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SYNERESIS OF AGAR GiLS 
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Branch of Conmercial Fisheries 

College Park, Wary land 

The word sY1!eres~s (from the Gr~ek ~ord meaning a dri:l.wing together) 
",as first appli~d by vraham in 1864 to the phenonenon of breaking up of 
jellies 0"\ long standing or. when dist.urbed. Since then it ha3 come. t.o 
mean the separation of any free liquid from a gel regardless of the 
quantity or the cause. Th~ ~uantitl range s fro~ 90 ~3rcent~f the 
initi~l volume with som~ sil i cic ~cid guls (Holmos, at al, 1919) too a 
fraction of a percent for mo~t agar gals. The cavse is still a matter 
of conjecture but the preponderance of evidence le~ds to the view that 
contrac.tion vf the gel due to internal force s drives out the liquid 
(Arsem, 1926; Kunitz, 1928; Liepatoff, 1927; and Muk0ihma , 19~7). It 
can readily be demonstrate~ that external sources of pr essure achieve thd 
same effect~ 

Syneresis of agar gels is of p \rticular interest to tLe bacteriolvgist 
because excessive amo~!t~ of fluid induce the spreading of colonies and 
cause slip9ing of the gels in inverted petri dishes. A means of measuriag 
the extent of this phenomenon; theref0re, would be v~luatle in setti~g 
tolerances for agl:1r t o be used for bl::l.c t03~.' io logical mec.ia . 

When the volume of liquid sytlerized i s consic'l.eraole, it may be 
.meas .lI'ed by puuring it off into a graduated cylindp.r as has been done by 
LieI~toff (1927), Mukoyama (1927), ana Prakash and Dahr (1930). Nilen the 
volume of liquiJ to brl ~easured i~ emall j such procedures do jot suffice. 
Pijper and ' Kr~an (1921) mea8ured the syneresis of ag~r gels b~ p~cing 
~ol\1l!111S of the gel above funnels to catch and mefl.Sut"9 the drip. Aside 
~roJa the obvious mechanical difficul ti.as in h~'1dling small liJnounts of 
liquid in this I:lanner, th"" method i s imprl:1ctlcl:1l because of the abnorme.l 
position in ~hlch the gel is place~. The l~supported column of g8l 
craates cor.s iderable pressure against its~lf. The effect of thi~ pres
sur"" ;vaS clearly dem0nstrated in the followlng experiment: THO g Is 
\Ver~ compared by the f -..u:nel met!lod. One of these gels exhibited 5 n
eresis 10 to 20 tiPleo g!"ea t9r than the other u!lder conditions norml1l 
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encountered when gels are supported in the containers in whi ch they are 
formed. When tested by the funnel procedure of Pijper and Kraan the 
amounts of water exuded were much greater than encountered when the gels 
were supported in their containers and were exactly the same for both gels. 

A technique has been devised whereby the adhering free water can be 
removed from a gel supported in its container without undue disturbance. 
The gel is formed in a flask, care being taken to prevent the formation of 
condensed water by pour~g the agar sol at as low a temperature as possible . 
After t he gel has set the flasks are stoppered to prevent evaporation. The 
free moisture can be determined at any time by washing it out of the flask 
with a heavier, immiscible liquid, such as carbon tetrachloride (saturated 
with water), into any suitable vessel where the volume of water can be 
measured. From five to six portions of carbon tetrachloride of 10 to 15 ml. 
each are used; each portion is swirled over the gel and poured into the 
measuring container. Pear shaped, graduated centrifuge tubes of 125 ml. 
capacity have been found satisfactory (Figure 1.). These are almost com
pletely filled with additional carbon tetrachloride after the washings from 
the gel have been introduced, then are stoppered and centrifuged in the 
inverted position until the water is completely separated. The water, which 
now should be in the nipple of the tube, can be measured from the gradua
tions. The eff icacy of this ' procedure was determined by recovery of water 
added to gels which had been washed free of liquid. The data in Table 1 
show that in half the experiments complete recovery was accomplished, whila 
on the average all but 0.03 ml. wa~ recovered. 

Table 1. Recovery of water added to gels by washing 
with carbon tetrachloride 

Added 
milliliters 

0.10 
0.10 
0.20 
0.20 
0.30 
0.30 
0.40 
0.40 
1.00 
1.00 

Recovered 
milliliters 

0.07 
0.10 
0.15 
0.20 
0.20 
0.23 
0.39 
0.40 
1.00 
1.00 

Average 

Difference 
milliliters 

0.03 
0 .00 
0.05 
0.00 
0 .10 
0.07 
0.01 
0.00 
0.00 
0.00 

0.03 

The factors that might affect the extent of syneresis were studied 
by means of the above technique. These fB.ctors are time of storage agar 
concentration, gel surface area and gel volume, the presence of cth~r 
solutes and the rate at whi ch the gel sets. The precision of the method 
was also determined. 
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A sample of gum extracted from Gracilaria confervoide~, which ex
hibits an unusual degree of syneresis, was included in the experiments to 
increase the range observed. 

EXPEJUMEbT AL P R()Cl!J)UliE 

All the agar sols used in the following experiments were' prepared 
by heating the required amounts of agar and water together in an autoclave 
at 15 pounds steam pressure for 20 minutes. When it was desired to obtain 
an exact concentration of agar, slightly less than the required amount of 
water was used the amount needed to obtain the desired weight being added 
after the sols had been removed from the autoclave. 

One hundred gram aliquots poured into 250 ml. Erlenmeyer flasks from 
agar sols of approximately 1.0 percent concentration were used to study 
the effects of time and temperature of storage on the amount of syneresis. 
All aliquots in a ser ies were portions of the same well-mixed solution. 
The gels were allowed to set at room temperature after which the flasks 
were stoppered. Each series was then divided into three equal groups, one 
of which was held at 200 , one at 300 and one at 370 C. Gels from each group 
were removed periodically and the amount of syneresis measured . 

Gels of 1.0, 1. 5 and 2.0 percent agar were compared to determine the 
effect of concentration. One hundred gram aliquots prepared in the same 
manner as in the previous experiment were used. All the gels were held 
at room temperature for 24 hours after which the amount of syneresis was 
measured. 

Variations in surface area for 100 and 70 gm. aliquots of gel were 
obtained by pouring the original sol into containers of various size. 
Erlenmeyer flasks of 500 and 250 mI. capacity and 150 mI. square bottles 
were used, giving surfaces of approximately 165, 150 and 135 cm. 2 
respectively for 100 gm., and 150, 135 and 100 cm.2 respectively for 70 gm. of 
agar gel. All gels were held at room temp~rature and the amounts of synere~is 
measured after 24 hours. 

Variations in volume with the same total surface area were obtained by 
pouring the required amounts of agar sol into the three sizes of containers 
used in

2
the previous experiment. To obtain a constant surface area of 

135 cm. , amounts of 100, 70 and 30 gm. were pcured into 500 and 250 ml. 
Erlenme2er flasks, and 150 ml. bottles respectively . A surface area of 
150 cm. was obtained by using 130 and 100 gm. of agar sol in 500 and 
250 mI. Erlenmeyer flasks, respectively. These were all immersed in a 
water bath at 450 C. and allowed to cool to room temperature with the bath 
so that all the gels Bet at the same rate. Syneresis was measured after 
24 hours. 
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Cane sugar, Bacto peptone and calc~UD acetate were used a~ typical 
culture media ingr~dients to determine the effect of other sol~tes on the 
syneresis of' agar gels. Separa te sol\,;..tions of each of these materials 
and each of the agars examined, all at approximately 2 . 0 percent concentra
tion, were p~epared. Portions of the agar sols were mixed with an equal 
weight of each of the other solutes and also distilled wat.er as a control. 
Aliquots of 100 gm. were poured into 250 mI. Erlenm~yer flasks , allowed to 
set and stored at roem temperature for 24 hours after which time syneresis 
was measured. 

Different rates of setti.ng were compared as to their effect on syneresis. 
One hundred gram aliquots of approximately 1.0 percent agar solutions in 
250 ~l. Erlenmeyer flasks were (;ooleo a.t the rates attained in a refrigerator 
at 5 C., in an incubator at 200 C., and on the lRboratory bench at a 
t~mperature of 250 C. After having a group from each series set at each of 
these temperatures for an hour, all the gels were stored at room temperature 
for 24 hours before the amounts of s;ylleresis were measured. 

To determine the precision of the procedure to be recommendeu, groups 
of six gels prepared on three successive days from 1.50 percent solutions 
of the same agar were analyzed according to that procedure. 

RESULTS 

It has been noted by Liepatoff (1927), Mukoyama (1927) and Prakash 
and Dahr (1930) that the syneresis of a number of different gels rA8ches 
a maximum. af'ter a period of time. They found t hat thio maximum is greater 
and is reached sooner, t be higher the temperat ure of sto~age. Similar 
results were observed with agar gels (Table 2) where syneresie reaches a 
maximum after approximately 24 hours at temperatures of 300 and 370 c. ami 
is greater at these temperatures tha,n at 200 C. Between 300 alld 370 C. the 
temperature apparently has little effect on the amount of syne4esis. A 
sam'ple of gum extracted from Gracilaria confervoides (North Carolina) had not 
reached equilibrium with regard to syneresis within the 48 hour observation 
period but the rate of increase had been considerably reduced. A more ex
tensive series of samples from Gracilaria confervoides (North Carolina) 
tested by Lee and Stoloff (1946) indicated that gels made from this extractive 
exhibited increased syneresis for periods up to 72 hours. 

The presence of cane sugar, Bacto peptone or calcium acetate in 
solution was without effect on the cegree of syneresis (Table 3). 

The result of increased agar concentration was to cecreas~ the degree 
of syneresi~ (Figure 2). T~e decrease was proportional to the increase 
in concentration between one and two percent agar. and was of approxu,utely 
the same magnitude for the five agars studied. The r€8ult of increasing 
the concentr~tion of Gracilaria gum included in the s tudy waD ten times 
that experienced wlth agar, and was roughly in proportion to the tenaencJ 
of each to synerize. 
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Table 2. Syneresis of gels held at different temperatures for different 
lengths of time 

Syneresis in milliliters 
Temperature in °C.: 20 .30 .37 

Time in 
Sample hours 

6 2.6 2.6 2.8 
A 18 4.0 5.2 4.0 

24 .3.6 4.9 5.1 
48 4.5 6.2 5.4 

18 • .3.3 1.02 1.06 
C 24 .44 1.03 1.05 

48 . 5.3 1.08 1.12 

6 .23 .20 .21 
D 18 .37 .7.3 .67 

24 .46 .84 .82 
66 .40 .85 .80 

18 .23 1.00 1.20 
H 24 .24 1.07 1.45 

66 .6.3 1.10 1.16 

Note: The values in this and subsequent tables and figures are the averages 
of from 6 to 12 determinations. Sample A is a gum extracted from 
~racilaria confervoides. 

Table 3. Syneresis of gels when other solutes are added 

Slneresis in milliliters 
Added Ingredient: Control Calcium Cane Peptone 

Acetate S~ar 
Sample 

A 2.6 2.4 2.8 2.6 

C .28 • .30 • .31 • .31 

D .22 .26 .20 .20 
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Holmes , Kaufman and Nicholas (1919) observed t hat the syneres is of 
silicic a.cid gels varied directly with t he free surface area. Similarly, 
the syneresis of agar gels was found to be proportion~l to the total 
surface area when the same weight of gel was used (Figure 3). This was 
observed with both 100 and 70 gm. of agar gel . The proportionality ratio 
varied from one lot of agar to another. When the weight of gel was varied 
with a. uniform total surface area, no correlation could be found between 
syneresis and physical dimensions, although the variations in syneresis Nere 
in the same dir9ction for all lots of agar (Table 4) . 

Table 4. Syneresis of gels having the same total surfaoe ar ea and 
different volumes 

Synere~is in milliliters 
..:.V.:;o.=lum=e~i~n~m;;.ic:;;.::;ll=i.:;;.l;:;;;.i t ... 9 ...... r-,.:s:;,...:::.......-.. ___ 3 .... 0=--_ _ 70 100 130 

Sample Area in cm. 2 

A 
B 
·C 
D 
F 
G 

D 
E 

135 
135 
135 
135 
135 
135 

165 
165 

.63 

.19 

.08 

.05 

.13 

.14 

2.2 
. 32 
.48 
.3J 
. 27 
.34 

1.5 
.04 
.07 
.05 
.07 
.12 

1.3 
1.1 

.63 

.23 

One factor affecting syneresis more than is generally realized i s the 
rate at which the gel is set (Table 5). More liquid was found t o be ex
pelled from gels set rapidly than from those set slowly. From theoretical 
considerations of gel formation and the cause of syneresis this phenomenon 
should have been expected. The magnitude of the effect, though conSiderable, 
was not uniform for all gels. 

Table 5. Syneresis of gels cooled at different rates 

SJQl~~~sis in milliliters 
Cooling conditions: Refrigerator Incubator Laboratory 
______ ~ ______ __'_(5°C.) (20oC. ) (250 C.) 

Sample 

A 

D 

G 

2.9 

. 50 

.85 

2.5 

.35 

.44 

2.2 

.28 

.26 
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D1SCUS.:>10N 

Since there is no uniform relation between physical dimensions of 
agar gels and the amount of syneresis, it becomes necess~ry to establiHa 
arbitrary conditions for purposes of comparison. The use of 1 0 gm. of 
gel formed in a 250 ml. Erlenmeyer flask has been found convenient. The 
influence of rate of setting of the gel on syneresis re uires tb~ some 
arbitrary condition of cooling be establisbed to give compar tive r esults. 
The use of stor:'1ge tempera turas between )00 and )70 C. d a minimum 
storage period of 24 hours is indictited by the results of tbeae experiments . 

Since these results also show tha t the relation of syneresis to agar 
concentration is apparent~- the same for all lots o~ agar, the syneresis at 
any concentration be t.ween one and t'RO percent is representative of the 
syneresis at any other concentration in this range. The relation ~eing 
between increments makes the exprdssion in syneresis in specific units 
of concentration difficult. For ease in expression it has been found best 
to standardize on a concentration of 1.5 percent from which the syneresis 
at other concentrations in the range one to two percent can be calculated. 

The findings in r03ga.rd t-o the iucred,8e in the amount of syneresis with 
increase in the rate of gelation should cause bacteriologists using forced 
cooling procedures to reexamine the justifi ation thereof. 

RECOMMhNDED WETHOD 

The following procedu=e is recommended for the comparison of agars: 
Prepare agar sols of 1.50 percent concentration by heating the agar i th 
slightly less than the required amount of water in an autoclave at 15 pounds 
steam pressure for 20 minutes. Adjust the final weight to the required amount 
after the sols have been removed from the autoclave. Cool the sols at 450 C. 
before placing 100 gm. aliquots in 250 ml. Erlenmeyer flasks. Place the 
flasks with agar solution i~ a 200 C. incubator to cool without forced air 
circulation. When the gels have set for an hour, stopper and transfer the 
flasks to the )70 C. incubator where they are stored for a minimum of 24 
bours before syneresis is measured. Syneresis may then be expressed in ml. 
of liquid for these particular conditions. 

This procedure makes use of incubator fncilities generally avail able 
in most bacteriological laboratories. Since agar does not set completely 
at )70C., it is necessary to allow it tc set at some constarlt lONer tempera
ture. The precision of this procedura is such that the average of six 
measurements is significant (5 percent of determinations have a greater 
deviation) to within 0.08 ml. 
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A technique is described for determining small amounts of l i luid of 
synerasis. This method was applied to a study of agar gels. The 
syneresis of agar gels resches a maximum after approximately 24 hours at 
temperatures of 300 to 37 C. and is greater at these temperatures than at 
200 C. Between 300 and 370 C. the tempera ture apparently has little effect 
on the amount of synerasis . The presence of cane sugar, Bacto peptone or 
calcium acetate was ~ithout ef fect. Concentr~tion of agar, total surface 
area of the gel and the rate a t which t he gel i s set all influence the 
amount of syneresis. A procedur e for t he comparison of the syneresis of 
gels is recommended. 
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