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Abstract-Chemical composition and rheological properties of agar isolated from Grlitliunl p~q~rtrscer~.s, the agar after 
alkaline treatment, and a commercial agar are presented. The agar and alkali-treated agar gave weaker gels. as 
measured with an lnstron 1122, than those of commercial agar. Xylose, glucose and glucuronic acid in the agar were 
removed together with 86”; of the nitrogen content on alkaline treatment, indicating occurrence of these residues as 
carbohydrate-protein complexes. Sequential extraction of the alga accounted for low yields of agar as losses incurred 
on ethanol precipitation. Acid treatment of the residue from exhaustive aqueous extraction of the alga liberated a 
further IO?<, agar with increased gel strengths despite increased glucose inclusion, suggesting a lack of involvement of 
these ‘contaminant’ carbohydrateeprotein residues in helix coil formation during gelling. 

INTRODUCTION 

The ubiquitous genus Geliditrnz (Rhodophyceae) 
constitutes (w 35 ‘:< of the world’s annual exploitation of 
agarophytes, estimated at 39000 tonnes, with over 40 
species being harvested throughout the world as raw 
material for the 6500 tonnes of agar produced 
annually [ 1,2]. Agar consists of 3-linked-/j-o-galacto- 
pyranose residues alternating with 4-linked 3,6-anhydro- 
x-t.-galactopyranose residues in a repeating linear 
sequence. However this structure is frequently masked to 
varying extents by having the D-galaCtOSe residues 
bearing either methoxyl, sulphate hemi-ester, or 4,6-O-( 1 ‘- 
carboxyethylidene) groups and the anhydro+-galactose 
residue replaced by t_-galactose-6-sulphate or substituted 
by methoxyl groups [3]. This structure would encompass 
most of the types of polymers elaborated by agarophytes 
amongst which are the Gelidiales. Grlidirrtn pu~pu~u.~crns 
(Gardner) is one of the principal members of this order on 
the coast of British Columbia and in this paper the 
isolation, composition and rheological properties of the 
constituent agar is described. 

RESULTS AND DISCUSSION 

Gelidium purpur-ascens on freeze-drying yielded 26.1 y;, 
dry solids of which 17.3 I:<, was total ash and 3.4”<: 
insoluble ash. Hydrophobic and low MW hydrophilic 
constituents were extracted with chloroform-meth- 
anol-water [4], leaving a 78.3 ‘>g residue consisting 
principally of proteinaceous and carbohydrate polymers. 
Determination of nitrogen, 2.13 ‘J/C; in this residue, allowed 
an accurate assessment of protein, 10.4’;;) in the dry alga, 
by virtue of the removal of associated low MW 
nitrogenous compounds on extraction. 

Extraction of the dry alga with hot water yielded 15.7 ‘7” 
agar which on hydrolysis followed by PC (solvents A, B 
and C) was shown to contain principally galactose with 
minor amounts of xylose, 6-0-methylgalactose, glucose 

and a trace of glucuronic acid. Except for glucose, these 
minor sugars have been reported to be associated with the 
agar molecule, however, following alkaline borohydride 
treatment of the polymer [3] xylose, glucose and 
glucuronic acid residues were absent from the products of 
hydrolysis. Sugars in the hydrolysates were quantified by 
GC of the corresponding alditol acetates [5] using 
mannitol as the internal standard (Table I ). Xylitol 
acetate and 6-0-methylgalactitol acetate cochromato- 
graphed on column (b), RR, mannitol acetate, 0.75, but 
were completely resolved on column (a), RR, mannitol 
acetate, 0.66 and 0.57, respectively. A film of the 
polysaccharide isolated exhibited a characteristic infrared 
spectrum for agar [6] with the presence of 3,6- 
anhydropalactose demonstrated by the absorption at 
940cm- I. Composition and properties of the agar 
before and after alkaline treatment together with 
pharmaceutical grade agar (BBL lot 504604) are 
presented in Table I. 

Chemical compositions of the untreated agar from G. 
pu~pwtr~sw~s and the commercial agar were similar (Table 
1) even to the minor inclusions of xylose and glucose. That 
these sugars and the trace of glucuronic acid, detected by 
PC, were not directly incorporated into the agar mole- 
cules was suggested by their removal on base treatment. 
Significantly an 86”,, decrease in nitrogen content was 
also effected by this treatment (Table 1) implying that 
these sugars in the agar were present as carbo- 
hydrate-protein contaminants. 

The highest content of 6-0-methylgalactose correlated 
well with the highest value for gelation temperature of the 
alkali-treated agar and was in accord with the observation 
that increasing methoxyl content results in increasing 
gelation temperatures of agars [7]. Gel melting 
temperature is considered dependent on the MW of the 
polymer [8] thus the 7-9” differential in this parameter 
between agar from the alga and the commercial agar is 
consistent with the marked difference in viscosity (Table 
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I ). These \alues. as comparable n~c;~surcs 01‘ MW. 1\,0~1ld 
suggcsl that the mild isolation pt-wwiure Lwd un the alga 
and the upgrading by alkaline trcat~~~et~t txsulted in 
higher 11 W agar than that isolaled from :he more 
rigorous coninitzrcial extraction nicthods [9 ;. 

In gwcral. the 7.(,-anh~drogalac(use compo~~unt 

prcscnts ;I ~nc’;~sL~rt: of gel \trcngth with lirnw gels being 
ptwidcd b\ 111~2 afarwe niolecul~3 consisting of 15 
linked-/i-o-galaclop!. ~rano~c and I .I-linhcd 3.6anhydro- 
7-I.-palactop> I-;tiiosc rcsidws. the Iattcr forniing 47 “I) of 
the idealiscd strLtcture by \zeight. Where rhe I -galactox 

rwdLtt2h ;tt.c stihslttutcd al Ihc h-position \litli sulphate 
etcr groupa. rhc formalion of lhc corresponding 
anhqclrosufsr can h2 efkctcd by alkali trci~nictlt [il. 
Thus thy agat- from G. /““‘/ll/~‘o.\c’r~,r.\ folio\\ inp alhalinr 
trcatnient ~IJCI-eased in aiihqd~~of;ilactose conlcnt to 42 “,,, 
dtxrc2tbcd in sulphatc contenf to I “(, atid cxhibitcd ;tn 
enhanced $4 \tt-i’iigth ( I‘ablc 1 114 hich \\;I:, mcas~~rcd fr-0111 
force tlcformation plnls. rccordcd 1,~ ;III Itist ron 
Ltii~ersal Tejt~ng Vlachinc. The rt2sLtltin~ lu o-fold 
iiicrcwz in pcl st rmgth \I ;i\ ;tlso acconipanitx~ hq declines 
in pzl dcfot-mat ion and cohc\ioti valuc5 indicating ;I less 
elastic. niorc brtttlc yi ha\ ing au incrcascd degree of 
rtgidit> ITable I). 

Vunicrou\ itJslrLimciils ;Ltid da ice?; ha\c bwn L~scd to 
determine gcI pr0pcrLtcs ol qars anti cart-agcenans. 
cotlscqLtenrI! :I I;tch of Ltnifot-mit! exist5 in the data 
prcscntcd in (hc IitcratLtre. An ob_jocti\ c evaluation of the 
:tgar from 6. ,“,t’,‘tl,‘“,\““,t.~ M ;Ls bawd theref~we on ;I direct 
conipariwn \I ItI1 \ aILK> obtctincd ft~)ni qLtali1) 
bactcriolofical yadc agar undct- standarcltrcd testing 
conditions ITahlc I I. Agar from G. ,,t,,‘ptii’it,\~‘~‘,t,~. ;I.\ 
isolated anti c~etl atier alkaiinc It-catmcnt. pro\cd tnferiot- 
in gel slrength to this cotnnicrcial producl and pro\ ided 
an elastic gel Iiiorc suited lo Ihod indLt\t r-J 11se5. 114 
gclnlion iii\ 015c\ ;tasoctation of chains of doLiblc hclices 
ha\ing all but the 2-h~droxq1 groLtp ~)1‘ the I)-p:~lnctosc 
residue pointing oLtt\~;trd~ from the helix ca\itj [lO]l. 
parlinl ~ttb~tilulton at this position b) residual sL1lph~11~ 
0 w after all\alinc (I-c;tlnicnt ~voLtId iiccoLtnt for the 
inferior gel by prclentin g nornial coiling of tlic asar. No c 
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Table 2. Composition ofacid hydrolysates and properties of the agar fractions isolated before and after acid 
treatment 

Properties Agdr A Agar Ap Agar B Agar Bp 

Galactose, 0o 42.2 45.7 40.6 30.6 
6-O-Methylgalactose, “(, 1.6 1.3 2.4 1.4 
Xylose, ‘I<) 1.4 1.3 1.1 1.7 
Glucose, ‘I,, 3.5 3.2 9.7 11.3 
Gel strength, g/cm’ 24.5 38.7 124 185 
Gel deformation, mm 3.x 3.7 4.4 4.7 
Gel cohesion, mm 2.6 2.5 3.0 3.3 
Gel rigidity. gicm’:mm 4.8 7.8 20.8 28.1 

agar (Table 2) no adverse effects on gelation 
characteristics were evident, suggesting these carbo- 
hydrate-protein contaminants had little influence on gel 
formation. 

EXPERIMENTAL 

Alptrl morwitrl. Gdirlim pwpor~t,sc~r~~ (Gardner) was collected 
on 17 September 1977 at Bamtield Inlet. Vancouver Island and 
stored as freeze-dried material. 

Gcnrrol ntrtltotls. PC on Whatman No. I was carried out with 
the following solvents: (A) EtOAc~ HOAcHCOzHm HZ0 
(18:3:1:4). (B) EtOAccpyridineH,O (10:4:3), (C) II- 
BuOH~-EtOH HZ0 (3:i :I). Sugars were detected with p- 
anisidine HCI [I21 or alkaline AgNO, [13]. Acid hydrolysis of 
agars (25 mg) and algal material (50 mg) employed I N H,SO, at 
100 for 16 hr followed by neutralization with BaCO,. Sugars in 
the hydrolysates were quantified as corresponding alditol 
acetates [5 ] by GC on columns ( I .8 m x 0.32 cm) of (a) 5 ‘I,, Silar 
IOC on Gas Chrom Q (100~120 mesh) operating at 200” with a 
NZ flow rate of 30 ml min and (b) 3 0,I ECNSS-M on Gas Chrom 
Q(lO0 120mesh)programmedfrom 150 (4min)to 185”(hold) 
at 2 ;min. with N, How rate of 30mlimin. Manmtol (I mg) was 
added to the reduced hydrolysate. prior to acetylation. as int. 
standard. Total ash was assessed by ignition of samples of dry 
alga at 500 for 20 hr. and the insoluble ash was determined by 
mcasurmg residual material after hot H,O leaching of an ashed 
sample. Polymeric material in the alga w’as assessed from the 
residue after exhaustive extraction with CHCI,~-MeOH -HZ0 
(2:4:1 I [4]. Nz was determined by the micro-Kjeldahl method. 
Anhydro-3,6-anhydrogalactose content was determined by 
reaction with resorcinol according to the method of ref. [I41 
except for the modified use of synthesized methyl 3,6-anhydro-r- 
n-galactose [I51 as the standard sugar for calibration purposes. 
Sulphate was determined spectrophotometricdlfy usingil-amino- 
4’chlorodiphenyl reagent [16]. IR spectra were determined on 
polysaccharide films. 

ladtrrhr o/qtrr. Dry alga (30 g)was washed with Hz0 (6 x 4 I., 
21”) to remove excess salts then extracted with HZ0 (1.51.) at 
95 100” for 1.5 hr. The resultant mixture was centrifuged while 
hot at 7000 rpm for 15 min and the residue extracted with a 
further 1.51. Hz0 at 95 100”. A third extraction with Hz0 (1 I.1 
for 0.5 hr yielded only minor quantities of agar. The combined 
centrifugate was cvapd to I I. and the agar precipitated with 5 vol. 
EtOH. Purification involved dissolutton of the polymer in Hz0 
(6OOml). dialysis and precipitation with EtOH. For ease of 
handling. the agar was redissolved in Hz0 and freeze-dried 
(4.7 I g). 

Alktrlinr ~re~rmenr of occur. Agar (2 g). dissolved in boiling Hz0 
(200ml). was cooled and maintained at 50” while NaBH, (20 mg) 
was added. The soln was stirred for 45 min prior to the addition of 
NaOH (50”,,, 12ml). After stirring for a further 2.5 hr at 50” the 
soln was neutralized carefully wjith I N HCI and the modified 
agar precipitated with EtOH (2 1.). The polymer was washed with 
EtOH prior to dissolution in HZ0 (400ml) and on evapn to 
200 ml was allowsed to gel. Purification by two freeze-thaw cycles 
provided the alkalt-treated agar (l.lZg). 

/\o/oriort of c)g~r he/ore orttl tr/rer crc,itf II’B~~~I~C~III. Dry algal 
mntertal (2X g) was extracted ( x 4) wtth CHCI, MeOH -HZ0 
(2:4:1. 600ml) [4] to provide residual material which was 
dried under high vacuum (21.7 g; N. 2.05 “,,). This polymeric 
residue I was extracted ( x 4) with Hz0 (I I.) at 955100” for 1 hr. 
Centrifugation at 6000 rpm from 20 min provided a residue w hich 
was freeze-dried to atford polymeric residue II (I I .69 g). After 
reheating the centrifugate to 95”. it was clarified by passage 
through a Sharples centrifuge. coned and freeze-dried to yield 
crude afar A (10.01 g). Following dissolution in H,O the agar 
was dialysed overnight against running HZ0 then freeze-dried to 
yield agar fraction A (888g). A portion (5g) of agar A was 
dissolved in HZ0 (500ml) and 5~01. EtOH added to provide a 
ppt. which was subsequently freeze-drted to afford precipitated 
agar. Ap (2.77g). 

Acid treatment of the polymeric restdue II (1 1.69g) was 
effected by suspension m H,O (I .7 I.) and stirring at 2 I” for 24 hr 
at pH 5. using I N H ?SO, for pH control. Stirring was continued 
for a further 6 hr at XO”with checks and adjustments to pH 5 being 
made when necessary. On cooltng to 21”. the mixture was 
neutraltzed with 0.1 N NaOH and the agar extracted as 
described prebiously. Centrifugate w’as clarilied by passage 
through a Sharples centrifuge then dialysed and freeze-dried to 
afford agar fraction B (7.778). A portion of agar B (1.6Og) was 
dissolved in H,O (160ml) then 5~01. EtOH added to provide 
precipitated agar Bp (0.75g) wjhich was freeze-dried. The 
polymeric residue III (7.74g: N. 4.97”,,) was freeze-dried. 

P/t!~ic,tr/ orto/j~si.s o/’ trgo,s. All rheologtcal properties of the 
agars were measured m aq. soln. (I “,,. w w). Gelation temp. was 
determined by the periodic introduction of glass beads (3mm 
dia.) to a controlled cooling soln of the agar and the temp. 
recorded when the bead just failed to sink. Gel mp of the agar soln 
was recorded when beads placed just below the surface of the 
resultant gel, sank tnto the test soln heated at I”~min. Viscosity in 
centipoise (cP) of the I I’(, soln was measured at 65” with a 
Brookfield Viscometer Model LVF using the No. I or No. 2 
spindle. 

Texture profile analysis was performed on the I “(, aq. soln, 
30 ml of which was poured while hot into each of 3 50 ml beakers 
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(42 x 53mm) and allowed to gel and equilibrate obernipht at 3. 
room temp. with the beakers covered by Al foil. Tcstinp with an 

Instron Universal Testing Machine Model 1172. operating at a 
crosshead speed of 10 mm min. a chart speed of 50 mm min. Rith 4. 
a 1 cm’ stainless steel probe. provided values for se1 strength. 
defol-mation, cohesion and rigidity of the gels. 7he 5. 
load deformation curve provided rheological parameters which 

were defined as follows. Gel strength \+as the max load required 6. 
to rupture the gel matrix in the immediate vicinity of the applied 

load (g.cm’). Deformation \\as the total datance penetrated by 7. 
the plunger into the gel matrix prmr to hurface rtlpturc (mm). 8. 
Cohesion \I:,\ the deformation of the gel swface uhlch 
corresponded to Ihalf the rupture load (mm ). Rigidity ~\‘a$ detined 

ah the load per unit distance required to deform the \tlrface of the 0. 
gel rvhich \\a:, calculated from the slope of the first half of the 
load dcformution curve. providing B measure of the firmness or 10. 

stdl’ness ofgel netrlork (g cm’ mm). Average reproducibility for 
all rheological parameter5 uas \+ithin i X”,,. I I. 
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