scavieeds-detived flour steps up the yield of dairy milk,
poultry e;;r3 and sheel vool yield and cuts down the incidence

of animunl tuberculosis and stomatit. The nddition of 39 of flour .
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_éaily diet meets aminals-demand in calcium, phosphorus and vitamin3

(Kizewetter, 1980. The Aacophyliun— based flour digestion re tio

( per dry weight} constitutes only 29,T+ for sheep, 26.2% for pigs,

wvheregsfin the case of the Laminaria flour - 66,2 snd T1% corresponcs
ingly. This is jndicative of varying levels of mitrogene me tter

in '~ . brown seaweeds (Chapman, 1970)

Table 8

Comparative chemical composition (% of dry matter) ;

of brown sesweeds, flour, conventional feeds.
: (Chapman, 1970)

dacrophyte Water Proteins Fats Ash Celiulose Carbo-
geaweeds hydrates
Fucus vesiculosus 12.4 5.0 2.0 13.1 545 62.0
+Fuc. serratus : !
Fucus serratus + 12.3 4.4 0.8 16.0 5.7 68.0
Fuc. balticas
Ascophyllum nodosum 11.1 6.0 3.1 17.8 5.8 5640 !
. _ \
Leminaria hyperborea 12.4 5¢9 0.8 13.7 3.6 63.7 f
Laminaria saccharina 14.6 6.4 0.7 16,6 3.3 59.4 %
Lamineria digitata 18.6 5.8 0.6 1.3 26.7 36.6
Brovn seaweeds cali- 9.1 5.6 0.4 38.5 5.8 - 40,0
fornian flour

Browa seaweeds nor- 3,5 . Ted 3.0 19.0 8,0 52,0

way flour B

Danish flour 5.0 13.1 1.1 509 9,0 , 66.7
Lcotch flour 15.5 0,9 15 " 27.5 9.3 3543
Oats 3.3 10.3 4,8 - 10.3 58.2
Poteto tops - 7.3 0.4 5.1 2.8 84.5

Hay ' 1403 907 205 i 2603 410‘2
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it is counter-productive {o use red secweeds ns an animal feed
comporeat since they cogtain such a vnluable matter as erar end
carragecnan. besider these polymers are stable in withsianding
the action of digestive ferments which should not be ignored when
assesring a nuirative velue of seaveeds.

In the USSR the proressing of seaweeds is acompinied by the
utilizationbof production wastes (after axtracting the gel-forme::z
to obizin tie suorce products for derivinr proteina and amino aciis.
For this:purpuse fhe seav.eed wastes endcrge an addiftionnl treatment.
It is recommended to reccur to the technology of extrneting feed ny-
drolizatq-from Ahnfel¢ia vaztes which'incorporatcs-a hydroc'iloric
acid treatment of wastes to achieve deminerslizalion with the ensu-

. ing sulphuric acid hydrolysis and dry calcium oxide neutralizétic:.
(Ziminc, 1979).
| Fydroixzate constitutes a protein additive for & belanced
.amino acid an¢ mineral composition of feeds.

This product appears as a dark-brovn liquid smeclliinz of drisd
mushrooms; It incorporates (%): dense matter - 2.5, reneral nifirn-
gen - 2.1, non-organic matter -1,15, including both biogenic
mecro end micrirlrments.

The method of producinsr, the ceaweed aminopeptide feed powder
o’ | high biological activity fro::-Phylophora and ¥Furcellaria
hr.s been developed and extensively tesied,5V.¢ U5S3R Inventor's Cer-
~tificate, 1487276). This product incorporeted: crude protein (55-0(
emini acids (45%). The ratioes of luceine, irrepl"cable'and rep-
lécnble,nmino acids mré optimal. The geaweeds ~minipeptide is of~

fectivaly empleoyed for fish frrmin: ir ponds. (ioiko et nl., 1¢79)
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despite a growing output of fertilizers , numerous countries
particularly the newly independant ones are short ¢off them, where-
a3 macrophyte seaweeds are rich in orzanic andmineral matter.
Apart from nitric extracts, the unfixed amino acids are biologicallj
the most prominent ones. Their content in brown seaweeds con-
stitutes 1Tp ~ 87.4 mgh, in red algae - 19-221 and in green oue.

- 44-86 wgb of the dry matter, Nitric bacteria cultures intro-
dused in the peat and chernozyom soils are protected from a deteri-
oration by carbohydrates incorpoi-ted in seaweeds (40-70% content)
whereas the alginic sodium salt causes sandy soils to become denser
aquirihg better physical properties due to lumping. (Ciiesmen,1980)

All seaweeds incorporate a relatively high amount of calium
- but little phosphorous: green ones - 2,7, brovn and red ones -
;'up to 0,3% of the dry matter (Romankevich). Phosphorus salts
should be added to render effective the seaveeds fertilizers.
Generally tihe seaweed ash shoulﬁ huve a diverse content of macro-
and microelements. It is commonly known that provided they are used
correctly microelements substantially upgruade the quality of
produced plants.

The utilization of seaweeds ( mixture of brown and green sea-
weeds) as fertilizers in the agriculture of coastal areas of a num-
ber of countries has been practiced for ceaturies. The seaweeds
are put into the soil fresh and uncut or chopped and mixed with pea-
or organic fertilizer to form & compost, or else they arc used as
specially prepared extracts. Brovn seaweeds swept up on the siore
are employed as fertilizers mostly when mixed with some others.

Red seaweeds are rarely employed for this purpuse, The fgrilizing
quality of seaweeds depends on their time of drifting in the ses,

weather and the strength of vaves,
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In Ireland, Sco}land,.France and in Alaska and on the america
pacific coast such seaweeds as, say, Aacophyllum‘and Laminaria
are used primarily for growing potatoes. In Great Britein the
volume of seaweeds fertilizing the soil amounts to 40 t/ha. Tais
prevents virus deseases from expanding, the potato "mange”" froa
developing and decelerates. the growth-rate of the potato weeds.

In Scotiand'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 gﬁtumn.
In South Africa mixed Knklonia and Laminaria seaweeds are used
as a soil conditioner. |

Maxicrop, Algynure and Scargo fertilizers produced by dehydra-
tiﬁg Fucales with alkali are used i& hothouses, hotbeds and in
gardens. Maxicrop incorporates 94,8% of dry matter: orgamic com-
ponents - 51,2%, ash -43,6%, humidity -5,2% (Chapman, 1980)

The use of red seaweeds for fertilizing or the amelioration
of tke 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 ;re not to be eppli
each year. In the Bretagne province seaweeds are used as compost

mixed with orzanic fertilizers. Such a fertiliser is used for grow-

'ing alfalfa and meadow grasses. In India and Shri-Lanka many specic

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 processing Furcellaria (after extrac
ting furcellaran) are used as fertilizers on sgricultural fields,

-,
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The development of the direction makingz use of bioloﬁicallg
active substances - growth reguletors ( suxin~, hybberelpins,
cytocining) individually extracted from brown Laminaria, Ecklona,
Fucus as a means of agricultural plants treatment to enh-nce

their yields and to omeliorate the quality of plmnts 8ppears

very important (Zaitsev et al., 1980).

-

The dnté th2t hes been used does not exhaust all possible
options for.utilizing the scaweeds. Numerous research efforts
exerted around the world within the framework of seaveeds proces-
sihg indicate that thrr2 are real opportunities of expanding their

use, particularly so provided tne raw material base is stabilized

by cultivating the seaweceds.
A growing amount of extracted carrageenans and alginates wiil
ieke it possible to remove such a valuable product as rrar is fro-

the technology of focds processing ané to use it exclusively in

madicire for preparing diegnostics nutrative media, vaccines for
the benefit of human health and that of the animals.

The industriel processes of the world-wice production of
carragseenan, agar anu alginates extracted from the seaweceds may-

. 3

ve sumnarized for the ends of compariscn as follows (Schemes I-IIZ)::

I 11 I1X
red seaweeds red seaweede brovn senweed-
conteinin~ corrageenan containing a~n: contnining alginic
v acid
extrgctlon prerxtr%ctlon preextruction |
. ) ¢ . ]
exvract purification agar ex;;action clginate extrecticn ’
. , » .
arragee%an extraction ’Burl ¥fntion settling of olginie
drying ~ gel” extrocts agid ’
carrd&ennan N dryiﬁﬁ' converajon of olein.

acid into nlpincte

iy

nlgzin: te

—— i ———— = 1~
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The leading producer-countries in t:is field focus their
sfforts on perfecting v;rious technolorocal methods with the view
of upgreding the quality and expapding the output of gel-fgrmers
znd thickeners. The experience accumulated by these countries in
the field of industriel production should be shared by other céunt-
ries to launch or *o expand their production For exanile: erar from
cultiveted “raeilavia in Vietnem as well as alginate from Sargassum;
alginate from cultivated Laminaria in North Yorea; alrinate Itom
) Macrocystié in Peru; in the future - carrageenan from Eucheuma in
Tanzania

In "Cridelines for the Economic and Sociel Developrent of the
USSR a greet deal of attention is attached to creating and perfec-
ting biotechnologies. A 'bus?hess-like cooperation with other count-
ries includin~ the CIEA ;;:;é;gés +ill ‘promote & successful solution
- 6f *hese %asks. The USSR is developing budiness contacts with a
number of countries. Du® to the fact that the countries of South-Easi
Asia have centuries-old tracditions and make great strides forward
in commerciel seavweeds cultivation our country has sent e number
of scientific groups to study the'experience of cultivating the
seaweeds i1 Korean People's Democratic Republic, Cninese Prople's
Republic and Japen. : .

It is especially important to launch a program of using and
cultivzating t3r seaweeds in the countries of Africa, Central and
" South America. The major commercial species found here sre: '
Yacrocystis, Lessonia, Durvilleea among  _ brown algee inhibiting
moderate and Sargassum dwelling in tropical lattitudes. There .are

several species of red seawceds: Gracilaria, Pterocladia, Gelidium,

Hypnea, Gigartina, Fucheuma, Porphyra (de Oliveira,1981).
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These same species may become the objects of mariculture.

In the countries.of Central and South America and in Africa
including the d-veloping countries, seaveeds ere: traditionelly
isnored or used as food at a very low scale even in i‘he conditions
of severe foods shortage. Taking into consideration seaweeds very
high nutrative value and an extrémely beneficiel health effect
the use of seaweeds as food products should be extensively pub-
licized in these and other countries of the world: Owing to tho
fact that.ik2 natural resources in a number of countries are liﬂiteé
end in some of the others they could be easily dwindled by a l-rge-!

scale exploitation, it is necessary to elaborate the cultiv:otion

technology for the leading objects of mariculture in the coastrl
waters of various regions keeping in mind geographical, ecological
sociel and economic particularities of the coﬁntrics.

The seaweeds constitute a national asset, a treasure of every |
coastal couniry of the world, a valuable raw material source. “rc
use of seaweeds especially within the framework of a more exien-
sive complex extraction of orgenic matter will promote man's well-
being, will influence the economy, including that of the develoning
countries despite the expenditures made, humen effort consured

in the area of cultivation and processing of this source of

raw materinls«,
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