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A B S T R A C T  

The p r o p e r t i e s  o f  a g a r  o b t a i n e d  from 

c o l l e c t e d  a t  Pomquet Harbour ,  Nova S c o t i a  

have been i n v e s t i g a t e d ,  A l k a l i n e  t r e a t m e n t  i n c r e a s e d  

the  3 ,6-anl~ydrogct lactosc  c o n t e n t ,  and d e c r e a s e d  t h e  s u l -  

f a t e  c o n t e n t ,  o f  t h e  a g a r .  F r a c t i o n a t i o n  of t h e  a g a r  

on BEAE Sepliadex A50 i n d i c a t e d  t h a t  t h e  y i e l d  o f  g e l l i n g  

components i s  comparable t o  Di fco  Bacto  a g a r .  However 

t h e  a g a r  h a s  a  hFgh g e l l i n g  tc~mperat;ure,  v i s c o s i t y  and 

e l a s t i c i . t y ,  



I N T R O D U C T I O N  

Agar ,  o b t a i n e d  from c e r t a i n  r e d  seaweeds 

(Rhodophyceae), has  been shown t o  c o n s i s t  s f  a  spec t rum o f  

p o l y s a c c h a r i d e s  a l l  s f  wflich c o n t a i n  r e p e a t i n g  sequences  o f  

Ql-4)-Linked-a-L-galactose and (L-3)- l inked-@ - D-ga lac tose  

r e s i d u e s ,  and which a r e  s u b s t i t u t e d  t o  a  v a r i a b l e  d e g r e e  w i t h  

charged  groups .  There  a r e  a t  l e a s t  t h r e e  extremes i n  s t r u c t u r e :  

(1) e s s e n t i a l l y  n e u t r a l  a g a r o s e ,  (2 )  pyruva ted  a g a r o s e  w i t h  

l i t t l e  s u l f a t i o n ,  and (33 h i g h l y  s u l f a t e d  g a l a c t a n s  (Duckworth 

and Yaphe, 19711, 

The p r o p e r t i e s  o f  a g a r  d i f f e r  f rom s p e c i e s  t o  

s p e c i e s ,  r e f l e c t i n g  d i f f e r e n c e s  i n  t h e  p r o p o r t i o n s  o f  t h e s e  

extremes i n  s t r u c t t r r e  (Young, 19731, The b e s t  q u a l i t y  a g a r  

i s  o b t a i n e d  f rom s p c c i e s  o f  GeLidium ( Young e t  a l ,  E971), 

have a l s o  been used as a  s o u r c e  

06 a g a r ,  c h i e f l y  f o r  u s e  in t h e  food and pharmaceu t ica l  i n d u s t r i e s .  

G r a c i l a r i a  i s  i n d i g e n o u s  t o  khe Mari t ime Prov inces  and ,  a s  t h e r e  

Ps an i n c r e a s i n g  demand f o r  a g a r  ( B i s s e l l ,  3.9721, may have poten-  

t i a l  f o r  i n d u s t r i a l  development, 

The p r e s e n t  s t u d y  i s  an  i n v e s t i g a t i o n  o f  t h e  y i e l d  

and p h y s i c a l  and ci-lernical p r o p e r t i e s  o f  a g a r  from l o c a l  G r a c i l a r i a ,  



The sanlplcs were c a l l e c t c c i  a t  Pomquet EIarbour, 

Ant igon i sE~  Courity, Nova Scot:ia ( s e e  map, F i g u r e  2) th rough  

t h e  summer o f  1973,  Water t e m p e r a t u r e  and s a l i n i t y  were r e -  

co rded  on e a c h  occasi.on (F ig ,  2)- The c o l l e c t i o n s  were re-  

t u r n e d  t o  t h e  l a b o r a t o r y  i n  a n  i c e - c h e s t ,  

P r e p a r a t i o n  o f  P o l y s a c c h a r i d e  E x t r a c t s  

E x t r a n e o u s  a l g a e ,  m u s s e l s ,  d e t r i t ~ s ~ r n u d  and o t h e r  

f o r e i g n  m a t e r i a l  were removed by washing i n  t a p - w a t e r  and p i c k -  

i n g  c l e a n .  Tlie c-lc~,lncti sample was a i r - d r i e d  f o r  s e v e r a l  days  a t  

room t e m p e r a t u r e ,  and f i  n n l l y  o v e n - d r i e d  a t  4 5 O ~ ,  

10 - 20 grns, o f  d r i e d  ~ r a c b l a r i a  were weighed,  

soaked f o r  s e v e r a l  hours  i n  d i s t i l l e d  w a t e r ,  and homogenized. 

atale samples  were e x t r a c t e d  w i t t i  300 - 600 m l s  o f  d i s t i l l e d  

o  
w a t e r  f o r  t h r e e  h o u r s  a t  120 6 ,  (15 p s i ) ,  S o l i d s  were removed 

by f i l t e r i n g  t h r o u g h  a pad o f  g l a s s  wool on a Whatman No, 1 

filter paper  w i t h  a l a y e r  o f  d i a t o m i t e  f i l t e r - a i d ,  The r e t a i n e d  

s o l i d s  were re -ex t rac tc ld  t w i c e ,  



The filtrates were allowed to gel at room temper- 

o ature, The gel was cut into cubes and frozen to -LO C , ,  then 

thawed and the cxccss watcr poured off. The polysaccharide was 

redissolved in distilLed water, precipitated with 3 volumes of 

ethanol, and recovered by centrifugation. The precipitate was 

oven-dried at 45'6, 

Those second and third extracts which did not gel 

were recovered by ethanol precipitation. 

Duplicate samples of the Gracilaria were alkaline- 

treated. The weighed air-dried material was soaked in distilled 

water and subsequently treated with 3% sodium hydroxide for three 

hours at 85OC, The trentcd weed was washed overnight in running 

tapwater and residual alkali neutralized with dilute hydrochloric 

acid (pIl adjusted to 6 - 0  - 7 . 0 ) -  Extractions were performed in 

the same manner as for untreated material. 

Determinations of Physical Properties - 
1, Geblirrg temperature. 

10 mls of n 1.0% solution were pipetted into a 

20 X 125 nun test tube, The tube was allowed to cool at a rate 

0 
of approximately 2 C, per minute with a thermometer immersed in 

the solution. Glass bends (2 mm in diameter) were introduced at 

surface at intervals and the gelling temperature taken as the 

temperature at which the bead just failed to sink. Using this 

method reproducihil t t y  is -C- 0 .  25'~~ - 



2, V i s c o s i t y  

V i s c o s i t y  of  % , O X  s o l u t i o n s  were de te rmined  u s i n g  

a 5 m l  Ostwald  c a p i l l a r y  v i s c o m e t e r  mounted i n  a  w a t e r - j a c k e t  

m a i r ~ t a i n e d  a t  65"@, 5 m l  of t h e  s o l u t i o n  were i n t r o d u c e d  a t  a 

o  
tqmperatu-re above 65 @, and  c q u i l i t j r a t e d  a t  65' b e f o r e  measur-  

i n g  t h e  f l o w  t i m e ,  

The mean o f  t h r e e  d e t e r m i n a t i o n s  was t a k e n  and 

e x p r e s s e d  a s  s p e c i f i c  v i s c o s i t y  u s i n g  t h e  f low t ime  o f  d is t i .1Led 

w a t e r  a t  6 5 ' ~ -  a s  t h e  r e f e r e n c e ,  

Chemical  Ana lyses  

The sulphate c o n t e n t  was de te rmined  u s i n g  t h e  

mettlod o f  Jones and Leeliam (19541, p y r u v i c  a c i d  u s i n g  t h e  l a c t a t e  

dehydrogcnasc  method (Ducitwortlll and Yaphe 1970) , and 3 ,6 -anhydroga l -  

actose iis29ng ~ l i r  mei-bod of Yaphc snd Arsenault ( b 9 6 $ ) ,  

Fractionation of PoLysacchar ides  

The a g a r  was f r a c t i o n a t e d  by colurnr.~ chromatography 

on DEAE Sepllncicx A-50  tickwo worth and Yaphe 1971)-  

1 - 0  pi. oil agar was d i s s o l v e d  in 100 m l s  o f  d i s -  

o  
t i l l e d  w a t e r ,  c o o l e d  t o  65 C, and adsorbed on a  D U E  Sephadex A-50 

(C4-) j a c k e t e d  columzl (4 x 30 cnQ m a i n t a i n e d  a t  6 5 ' ~ ~  The column 

w a s  eluted s u c c e s s i v e l y  v i t h  d i s t i l l e d  w a t e r ,  0.5M, 1, OM and 2.  SM 



sodium c h l o r i d e  s o l u t i o n s ,  Before e l u t i n g  wi th  t h e  nexe 

h ighe r  concen t r a t i on  of  N a C L ,  t h e  e l u a t e  w a s  checked t o  

e n s u r e  i t  was f r e e  of po lysacchar ide  by t h e  phenolsulphuric  

ad id  tcst, (Hay, 1,ewi.s nncl S m i t l l  L965), 

Each f r a c t i o n  w a s  d i a lyzed  ove rn igh t ,  con- 

c e n t r a t e d  i n  a  r o t a r y  evapora to r ,  p r e c i p i t a t e d  with t h r e e  

vohmes of e thano l  and removed by c e n t r i f u g a t i o n .   me^ 

were oven-dried a t  45'6. t o  c o n s t a n t  weight  and t h e  weight 

recorded ,  



R E S U L T S  A N D  D I S C U S S L O P 9  

Pomquet Harbour  

Pomquet Harbour ( s e e  map, P i g ,  1 )  i s  a  sys tem 

of s h a l l o w  s a l i n e  embaynents w i t h  a c c e s s  t o  George Bay v i a  a  

s g n g l e  na r row c h a n n e l ,  A number o f  s t r e a m s  and a  srnal.1 r F v e r  

(Pomqtaet R i v e r )  discl- large i n t o  i t ,  

Because t h e  w a t e r s  a r e  s h a l l o w  and r e p l a c e d  

slowPy t h e y  r e a c h  h i g h  t e m p e r a t u r e s  i n  t h e  summer and f r e e z e  

0 over i n  t h e  w i n t e r ,  Maximum s u r f a c e  t e m p e r a t u r e s  (24  C) were 

r e c o r d e d  a t  o u r  c o l l e c t i n g  s t a t i o n  i n  J u l y  ( s e e  F i g ,  2 ) -  

S a l i n e  c o n d i t i o n s  a r e  m a i n t a i n e d  by t i d a l  ex -  

change ,  b u t  s a l i n i t y  i s  reduced by f r e s h  w a t e r  d i s c h a r g e ,  

S a l i n i t y  i n  May was 23 p . p , t ,  and t h e r e a f t e r  g r a d u a l l y  i n c r e a s e d  

r e a c h i n g  l e v e l s  (28-29 p . p , t , )  approx imat ing  t h o s e  i n  George Bay 

by October  (F ig ,  2 ) -  

Levels  of d i s s u l v e t l  or thopi- lospl~ate  and r e a c t i v e  

n i t r a t e  r ecorded  d ~ i r i i l g  the  surrmler a r c  (as kg--atom p e r  l i t r e )  : 

June 414 

June  2 2 / 7 3  

J u l y  2 7 / 7 3  

S e p t  1 1 / 7 3  

0c.k 2 0 / 7 3  

Phosphate  - N i t r a t e  

0, I 0 . 9 6  

3 , 7  0 - 3 6  

6 - 9  0.4.2 

3 - 6  0 , 3 0  

o, a 0 -  14 



Gracilaria Populations 

The GraciParia in Pomquet Harbour is a Loose- 

lying populati.on associated with eel-grass (Zsstera) beds on 

m;ddy bottom. The plants tend to form hemispi~erical clumps, 

occasionally held together by the byssus threads of mussels 

) the weight of which helps anchor the plants, 

Dense populations were present when the first 

co%lections were made in June, Maximum densities were observed 

in September at which time the plants were lush in appearance, 

and very clean. Collections made earlier in the year included 

much more mud and detritus adhering to the plants. 

m e  population was greatly reduced by October 26. 

Much of itappeared to have been cast up on the shore. 

Associated algae include Enteromorpha, Monostroma 

and C e r a m i ~ r m .  There werc abundant large plants of 

trichia divaricata - and StiLophora rhizoides -- in September, These 

latter sometimes grow as epiphytes on the Gracilaria but werc 

not observed to b~ :abund;int, 



Yield 

The total yields of polysaecharide after three 

0 
extractions at 121 @, are shown in Table I. These results 

seem to indicate that the yield does not vary greatly through 

the sunmer months 

The decrease in y i e l d  after alkaline-treatment 

at 8 5 ' ~ .  is minimal except in one sample (June 4) where only 

14% yield was obtained, This Low yield may be due to losses 

caused by homogenization before alkaline treatment: in the 

ocher cases the seaweeds were homogenized after treatment, 

Yield after alkaline-treatment at 65 '~ .  (3% sodium 

hydroxide, 6 hrs) was less than 50% of that after treatment at 

8 S'C , 

The Gracilaria extracts exhibit high viscosity --- 
T s p  = 14-76 compared to Difco Agar (Lot Number 580019.2 s p  = 5). 

The viscosity also varied a great deal from sample to sample 

(Table 2)- 

Except for onc sample (September ll), the viscosity 

increases after alkaline treatment, This nay be attributed to the 

greater purity of alkaline-treated extracts, 



Gelk ing  Temperature  

o  
The g e l l i n g  t e m p e r a t u r e  of 45 - 51 6. i s  compar- 

a t i v e l y  h i g h  (Table  3 ) -  

Agars w i t h  a  higil g e l l i n g  "cqperaeure  have been 

shown t o  have h igh  methoxyl c o n t e n t s  ( G u i s e l e y ,  1970) ,  However, 

a g a r  o b t a i n e d  from r a  c o n t a i n s  h i g h  6-0-methyl b u t  g e l s  

a t  a normal temperat-urc (38 '~)  (Vapile and Duckworth, 1972) .  It 

seems t h e r e f o r e  t h a t  a h i g h  g e l l i n g  t e m p e r a t u r e  cou ld  be a t t r i b u t e d  

t o  rnetkloxyl c o n t e n t  p o s i t i o n e d  o t h e r  t h a n  a t  carbon-6 o f  D-galactose  

r e s i d u e s ,  G r a c i l a r i a  a g a r  b a s  been shown t o  have a  h i g h  methyl 

g a l a c t o s e  c o n t e n t  (Rong e t  a 1  1969)- It would b e  i n t e r e s t i n g  t o  

d e t e r m i n e  t h e  p o s i t i o n  o f  t h e  methyl  groups  i n  t h e  a g a r ,  

Pyruvie  Acid Content  - 

Alttrough p~yruv ic  a c i d  Elas been shown t o  be p r e s e n t  

i n  a g a r s  from a  nrmbcr of cigat-opllytes (Young e t  a l  1931)  a s  

4,6-0-(1-carboxyethyLidene)-I>-gal:~ctose r e s i d u e ,  no d e t e c t a b l e  

p y r u v a t e  was found i n  t h e  C r a c i L a r i a  a g a r ,  -- 

lacLose Content  

A l k a l i n e  t r e a t m e n t  i n c r e a s e d  t h e  3 ,6 -anhydroga lac tose  

c o n t e n t ,  w h i l s t  d e c r e a s i n g  t h e  s u l p h a t e  c o n t e n t  of t h e  a g a r  ( s e e  

T a b l e  l ) ,  It has  p r e v i o u s l y  been shown (Rees 1961) t h a t  t h e  

e l i m i n a t i o ~ l  o f  su lp i ra te  a t  6 6  o f  2 - g a l a c t o s e  r e s i d u e s  i n  po1y- 

s a c c h a r i d e s  by c i t i l t r  ciitmicnL o r  enzymatic nlethods r e s u l t s  i n  t h e  



foma%i .on  o f  3,G-anhydro-1,-galactose r e s i d u e s  and i n  a n  i n c r e a s e  

i n  g e l  s t r e n g t h  o f  t h e  polysacchar i .de ,  

The t o t a l  s u l p h a t e  t e n d s  t o  d e c r e a s e  w h i l e  t he  

3 , 6 - a n h y d r o g a l a c m s e  t e n d s  t o  i n c r e a s e  i n  t h e  m i d  and l a t e  s u m e r  

mohths , 

F r a c t i o n a t i o n  o f  t h e  Agars an D-UE Sepkiadex A50 (61"") 

F r a c t i o n a t i o n  o f  Agar on DrAE Sephadex A 5 0  (el-) 

y i e l d s  i n f o r m a t i o n  on t i le  g e l l i n g  p r o p e r t i e s  o f  t h e  u n f r a c t i o n -  

a t c d  m a t e r i a l  s i n c e  f r a c t i o n s  e l u t e d  w i t h  sodium c h l o r i d e  h i g h e r  

t h a n  one  mola r  a r e  n o n - g e l l i n g ,  (Buckworth and Yaphe 1971, 

Young 19731,  I n  g e n e r a l  t h e  y i e l d  of g e l l i n g  components from 

G r a c i l a r i a  a g a r  i s  comparable  t o  D i f c o  a g a r ,  

The y i e l d s  a f t e r  frac"cionatFon o f  b o t h  a l k a i i n e -  

t r e a t e d  and u n t r e a t e d  a g a r s  a r e  shown i n  P i g .  3 ,  The y i e l d s  

a f t e r  a l k a l i n e - t r e a t m e n t  c l e a r l y  show t h a t  t h e  s p e c t r u m  o f  po ly -  

sacchar i .dcs  ihas been clianged w i t h  a  reduct i .on  o f  t h e  h i g h l y  charged 

f r a c t i o n  and an i r r c rease  fn t h e  lower  charged  f r a c t i o n s ,  p a r t i c u l a r -  

l y  t h e  f r a c t i o n  e l u t e d  w i t h  d i s t i l l e d  w a t e r ,  The l a t t e r  c o n s i s t s  

e s s e n t i a l l y  of n e u t r a l  p o % y s a c c h a r i d e ,  i , e ,  a g a r o s e ,  which h a s  t h e  

h i g h e s t  g e l l i n g  c a p a c i t y ,  Thus t h e  g e l  s t r e n g t h  o f  t h e  a lka l i .ne -  

t r e a t e d  a g a r  i s  e x p e c t e d  t o  i n c r e a s e ,  

The 3 , 6 - a n h y d r o g a l a c t o s e  c o n t e n t  o f  t h e  f r a c t i o n s  

(TaMe 4) c o n f i r m s  t!lr rcsults of Duclworth and Yaphe (1971) and 

Young (1973) -  7"11ca 3 , 6 - a n h y d r o g a l a c t o s e  d e c r e a s e s  a s  t h e  i o n i c  

s t r c n g t l t  of  thrx el rnate i r ~ c r c , i s c s .  



The s u l p h a t e  con ten t  of  t h e  f r a c t i o n s  can  be 

expected t o  i n c r e a s e  wi th  t h e  s t r e n g t h  of  t h e  e l u t a n t  s i n c e  t h e  

f r a c t i o n a t i o n  i s  based on ion  exchange and pyruvate  i s  extreme- 

Ey low o r  absen t ,  

Gonc l u s i o n s  

A s  mentioned above, t h e  y i e l d  of  g e l l i n g  com- 

ponents from t h e  G r a c i l a r i a  agar  i s  comparable t o  t h a t  from 

Difco agar .  EIowever, t h e  product  appears  no t  t o  be s u i t a b l e  

f o r  mic rob io log ica l  and o t h e r  biomedical  uses  u n l e s s  i t s  high 

v i s c o s i t y ,  h igh  g e l l i n g  temperature  and e l a s t i c i t y  a r e  lowered 

by chemical mod i f i ca t i on ,  f r a c t i o n a t i o n  o r  b lending  wi th  o t h e r  

aga r ,  

It could be u s e f u l  i n  t h e  food i n d u s t r y  and o t h e r  

i n d u s t r i e s  where hi.& viccosi . ty  and e l a s t i c i t y  a r e  r equ i r ed .  

S ince  t h e  n e u t r a l  f r a c t i o n  of  t h i s  aga r  i s  

r e l a t i v e l y  l a r g e  a f t e r  alkaline t rea tment  i t  may be a  p o t e n t i a l  

source  f o r  t h e  p r o d u c t i o n  of agarosc.  

For i n d u s t r i a l  use ,  t h e  seaweed i s  b e s t  c o l l e c t e d  

between J u l y  and September when t h e  s u l p h a t e  con ten t  i s  low and 

the  3,6-anhydragalactose i s  h igh  thus  y i e l d i n g  a b e t t e r  product ,  

A t  t h i s  time of t h e  year  a l s o  t h e  raw m a t e r i a l  i s  c l e a n  and most 

abt~ndant  . 



f ig .  i 

-- 

Fig. 2 

FBg.1 Map of Pomquet Harbour. Fig.2 Sudace waker  

1BemperaOure and salinity at  collee"riag station, June to 

October 1973, 



No Alkaline pretreatment Alkaline pretreatment at 8 5 ' ~  

gms gms 

0.2 0; 2 

FIG. 3 - FRACTIONATION O F  GRACILARIA EXTRACTS OW DEAE SEPTIADEX A-50 



T A B L E  I. 

YIELD, SULFATE AND 3,6-ANHYDROGAZACTOSE CONTEMZ' OF GTCRCILARUI. SP, 

Yield of 
Extraction Sulfate (%) 3,6-anhydrogalactose 
(%> % 

June 4 27 14 4.00 2.50 23.14 23.46 

June 21 24 28 3.40 1.45 19,09 26. 22 

July 27 2 9 20 2.75 1.85 26.54 32.74 

September 11 29 23 2-80 f .85 28.87 32-40 

- - - No Alkaline Treatment 

0 + = Alkaline treatment at 85 C for 3 hrs. with 
3% NaOH. 



T A B L E  2 

S P E C I F I C  V I S C O S I T Y  OF G M C L L A R I A  EXTRACTS 

June  4 

June  21 

J u l y  27 

September 11 

Difco-Bac t o  Agar 

No  A1 kal i .ne  Treatment A l k a l i n e  P r e t r e a t m e n t  

4. go ( L o t  N o .  580019) 



T A B L E  3 

GELLING TEMPERATURES OF G R A C X M X A  EXTRACTS 

0 
No Alkaline Treatment ( O C )  Alkaline Treatment ( C) 

June 4 

June 21 

July 27 

September 11 

Difco-Bacto Agar 36.0 (Lot No. 580019) 



T A B L E  4 

3,6-.ANtfYDROGALACTOSE CONTENT OF D E M  SEPHADEX A - 5 0  F R A C T I O W T E D  
AGARS 

June 

June 

J u l y  

S e p t  

No  A l k a l i n e  T r e a t m e n t  A l k a l i n e  T r e a t m e n t  
(%) (a> 

4 D i s t i l l e d  W a t e r  
0 . 5 M  N a C l  
1 , O M  N a C 1  
2 . 5 M  N a C l  

21 D i s t i l l e d  W a t e r  
0 . 5 M  N a C l  
I. OM N a C l  
2 . 5 M  N a C l  

21 D i s t i l l e d  W a t e r  
O . 5 M  N a C l  
1.OP.i N a C l  
2 . 5 M  N a C l  

11 D i s t i l l e d  W a t e r  
0 , 5 M  N a C l  
1,024 N a C l  
2. SM N a C l  
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