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AGAR, AGAROIDS, AND THE AMERICAN AGAP IUDUSTRY

By Eorace H. Selby, American Agar & Chemical Company, San Diego, Calif.
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Azar is a colloid obtainalle from marine algae which possesses such an
unique combination of physical properties that many important uses have
developed for it. Dacteriological agar uses are so vital that, in February
1942, the War Production Board issued an order limiting the use of agar to
bacteriology alone and freezing all agar stocks. The order remained in force
until August 1944, -

The term agar should be used in the generic, rather than in a specific,
sense, for agars appear to differ markedly in chemical composition. They
apparently have but one constitutionsl factor in common--they all have as a
foundation a linkaze of carbohydrate fractions. The commonly, but not ex-
clusively, encountered carbohydrate is probably B-gjalacto-pyranose. ~lost

~agars”appear to contain combined calcium. In nany of them, sulfur is present
as svlfate or thio-sulfonate, variable amounts ©teing organically bdbound.
However, analysis of several gums of algal origin which show all the azaroid

" physical properties yields negative or insiznificant amounts of calciuvm and
sulfur. In a few cases, the pyranose configuration cannot be demonstrated.

Since agar uses are based upon the behavior of the material, it scenms
logical to define agar in terms of its physical properties. Such a definition
might well read as follows:

"Azar is a zum derived from marine Rhodophyceac. When boiled with sixty-
five times its weight of water for ten minutes with constant stirrins end
adjusted to one and one-half percent by welght with water, it forms a elgar,
colorless liquid which congeals at Bé)to 39° C. to Torm o firm, rosilient sel,
the melting point of which is higher than 850 C.!

The properties which make agar superior to other colloids are:

High gelling pover. High moisture absorption.
High gel hardness. Low sol viscosity.

High 'sol clarity. Low syneresise.

Low gelation tcmperature. Low insoluble matter.

High hysteresis.

Probably 'ninety-five percent of the agar manufactured in the United
States 1s extracted from algoe of the genus Gelidia. Cther genera, 2s
Pterocladia, Gracilaria, Endocladia, Gigartina, and Arnfeldtia contain ager
or sgaroid gums but commercisl use of them is not zererzl. ldost California
production is from Gelidiunm cartilagineum. The Gracilariae yield a larce
percentage of the Atlantie coast output, mucn of wnich is not eger, os
defined above.




Gelidium agar differs from Gracilaria gum in some respects. The proper-
ties of the colloids obtained from commercially plentiful species of either
genus are sufficiently similar to Justify a comparison based on averaged data.
Eowever, significont differences in physical properties on both sides of the

average values given below are to be found in isolated instances.

These are

the result of climatic, geographic, seasonal, specific,and processing factors.

Physical and Chemical Properties

Gelling power (threshold value)
Gel hardness 1.5 percent
Clarity, 1.5 percent

Gelation temperature 0.5 percent, pH 7.3
Gelation temperature 1.5 percent, pH 7.3
Gelation temperature 5.0 percent, pH 7.3

Insoluble matter

iioisture absorption 37° C., pH 7.3
Hrsteresis differentiel 1.5 percent
Syneresis, 1.5 percent 37° C.
Viscosity 1.5-5 nercent

American Agar &

Chemical Co.
Gelidiunm No., 1
Flake Azar

Commercial
Gracilaria (Gum)
(3 sources)

0.14 percent
High

300 mm.
32459 C,

360 ©

4p.50 C.
0.08 percent
20 X

5&0 C.

None

Low

0.28 percent.
Medium to low.
70 mm.

Loo C.

4so ¢,

55° C.

275 percente
9 X.

Lo ¢.

3 percent.
High.

The above commarison indicates that Gelidium agar is superior to
Gracilaria gun for use in microbiology, dentistry, pharmacy, medicine,
photography, food manufacture, and industry with the exception of those uses ‘
which favor a hizh gzelation temperature. Such uses might be found in con-
tinuous-flow processes and in meat and fish canning if prompt transportation

after heating were essential.

However, when Gelidium agar was not available

for industriel uses, Gracilaria extract was pressed into service in the manu-
facture of storage battery separators and cosmetics and as an emulsifier in

colloidal zraphite, die-~lubricants.

Althouzh agariferous algae were probably used as food in China prior to

the Christian era, commnercial manufacture is historically recent.
c2id to have begun in the vicinity of Tientsin, China, circa 1700 A.D.

It is
The

Japanese seem to have initiated their operations near Osaka some sixty years

later.

The first California production occurred at Glendale in 1920 under

Japanese monagement.

The business was later conducted by Americans, but com-

pctition from the industry in Japan soon made the venture unprofitable and

it was abandoned.

In 1924, the American Agar Company was formed in San Diego.

It operated

irrezularly, producing as much as 9,000 pounds per month until 1934, at which
time Jopanese agar was available at prices as low as forty cents per pound.

This competition was too severe and manufacture cecsed.

One member of the

orgonization, S. He Corfield, was undeterred by circumstances, however, and
immedintely cstablished his United States Agar Company in National City, where

ogor production was continuous until 19&2.

2

Thc excellence of his product Q
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enabled him to sell his output of 3 700 pounds per month with ease. lean-
vhile (1933-1936), the Golden State Agar Company and the California Agar
Company hed éntered and left the field, having contributed at their peak a
total of 3,700 pounds monthly.

In 1942, the cutrent war with Japan-having stopped agar importation, the
need for more agar was so urgent that the National City equipment was trons-
ferred to the original American Agar Comppany site and augmented. Here, as
the American Agar and Chemical Cempany production has been increased to 15,000
pounds per month. The present national stock-pile of agar accumulated by
Defense Supplies Corporation for the war needs of the Allies has absorbed a
large percentage of this output.

From 1941 to 1943, at least four other and smaller California producers
of sgar entered the field: the Pacific Agar Company at Whittier, the Azar
Products Company at South Pasadena, the Pacific Chemical & Agar Products
Company in Los Anzeles, and another at Orange. No figures on production are
available and three of these plants have allegedly suspended operations.,

On the Atlantic seaboard, sinece 1942, there has been much experimental
and semi-commercial agar and agaroid production. The American Chlorophyll
Company of Alexandria, Va., and the Krim-Ko Company at Scituate, iMass., have
been mentioned as commercial producers.

Production of agar is insufficlent to meet current demand despite adequate
potential capacity. Inab1lity to obhtain raw material is to blame. Paradoxi-
cally, there is and has always been an ample quantity of Gelidium off the
Pacific coast of Worth America and the localities in whidit the genus abounds
have been well-known to fishermen and divers for years. This is at variance
with press releases mentioning Mlost, secoret agar beds." Such stories were
probably pure press-agentry. The Gelidium shortage is due to harvesting
difficulties--lack of hulls, engines, diving gear, and manpower.

The future of agar manufacture in the United States will be influenced by
many unpredictable factors. The superior quality of the American material
will continue to hold a portion of the market regardless of any reasonable
price differentiale. The cost of manufacture is hizh at present, largely due
to inefficient utilization of manpower energy and raw material. 3y taling
full advantage of advances in technique developed by industrial and zovern-
mental rescarch, large cost reductions can be achieved. Industriel rcsearch
has made considerablc headway snd governmental research by V. J. Senn of the
Fish and Wildlifc Service shows prospect of greatly decreasing the cost of
extraction operations. Post-war manufacture mey possibly occur at much less
than the present figure, but only through good management and the use of
modern technology in every phase of the business from diving for thc row
material to the merchandising of by-products.
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AGAR, AGAROIDS, AND THE AMERICa. AGaR INDUSIRY

By Horace H. Selby, American Azar 4 Chendcal Corpeny, San Diego, Calif.

Agar is a colloid obtainable from marine algse which possesses such an
unique combination of physical properties that many iuportant uses huve
developed for it. Bacteriological agar uses are so vital that, in February
1942, the Viur Production Board issued an order linating the use of agar to
bacteriolégy alone and freezing all agar stocks. The order remained in force
until aAugust 1944.

The term agar should be used in the generic, rather than in & specific,
sense, for agars appear to differ markedly in chemical corpocition., They
apparently have but one constitutional fsctor in counon--they all have as a
foundation a linkage of carbohydrate fractions. TIhe coizaonly, Lut not ex-
clusively, encountered carbohydrate is probably c-gzalacto-pyranose. ..0st
agars appear to contain coribined calcium. Ii ..ny of bhen; sulfur is present
as sulfate or thio-sulfonate, variatle amounts being organicelly bound.

umever, analysis of several gums of algal origin which show all the ararcid
thsical properties yields negative or insignificant -.ounts of caicium znd
sulfur. In a few cases, the pyranose configuration c:nnot be deronstrated.

Sisce agar uses are based upon the behavior of the material, it seers
logical to define agar in terms of its physical rroperties. Such o definition
might well read as follows:

"f.ar is a gw. derived fron marine Rhodophyceae. whien boiled with sixty-
five times its weight of water for ten minutes with constant stirring and
adjusted to one and one-half percent by weight with water, it forms a clezr,
colorless liquid which congeals at 32° to 39° (. to form a firm, resilicnt rel,
the melting point of which is higher than 85° C."

Tue properties which riake agar superior to ~ther colloids are:

High gelling power. Hizh ..oisture absorption.
High gel hardness. Low sol visgosity.

High sol clarity. _ Low syneresis.

Low gelation temperatwre. Low ins-luble matter.

High hysteresis.

Frub.bly ninety-five percent of the agar man:factured in thg Unitcdl§tates
is extracted from algac of the genus Geiidia. Other genera, as ILervcaaaia,
Graciluric, Eudecladia, Gicurtina, and shnfeldria contain agar or a;aro;d Funs
»ut commercial use of them is not general. .sst veaifornia production is ffom..

lidium cartilagineum. Tié Gracisiriae yigua a lirge jercentzge cf the Atlantic
coast output, much of which is not zgar, as iefined above.




Gelidium agar differs from Gracilaria gum in some respects. The properties
of the colloids obtained from commercially plentiful species of either genus are’
sufficiently similar to justify a comparison based ou averaged data. However,
significant differences in physical properties on both sides of the average value:
given below are to be found in isolated instances. These are the result of
climatic, geographic, seasonal, specific, and srocessing factors.

Physical and Chemical “roperties

Anerican Agar &

Cheuical Co. Commercial

Gerlcium No. 1 Gracilaria (Gum)

Flake Agar (3 sources)
Gelling power (threshold value) 0.14 percent 0.28 percent
el hardness 1.5 percent High Jedium to low
Clarity, 1.5 percent 300 .m. 70 mm.
Gelation temperature 0.5 percent, pH 7.3 32.5° C. 40° c.
Gelation temperature 1.5 percent, pH 7.3 6° C. 452 6.
Gelation terperature 5.0 percent, vH 7.3 42.5° C. 55° C.
Ins>luble matter C.08 percent 2.75 percent
loisture absorption 37° C., pH 7.3 20 X 9 X
Hysteresis differential 1.5 percent 58% 0. 4L4° C.
Syneresis, 1.5 percent 37° C. None 3 percent
Viscosity 1.5-5 percent LOW High

The above comparison indicstes that Gelidiwn agar is superior to Gracilaria
gum for use in microbiology, dentistry, pharmacy, medicine, photography, food ‘
manufacture, and industry with tne exception of thooe uses which favor a high Q
gelation temperature. Such uses might be fo:nd in continuous-flow processes and
in meat and fish canning if pronpt transportation after neating were essential.
However, when Gelidium agar vias not availatle for irdustrial uses, Gracilaria
extract was pressed into service in the mznufacture of storage battery separators
and cosmetics and as an emulsifier in colloidal graphite, die-iubricants.

Although agariferous algac were probzbly used as food in China prior to the
Christian era, cormercial manufacture is historically recent. It is said to
heve begun in the vicinity of Tientsin, China, circa 1700 A.D. The Japanese seem
to have initiated their operations neer Osaka some sixty years later.

The first Californis production occurred at Glendale in 1920 under Japanese
management. The business was later conducted by Americans, but competition from
the industry in Japen soon made the venture unprofitable and it was‘abandoned.

In 1924, the American Agar Company was formed in San Diego. It operated
irregularly, producing as much as 9,000 pounds per month until 1934, at which
time Japanese agar wes available at prices as low as forty cents per pound.
This competition was too severe and manufacture ceased. One member of the
organization, S. H. Corfield, was undeterred by circumstances, however, and
immediately established his United States Agar Company in National City, where
agar production was continuous until 1942. The excellence of his product
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ernabled him to sell his output of 3,700 pounds per month with ease. Meanwhile

(1933-1936), the Golden State Agar Company and the California Agar Company had
entered and left the field, having contributed at their peak a total of 3,700
pounds monthly.

In 1942, the current war with Japan having stopped agar importation, the need
for more agar was so urgent that the National City equipment was transferred to
the original American Agar Company site and asugmented. Here, as the American
Agar and Chemical Company ,production has been increased to 15,000 pounds per month.
The present national stock-pile of agar accwrwulated by Defense Supplies Corpora-
tion for the war needs of the Allies has absorbed a large percentage of this
output.

From 1941 to 1943, at least four other and smaller California producers of
agar entered the field: the Pacific agar Company at “Whittier, the Agar Products
Company st South Pasadena, the Facific Chemical & Agar Froducts Company in Los
Angeles, and another at Orange. No figures on production are available and
three of these plants have allegedly suspended operations.

On the Atlantic seaboard, since 1942, there has been much experimental and
semi-commercial agar and agaroid production. The iAmerican Chlorophyll Company
of Alexandria, Va., and the kKrim-Ko Cowpany at Scituate, illass., have been
mentioned as commercial producers.

Production of agar is insufficient Lo meet current demand despite adequate
potential capacity.  Inability to obtain raw material is to blame. Paradoxically,
there is and has always been an ample quantity of Gelidium off the Pecific coast
of North America and the localities in which the genus abounds have been well-
known to fishermen znd divers for years. This is ct veriance with press releases
mentioning "lost, secret zgar beds." Such stories werc probably pure press-—
agentry. The Gelidium shortage is due to harvesting difficulties--lack of hulls,
engines, diving gear, asnd manpower.

The future of sgar manufacture in the United States will be influenced py
many unpredictable factors. The superior quality of the American materigl will
continue to hold a portion of the market regardless of any reasonable price
differential. The cost of menufacture is high at present, largely due to
inefficient utilization of manpower energy and raw material. By taking full
advantage of advances in technique developed by industrial and governmental
research, large cost reductions can be achieved. Industrial research'has made
considerable headway and governmental research by V. J. Senn of the Fish gnd
Wildlife Service shows prospect of greatly decreasing the cost of extraction
operations. Fost-war manufecture may possibly occur at much less than the

- present figure, but only through good management and the use of modern technology

Y

in every phase of the business from diving for the raw material to the
merchandising of by-products.
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