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THE COMMERCIAL IMPORTANCE OF SEAWEED GUMS IN THE UNITED STATESi/

By Victor B, Scheffer*

Colloidal substances, variocusly referred to as gums, mucilages, gels, geloses, or agars,
with a total value of aboui $3,000,000 are extracted annually in the United States from
merine alpgae, Additional seaweed gums valued at more than 41,000,000 were received annually
from forsign sources up to the time of the war, The importance of these gums in our national
economy is gaining wider eppreciation as the pressure of war forces us to exsmine carefully
the sources, as well asz the present and potential uses, of certaln drugs and chemicals, The
seawesd gum known as agar, for example, 1s as asaential in certain technical fields as are
gquinine, rotenone, and rubber in theirs,

Whils considerable attentlon was glven to seawseds during World War I, the primary
goal at that time was the extraction of inorganic, rather than organic chemlcals, from the
sea, Millions of dollers were spent in the recovery ¢f potash and iodine from the glant
kelps of the Pacifie Coast, ILater, development of inland brine deposits made the recovery
of thess salts from seawseds unprofitable,

Seaweed gume are Importeant becmuse of their ability, in suwall concentrations, to form
mucilaginous sols or firmm gels. They ere used ss stabilizers, flocculants and semi-elastic
media where relatively inert, non-toxie, hydrophiliec substences are required, Attempts
to replace them with polymers produced in the laboratory have not been successiul to date,

The ssaweed industries of North America are geogrephiecally restricted by the natural
distribution of certein species of mlgae, On the New Engiand coast, there are two industries
dependent upon the brown ard the red seaweeds, respedétively, On the ecoast of sgouthera Cazli-
fornis and adjacent Mexico there are likewise two indusirles dependent upon the brown and
red seawsads, For wvarious ressons, the seaweeds of the Atlantic Coast south of Rheode Island
and of the Pacific Coast north of Csliforniz have not been exploited, Thers 1s a quickening
of interest, howsver, in the ccmmercial possibility of hitherto-unworked spscies of seawseds
{for example Graellaria), and it is believed that by the end of the war entirely new indus-
tries will heve arisen on both cossts,

ggé Seaweed Gums--The seaweed gums of commerca are algin, azer and carrageenin, These
names appear to be the best available but 1t should be meniloned that the terminology of
seaweed gums ls almost as confusing as that of the vitamins, The confusion 1s due meinly
to 8 lack of knowledge of the chemical siructure of the gums and of the extent of their
distribution or occurrence among the hundreds of species of marine algae, Practieally,
the trede nemes of the seaweed gums are ussd in e semi-genmeric sense {compare Ystareh")
apd it is difficult to find two persons who will agree on & precise definition, For most
purposss ths matter is unimportant, and 1t will doubtless be settled in the course of time
when the family relationships of the carbohydrates have been more fully explored,

The three gums ere polysaccharides and may exist either as viscous selutions or gels,
It is believed that linkege with a metallie ion is necessary in each case to convert the
gol to & gel, (It has been found, for example, that refined, dislyzed ager will not form
a gel,)

1. Algin ~- "Chemically the term algin Is broadly used to designate the water-soluble
salts of alginiec acid, and more specifically sodium algirate, Alginie acld is a colloidal
polyuronic acid which appears to be composed wholly of d-mannuronic anhydride residues linked
glycosidicallyeither in thel:i {pyrancse ring structure)or 1:5 (furanose ring structurs} Pa=
gitions, end ,,, . it is probable that the ripg structure is pyranose, Hence, the mannuronic
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eelid units are linked in such a way that the cerboxyl group on each unit is free to resct
while the aldehyde groupis ghielded by lipkage" (A, B, Steiner in The Encyclopedia Americena,

194L, p. 397},

Algin probably occurs in all of the brown algee (Phaaoghzceaa) and is comercially
extracted from Laminaria digitata and 1, saccharipa growing on the Atlantic Coast, and from
Mmerocystis pyrifera on the Pacitic Comst, omell smounts of L. digitata were also imported
from England before the war, L. digitata (horsetail kelp} and M. pyrifera (giant kelp)
are peremnnisls, while L, saccharine (broadleaf kelp) is annu&l ’

On the Atlantle Coast the kelp 1s harvesisd with & grapple hauled at a depth of 12-15%
fest from a power boat, and to & lesser extent by hand dragging or sickling from a dory.
The season extends from June %o December. On the Pacific Coast the kelp is mowed by glant
harvesters cutting 3-4 Teet belcw the surface and carrying as muech &g 300 tons in & single
loed, Harvesting is carrled out in celm wsather throughout the year, By selective cutting
of the beds~-in other wordas, rotatlen--& gustained yisld is assured,

Vhen the fresh kelp is cooked with soda ash, the alginie acid of the living cell is
released as soluble sodium alginate, This is filtered from the cellulose realdue and re-
turned to an insoluble state by precipitation with aeid or alechol. The behavior of algin
under the influence of varicus metallic and orgenic ions 1s quite camplicated, but generally
speaking $ts commereial velue is based on its ability to form either a viscous solution
or & tough, insoluble curd, The alkali metal alginates are soluble, the heavy metal alginastes
are insoluble, '

The outstending use of algin is &8 a gtabllizer in the manufacture of ice cream, a
function thaet would seem at first thought to be of little importence in times of wer, As
a matter of fact, however, enormous guentities of lce cream &re consumed by the armed forces,
both at home and abroad 4Lbout 2§ pounds of algin sre required to stabilize 300 gallons
of ico cream, Algin also contributes to the war effort by serving as a creaming agent in
the trsaiment of latex, finisghing leather, waterproofing concrete, Tireproofing wood and
camoullage materials, treating boller water, &nd in can-scaling compounds and water-base
paints, Algin is used in the menufacture of dental impression materxials and is here engaged
in an imporbtant public health role,

In keeping with the waritime policy of the Govermmeni, actual figures on the current
rate of production of slgln cannot be releassd, In 1941, however, ebout $1,500,000 worth
of alginates wers produced. These were in the form of algirate compounds selling as low
ag 5 cents & pound, in elginatc pastes for weter purification selling at about 7 cents a
pound, and as pure algin selling at §1,00 & pound, The present market value of algin is
$1,00-§1,25 per pound in barrel lots,

2, Agar -~ The agar of commerce is said to bs the sulfuric acid eater of a linsar pe-
lygalectoss, "The undt-chein ia composed of nine resgidues of d-galactose mutumlly combined
by 1:3-glycosidic linkages,; - This chain is terminated at the reducing ond of & residus of
l-galactose, whicl 1s united with the rest of the chein by & glycosidle linkege engeging
Cj, and not C3. The l-galactose member is esierified at Cg with sulphuric acid" (Jones and
Peat, J, Chem, Soc, London 1942, p, 225},

It is not generally known, however, that the eger of commerce (virtually all of Japansse
origin up t¢ ths time of the war} is a mixture of the extractivaa of several seaweeds, There
is a possibility thet the chemical strueture of "asgar" varies with the source of Lthe raw
material, even where the bebavior of the exitrsctive appears to be uniform, The U, S, Pharmsa-
copoeia defines agar as the dried mucilaginous extract of Gelidium species and Melosely

related” red slgas (Rhodophycese]},

In view of the fact that importation of agar from the Orlent is no loager poasible,
it 18 fortunate that sources of the gum are found in Celifornia and Mexico, Gelidium carti-
leginewm is a reddish, mogs-like alga which grows on rocks from the low tide line to depth
of 50«60 feet, always in turbulent waters., In pilaces it may form pure stands where a bed
the size of & table top is worth {at current pricss} two or three dollars,

The agar weed has been gethered regulerly on the Awerican Coast since 1919, and perhaps
earlisr, by Jepasnese &nd fAnericans engaged primarily in diving for abalones, Lesser amounts
of weod have besn itaken in shallow water with the use of long~handled rekes, The diver works
in & complete sult, crawling over the rocks on his knees and pulling the weed off by kend,
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Under good working conditions a men can hervest 1,000 wot pounds & day, Little or no weed
is gathered during the winter season of rough weather, from about November to March, The
weed is drled in the sun, baled and delivered to the factory at a cost of 3300 to $400 a
ton,

The procesg of extraction appears, on e flow diagram, o be relatively simple; but,
beceuse of the varietion in the quality of the raw material, itmust be carsfully controlled,
The agar is extracted by simple boiling and filtering, and & crude gel 1s formed from which
the water and impuritiea are removed by freezing,

Agar is the only one of the three seaweed gums tc raceive the special attention of the
War Production Board, partly becauss agar is a drug of vital importmncs to public health.
and partly because this nation hag been dependent upon the Orient for virtually all of its
supply (92% from Japan and Chine in 1941), Two months after the attack on Pearl Barbor,
the VWar Production Becard issued an order restrieting the further use of agar to the pre-~
paration of baectericlogical media, A%t that time, only 18 percent of the agar used in the
United States went into medim, and 82 percent went into the manufacture of dentel impression
materials, laxatives, emulsifiers, and confections, for meat packing and other purposes,
Meoufacturers of these producls have turped to subatitutes for egar or have dropped out of
business along with other technologicel victims of the war,

In the posiessicn of a certain combination of physiochemical properties agar is un-
rivelled as & medium for the growth of miecrc-orgenisms, I%s ocutstanding properties are:
(1) & firm, rubbery surfaece which {& not sasily ruptursed when orgeniams sre streaked seross
it by needle; (2) the ability to reméin iiquid when cooled to 40C C., so that orgenisms
may be thoroughly mixed with it et a temperature (usually 45°) which does not.-harm them;
and, (3) reversability, enabling the opsrator alternstely to warm it into the sol state
end cool it into the gel state., Unfortunately, some of these attributes are llkewise re-
sponsible for the iwportant position of agar in the fcod and drug industries; and, as a
congequence, %he menufacturers of food stabilizers, dental plasties, laxatives, etec, are
not entirely satisfied with the behavior of the substitute colloids which theyare now forced
to ‘employ,

In 1951, the damestiec production of sgar was 36,000 pounds, valued at $2.50 & pound, or
a total of §90,000, The price of Kobs No, 1 agar has risen sharply from a low of L& cents
s pound in 1633 to $3.50 & pound in 1943,

3, Carregeenin -~ This name, which seems to be the best of & number now in use, is
taken from the United States Digpensatory and refers to the extrective of Irish mosa or
cerrageen, Chondrus crispus, The name "chondrin® has also been used but should be reserved
for the pfotain substance in animel cartilaege, Two Irish moss extractives are now marketed
under trade names,

Carregeenin is essentially the celcium salt of a carbohydrate ethereal sulfate, Hy-
drolysis yields "a mixture of sugars centaining galactose (g, 50 percent) and this appears
%o be the main building unit of the molecule, although it is accompanied by other sugars,.. .
Although the rosat of the hydrolysis mixture yields glucosazone, containg a apell amount of
ypentose, and gives some colour reactions for ketose, its composition is as yet undecided®
(Percival and Buchanen, Nature, 1940, v, 145, p, X020).

Chondrus erispus growa in the cooler watars of the Atlantic Coast, or from the latitude
of New York northward, and is sbundant on the rocky shores of Naine and Massachusetts, It
is a perenniel, reddish, woss-lilke alga with an average length of 4 ineches, OCrasping the
wead is like feeling a handful of wet rubber bands,

It grows at moderate depths and is harvested by men working from éories, using lead-
welghted rakes about 15420 feet long, The season extends from about Merch 1 to October 1.
A man can reke abdbout 4,00 pourds of wet Chondrus & day, worth about 2 cents a pound on the

dock,

For a ceatury, Irish moss has been offered for sale on American markets in the form
of the dried plant, either whole or powdered, raw or bleached. In response to waritime demand,
however, a number of firms-are now sslling the purified extrective which we refer to here
ag "carrggesnin", Information is not availsble asto the commercial methods used in extracting



carragesnin, but it may be prepared in the laboratory by boliling the seaweed in fresh vater
for three to five nours, filtering off the residue and drying the extractive on a water
bath, Although its chemical nature has not been thoroughly explored, carrageenin differs
guite eleariy from agar in the efes with which it ls extracted by cold water, Whersss Irish
noss is seriously damsged i1f it is rained upon while drying on the beach, Gelidium may be
soaked for hours in fresh water without apprecisbly affecting the yleld of agsxr,

The principal use of carrageenin is in the suspending of cocca perticles in chocolate
mitk, It is slso used asg a clarifying agent for beverages and a suspending egent in a wide
varisty of foods, drugs, cosmelics, and imdustrial liquids,

While Irish mess velued at over £100,000 was produced in 1941, figures are not availeble
as to the value of the carrageenin extracted from this moss, The present market value of
carregeenin is about §L.65 per peund, in barrel lois,

Related Seaweed Industries, -- In addition to gums, several other products are obtained
Trom semwseds on a commercial basls, but these do not come within the scope of the preeent
report, Dried kelps are widely soid as & diet eupplement for humans ané livestock, chiefly
on the basgis of their inorganie salts, Dulse is sold in New England 83 a relish, Dried
eel-gréss is the bagis of & bullding material of high insulating qualities,

Avenues of Resgearch on Seaweed Gums, -- The bulk of present day informatlion en the
sources &nd usess of algin, agar, and carrageenin has been ¢btaiped by technologlsts employed
by the seewesd industries, Becsuse of the inecreasing demand for gums, howsver, 2 number of
marine botanists and chemiats in private, stote and federal agencies are now turning theixr
attention to the study of ssaweed extractives, Probably every marine botanist of prominence
in the Unlited States has been asked within the last year for advice on the distrivution
and abundance of pramising seaweeds, Ressarch along the following lines is edgpecially de-
sirable:

availabiliyx -~ AL 8 dozen or mere locations oo the Atientic and Pacific Lossts botanisis
should make monthly observations of the slgme which are present and their approximate a-
bundence and accessibility, A botanist could probably make an obssrvation in less than one
day's time, There is a fair amount of infoymatlon on the status of ssaweed spscies during
the surmer months (egpeeielly in ths viclnity of blologicel stations), but little informa-
tion on thelr growth, habits in the winter, and whether they are annual or perennial, The
average sclsntific report on the distribution of algae gives little or no idea of the &-
bundance of the .speecies, & matter of paramount importance from the commereciel standpoint,

2} Data book on seawsed gums, -~ The physiochemical properiies of red and brown sea-
weed gums ghould be gystematleally studied, The little Information available on the subject
" is widely scattarsd, OSupposing, for exmmple, that the gum from Iridophycus (now being pro-
duced on an experimentnl basis) were to be studied, the following facts should be learned:
welght of Tresh, wet seaweed; welght of sir-dry seaweed walght of gum content; solubility
of pum &t various temperatures; effect of metaliic ions,pH,tempsrature,etc, on gel strength;
and many other propertiss, Pure research on the chemieel structure of the gums would be of
ssgondary imporiance,

3) Improved methods of extrection, ~-- Methods of extracting algin have besn highly
yporfected, but msthods of aztracting agar and carrageenin are invlting subjects for ressarch,
Whsreas & yleld of about 15-20 percent-of egar is now obtained commercially from Gelidium,
1t appeers likely thet 25-30 percent could be obtained by altering certain stages of the
procaess,

. 4} Study of new applications for gums, -- With a better knowledge of the physiochemical
propartics of the seawesd gums, it would be possible to predict new uses for them in the
Tood, drug, and technical indusiries,

Ingtitutiong Engaged in Research on Seaweed Gums, -~ Shortly before the war, the Fish
and Wildlife Service nubliahed reports ‘on the outritive value of agar, Irish moss, and algin,
A% present, studies ere under way at Cellege Park, Marylend, Seattle, Washington, andLa.Jolla
California, on the properties of hitherto unusad types of seawsed gums.




Other institutions or agencies in the Urited States working directly on seaweed gums
dnclude: Boyce Thampson Institute, Celifornia Bureau of Marine Fisheries, Duke University,
Goorge Washington University, Institutum Divi Thomae, University of Miami, University of
North Caroliine, University of Redlanda, Scripps Institution of the University of California,
Stenford Universlty, Universeity of Washington, and Willemette University.
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