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INT RODUCT ION 

During World War II. all agar was reserved for scientific purposes, 
principally bacteriological. This was necessitated by the shortage caused 
when we could no longer receive imports from Japan which had supplied 92 per­
cent of our agar. To help alleviate this condition. the U. S. Fish and Wild­
life Service undertook an investigation of the properties of agar and agar 
SUbstitutes relating to their use for bacteriological purposes. 

Agar, U.S .P. is defined in the Pharmacopoeia of the United States XII 
(1942) as "the dried mucilaginous substance extracted from Gelidium corneum and 
other species of Gelidium and closely related algae." The War Production Board 
(1942) expanded the definition of agar to inc lude "any muc ilag inous substance, 
whether dried or in other form, extracted from Gelidium corneum, Gelidium 
cart Hag ineum, Gelid ium aITBns ii, Grac ilaria confervoides -;-GracTlaria lichenoides, 
Eucheuma spinosum, E\lc;heuma isiforme. Eucheuma denticulatum, Gigartina spinosa, 
Gigartina rnamillosa and from other species of the genera named above and 
closely related algae of the class Rhodophyceae." 

In commerce, and part icular ly in bacteriology. the term "agar" has 
achieved a more restricted meaning with regard to the physical properties 
expected. The diversity in physical properties of the gums meeting the source 
definitions was made apparent when wartime trade restrictions turned our 
attention to seaweeds not normally used in the preparation of agar. 

'I'ab le I (Stoloff, 1943a) indicates some of the seaweeds which have been 
reported as sources of agar or agar-like gums. 

Variations encountered in some of the physical properties of a number 
of seaweed extractives, as i~dicated in Table 2, and the nature of some of 
the agar substitutf3s recommended in the literature (McReady, et a1. 1943; 
Humm, 1~2. Tschudy, et ale 1943. Baier and Manchester, 1943.-"Zimmerman, 
1939, and Funck, 1937r-mafe it desirable to define more closely what is 
meant by agar for bacteriological use. 

A search of the literature revealed no precise definition of the 
bacteriolog ica 1 requirements of agar. 'I he Difco Laborat or ies (1943) had 
este,blished certain criteria of purity for their product, and Noble (1928) 
and Noble and Tonney (1935) had specified a highly purified agar for certain 
culture media. The Pharnacopoeia of the United states XII (1942) also 
contained a definition of purity for agar intended for pharmacological use. 
This definition is inadequate for bacteriological agar. The United states 
Army specification for bacteriological agar (No. 4-1041-1935) calls for agar 
with "---little or no color, odor or taste. ---clean and free of foreign 
matter. Insoluble matter" not to exceed 0.1 peroent by weight." These 
qualifications would also be inadequate if it were not that the product "Shall 
'be ---- free from any imperfections whioh might affect either the appearance or 
purpose for which it is intended." The need for so broad a statement emphasizes 
the desirability of limitations for physical properties and chemical impurities 
of bacteriological agar. 

As long as the extracts used for this purpose were obt~ined prima~ily from 
Gelidium these qualifications were satisfactory, but they d~d not p~nnlt an 

) eva Iuation of the suitability of other seaweed gums for baoteriolog lca 1 use. 
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TABLE 1. Seaweeds reported as souroes of agar 

Seaweed 

Ahnfe lt ia plicata 

Reported ocourrence 

Russia (Maritime Coast and 
White Sea) 

Camphylaephora hynaeoides Japan, China 

Endocladia muricata 

Eucheuma spinosum 
is iforme 
dent iculatum 

Gelidium amansii 
cart Hag ineum 

corneum 
austra le 

pristoides 

Gigartina asperifolia 
canaliculata 
serrata 

G loe.Qpe It is 

Graoilaria oonfervoides 

liohenoides 

Phyllophora nervosa 
rubens 

Pteroc ladia luc ida 
capillacea 
sp. 

Suhr ia vittata 

California 

Japan, China 

Japan, China, California 
Japan, China, California 
Sout h Afr ica 

Jatan, China, Ca lifornia 
California 

South Africa 

California 

California 

Jatan, China, Australia, 
South Africa, California, 
North Carolina, British 
Columbia 

Jatan, China, Austra lia 

Russia (Black Sea) 

Austra lia 
Brazil 
California 

South Africa 

4 

Remarks 

Mar it 1me grade best. 

Reported originally by 
Field (1921). 

Reported used to a oon­
siderable extent in 
the sec ount r ie s • 

These seaweeds are main 
source of agar in 
Ja pan, China, and 
Ca lifornia. 

Gel similar to Irish 
moss. 

Gum difficult to dissolve, 
low gel strength. 

These seaweeds require 
special treatment to 
obtain gum. 

T his seaweed is me. in 
souroe of agar in 
Australia, and South 
Africa. 

T his genus is closely 
related to Gelidium. 

Gel similar to Irish 
moss. 
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Tal 2. Data on properties of extracts of a number of Rhod2l2hlcea.e 

Breaking Gelation !/ Total ash, Viscosity 
Product Concentration dry weight 0 

Strain Temperature basis 
at 50 c. 

Percent (gm./ em.)ll (oC.) Percent Centipoise 

Chondrua cri 8fua extract 3 30 31 30.7 10 
( coaaerci81, 1mprond) 5 ~ 

DigeD8a simplex extract 
(nod4&) 

3 0 40.0 10 

Bzpnea .usciformi s extract 
(norida) 

3 10 ~.7 55 

~PoDIth IlUSciformis extract I! 0 44 43.4 very vi sCOUs 
or cero!! na) 

Gelidiua DUdifrona extract 
( eat if onda) 

3 25.9 101 

Gracilaria confervoidea 1 ~ 59 and 43 3.4 
extract ( Borth Carolina) I! 1~ 

Gracilaria confervoides 
extract (lUstraHa) 

I.!. 
8 " 46 4.8 

Graci1aria confervoides Ii 50 47 
extract ( California) 

Gracilaria cornea extract 2 3 46 6.7 108 
(norida) 3 5 

Gracilaria floridana extract 2 30 -
('lorida) 3 tD 48 Tery Ti scous 

Gracilaria .w. tiparti ta ex,.. 
tract. (Worth Carolina) l.l. 53 ~.l very vi BeauS 2 

Gracilaria sp. extract 
(JJrazit) l! ~ 43 13.5 8 

!l. jpproximate temperature at which appreciable gelation occurs. 
l/ Grams per centimeter of plunger cirCWllference. 

In order to plan an effective research projeot, various members of the 
laboratory staff oonferred with members of committees of the Society of 
American Baoter iologists, the American Public Health Assoc iation, the industry, 
and interested federal and state agencies. From the ideas and suggestions 
reoeived, a coordinated project was outlined. This report deals with the work 
dODe on the several aspects of this project. The first section is limited to 
a study of the physical and chemioal properties of agar, although the methods 
described may be used in studying other seaweed extraot-ives. The second 

) section deals with baoteriological studies. The work was done in 1943 and 1944. 



I. PHYSICAL AND CHEMICAL PROPERI'IES 

Introduct ion 

Before it oan be determined which physioal and ohemioal properties are 
applicable for defining agar, and what tmpurities require restriotive tolerances, 
inquiry should be made into the nature of the material. As broadly defined, 
agar is a gum gommon to many members of the Rhodophyoeae. It is extraoted fran 
the plant with boiling water followed by filtration, sometimes through an 
absorbent material to remove impurities such as proteins and pigments. The 
most oomnon procedure for conoentrating the gum is by freezing and subsequent 
thawing, a portion of the soluble impurities being removed in the water whioh 
dra ins off in the prooes s. T he gum is left a s a wet, spongy mass whioh rray be 
W'3.shed and bleached before drying or can be dried direotly. The dried agar rray 
be in flakes, shreds or sheets depending on the manner in whioh the preoedi~ 
operations have been conducted, and oan be ground to any partiole size for 
oonvenienoe in handling and packaging. 

The f iDA 1 moisture content of the dr ied agar is dependent on the relat ive 
humidity and temperature of the atmosphere to whioh it is exposed and lilly 
vary from approximately 4 to 43 peroent by weight (Stoloff, 1943b and Browne, 
1922). Under the normal climatio conditions of the temperate zones, the 
moisture content of agar will be from 12 to 20 percent by weight. Agar also 
contains sIMll amounts of water soluble impurities such as sults, proteins, 
and carbohydrates which were present in the original extraot. Other 
physiologically important organic compounds may also be present (Day, 1942; 
Itano, et ale 1934; Robbins, 1939 and Robbins, et ale 1942). The amounts of ( 
soluble-an~insoluble impurities depend on the methods and the oare used in , 
processing • 

The principal constituent of agar is a sulfuric acid ester of a galactan, 
according to Fairbrother and Maston (1923), Neuberg and Ohle (1921), Waele 
(1929), and Hoffman and Gortner (1925). Its general structure has been given 
by Jones and Peat (1942). Because of the ester struoture, same of the 
determined ash is part of the moleoule. Purifioation of oomtleroial agar has 
shown this bound ash to be between two and three peroent of the dry agar by 
Fairbrother and Maston (1923), and Stoloff (1943b). Small quantities of 
pentosans are also present aocording to Fellers (1916). Hoffman and Gortner 
(1925) found the average molecular weight to be about 3000, but the length and 
composition of the molecule are probably variable as evidenoed by a gradient 
in solubility and gelation temperature of homogeneous samples and the ability 
to wash out the more easily soluble fractions, leaving the more slowly soluble 
fractions having a lower ash content and greater gel strength. The physical 
properties of the molecule depend on the salts of the ester, since the free 
acid, which has a pH of 2.5 in an 0.8 percent solution does not gel. Neutral­
izat ion with any base, even an organic one, will restore this property acoord­
ing to Waele (1929) and Hoffnen and Gortner (1925). The basio oonstituents 
normally present in the ash have been determined by various workers, and these 
data are summarized in Table 3. Waele (1929) reports that it is possible to 
replaoe the sulfurio acid with other inorganic aoids w~thout loss of the gelling 
property. Hydrolysis of the ester, which is easily aooomplished by heat in 
aoid solution, will destroy the charaoteristic physioal properties of agar gels, 
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as will also hydrolysis between the two carbohydrate fraotions of the agar 
moleo\11e. The presenoe of an easily hydrolyzed linkage of this type has 
been reported by Takahashi and ShirahaIIB (1934), and it is stated to be 
more easily hydrolyzed than the sulfuric ester, which is a component of one 
of the fraotions. 

TABLE 3. Data on the mineral oonstituents of agar ash 

Element Percent in ash - calculated from the data of: 

Fellers Xitzevetter Forbes, et a 1 Whittaker 
(1916 ) ( 1937) (1913) - (911) 

Caloium 11.2 27.4 15.6 16.4 
Magnesium 5·8 6.5 11-4 8.1 
Sodiu!n 3.2 3.5 2.7~ 4.5 Potassium 0.9 2.6 
Iron 6.8 1.1 4.3 

The oharaoteristio physical properties of agar are its ability to absorb 
large amounts of water, dissolve in water when heated, and form thermally re­
versible gels at low concentrations. The features desired in agar sols for 
baoteriologioal work are low viscosity, the ability to remain liquid at temper­
atures that will not kill the inoculum, and the ability to set to a firm gel 
at room temperature. Desirable properties of the gels should be clarity, 
strength, lack of appreciable syneresis, and high melting temperature. 

Through the oourtesy and cooperation of the War Produotion Board, Defense 
Supplies Corporation and the Difco Laboratories, 73 representative samples of 
agar were supplied from the national stockpile. These have been analyzed to 
determine the range of concentration of oharaoteristic impurities of agar, and 
the properties of agar sols and gels. Three agar samples, prepared especially 
for bacteriological use were 1ncluded for oomparison. 

Methods of Analysis 

Sinoe the moisture content of ~he agar samples was dependent on the 
relative humidity at the time they were packed (Stoloff, 1943b) an analysis 
for moisture in this report serves only to provide a dry weight basis for the 
comparison of all subsequent determinations. The moisture content of indi­
vidual samples of agar would be of importance, inasmuch as prices on bulk 
ptn-chases should be based on: dry we ight in view of the large var iation poss i­
ble. The methods used for determlnation of moisture and other properties 
studied will be given in sufficient detail to enable duplication of results. 
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Moisture was determined by drying a 2 to 3 gm. sample in an air oven 
at a temperature of l600C. for 1 hour. Dishes were oovered immediately, and 
weighed rapidly as soon as cool, as the agar has a strong tendency to re­
absorb water (Stoloff, 19L3b). The temperature of 1600C. did not re.ult 
in detectable decomposition of agar although other seaweed gums are les. 
stable, and for these lower drying temperatures are necessary. 

Protein content of agar is an index of purity and from a baeteriolo[ioal 
stannpoint must be considered as a source of nitro~en from a supposedly inert 
constituent of the oulture media. Protein (N x 6.25) was determined by the 
usual Kj eldahl techniquo, using a five ~m. sample and oopper sulfate as a 
cata lyst • 

"Hater insoluble debris, a measure of the gross impurities present in 
abar , is an indication of oarelessness in processing, partioularly in filtra­
ticn. For its determination a sufficiently large sample to be representative, 
500 bill. of a 1.5 percent (dry weight) sol was prepared. The afSar was dl8-
salven Q:! heating in an autoclave for 20 min. at 15 pounds steam presaure. 
A l De, £r.: . portion of the well-mixed solution (the debris tends to settle 
out ) W'8S d iluted to approxinately 300 r.ll. with hot water and reheated to 
near tJoiling to faoilitate filtration. A Gooch cruoible with a thin asbestos 
mat was preweighed and heated before use to prevent momentary formation of a 
~ el w~ich would not redissolve and which would thus render filtration ex­
t re me 1 '.' slow. F or the sa ~e rea s on the G ooc h c rue ib le wa s not a llowed to 
hecome'dry at any time, the cold air, which would be pulled throu~h, form­
ing 8 f: el in this cese. The beaker and crucible were flushed several times 
with hot water am the increase in weight of the redried orucible was due 
to insoluble debris. 

Totel ash content is influenced by the IJIlnner in which the product 18 
prepared, arid by the ~verage site of the a~ar molecule. Only a few of the 
seaweeds listed in the definitions yield gum extraots characterized by large 
molecule size and relatively low ash, so that the ash content in conjunotion 
with other indices of purity c&n show t.he types of seaweeds used. These 
gums generally ha. ve the more des irab le propert ies from a bacteriologioa 1 
standpoint. Total ash content was determined by igniting samples in plati­
num dishes in a muffle furnace at 5500C. until the disappearance of all 
b leck f6rt ic les. 

Acid insoluble ash, which is primarily an indication of the effioiency 
of filtration of the seaweed extract, was determined by leaohinG the total 
ash with one-normal hydrochloric acid, oatohing the insoluble residue on an 
ashless filter paper and igniting in the same platinum dish and in the same 
manner as for total ash. Dish and filter paper were thoroughly washed free 
of chlorides with hot distilled water. The filtrate was tested with silver 
nitrate. 

The normal ash oonstituents, oaloium, magnesium, sodium and potassium, 
would have little if any physiological signifioanoe. However, iron and 
oopper are aocumulated to a variable extent from equipment used in the 
processing of agar. There is a possibility that large amounts of these 
elements are detrimental in oertain special bacteriological tests. Conse­
quently. quantitative determinations of these elements were made on the aoid 
soluble ash. 
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Iron.--The filtrate fran the acid insoluble ash was made up to 100 mI. 
and i~s dete~ined color~etrically with potassium thiocyanate using a 
20 mI. aliquot. One mI. of a saturated solution of potassium persulfate was 
added to insure oxidation of the iron. The intensity of color developed was 
.-&sured with an Aminco photoelectric colorimeter using a 420 millimicron 
filter and was compared with a standard curve to determine the iron concentra­
tion. 

Copper 1I8.S determined with a 20 ml. aliquot of the same solution used 
for tli8 iron determination. A colorimetric procedure using sodium 
diethyldithiocarbamte was employed (Coulson, 1937). The color developed 
1I8.S extracted with carbon tetrachloride, the extract dried with a small amount 
of anhydrous sodium sulfate, filtered, and the color measured in an Aminco 
photoeleotrio colorimeter using the 420 millimicron filter. Considerable care 
is necessary in the adjustment of the pH and at least two extractions are 
required in order to obtain quantitative extraction of the yellow color. The 
amount of copper was determined by ccmparison with a standard ourve prepared 
by extraotion of known amounts of copper in exactly the same manner. 

Color is also an indication of carelessness or mishandling in processing. 
Same poior is extracted from the seaweed but exoessive color is usually due to 
soorching or prolonged heating and to foreign materials. Color was determined 
with a second portion of the 1.5 peroent sol pre~red for determination of 
insoluble debris. After the hot sol had been filtered "through absorbent cotton, 
three drops of concentrated hydrochloric acid were added and it was reheated to 
hydrolyze the agar. The protein ooagulated and carried down any remaining sus­
pended matter with it. The color of the clear supernatant liquid resulting il 
due only to solUble pigments and was compared to distilled water in an Aminco 
photoelectric colorimeter using the 420 millimioron filter. All pigmentation 
is of the same type, shades of yellow to brown, and this filter was found to 
give the Jr8ximum absorption. In the absence of any absolute units, the color 
was expressed as density which equals log (10/1). 

TranapLrency.--Included in the insoluble debris may be semi-colloida 1 
materiAl not readily removed by the usual practice of filtering culture media 
through absorbent cotton. This type of material affects the transparency of 
the gel. The structure of the agar gel also serves to scatter light. The 
extent of this scattering or rather the transparency of the gel, was estimated 
by a modifioation of the Army procedure for determining opacity (Spec. No. 
4-1dJ..., 1935). A 1.5 peroent (dry weight) sol of the agar was filtered 
through absorbent cotton and poured to depths of 2.0 and 3.0 cm. in 250 ml. 
beakers. The gels were allowed to set and age overnight at room temperature, 
after which the suallest size of "newsgothic" print (American Type Founders) 
which could be read through the gel was determined. The two depths were used 
so as to cover the observed range of transparencies with the sample page of 
print, running fram 6 to 72 points. From those samples which had transparency 
values measurable at both depths from the page of print, it was determined 
that through two cm. of gel, print one-sixth the size of that discernible 
through three cm. of gel could be read. 'rhis ratio was used to calculate the 
sizes of print less than six point that might have been read through two cm. of 
gel. 
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certain of the phys ica l properties of agar are generally characteristic 
of its s ource. As has been ment ioned previously, it is possible to increase 
the gel strength by washi ng out t he more easily soluble fractions, but in the 
manufacture of a gar this occurs un i nt ent ionally, if at all. In the prepara­
tion of agar the r 6 is , however, s ame degree of hydrolys i s, and beoause of this 
end differences i n raw material and methods used , dif ferences in gel strength 
are to be expected. 

Gel strength, or more aocurately, breaking l oad was det ermined with gels 
of 1.5 percent (dry we i ght) concentration. Many of the poss i ble variables 
affecting gel strength we r e studied and the standard condit i ons necessary for 
reproduc ible resu lts were e ata blished by Sto10ff (1948a ). The 1.5 percent 
sol was prepared by heat ing t he agar a nd water in an a utoc lave at 15 1bs. 
steam pressure f or 20 min. It was then adjusted to the pr oper weight with 
distilled water, mixed t hor oughly, and poured to the JIaximum de pth in crystal­
lizing dishes 7. 0 om. in diameter by 5 .0 cm. deep. Samples in thi s series 
were poured in triplicate and unusua l values were ohecked on a second set of 
three. After the ge ls had set, t he d i s hes were oover e d to keep off dust and 
prevent excessive evaporat i on , a nd aged f or at least six hours at roo.m tem­
perature. They were brought to some standard temperature , 300 C. in this 
seri~s, in a water bath or inoubator, and the breaking l oa d was determined. 
The dish containing the gel wa s placed on the tan of a spring scales of one 
kg. capacity with an adjustable d ial which wa s now set to r ead zero. A load 
was applied to a plunger, e ither meohanioal1y or by hand, u.'ltil the plunger 
ruptured the gel surface , and the maximum pointer deviation wa s read. Gel 
strength values were oa l culated in terma of grams per centimeter of plunger 
circumference. 

The plunger used JIay be any r ound r od of about i in. d~eter faoed ott 
squarely at one end but with t he edge s l ightly rounded to prevent cutting of 
the gel. A means by which the load may be applied to t he plunger at a regu­
lated rate of approximately 50 gm. per seoond is des i rable but not neoessary. 

Viscosity of agar sols i s affeoted by oonoentrat i on and by the presenoe 
of electrolytes, according to Clayton ( 1932). For praot ioal purposes it is 
possible to consider the ash impurities as ~rt of t he agar , and to determine 
the viscosity of the sols at the 1.5 peroent (dry weight ) conoentration and 
temperature of 45°C., at which plat es are usually poured i n baoteriological 
practice. Viscosity of the samples was measured wit h a Ma oMichael viscosi­
meter using a wire calibrated with standard suorose so lutions (Bing~ and 
Jackson, 1917). Actually t he visoosity of most agar sols varies but little 
with decrease in temperat ure down to the trans ition point from sol to gel, 
when a marked incree.se in v i scosity occurs a cc ording to Clayton (1932) and 
Stoloff (1943b) . This is in marked contra st t o the behav ior of the solutions 
of some of the other seaweed extr acts shown in Tab le 2. 

Temperature of gelation.--By obser ving t he vi soos ity and watohing for the 
appearance of floccul i as an agar s ol is s l owly oooled, the temperature at 
which gelation first beg ins oan be noted . This temperature is independent of 
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the agar concentration, and is from 380 to 420 C. for most agars (Gelidium). 
However, at this temperature gelation is neither instantaneous nor complete. 
There is a range below the initial transition-temperature in which more and 
more of the agar precipitates QWit; to form the gel. The determination of the 
initial transition temperature, °n.nd the onset of real gelation is long and 
tedious, and it is sufficient for the baoteriologist to know whether or not 
gelation occurs at or near 400 c. This was easily determined by immersing 
tUbes of the a~ar sol in baths at the desired temperatures and noting the 
presence or absence of gelation after a given time. Since it is desirable 
that agar sols remain liquid at 45°C. and yet set to a fim gel at the highest 
temperatures encountered during summer weather, baths equipped with thermostats 
set at 35 0 , 400 , and 45°C. were used. The conditions of the tube contents were 
noted after five hours in the 450 bath and after one hour in the baths of 35 0 

and 400c. When gelation occurred, it was noted whether the gel was firm, weak, 
or ve ry weak. 

Syneresis.--The extent of syneresis of gels is of great interest to the 
bacteriologist because an excessive amount of surfaoe water makes colonies 
spread and oauses gels to slip in their containers. Most true agars are 
satisfactory in this respect but gels from other seaweed extracts frequently 
exhib it excessive syneresis e The method developed by Stoloff (1948b) was 
used to measure syneresis. Agar sols of 1.5 percent (dry weight) concentra­
tion. made up in the same manner as for gel strength measurements, were 
allowed to cool to 45 0 C. before pouring 100 ml. aliquotb into 250 ml. 
Erlenmeyer flasks. With some seaweed extracts it is necessary to pour ali­
quots a t higher temperatures but the sol should be as near the gel point as 
it is possible to handle, so as to minimize the c ondensate on the flask walls 
above the ge 1 surfaoe. T he flasks with gel were cooled in a 200 C. inoubator 
for one hour and then stoppered and stored for at least 24 hours in a 37°C. 
inoubator before syneresis was measured. 

The water was separated fran. the gel surfaces by washing the gel in the 
flask with 5 or 6 portions of carbon tetrachloride (saturated with water) of 
10 to 15 ml. each. Each portion was swirled vigorously over the gel surfaces 
before pouring it into the measuring container. A pear-shaped centrifuge tube 
of 125 m1. oapaoity, with tip graduated to 3 ml. in tenths of a ml. (A.S.T.M. 
oil tube ) was found convenient for this purpose. The centrifuge tube was com­
pletely filled with carbon tetrachloride, stoppered and then centrifuged in 
an inverted position until the water was completely setarated. The amount of 
water , now in the tip of the tube, was read directly from the graduations. 
Syneresis is reported as the number of milliliters of water separated under 
these conditions. Values reported are averages of three gels but unusual 
values were checked with a second set of three gels. 

Results 

One feature of alJllost any data on the physical properties and chemical 
constitut ion of seaweed gums is the very wide variation encountered for ex­
tracts from comparatively closely-related seaweeds. This is indioated in 
Table 2, in which are presented data on 12 seaweed extracts, of which 7 are 
from 4 di fferent species of Graoilaria and 4 from other East Coast genera, 
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with 1 sample from a We st Coa st Gelidium. s eies nudifrons . Breaking loads 
encountered ra nged fran 0 to 120 gm . per cm., tot 1 as h from 3.4 to 43.4 per­
oent, and vis oosity at 500 C . fro 8 to me sured values of 108 centipoisea, 
with seve ral samples too viscous to me sur. In Table 3 are data on ash 
oonst i tuents oa lculated from re por s of fou r different investigat ors • A lthouth 
these data pertain to agar only , the r oentage of oalcium in the ash ra~es 
f rom 11.2 to 27.4 , of ma gnesium, f r 5 .8 to 11.4 , and of iron from 1.1 to 6.8 
percent. Only sodium and po assiwn ppe robe relatively oonstant , totaling 
4 to 5 peroent of the ash . It is not surprising then , w th 73 ... mpha tested 
and reported in thi s paper , that a wide r ng of valu s w s obserTe d for .ost 
of the properties studied . 

Trade designations indicated tha t the samples submitted w re fram two 
~ouroe8 , Kobe and YolcBhama, and t !'rom eaoh souroe h re were two trades, 
namely 1 and 3. There were 44 samples of Kobe gr de 1 fr 13 lot s and 8 
samples from 3 lots of Kobe grade 3 . Yokaha grade 1 s re presente d by 18 
samples from 5 lots and Yokahama gr de 3 by 3 samples a ll fr 1 lot . 

Samples were preswoo.bly s elected from b les in a lar e stookpile on a 
strictly random basis , although no definite infor tion in this retard is 
ava Dab le. 

The total data without regard to souroe or grade ve been summari zed 
in the form of histograms (Figures 1 to 12) fr which the pt.. k fr equency, 
range and distribution are apparent at a g~ce . There are, howeTer , definite 
indioations of an influence of grade or source upon certain of the Tariables 
studied, and these will be subjeoted to a oloser ex mination and disoussion. 

Protein content (Figure 1) sh s a rather broad fr equency peak in the 
intern Is representing 104 to 1.7 gm . per 100 gm . of dry weight of atar ( here­
inafter referred to simply as peroent) with 86 percent of the aa.plea in the 
range from 1.3 to 1.8. The pr otein content of soattered ples ra~ed up to 
a mximum of 4.16 peroent, but the samples ana lyzing more t~n 1.9 peroent 
protein were exclusively from the grade 3 lots. 

Water -insoluble debri s 1s related to grade , although Figure 2 ahowa no 
definite peak frequency in the range fran 0 . 3 to 1.1 peroent. Sa.mplea am­
lyzing 0.3, 0.6, and 0 .9 peroent insoluble deb r is ooour with equal frequenoy. 
The grade 3 samples oontained considerably more debris with this extraneous 
material in one dirty sample analyzing 7 .8 peroent of the dry agar. 

Total ash content (Figure 3) has a high frequency distributi on in the 
range 3.9 to 4.0 percent w~th 58 percent of all samples analyzing under 4.2 
percent. The ash contents of the rema ining samples var y rather uniformly up 
to a Jt8ximum of 7 .2 percent . T here is a low peak of frequency at 4 .8 to 5.0 
percent. Examination of the data in Tab l e 4 shows that Kobe grade 1 samples 
were of uniformly low ash content, a maximum of 4 .44 percent , while Yokahaua 
grade 1 samples averaged much higher, only 2 samples out of 18 containing les8 
than 4.55 percent total ash. Kobe grade 3 a gars also analyzed high in ash but 
this was to be expected as a result of the impurities already evidenced by the 
high protein and debris content of these agars. 
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FIGURE 1.--FREQUENCY DIS TRIBUTION OF 
PROTEIN (NX6.25) CONTENT OF 
73 STOCKPILE AGARS . 
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FIGURE 2.--FREQUENCY DISTRIBUTION OF 
TOTAL INSOLUB LE DEBRIS 
CONTENT OF 73 STOCKP ILE AGARS . 
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Aoid insoluble ash.--The histogram for ac d - inso u 
4) shows a sharp frequency peak at 0 . 10 to 0 . 20 percen 
the lamples containing less than 0 . 25 percent . All the 
either Kobe or Yokahama are inoluded in this g roup . ho 
i~ up to 1.10 peroent, are found exclusively among the 

Iron.--The histogram (Figure 5) and data in Table show 88 
of the lamplel have an iron content in the range from 30 to 90 . per 

( 
of 

s of 

dry weight (parts per million). As with protein, insolubl de ris, and 
inloluble alh, the iron content of all the grade 1 samples II wi hin 1 1-
ed range, the grade 3 sample s showing a soattered frequency d h ri 10n U 0 

a max1..UBl of 348 parts per million of iron. 

20-
F IGURE 5 . --FREQUENCY DISTR IBUTI ON OF 

IRO CONT E T OF 73 STOC PILE 
AGARS . 
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Copp!r oontent al piotured in the h iat ram, Figure , d i d 
lharp aQIstribution p k, and did not ap r to b re ted 
the agar. Fifty one (70 peroent ) Gf the e& ples cona ioe d 
per million, but with one exoeption th XUl 
.... leu t~ 15 ~rts per million. or 20 sa 
million of oopper, 1 re among the 2 grade 1 
found in the 11 grade 3 samples, givi ever 
aoatterat ion. 

5 

v a 



15-

>­
ulO­
z 
w 
:::> a w 
0: 5-
l.J.... 

3 

15-

> 
UIO­z 
w 
:::> a 
~ 5-
u-

6 9 
GOPPE R 

FIGU RE 6- -FREQUENCY DISTRIBUTION OF 
COP PER CONTENT OF 73 STOCK­
PILE AGARS. 
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FIGURE 7-- FREQUENCY DIST RIBUT ION OF 
COLOR DENSITY, LOG (1 0/1 l, 
OF 7 3 STOCKPILE AGARS . 

COLOR dens Ity 

Color .--The histogram showing the frequency distribution of color density 
values (Figure 7) shows no definite peak in the range 1.020 to 1.045. An 
examination of date. in Table 4, indicates that although many of the grade 3 
samples exhibit high color (density above 1.039) a very considerable number of 
the grade 1 samples were but slightly lighter colore d , in the range of density 
from 1.034 to 1.037. 
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FIGURE 8--FREQUENCY DI STRIBUT ION OF 
TRANS PARENCY VALUES FOR 73 
STOCKPILE AGARS . 

24 30 
TRANSPARENCY print points 

Transparency, as expressed in points size of print which can be read 
through 2 centimet ers of gel shows a high frequency peak (Figure 8 ) at the 
smallest print, 2 to 4 type point, with the f requency decreasing rapidly t o 
12 point. Sixty-one saQples (84 percent) of the agars produced gels of a 
transp1rency perm.itt ing the read ing of 12 point or sma ller print . Alt hough 
most of the samples r a ted as relatively poor in this respect aro grade 3, 
the corre lation was not perfect as four grade 1 sa~ples were among t he 12 
giving gels with a transparenc y represented by values greater than 12 point 
print. 
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FIGURE 9--RELATIVE STRSNGTH OF GEL I 
FORMED AT 40 C., AS PERCENTAGE 
OF THE TOTA L NUMBERS OF SAMPLES ~ 
FROM EACH LOCALITY, KOBE AND 
YOKAHAMA. 

Temperature of gelation could 
not be depicted in the same manne r 
as the other variables. None of 
the samples gelled at 45 0 and all 
gelled at 35°C. under test condi­
tions. In Figure 9 are shown the 
percentages of the total number of 
samples fr om each source that 
formed firm, wea k , very weak, or 
no gels in the 4ooc. water bath, 
3, 2, 1, and 0 respectively, in 

Table 4). When t abulated in this 
Dinner, the Kobe samples showed a 
definite trend t oward the forma­
tion of weak ge ls or no gels at 
4ooc ., while the YokBhama samples 
exhib ited an ~ven more ma r ked 
t rend to form fi gels at this 
tempera ture • 

FIGURE 10-- FREQUENCY D ~ TRIRUT I ON OF 
VISCOSITY VALUES FOR 73 
STOCKPILE AGARS . 
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Visoosity for this series of samples shoVis the most uniform distribution 
of any of the variable s studied (Figure 10). Values for all samples are be­
tween 2.5 and 10 oentipoise with 64 samples (88 percent) in the range of vis­
oosity fram 3.5 to 8.0 centipoise. Distribution appears t o be entirely random, 
with no relation to source or grade . In some instances, all samples from the 
serne lot were fairly uniform, especially in lot 193 of the Yokahama grede 1, 
of whioh all 5 samples were low in visoosity, from 3.0 to 3.5 oentipoise. 
However, in most cases , variation within a lot was about as large as variation 
in visoosity between different lots. 
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FIGURE 11-- FREQUENCY DISTRIBUTION OF 
BREAKING LOAD, EQUIVALENT 
TO GEL STRENGTH, OF 73 
STOCKP I LE AGA RS. 

100 150 
gms. per cm. plunger circumference 

Breaking load, expre:sed in grams per oentimeter plunger circumference, 
and equ ivalent to gel strength, shows a rather random scatteration (Figure 11) 
although the histogram shows a small frequency peak at 80, and a higher peak 
at 120 gm. per om. of plunger ciroumferenoe. These peaks oorrespond roughly 
to the average breaking loads of the Yokahama and Kobe agar gels respectively • 

. Although there were exoeptions in each case, in general the Kobe gels had 
about 50 percent higher breaking strength than the Yokahama agar gels. There 
was no oorrelat ion between breaking load and grade of agar, though samples of 
the same lot gave gels of fairly uniform strength. The same lot before­
mentioned , No. 193 Yokahama grade 1, was unique in this respect with its five 
samples yielding gels with the lowest breaking loads of all 73 samples, namely 
10 and 20 gm. per cm. 
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fiGURE 12--FREQUENCY DISTRIBUTION 
OF AMOUNT OF SYNERESIS 
DEVELOPED BY 73 STOCK­
PI L E AGARS. 

SYNERESIS tenths milliliter 

Syneresis of all samples was in the limited range of 0.5 and 1.0 ml. ex­
pressed as free water per 100 gm. of gel. The histogram (Figure 12) shcrws a 
very high peak frequenoy at 0.8 ml., with syneresis of 0·.9 ml. observed in al­
most as many sample gels. Distribution of the values for syneresis was entire­
ly random with no relation to lot, grade or souroe. 
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Trade designation and source ~~i81 
Lot and sample designati on 130 176

1 
183 

A A B E F A B C D 

Prot e in, percent 1.68 1.51 1.4 1.48 1.55 1.68 1.48 1.74 -d . 69 

Water insoluble debris, percent 0.9 0.5 0.6 0.9 0.5 0.6 0.3 0.6 0.7 

Total ash , percent 3.94 3.99 3 .8 3.50 3.41 3.90 4 ~ 12 4.19 4.04 

Acid insoluble ash , percent 0.19 0 • .14 O.l~ 0.15 0.11 0.20 0.13 0.19 0.19 

Iron, parts per million 50 50 53 50 43 86 55 ~ n 

Copper, parts per million 10.2 6.8 5.9 8.:5 7.3 7.0 6 .4 6.1 6.4 

Color density, log. 10/1 1.028 
I 

1.030 1.0:2 1.022 1.025 1.035 1.041 1.037 1.037 

Transparency, type points 12 2 3 11 2 10 4 12 9 

Gelation at 400C. 
O.no· sel to 3_tirm lel 0 3 0 1 0 3 1 0 2 

Viscosity , centipoise 5.2 6.5 6.2 5.4 5 • .3 4.8 5.4 5.7 5.5 

Breaking load, gill. per cm. 130 120 120 130 120 130 120 1.20 140 
plWlger circumference 

Syneresis , Ill. per 100 gill . 0.8 0.8 0.8 0.8 0 .. 8 0.8 0.6 0.6 0.8 

Trade desi~tion and source 
Lot and sample deSigna tion 186 201 

A B C B C D 

Protein, percent 1.44 1.48 l.~ 1.59 1.49 1.51 1.60 

Water insoluble debris, percent 0.4 0.6 0.9 0.\1 0. 9 0.8 0.7 

'l'otal ash, percent 3.59 3.84 3. 3.73 3.94 3.99 3.96 

Acid insoluble ash, percent 0.12 0.17 0.2 0. 13 0.17 0.17 0 . 09 

I ron, parts per million 38 46 53 44 50 42 53 

Copper, parts per million 5.5 7.5 6.2 6.9 6.4 5.8 8.7 

Color density, log. 10/1 1.017 1.026 :.ot 1.041 1.039 1.029 1.035 

Transparency , type pOints 2 6 3 10 8 3 

Gelation at 400C. 
O_no gel to 3.t1rm gel 1 1 1 0 0 0 2 

Viscosity, centipoise 6. 8 6.0 6.3 1 5.0 7.7 7.7 6.7 

Breaking loe.d, gill. per cm. 140 140 140 130 150 150 130 
plW1gsr circumference 

Syneres1~ , ml, per 100 gill. 0.7 0.8 0.6 0.7 1.0 0.6 1.0 
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Lot and ..... ple de.l",at1on 
A 

183 
B 

Proteln, peraent J.06 J.l0 

Water lnaolllble debra, peraent •• J ••• 

Total .. 11, peroent '.81 :1 . 61 

Aa1d lnaoluble aell, pero.nt 0.02 0 . 78 

Iron , parte per .Ullon 188 1M 

Copper, parte per 1l11110n 8 .8 6.i 

li9 
o A 8 A 

Data aalaulatK to dry .. lEt ot yar 

201 
B 

1.:11 2.60 J . 5::1 '.16 1!.83 

0.3 3.7 e.e 7 . 8 3.7 

::1.86 '.87 5.41 6 . ::11 l .81 

O.ll 0.65 1 . 13 0.80 0.37 

49 261 M8 1M 108 

•• 8 7 . 7 7.' 10.1 11.7 

C 

1.76 

0. 7 

6.58 

.0 . 15 

~ 

'.6 

A 

1.4:1 

0.7 

5.04 

O.H 

611 

6 . ~ 

no 4,.'" 
B C D A B C 

Dat. c rJ.oulated to dr y .. lEt ot aw ' 

1.48 

0 . 9 

11.08 

O. ll 

67 

5.' 

1.55 

0 .9 

5 . 011 

0 . 15 

76 

5.8 

1.48 

0 . 8 

11 .22 

0 .12 

83 

5.1 

1 . 68 

0.7 

e.w 

0 .22 

73 

' .9 

1." 

0.6 

6.08 

0 . 16 

M 

10.3 

1.68 

0.6 

6.37 

0.18 

" 
8.5 

D I 

10M 1.71 

0.7 0.8 

5.86 41.37 

0.13 0.21 

75 ?? 

8.9 6.9 

Data tor 1.e peroent 1m •• 1Et! ell Data tor 1.5 peroent (dry .eiEt! pll 

Color denai t)', loe. 10/1 

Tro.naperenoy, t),pe pointe 

Qalation at 400C. 
O.no) sel to J.tirm .,,1 

Vi.ao.i \)" aenUpoi.e 

Bradl", load, p. IIer a ... 
plu",er alraumter.DCe 

S),nereall, ml. per 100 ca. 

Trade de.lgnaf1 on aDd eourae 

Lot and .... IIla de.tpa. tion 

Proteln, peraent 

Water lneoluble debrie, percent 

Total aell, percent 

A,;14 'ineoluble • ell • peraent 

Iron, parte per .. qllon 

Copper, perte per .Ullon 

Color deneitl, loe. 10/1 

Tr&lll I"'re DC)' , type point. 

Qalation at 400C. 
O.no pl to J.tir. cel 

Vlaaoe1 t)', aenUpole. 

Breal<lD41 load, p. per 0 •• 
pluncer e 1 rcumterenae 

S)'Dlre.l., 811. per 100 ... 

1.043 1.04::1 

::10 24 

2 2 

6.1 6.' 
1::10 1::10 

0.6 0.8 

1.028 1 .033 1.037 1.043 1.038 1.021 1 .034 1.03::1 1.0::10 Lon 

~ 60 72 71 til I 2 2 2 

2 2 I I 3 3 3 3 ::I 

6.2 ••• e.7 6.1 9.6 8.1 7.5 '.3 7.3 7.3 

160 100 1::10 90 160 70 1lD 90 110 80 

0.7 0.' 0.8 0.9 0.7 0 . 7 0.8 0.8 0 .8 0.8 
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Discussion 

In general, aga r is a gum extracted from seaweeds belonging to the olass 
Rhodophyceae. In chemical constitution, it is the sulfuric acid este r of a 
galacte.n. Because of this constitution, th~ ash oontent is indicative of 
molecular size. I n the series examined, there is a definite indioation of a 
relation between acid soluble ash oontent and the source of agar. The Kobe 
grade 1 samples averaged 3.76 percent aoid soluble ash oompared to the average 
of the Yokahama grade 1 samples of 5.16 percent. Even including the Kobe grade 
3 samples (wit h two abnormally high values) the average is inoreased to only 
3.91 percent acid soluble ash as ' compared with 5.20 percent for all the Yokahama 
agars. Apparent ly there is a source differenoe., probably in the spec ies of 
seaweed tre.king up the bulk of raw stock in the two localities. With the total 
ash content influenced by both molecular ash and inorganic impurities, it is 
difficult to establish an entirely satisfactory maximum limit. These · data 
show that the 6.5 peroent level would include almost all the agars in this 
group, except ing a very few grade 3 samples, and this limit would exclude most 
of the unsatisfactory gums with smaller moleoule size. Certain highly puri­
fied ext racts from Gracilaria, for example. could meet this lUnit, but are 
readily differentiated on basis of visoosity or other physioal properties. 

As ment ioned in the summary of results, the average breaking load of the 
agars from the two localities differs also, resulting in two frequency peaks in 
the histog ram (Figure 11). T he values in this oase are litt le influenced by 
grade, the Kobe agars averaging 124 gm. per cm. compared to the average break­
ing load of the Yokahama agars of 66 gm. per cm. This latter value is unduly 
influenced by the five wee.k agars of lot 193 . If these va lues are omitted, 
the ave rage for the Yokaha:me. agars is 87 gm. pe r cm. There is then a definite 
relation of breaking load to source whioh in t his series of samples has al­
ready been related to the size of the agar molecule. and the amount of acid 
soluble ash. The numerical relation is inverse; as the percent of ash in­
creases , the strength deoreases. T.he c orrelation coefficient of these two 
variable s was found to be r = -.745, a highly significant value. The re­
gression line is represented by: Breaking load, (gm. per ~m.) (B) c 242.4 -
31.2 x percent acid soluble ash, and gives a fairly good estimate of the ex­
pected gel strength. except for extreme values. 

A third property of agE'.r which appears to be related to the source of the 
agar in this series. and therefore to the ~mount of acid soluble ash, breaking 
load and molecular size. is the degree of gelation at 400 C. A considerable 
difference in the state of gelation was observed, with the Kobe (large 
molecule ) agars exhib it ing a lower gel point than the Yokahame. samples 
(Figure 9). 

These marked indications of variation of structural and physical oharac­
teristics with source, and the data of Table 2 showing the variations that are 
possible for same species of Rhodophyceae, make it necessary that "agar" in 
the restricted bacteriological sense be defined on the basis of physioal 
c"haracteristics des ired. T he limits of these characterist ics whioh are acoept­
able vary with the individual baoteriologist and the particular use for whioh 
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the agar is intended. The following are sugge sted a s practical limits: 
Breaking load not less than 50 gm. per cm .; syneresi s, not more than 1.2 
ml.; viscosity, not greater than 12 centipoise ; color density, no grea t er 
than 1.048; transparency, to permit the r eading of 12 point type through 
2 om. of gel. These limits are sufficiently broad t o incl~d~ all but a f~ 
samples having abnormal gel strength, color or t r anspa r ency , yet are re­
strictive enough to give a uniform working material . 

Another physical limitation that was met by all the commer cial samples 
but not by many other seaweed extractives is that the sol should be liquid 
at 45 0 and set to a firm gel at 35°C. 

One important physical characteristic of agar which was mentioned in 
the introduction and which oonstitutes one of its principle attributes, is 
that the gels it forms are thermally reversible, melting at a subst ant i ally 
higher temperature than that at whic h they set. This property is charac­
teristic of all the gums extracted from Rhodophyceae but neverthe l ess should 
be a fundamental part of any definition of agar. 

Another desirable property of the gums extracted f rom Rhodophyceae i s 
their ability to form gels in the pH range most usod by bacteriolog ist s. 
They' should not be affected in too great an extent in this pH r ange by t he 
ordinary procedures for sterilizing media . The provision that ge l s conform 
to the standards set after autoclaving under normal conditions at any pH 
value in the range 6.0 to 8.0 wou ld be a necessary limitation f or bacteri­
ological agar. 

In addition to these physical properties, which are , in several cases, 
highly oharacteristic of the true Gelid ium-agar, certa in of the chemioal 
properties are valuable primarily as indications of the quality of agar. 
Four tests: Protein (N x 6.25), water-insoluble debris , ac id insoluble ash, 
and iron. show oorrelation as to grade to the ext ent t ha t maximum ltmits 
could be established to determine grade 1 agar. Determine d on a dry basis, 
these maximum limits would be as follows: 1.90 percent prot ein ( N x 6.25), 
1.0 percent water-insoluble debris, 0.25 percent acid insoluble ash, and 90 
parts per million of iron. 

Copper was found in small quantities in all the samples tested. None 
of the values were abnormally high and the analysis f or copper does not 
appear of value as an indication of contamination or s ource differences. 
The determination of copper might be desirable in ce rta in oiroumstanoes of 
speoial use, such as work with organisms highly sens i tive _to metallic ions 
or tests of similar nature. 

All the above criteria can only result in obta ining a olean agar having 
suitable physical characteristics. Whether these are sufficient to obtain 
an agar suitable for bacteriological use ca n be determined by praotical 
application. This work constitutes section I I of the paper. 



Conclusions 

Total ash or more exactly aoid soluble ash content , breaking load and 
degree of gelation of the agar sol at 4ooc., are all interrelated and appear 
to be linked with the size of the agar molecule. In thi s series these variab les 
were also re lated to the souroe of the seaweed, Kobe or Yokaharra. No proof is 
available but ev idenoe points to a differenoe in species of weed used as raw 
material in the different locations of origin. 

Sinoe it is mainly in the physioa l properties of agar that the baoter­
iologist is interested and sinoe wide variations in these properties are 
possib l e, praotical 1~it6 of definition for breaking load, syneresis, vis­
oosity, oolor density and transparenoy are suggested. Thermal reversibility 
of t he ge l, and stability in the pH range 6.0 to 8.0 should also be oonsidered 
in any definition of agar. 

Dete rmination of protein , total water insoluble debris, aoid insoluble 
ash and iron are all valuable tests for indicating the oleanliness or quality 
of agar. Toleranoes oould be readily established whioh would exolude agars 
oonta ining undesirable amounts of oontaminating impurities. Determination of 
oopper content appears to be unnecessary exoept for special purposes . 

Section II of the paper will determine by practical applioation whether 
the above criteria are suffioient to define agar for bacteriologioal use. 

II. BACTERIOLOGICAL STUDIES 

Introduot ion 

When all bacteriologioal manipulations are oonsidered, a large number of 
requisite properties of agar are indicated. Agar must form a true gel in 
dilute solution. Gelat ion should occur within a narra. range of temperature. 
Solutions of agar must not be too visoous or oontain too muoh inorganic ma­
terial. syneresis oannot be excessive and the set gel should adhere to the 
surfaoe of the petri dish. The gel ought to be olear, possess a satisfaotory 
degree of firmness, have at least moderate strength and should be thermally 
revers ible. The desirable properties of the gel should not be affe'oted by 
the range in pH or the methods of sterilization enoountered in baoteriologioal 
praotice. There are also a number of purely baoteriological charaoteristios 
whioh require oonsideration in the establishment of toleranoes. An ideal agar 
preparation is free of materials whioh may interfere with morphologioal, 
cultura l or antigenio properties of baoteria, and these are not ordinarily 
apparent from ohemioal tests. Few seaweed extracts possess all of these de­
sirable qualities. 

This seotion of the paper deals mainly with baoteriological tests. These 
inolude the influenoe of agar per se on standard plate counts, on colony size, 
and other c,olonial characteria'tTCs-.- The findings have been oorrelated with 
the physica l and ohemical properties whenever this has been possible. 
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Mater ials 

Two groups of agar samples were used in this study. The first consisted ~ 
of seven agar samples considered representative of all types available, re- I 

ceived from the Difco Laboratories. The physical and chemical properties of 
these agars are indicated by the data in Table 5. This group was studied in 
detail fran a baoteriological viewpoint. The second group consisted of the 73 
agar samples obtained from the government stockpile through the courtesy of the 
War Production Board and the Difco Laboratories. These were not studied as ex­
ten'sively as GrOup 1, bacteriologically. As an example of other gum types, ex­
traots from Gracilaria confervoides (North Carolina) also were studied. 

TABLE 5. Physioal and chemical oharacterist ics of special agars 

Agar Samples 
Analyses A B C D E F G 

Moisture, percent 17.8 16.2 14 .0 14.5 14.9 17.2 14.6 

Data oa loulated to dry weight 

Protein (Nx6.25), 
peroent 1.03 0.50 0.90 0.70 0.95 1.56 1.14 
Total ins oluble debris, 
percent 0.1 0.0 0.1 0.6 1.1 0.7 0.8 
T ota 1 ash, percent 5·03 3.13 3.87 3.77 4.34 4.82 3.78 
Acid insoluble ash, 
peroent 0.12 0.15 0.09 0.16 0.40 0.18 0.38 
Iron, micrograms per 
gram 62 53 35 136 101 51 292 
Copper , miorograms 
per gram 7.8 6.9 7·5 12·5 16.2 7.0 38.0 

Data for 1·5 percent (dry weight) gels 

Color density, log. Io/r 1.026 1.025 1·055 1.024 1.024 l.~O 1.020 
Breaking load gm. per om. 
of plunger circumferenoe 150 180 90 90 110 80 150 
Visoos ity at 45°C., 
oent ipoise 7 11 3 6 5 5 3 
Synere sis , mI. per 
100 gm. 0.7 0.8 0.7 0.7 0.8 0.8 0.8 

Methods 

Preparation of oulture media. The genera 1 method employed for making the 
oulture medii was to prepare a large batch of broth base, and to this the various 
agars were added separately in flasks. Whenever possible, a single lot of de­
hydrated broth medium (Baoto) was employed to insure uniformity throughout the 
experiments. When this was not feasible, as in the oase of the Standard Methods 
agar for milk plate oounts, a large quantity of base was prepared, the respeotive 
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agars added and then Tryptone Glucose Extract Agar (Bacto) was used as a con­
trol medium. Throughout all of the experiments, agar was used in a ooncentra­
t ion of 1.5 peroent. 

In all cases the agar was dissolved by heating in an Arnold steamer. The 
solutions were f iltered through absorbent cotton except for the Graoilaria ex­
traots whioh had to be filtered through glass wool. Sterilization was aocan­
pl~shed by aut oolaving at 15 lbs. pressure for 15 min. 

For pure oulture studies, dehydrated Nutrient Broth (Baoto) ~s employed 
as a base. When blood agar was prepared, 0.85 sodium ohloride was added to 
the base, and one percent rabbit blood was added just prior to pouring of the 
plates. 

Milk plate counts were .made with the medium reoommended by the Committee 
on Standard Methods for Milk Analysis. The pH was adjusted prior to the addi­
tion of the agar in order to maintain oonstanoy in all respects except for the 
agar. 

Plate oounts. Comparative plate oounts were made with both groups of 
agars on each of a number of samples of standard pasteurized milk. The medium 
was eooled to 45°C. before pouring, and the plates were incubated at 37°C. for 
48 hours. In the oase of Gracilaria it was neoessary to pour plates with the 
m~dium at 60oc. sinoe the gel set very rapidly below this temperature. 

Colony size. The size of colonies on the various agar media was determined 
by two methods. In the first, where oolon i es were suffioiently large, photograms 
were made of the plates and the size of 10 representative colonies was measured 
direct ly. The iDage of pin-point oolonies was projeoted on a ground-glass 
viewing screen at a 10 x magnification. The outline of 10 individual colonies 
was then traced on paper, and the diameter was measured with dividers. 

Hemolysis. Hemolysis was det'ermined by using whole rabbit blood. Where 
t he red blood cells were hemolyzed by the agar medium alone, no cultural 
stud i es were made. In a 11 other oases, however, strains of a lpha and beta 
hemolytic streptoooooi and staphylooocci wer6 employed in pour and streak 
plate s . 

cultural and colonial oharacteristics. Test organisms were used to 
determine whether the agar per se would alter either their cultural or 
colonia l oharacteristics. Kn~strains of Esoheriohia, Aerobaoter, 
Staphylocoocus, Streptococcus and Neisseria were transferred serially on suit­
able media prepared with the test agars. After 10 suocess ive aerial transfers, 
the ma j or oultural characteristics were compared with thoae determined initially. 

Colonial oharacteristics on blood agar, eosin methylene blue agar, nutrient 
agar and motility test medium were also determined with the test agars and com­
pared with the oharacteristics of the organisms grown on the corresponding media 
with Bacto agar. Particular attention was paid to the possible S-R variations 
whic h might ooour. The motility test medium Was used to observe the effect of 
t he ge l consistenoy on the reliability of the test with different agars. 
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Supplementary tests. This seotion deals with bacter iologioal tests pri­
marily. However, several simple physical tests were ma de to determine their 
value for judging the suitability of agar for baoteriologioal use. The only 
one reported is that for gel texture . 

The degree of firmness of the gel was d-etermined by rubbing a f i nger over 
the surfaoe. The judges gave a numerioal rating to the ir est imat e, ranging 
from 1 for a very -,reak gel to 5 for a firm textured gel. 

Results 

Plate oounts. When milk was used as an inooulum, there were no oonsist ­
ent differenoes in the oolony oount s obtained with the various agars. The 
data on the seven teat agars are shown in Table 6. The oolony oounts are 
based on an average of 60 poured plates, using 20 different milk samples . 
The variations in oounts are not oonsistent and probably represent va r iabil i t y 
in sampling rather than in the agar const ituents . 

TABLE 6. Data on colony count, and percent plates with spreaders with 
twenty samples of pasteurized milk plated in triplicate 

Med i um Inooulum, milliliter Agar Samples 
Baoto A B C D E F G 

Average colony counts for twenty milk samples 

TGEA 1.0 136 77 47 ?I 117 212 -65 l22 
" 0.1 96 f:h 49 41 34 35 50 53 
" 0.01 5 9 6 9 6 6 12 4 

NA 1.0 141 158 107 l27 122 130 181 142 
" 0.1 77 82 69 71 68 71 73 78 
" 0.01 11 9 7 9 7 8 10 8 

Percent of plates with spreaders 

TGEA 1/ 1.0 56 25 50 60 25 29 l2 29 
" "I/ 0.1 5 5 0 5 5 0 0 1 
" "I/ 0.01 0 0 0 0 0 0 0 0 

NA 1/ 1.0 3 4 8 16 0 8 4 30 
" 1/ 0.1 0 0 3 0 0 0 3 20 
" 1/ 0.01 0 0 0 0 0 0 3 6 

TGEA equals tryptone glucose extract agar, and 
NA equals nutrient agar. 
1/ Plates showing spreaders covering more than ha lf of the sur face. 
~/ Either oovered with spreaders, or too many oolonies to oount. 
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The number of spreader s appears to be corre lated with the amount of 
inooulum rather tlw.n with t he aga r per se. The distribution of spreaders 
throughout the entire series indicates that there is probably no oorrelation 
between the inoidence of spreaders and any physioal or chemi cal properties of 
the agars. 

TABLJ: 7. Data on plate count of pasteurized milk inoculated on 
stockpile agars in tryptone glucose eXtraet base 

ckpile .1veraee Chlonies over Stockpile Average Ch10nies over Stockpile Average Colonies over 
pIe plate 1 mill i me ter sample plate 1 millillleter sample plate 1 millillle ter 
ignat ion count in di ameter designa ti OIl count in diameter designation oount in diameter 

Percent Percent Percent 

1 EbB ~ 71 Kl-197E 149 24 n-1k~ 161 16 
197.1 314 71 n-19'JB 193 24 n-1 B 191 15 
a>lB 221 48 n-175A 176 24 n-197.1 178 15 
a>U' ;O~ 42 n-2Ol.D 149 24 lCI.-197D 2>5 15 
186c 40 n-1~8G 299 23 n-176c 18) 14 
190B 209 36 n-1 7J' 2>8 23 n-19B.A. 139 14 
130.1 245 33 K3-199A 213 23 n-a>OA 95 14 
2:>l A 337 33 n-190.1 182 22 13-2:>IB 168 12 
193C 233 33 n-l86.1 298 2) n-l87.1 170 12 
193B 192 31 n-allB 151 al 10.-:801. 255 12 
183B 178 29 n-1821 a>8 20 Y1-a>10 145 11 
183c 199 28 10.-18:21> 210 2) K3-183A i~ 11 
1828 169 28 n .. 198c 216 20 n-196.1 11 
178D 202 28 n-19'JB III 20 !l-178A i~ 10 
175C 169 28 rJ-183B 170 19 K3-199B 9 
1~6B 186 28 n-175D 1~2 18 13-201C 119 9 
1 ~ 188 28 n .. :m,l: 1 3 18 K3-1B3C 132 9 
2:>11. 167 ~ n .. 198B 196 18 !l-178r 160 9 
193D 230 13-201C 157 18 Kl-a:x>B 133 7 
201 C 139 a; n .. 171f3 192 17 Y3-al1B 215 ~ 2Ol.D 210 25 n .. 1~6A 105 17 n-17BE 149 
201.1 312 24 Xl .. l 2C 113 16 !l-2:>lE 147 5 
183D 298 24 Y3-2:>lA 199 16 n .. 19~C I'Ll 5 

10.-17 C 143 5 

sample ident ification refer ~ Table No.4. 
fficient of correlation of average plate count to percent oolonies over 1 II1II4 • 0.568 
cll i s highly si gnificant. 

A plating experiment was run with the 73 agar samples from the governn9nt 
stockp i le us ing the Tryptone G luo08e Extract base. A single sample of pasteur-
ized milk diluted 1 to 10 was used as the inoculum for the entire series. 
Plates were poured in triplicate and the colony counts averaged for each agar 

The counts on the plates made from individual agars varied sample (Table 7). 
There was no apparent correlation between the number fram 95 to 4 00 oolonies. 

of colonies and the souroe of the agar or its physical and chemioal properties. 

It was observed that some of the ~overnment stookpile agars yielded 
greater numbers of pin-point colonies than others. Separate counts were made 
on the number of oolonies one millimeter in diameter and over, and the peroent­

jage of these l arger. oolonies was oaloulated. The se data are also presented in 



Table 7. The peroenta~e of large oolonie. varied trc. 5 to 71 aDd .hOlr. a "r1 
.ignifioant relation to the average plate oount. the ,reat.r peroeuta,. ot JarC. 
0010nie8 tending to go with the higher oount.. Thare did not appar to be any 
influenoe of the .ource of agar or the physioal aDd oheaical propertie. OIl 

oolony size (Table 4). The only reasonable explanation for the •• ditter.no •• 
seemed to be the possible presenoe of undetermined nutritive tactor. in the 
various agars. 

To test this possibility a Tryptone Glucose Extraot I118diua .... prepared 
to whioh WR s added 0.5 peroent liver extraot (fraot ion L. Willon). Although 
the oontrol medium to which no liver extraot was added yielded an average 
oolony oount of 226 per 0.1 ml. of rasteurhed milk, the agar media prepared 
i'rOOl the seven test agars plus the liver extraot, ~d suoh an exoe •• ot ooloni •• 
and overgrowth t~t the plates were not countable. It was not praoticable to 
oarry thil prooedure through with the lot of 73 agars nor wa s the lot ot 7 
checked wit h a Baller inooulum. The ind iea tion is that. if the nutritive level 
of the media is raised near an optimum by the addition of liver extraot, the 
variability in oounts due to unknown factors in the agars oan be greatly reduced. 

In order to determine some of the nutritive raotors whioh ai«ht be re.pOll­
sible for this increased oount, .amples of diluted pasteuri&.d .ilk were plated 
on Tr:yptone Glucose Extraot Agar. To separate replioate sample. were added a 
single vitamin or a mixture of the four vitamins. The quantitie. ot the '!n«l. 
vitamins were as follows: 1 miorogram of thiamine. 1.5 mioro«ra .. of ribotlavin. 
0.75 miorogram of oaloium rantothenate and 1.5 miorogram. of niootinio aoid per 
100 ml. of medium. T he mixture conte ined one-fourth of the.e a.ount. ot .oh 
vitamin. T he average data frClll three experiments are pre.ented 1n Table 8. C 

The data indicate that the colony oounts oan be increased frc:. 15 to 100 
percent by the addition of individual vitaains to the oulture aediua. On the 
other hand, a mixture of all four vitamins yielded colony oounts that were 
lower than those obtained with the individual canpounds and but little higher 
than the control of group. T he percentage of oolonies over 1 _ .... inor ••• d 
in all cases, indioating tl"mt the addition of the nutritive raotor. to the 
medium increases the average colony size. Thus it appears that plate count. 
and colony size depend to some degree upon the nutritive qualitiea of agar per 
se in the case of the standard medium for milk plate counts. -

Eighteen samples of commercial pasteuri&ed milk were plated atmultaneou.ly 
on media prepared with Grao Har 1& extract and agar. and the oolony coun+.. OOlll­

pared. In all oases fewer colonies gr6W on the Gracilaria than on the agar 
medium. An average of the counts indicated that the number of coloniea appear­
ing on the Gracilaria gels amounted to only 41 peroent of those on the agar. 

Untreated surfaoe water samples were also plated on Gracilaria and agar 
media. On the average. the counts obtained on the Gracilirii gel were only 9 
peroent of those appearing on the agar <aee Table 9). This r. baaed on 
triplioate platings with eaoh sample on eaoh medium. 
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TABLE 8. Colony oount and size when pasteurized milk was inoculated 
in tryptone gluoose extraot agar containing certain added vitamins 

Supplement micro- ~ar Samples 
grams per 100 mI. Standard 

Medium of medium A B C D E F G Mean error 

Plate Counts 

Control ~ 186 150 115 137 127 171 147 9.3 
Thiamine 1.0 217 220 242 219 221 218 222 3.5 
Riboflavin 1·5 207 226 291 267 226 239 341 257 17.63 
Caloium Pantothenate 0.75 289 259 261 275 270 308 314 282 8.3 
Niootinio aoid 1·5 238 264 228 266 301 307 338 277 14.96 
Mixture y 183 131 146 184 191 220 197 179 11.53 

Peroent oolonies over 1 millimeter in size 

Control 19 23 31 16 18 22 14 20 
Thiamine 1.0 48 56 40 33 40 42 24 40 
Riboflavin 1.5 42 42 33 30 37 33 20 34 
Caloium Pantothenate 0.75 38 34 36 27 33 36 21 32 
Hiootiniu acid 1·5 53 59 33 32 36 32 23 38 
Mixture 1/ 43 53 37 43 38 30 20 38 

) 1/ Thiamine, 0.25; riboflavin, 0.37; oalcium pantothenate, 0.19 and nicotinio aoid, 
- 0.37 miorogram. per 100 mI. of medium. 

TABLE 9. Plate counts with Gracilaria and agar media 
when inoculated with surface water 

Water sample Plate count per mI. Ratio of oount on 
of water Grac ila.ria to count 

~raon.ria Igar on agar 

1 150 4400 0.03 
2 75 150 0·50 , 500 2900 0.17 
4 65 1050 0.C6 
5 2500 16000 0.14 
6 130 13500 0.09 
7 475 2670 0.18 
8 60 500 0.12 
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Aside from the low oounts ohtained with the Grflcilaria media, there were 
other objeotions to the use of this gel. The amount or-water of _ynerel1l ... 
80 great that it formed puddles on the surface of the gel. Because of thi. 
exoessive moisture, the medium would not adhere to the surface of the oulture 
dish. The high gelling temperature not only reduoed the oolony COuntl but allo 
made the distribution of the inoculum difficult beoauae the 101 would let al 
soon as it I1Bde contaot with the petri dish. These undesirable properties _de 
Graoilaria extracts unsuitable for plate count work. 

TABLE 10. Effeot of crowding and of differenoes in the .~ar base, 
on the colony si£e of Escheriohia ooli, grown with nutrient broth 

Average diameter in millimeters of ten representative 
colonies, on high count and low oount plate. 

Stockpile High Low Stoclcpil~ High Low Stockpile High Low 
sample no. sample no. sample no. 

Kl-130A 3.8 7·5 Kl-187A 2.2 8.6 Yl-175A 4.4 9.3 
Y.1-1 76A 3.7 7.4 Kl-l90A 4.L 5.2 Yl-175B 4.2 6.0 
Kl-17oB 8.3 Kl-190B 2.4 ,.7 Yl-175C 3.2 3.8 
Kl-l?6c 4.6 Kl-l97A 1.9 7.6 Yl-175D 1.3 8.3 
Kl-1 76A 2.4 7.4 Kl-197B 2.5 3.4 Yl-193A 3.8 9.6 
Kl-176B 3.0 8.3 Kl-197C 3.6 10.4 Yl-193B 1.7 
Kl-178C 3.2 4.8 Kl-197D 3.4 9.1 Yl-193C 3.2 11.7 
Kl-178D 3.4 11.9 Kl-197E 3.6 11.6 Yl-193D 2.7 6.4 
Kl-178E 3.9 12 .6 Kl-198A 3·5 12.9 Y1-193E 3.7 4.8 
Kl-178F 6,3 9·5 Kl-198B 2.9 9.8 Yl-l96A 1.7 15·0 
Kl-1 78G 4.3 8.7 Kl-19& 3.6 L, • L" Yl-197A 3.0 10.2 
KI-IBOA 2.2 6.2 Kl-20OA 1.9 10.1 Yl-197B 3.1 8.7 
Kl-180B 2.6 10.9 Kl-200B 1.5 6.7 Yl-20lA 2.9 10.7 
Kl-162A 3.2 5.2 K 1-20lA 1.3 11.3 Yl-2018 3.4 6.4 
Kl-182B 2.2 10.B Kl-201B 4.7 4.6 Yl-201C 3.8 4.7 
KI-IB2C 1.9 B.5 Kl-201C 2J. 5.1 Yl-20lD 3.2 13.8 
Kl-182D 3.3 11.9 Kl-201D 1.9 5.7 Yl-201E 2.0 11.1 
KI-IB2E 3.2 10·5 Kl-201E 5.5 8.4 Yl-20lF 2.2 9.3 
KI-IB2F 2·5 6.0 K3-1B3A 2.0 6.3 Y3-20lA 1.5 7.7 
Kl-183A 1.1 12 .1 K3-183B 3.8 5·1 Y3-201B 2.1 9.7 
K 1-1B3B 6.7 5.4 K3-163c 3.1 6.2 Y3-201C 2.4 13.3 
KI-IB3C 1.1 4.7 K3-199A 2.4 8.1 
KI-IB3D 3.0 6.3 K3-199B 2.7 ,.1 Mean 3.0 B.I 
Kl-l86A 2.1 4.9 K3-20lA 1.4 4.7 
Kl-l86B 2.9 6.7 K3-20lB 1.6 7.1 
Kl-186c 2.3 9.B K3-201C 3.1 6.B 

For sample identification refer to Table No. 4. 

Colony size. In the experiments in whioh milk samples were plated on the 
7 special agars and the 73 stockpile agars, colony size seemed to be dependent 
upon nutritive qualities associated with the agars. It seemed desirable, there-
fore, to explore this possibility further, employing a pure culture so that the 
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oolonial potentialities would be more uniform than in the case of milk. To th18 
end two sets of nutrient broth plates were poured in triplicate with each of the 
73 government stookpile agars. The first set was inoculated so that the count 
after 48 hours of incubation would be between 50 and 100 colonies; the second set 
between 200 and 300 oolonies. From each plate, 10 random colonies were measured 
to obtain an estimate of the average oolony size. 

In Table 10 are the data obtained with a culture of Escherichia coli, 
Itrain 229. It is applrent from the data that the size of the colony-rs-de­
pendent upon the degree of crowding on the plate. In almost every instance the 
larger oolonies appeared on the plates seeded with the smaller amount of inoculum. 
This il aPPlrently at variance with the experiment in which the 73 agars were 
inoculated with mi~k, in which high oounts, indioating crowding, were associated 
with a higher peroentage of colonies over one mm.. in diameter. In possible ex­
planation, the hypothelia i8 advanoed that on the high oount plates Dany oolonies 
may be more than one mm. in diameter but few reach the larger lize attained by a 
relatively few large oolonies on less crowded plates having a presumably lower 
nutritive level. 

In order to determine whioh faotor, nutrition or orowding was more im­
portant in restrioting oolony aize, a series of experiments was Itarted under 
.tmilar conditions to those used with the seven test agars. The medium employed 
118.1 1futrient Agar with supplementary vitamins as used in the milk plate experi­
ments. Again strain 229, E. coli 1I8.S the test organisme 

The results obtained are presented in Table 11. From these data it appears 
that riboflavin and n:cotinic acid aocentuate the effeot of orowding on oolony 
size. The mixture of vitamins nlootinio acid and to Il lesser extent oaloium 
pantothenate apparent ly inoreased oolony lize on both high and low count plates 
while thiamine had a definite depressant effect on colony size, in this series. 

a..molyaie. When tested as sterile media, only 2 out of the 73 government 
.tockpile agars, and none of the 7 test agars or the Gracilaria extracts proved 
to be hemolytic. These 2 agars did not produce prompt hemolysis, but sterile 
bloOd agar plates prepared with whole rabbit blood were completely hemolyzed 
atter incubation at 3 °C. for 12 hours. 

When cultures which normally produce alpha or beta hemolysis were tested 
on all but the two autohemolytia agars, no alteration in hemolytic type was 
observed. Serial transfer on the test agars and Gracilaria extraot for 10 
aerial passages failed to alter the type of hemolysis produced. 

Colonial and cultural characteristics. The growth charaoteristlcs of 
representative strains of bacteria belonging to the Escheriohia, Aerobacter, 
Pseudomonas. Staphylococcus, Streptococous and Neisseria genera were not 
altered by the various agars and Gracilaria. Of 69 such strains, 3 faIled to 
grow on Graoilaria media; 1 of these was an alpha hemolytio streptocoocus and 
the other 2 were strains of Pseudomonas. Of 32 strains of gram negative 
bacteria, 23 showed marked S-R variitions on the Gracilaria medium, whereas 
only 4 of the 32 displayed a similar dissociation on the test agars. 

33 



TABLE 11. Effeot of orowding and vitamin supplements on colony s he of 
Esoheriohia coli grown on nutrient agar 

Average diameter in millimeters of t en r~ndom ooloni es 

Agar Count None Thiamine y Riboflavin Calcium Nic otinio Mixture 
sample pantothenate a oid 

A high 3.6 1.1 2.8 11.7 10 .3 10.8 
low 6.0 3.3 5·5 10.3 22 .1 10.8 

B high 4.2 1.8 2.3 9.8 10.2 8.6 
low 5·5 2.7 8.8 10.2 13 .9 

C high 4.3 3·5 4.1 8.7 20 .0 
low 6.0 7.6 5.0 15 .6 8.0 

D high 4.2 2.8 3.7 5.9 8.3 13 .1 
low 5·2 3.1 5·7 6.4 14 .5 14 .0 

E high 4.6 2.7 3.3 6.3 4 .8 14 .0 
low 4.8 3.0 7.0 6.2 18.9 

F high 3.8 3.4 3·3 6.0 5·9 10 .1 
low 4.3 3.5 7.1 8.4 8.8 8 .6 

G high 3.2 3.3 3.7 7.4 9.9 
low 4.6 2.8 6.8 7.9 9.2 

Y Conoentrat ions aame as reported in Table No. 8. 

Pigment production by members of the genus Paeudomo a was g reat ly enhanoed 
on nutrient medium preI»-red with Grao ilar ia extracts. Whereas only two out of 
the six straina tested showed the ol».raoteristic pig nt of Paeud anoDAs aerutino ... 
on the test agars, all six produced a brilliant green pigment when grown on 
Gracilaria gels. A Graoilaria medium alao enhanoed photoge ne sh in the 10 .train. 
of photogenio baoteriA tested, the phosphoresoent glow appearing sooner and last­
ing longer than with agar media. 

When eoain methylene blue medium was streaked with cultures of oharaoteristic 
Esoheriohia and Aerobaoter speoies, the majority of the oolonies a ppearing on the 
Graoilirii medium were atypioal (15 out of 24 atypioal after 24 hours at 37°c.; 
11 atypioa 1 after 48 hours). On the same medium pre~red with the test agars, all 
strains ' yielded colony types omraoteristio of the speoies. 

Twelve straina of enterotoxigenio staphylocoooi were t est e d on stone's medium 
for gelatin digestion. Five of these oultures yielded positive St one' 8 reaotions, 
the average width of the zone being 3.2 Mm. when the medium wa s preI»-red with the 
test agars. When prepared with Graoilaria extraot, only two of t he positive 
strains showed the zonation phenomenon, and the average zone widt h for these was 
but one DIm. 

All of the 69 strains of the genera listed above were t ransferred weekly 
for 10 serial I»-ssages on suitable media pre pared with the test a gars and 
Gracilaria extraot. At the end of this time, the key oultural reaotions were 
determined and compared with the init ia 1 oMraoterist i09 det ermined at the be­
ginning of the exper iment . The s eria l passa ge f a iled to alter the cultural re­
actions of any of the organisms. 
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Testa were made with several strains of cellulose-digesting bacteria and 
fur.gi to det ermine whether Gracilaria might be attacked. The tests were all 
ne~at1ve except that four out of six strains of Pseudomonas liquifying cultures 
showed no capaoity for oellulose digestion. 

Supplementar y tests. A simple test WaS used for judging roughly the firm­
ness of agar gels. Three persons compared texture of gels by the finger-rubbing 
teohnic. The results of this test were not consistent because of the inability 
to distingu ish gradat ions of firmness (see Table 12). There was fairly good 
agreement in most oases when Obviously firm or very weak agar gels were tested, 
but accord was lacking in the oase of intermediate gels. 

TABLE 12. Firmness of various agars ~cored by 
investigators X. Y, and Z by rubbing 

finger across surface of plate 

Inve st iga t or Ii scores 

Random agar Agar in distilled water Nutrient agar 
sample. X Y Z X Y Z 

1 1 1 4 2 2 4 

2 4 3 3 4 4 4 

3 - - 4 2 3 

4 
I 4 4 4 4 4 4 

5 1 1 I 3 4 3 

6 1 1 1 1 1 1 

7 4 4 4 4 4 4 

8 2 3 3 5 5 4 

9 3 2 2 4 3 5 

10 1 3 3 4 2 4 

Soores: 

--- not t~sted 3 is medium firm or intermediate 

1 very 80ft 4 is firm 

2 very soft 5 very firm. 
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Disoussion 

These studies indicate that within limits , the characteristic s of a gar 
derived from Gelidium and other olosely r e lated seaweeds a re campa i b le with 
usual baoteriological praotioe . L~ited work with extracts from Grac i laria 
oonfervoides (North Carolina) and with gums extracted from other s ouroes of 
pouible agar substitutes such a s Irish moss, is sufficient to show t hat these 
gums are of a nature whioh makes them generally unsuita le 8S a SUbstitute for 
agar in standard baoteriological culture media (Anzulovic, 19U2; St oloff, 19U3b 
and Lee and st oloff, 19U6). 

Variations in plate oounts on media prepared with different agars seem to 
be due to the agar per se when the media oontains les8 than critical amounts of 
certain nutrients. ThiS-seems to be the oase wi h the ourrent Standar d Me t hode 
medium for plate oounts on milk. There were indications that by increasing 
the nutrient quality with a liver extract or oertain vitamins, variabi lity in 
the oounts deriving from differences in the agar oan be reduoed. Additional 
work with a larger group of agars and with a greater dilution of inoculum i . 
neoessary to show the extent of this equalization. 

The use of liver extract and vitamins 8 an outgrowth of the work of 
T ittsler and Rugosa (19~). These investigators had observed that i t -.s fre­
quently necessary to carefully wash agar before using it in media f or vitamin 
studies. This treatment was necessary in order to eliminat , traoes of vitamina 
present in certain samples of agar. Their studies of the effeot of vitamin. on 
various bacteria led these workers to suggest the use of liver extrao t and 
vitamins in these agar investigations. The faot that these nutritional supple­
ments st imulated growth and inoreased oolony II he ind ica tes that the i r inclu. ion 
in many plating media may be desirable. 

The question has been raised as to whether the seleotion of 10 random 
oolonies from a plate containing over 100 oolonies represents an a dequate 
sampling. Aotually the number of oolonies selected represents the maximum 
which could be accurately measured at the time. In all, over 5,000 individual 
colonies were measured and it was felt that the use of 10 colonie s represented 
the situation as acourately as neoessary for this work. 

The properties of extraots from Gracilaria confervoides (Nor th Carolina.) 
are such that its use is impraotical in baoteriology. The extrac t s gel at an 
excessively high temperature, about 60oc. This makes the mater ial diffioult to 
manipulate in addition to killing a number of bacteria which survive in ordinary 
agar media. The high gelling temperature results in an excess of condensation 
moisture, and this, in addition to the abunda nt water of synere s i s, makes it 
impossible to use Gracilaria extract in media for either poured or st reaked 
plates. 

The characteristios of pure cultures grown on Gracilaria extract media 
did not ohange over a series of transf erso However, certain cultures failed 
to grow on suoh media. Also, ther e was a marked inorease in S-R variations on 
Gracilaria media as compared to a gar . For photogenesis and pigment production, 
Gracilaria is apparently superior to agar. The liquefa ction of Gracilaria gels 



by some st ra i ns of Pseudomonas might serve as a taxonomic character for that 
partioular genus. 

The finge r test for firmness is of doubtful value. There was a general 
agreement when a particular gel was either very firm or very weak but there 
was no agreement wit h a gel between these extremes. 

C onc 1 u 8 ions 

The special group of bacteriological agars,as well as the stockpile agars, 
met the general requirements for a satisfactory bacteriological agar. 

In general, the .agars did not cause any cultura 1 or morpholog ioa 1 ohanges 
in a large number of strains of several genera of bacteria grawn on them. In 
addition, all agars met the physical requirements for a baoteriological agar. 

Both groups of agars contained unknown substances whioh affected, to a 
varying extent, the plate count and the average size of the oolonies growing 
on the test medium. The oolony size was also affected by the plate count, or 
degr ee of crowding, so that the relative ~portance of the two factors was 
difficult to eat imate. 

Addition of several vitamins, alone and in mixture, to the media did not 
lead to definite identifioation of the growth-stimulating substance present in 
lIane agars. 

On the basis of oomparative results obta ined with one sample of extract 
tr c.n Gre-oilar 1& oonfervoides (North Carolina ) this me. teria 1 is not suitable for 
use with either poured or streaked plates. It did have oertain special proper­
t i ea , being a desirable medie for pigment production by certain of the genu8 
Pseudomonas, a lao enhanc ing the photogenic effect of 10 strains of photogenic 
baoteria tested. 

Ko speoial restriotions or tolerances for bacteriological agar of an ex­
olus ively baoteriological nature are necessary, as chemioal and physioal prop­
erties can restriot the gums used to certain species of Gelidium. It would 
a ppear desirable, however, to study further the nutritive factors responsible 
for differenoes in plate oount for different agars, with a view to modification 
of media formula 80 as to obtain uniform reponse, or optimum growth, not in­
f luenced by differenoes in the agar base used. 

LIT ERAT URE C IT ED 

ANZUI..()VIC, V. 

1942. Unpublished report on oarrageen and Irish moss extract. Filed 
at Fishery Technological Laboratory, U. S. Fish and Wildlife 
Servioe, College Park, Maryland. 

BAIER, W. E. and MANCHESTER, T. C. 

1943. Research finds substitute for baoteriological agar. 
15 (7): 94-96. 

Food Indus. 

37 



LITERA'! E crTE (Cont'd 

BINGHAM, E . C. an JAC'SON , R . F . 

1917 . Standard su anoes for the 0 li re. ion of visoos1.metorl . ull. 
Bu Standa rds, 11 (2 ) : 59 

BROWNE, C. A. 

1922. Moisture absor tive r of diff 
under varying oonditions of a mas 
Chern . 11: 712 -714 . 

8 r nd oar oh drat., 
huJllic Ind . Eng . 

CLATI'ON , w. 

1932. Colloid a spects of f ood ch m~8 ry nd echn a 0 

Philadel phia. pp . 5- 2 

COULSON, E. J. 

kilt on Co ., 

1937 . Report on cop r . our . Assoc . Off. A • C em. 0 : 178- 188 . 

DAY. D. 

1~2 . Thiamine oontent of a g r . Bull. orrey otan . Club . 6 I 11- 20 . 

DIFCO LABORATORIES. 

1~3. Manual of dehydrated oulture media a nd rea e nts . troit. 1oh . 

FAIRBRCYI' HER, F. and MASTON. H. 

1923 . The swelling of agar~gar. Jo r . Che rn . soo . 123: 1412 . 

FELLERS, C. R. 

1916. Analysis, purifioation, a nd BaIle ohem ioal properties of a ga r. 
Ind. Eng. Chem. 8: 1128-33 . 

FIELD, I. A. 

1921. Souroes, preparation and properties of algal g e l atins . Chem. 
Age (New York). 29: 485-486 . 

FORBES, E. B., BEEGLE, F. M. and MENSCHING , J . E. 

1913. Mineral and organio analy8is of food8. Bull. Ohio Agr. Exp . 
sta. No. 255 . pp . 211-216. 

FUNCK, E. 

1937. substitution of pectin a ga r in bacteriologioal me dia . Klin. 
Woohsohr. 16: 1546. 



LITERATURE CITED (Cont'd) 

IDFFMAN. W. F. and GORTNER. R. A. 

1925. The eleotrodialysis of agar. A method for the pre~ration of 
free agar aoid. Jour. Biol. Chem • . 65: 371-374. 

HUMM, H. J. 

1942. Seaweed at Beaufort, N. C. a~ a souroe of agar. Scienoe 96 
(2488): 230-231. 

ITAIO. A. -and TSUJI Y. 

1934 . Agar: Phrsioohemioal properties of agar and their influence 
on the growth of microorganisms. Bull. Ag'r .. Chem. $00. 
Japan, 10: 111-112. 

JONES, W. G. )[. and PEAT, S. 

1942. The oonstitution of agar. Jour. Chem. Soc. 161: 225-231. 

IIT ZEVEl'T ER. I. V. 

1937. Comparative physio-chemical characteristics of agars of different 
origin. Bull. Far Eastern Branch Aoad. Sci., U.S.S.R. Xo. 
26, 53-69. 

LII, o. r. and STOLOFF, L. S. 

1~6. Studi •• on gua extracts from Graoilaria oonfervoides (North 
Carolina). Soientific Rep_ No. 37, Fish and Wildlife 
Servioe. Department of the Interior. 12 pp. 

KoREADY, R. K., OWENS, H. S. and MaCLAY, W. D. 

1943. The u.e of fibrous sodium pectate as a substitute for agar in 
baoterio1ogical gels. Soienoe 97 (2523): 428. 

NEUBERG , C. and OBLE, H. 

1921. Uber einen sohwefelgeha1t del agars. Biochem. Zeit. 125, 311-313. 

1928. A cyanide citrate pour plate medium for direct determination of 
the oolon-aerogenes content of water and sewage . Jour. Amer. 
Water Works Assn. 19: 182-192. 

-------and TONNEY, F. o. 

1935. A solid brilliant green lactose bile medium for d;reot plating 
with results in seventeen hours. Jour. Amer. water Works 
Assn. 32: 108-120. 

,9 



LITERAT URE CITED (Cont'd) 

PHARMACOPOEIA OF THE UNI~\ ED STATES . 

1<)42. Agar-agar. Twelfth edition . pp . 43 . 

ROBBINS~ w. J. 

1939. Growth substances in agar . Am6r. Jour. Botany. 26, 772-778. 

----- and MA~ R. 

1942. Vitamin defioienoies of Cera tostomella . Bull. Torrey Batan. 
Club . 69, 184-203 . 

STOl.OFF ~ L. S. 

1943a. The agar situation. Fishery rket News. 5 1 1-5. 

STOLOFF , L. S. 

1943b . Unpublished data in reoord books filed at the F ishery 
Teohnologioal Laboratory, U. S. Fish and Wild1if. Serviae, 
College Park, Maryland. 

STOLOFF, L. S. 

194Ba. Strength measurements of agar gels . Fishery leaflet No . 306 , 
Fish and Wildlife Service , Department of the Interior. 32 pp . 

STOLOFF, L. S. 

1948b. Syneresis of agar gels . Fishery leaflet No . 307. Fish and 
Wildlife Service , Department of the Interior. 12 pp. 

TAKAHASHI, E. and SHIRAHAYA ~ K. 

1934. On the ethereal sulfate, the essential oonstituent of agar-agar. 
Jour. Fac. Agr. Hok. Imp . Univ . Japan . 35 : 101-131 . 

TITTSLER~ R. and RUGOSA, S. 

1944. Personal Communioation t o Leslie A. Sandho1zer. 

TSCHUDY~ R. H. and SARGENT, M. C. 

1943. Agar-bearing seaweeds at La Jolla, California . Science 97 (2508), 
89-90. 

UNI':'ED STATES Aru..ory SPECIFICATIONS. 

1935. Agar, bacteriological. No. 4-1041, September 10. 

40 



LIT ERATURE C 1'7 ED (C ont' d) 

lfAELE, H. de. 

1929. Gelation of agar. Ann. physiol. et Physichochim. Biol. 5: 877-880 . 

WAR PRODUCT ION BOARD. 

1943. No. K-96 a. amended June 2. 

WHITTAKER, H. A. 

1911. The .ource, manufacture, and composition of commercial agar-agar. 
Jour. Amer. Public Health Assoo. 1: 632-639. 

ZIll'dEIDIAN, W. 

1939 . Demonstration neuer nahrboden a1s ersatz fur agar. Zentra1b1. 
Bakter. 144, abt. 1: 65-71. 

I . , 5528 7 


	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042

