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S{ITTMARY

A pror:cdure to determine trre ahs,rute weigrrt average morectrrar wcightand mole curar w'eight tristrihutiott oJ'carrageenans bs,high pressurc aqreoussiztt exclusion ch,romatography couprect with row artgre lascr ligltt scatter-ing is described, Expcrimental parameters ere sacccssiue/"1, rJiscusscd,particurar attenti'n being focusetl 0n the abserrce r$' shear degradatiottduring elution. The distribution curves wcre highry reprrducibre itt timeand weigltt o\erag( molecular weights irttegratetl alcsttg the chrornatttgrantv,ere itr good agreetment witlt static light scattering ,rlrultr. A large tlillbr-encc itt the molecular weigltt range bctvteetn nailve (Jitcttl-grade)arul acidicdegradcd carragccrû, sampres was ,bscrved. h,eight average m()rccurorwetg/zIs x,erc litund tit bc in gootl correlatictn t+,itlt visr:ositlt volucs, Jrtrtlegratlcd as well as unclegrotlecl products. Itisals, slnyvtr that tlter ntc:tltod<lescrib(td can hcrp pc<tprc usittg carragceno,s in prrarmacorogicar studits bs,proL'idittg ittlbrmaùttn tttt thc rcal mttlccnlar weight ctisiilsution tfi' rltctprlducts the1, sr* emplo1ti11g.

IN] ' I tODUC'TION

( )a r ragecr t l ; l l l s  Arc  watc r  so l t rb lc ,  cqr l l -wa l l  po lys lcc l r l r i c ics  t l ru t  c :a '  t rcr rx t ru t : t cd  l l ' r : rn  cc r ta in  rnernbers  o l ' t l i e  Rhoc l t t t r t l r yq :s : i1ç  ( rcc l  scawcr rc ls ) .
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They arc corr )poscd of  a l ternat ing cr ( l  * "  3) -  anr l  0 f  l  - *  4) - l inked r r -gahc,-
tosy l  res idues (Anderson ct  a l . ,  196-5 ) ,  J 'hr r  c lass i l ' i r :a t ion o l '  thesc
polysacchar idcs is  bascd on thc modi f icat ion o l '  th is  s inrp lc  rç :pcat ing
disaccharide r-rnit whicrh can result f  roni the occurrencc of cster sr-r lphate,
or anhydride forrnation in the 4-l inked rcsidr-rc. l f  wc cixsider the threc
usual famil ics, kappa (rc-) and iota (r,) carrageenans contain 3,f i-anhydro-
n-galactose , whereas lanrbcla (À-) carragcenân i locs not (sec l" ' ig. l) ,  Both
K- and t-carrâBeenalls can adopt a three-fold r ight-handed doublc
hc l ica l  s t ructure in  so lut ion.  a l lowing the fornrat ion of  thcrmorevers ib le
gels .  However ,  À-  and othcr  cârrageenâns y ie ld  h igh ly  v iscol rs  so lut ions

K

0

\
^

l)r i r t tary struclu rcr ol '  calr lgecrransFig. I
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that  do not  ger .  wi th  such phys icar  propcr t ies,  câ 'ageerâ^s form awell-known groLrp of food aOUitlu*s.
carrageenans can be used not onry as foocr adcrit ives but arso as d*rgsfor the treatment of gastroduodenar urcers. For this ratter applicatio',carrageenans arc voru'tariry degraded to reduce their viscosity and thLrsfaci l i tate orar administration. viucrr work has bee' devoted to the toxi_cological evaruation of carrageenans. For instance, trrc cNERNA(centre National de coordinit ion des Etudes et Recherches sur raNutri t ion et |Arirnentation) in Francc has recenily pLrbrished a reviewon t l tat qitcstion (causeret et al.,  rgB4) a,r, l  concl"uded that thc resultsare st i l l  i 'adequate to givcr a dcfinit ive ânswer. probrems, i f  any, wil lconcern cssent iary  row morecurar  weight  pro iu. t ,  (M <20 000) .Thereforc i t  is naturar to enquirc whether foocr-grade products containlow morccr-rrar weight compon*rts or not a'd to what exte't .Molecular crraracterization of carrageenâ's is currenry performedirr somc sciernti f ic. rat i ,oratories (Rinaudo et ar., 1g79;Vreeman et ar.,1980;  Nor to '  e t  a l . , l9B3a,  a,  c t l r  indust r ia l  research ccntres.  V iscos i tymeasLrrcnlerts or weright average morecurar weights (by crassicar l ightscattering) are gLrneral ly obtainecl. I lut i t  is clear ttrat in both instancesthe molcc, rar  d is t r ibut ion is  averaged,  and thc prese 'ce of -a l i r ' i tedamount  of  row morecurar  weight  cr ra i 's  may be ouu.u. . , r  by the greaterproport ion of '  rarge morecures. Gor crrrornatog;;;; ; ,  methods rravcsomet imcs been uscd (R.cr ias & l reyrau, t ,  rg ' i ; -à ;eer  ef  a t . ,  Igg4) .Mole cular sieving c.upred with low angre raser l ight scatteri 'g cretectionhas been reccntry  rcpor tecr  (Ekst ro '  e t  ar . , lgs3) ,  For  the f i rs t  t inrc ,ahsolute distr ibution curvcs may be obtainecJ f 'or rc-carrageer'ans, butthe method is  vcry  t ime consr ,* ing,  rcsorut ion is  poor  and assunr l l t i< lnshavc to  be macle about  other  typesî t  carrâget :nans.

Irt the last f-ew years, consiclerable progrcss 5as bce' rnaclc in thcs ize exc l r ts io t t  crhrontatography o l '  water  so l r rb le  polyr 'ers .  . I . 'e  
,sc of .a l t  o t t - l inc l ig l r t  scat tcr ing c lc tccr tor  as a too l  |or  the at rso luter  cha*c-t r r r izat ion or"  û 'act io .atcrd p. rynrers (ouan'  & Kay , , , - t \ i l+ ,  has provcdvaluable i r r  r r r ' r i t t ing a < lcqrer  ins igr r t  i ' to  the r ,n^sotut .  nrorccurarwcight  c l is t r ibut io '  or ' 'orysacchar ic ics.  Exa ' ip lcs incrucre gr , rar  (V i jaycn-c l r ln  & Bonc,  lg l , i4) ,  s iarch arrc l  o thcr  unchargr :c l  po lysacc l rar ic lcs(Sa lc rn i s  &  R inaL rdo ,  |  9g4 )  anc i  xan t l t an  (  L l rn  bc r t  c /  a / . ,  I  l ) g l  ) .wc r lcsc: r i r rc  l rcrc  i l rc  e  r : r r ' i .a t i , '  o I  a  r , , ' r - i r r ty  u t . . , r , r , ,11r . , , r , i  , r , , , , , r . ,t rs i t tg  l t ig l r  1 le  r fbr l l l i t l l . - : t j  i . l ( l t lc ( )*s  s izc e xc l r rs i r , r r r  c l r ror r t i r togru ' l r t r  (s l r ( . )co t rp l cc l  t o ; r  l o l v  a r r t r l l c  l i r s r r r -  l i g l r t  s r_ :a { ( ç1 . i 1 .1g  c l c t cc t t : r  ( L . i \ l _LS l .
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Materials

Attcntiott was focuscd ott two r-carragccnan sanrplc,s I 'ronr É,'uclteunut
spinosuftt (CHC--A, Francc.), herein after rel 'crrcd to as samplcs A and I l .
Samplc A was a natural, food-grade product, wlrcrt-:as lJ was an acrid-
degraded,  low nro lccular  wcight  sanrp lc-

Vari<rtrs trt tdegraded rc-carragcenan samplcs front Lucheuftta cottonii
or Chottdrus crisytus werc analyscd. Sarlplcs C, l) ancl I  yyç1çr purrr
carragecnans sulrpl icd by CIJCA. Relercncc sanrples I;  to J wcrc l ' iver
formulatcd products  obta ined l ionr  conrpet i tors  ( [ ;  and C l iorn L i tcx,
Dcnnrark, I l  and I l ionr CPIr, Denntark, and J l ' ronr Marine Colloids
Inc . .  USA) "

fr ir-ral ly, a cotnparison was madc between various degradcrd samples
f r< lm CECA, e i thcr  comnrerc ia l  (K,  L)  or  p i lo t  p lant  (M,  N,  O)  products .

Chro matographic appara tus

The high pressLlre l iquid chrontatograph consisterl ol thc fol lowing
components:  a  Waters 6000 A so lvent  de l ivery system, a Waters U6K
injector, and a Jr:bin Yvon Iota differential ret 'ractonreter as a conccn-
t rat ion detector .  The whole systcm was thcrmostatcd to  a sc lected
temperature wi th  a Lauda e lect ronica l ly  contro l lc rd water  bath^ Two
columns (Toyosoda,  TSK PW 5000 and PW 6000 (cach ( r0 cnr  in  length))
wcre e mployed wi th  an addcd home-constructcd watcr  jacket .

A Chromat ix  CMX 100 LALLS detcctor  was insta l lcd on- l ine
bctwcen the co lumns and thc ref ractomcter .  I t  was cqr- r ipped wi th  thc
high tentpcraturc acces$ory. l)etector outputs were rrrcordcd by a
Seliarn dual pen recorder. The water uscd was take n l-rorn a Mil l i -ro *
Mi l l i -q  water  pur i f icat ion system suppl ied by Mi l l iporc and was care-
ftr l ly degasscd and f i l tercd thror-rgh Mil l iporc HA (0.45 pnt) bcforc usc.
Samples were f i l tered through mcnrbranes o l 's inr i lar  typc.

Refractive index increment

A Chrotnnt ix  KMX-16 d i f l 'c rcnt ia l  rcr f ' ractot l ' tc t r : r  o l )crat i l lg  wi th  I lc i  Ne:
ô31.8 t t t t r  lascr  l ight  ( thc s i l lne as in  thc CMX-100)  wrrs  t tscc l  to  t lc tcr -
t l i ne  dn /ck 'u r tdc r  t l r e  c r t rud i t i ous  sc l cc t cc l  I ' o r  t l t c  ( i l ) ( ' u r r l l ys i s  ( scc
' l ) evc lop r t t cn t  o l '  Mc thoc l '  ) .
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Viscosity measurements

Dilute soluttott viscosit ics were nreasr:rcd using a conventional Ubbe^
lohde-type viscolrtetcr. The intr insic viscosity was dcducecl frorn the
classical e xtrapolation to zero conccntration. The shear rate was about
1000 s- t .  Brookf ic ld  v iscos i t ies at  30 r .p .nr .  (36 s* t )  were mci tsurec l  tor
degraded carrageenans on 1.5% and 5gâ solutions at 75'cl in water.
A uL adapter  was use d wi th  the LVT model .  Fann v iscos i t ies at  3  r .p .m"
(5.1 s- t1  anc l  300 r .p .m.  (510 s* l )  were measured for  food-grac le carra-
gcenarrs on l '5() i ,  solutions at 75oC in watcr. The Ï lrookficlcl and Farrn
viscrosit ics are cxpressed in ce,ntipoise units.

DEVT]LOI'MI]NT O[1 M ETHOI)

choice of size exclusion chromatography (sEC) conclitions

Al' ter sonle 20 ycars ol '  gcl f i l trat ion using cross-l inkecl clextran gels.
polyacrylarnide gcls or agarose, high resolution packings for usc in
aql leous SEc have becomc conrnrerc ia l ly  avai lab le.  The TSK-GEL,
PW-type columns, havc beren choscn rbr the prc:sent study. They arc
packcd wi th  par t ic lcs.  about  l5  ptnr  in  c l iame tcr r ,  o l '  a  hydrophi l ic
polyr lcr  ge l  conta in ing the group *Cl ï2-cHot t*Cl i2o-  as thc main
corrs t i tucnt  ( l lash i rnoto e/  a l . ,  1978)  and havc a vcry h igh number of
theorct ica l  p la tcs (more than l3  000 p laters  m*r) .  A largc numtrer  o f
appl icat ions have bcen publ ished in  thc past  few years,  for  synthet ic
watcr-solugls polynrers as rvel l  as {br polysaccharirJcs.

The set  G 6000 PW + G 5000 PW was selected l rcc$usc of  i ts  h igh
t t to lccular  weight  f iact ionat ior t  rangc.  A 100?,  recovery level  has bccn
obta incd fbr  carrag, :onans.  At ' tc r  2  yc:ars  oJ 'extgrs ive opr : ra t ion,  no
loss o l '  rcsoh,r t ion has bcen c lbscrve d.

Troublcs c t lcot" tn tcred in  thc SI IC o l '  po lyc lcct ro ly tes havc g ivcn r isc
t r :  a  cons idc rab le r  n t tn tbc r  o l " r cpo r t s  bu t ,  nowtd l ys ,  e rx l r c r i n re t r t a l
t lbstac l t rs  I i lvc  [ rccn s t t t rs tant ia l ly  ovr : rcc l rnc.  Unlcss c l t l ic rwise spcc i f ' ic t l ,
th t - r  rn . icc ted quant i ty  t t tL ts t  be as l i t t lur  as poss ibh-r  anc l  t l rc  so lvur t  ion ic
s t r r r r t g t l t  no l  l ower  l han  5  X  10 -2 r r r .  t yp i c l l l ) ,  | 0 * l  r r  ( l ( i n : rud t t  a t  u ! . ,
l 98 l ) .  As  l t t r  i l s  ea r r ; l gcc l t an  i s  concc rnc i l .  sc l ccT i r . r r r  o l '  t l r e  s i r r rp l c
e lcct ro l l , tc  r rscc l  as c lLrcnt  is  nct t  n t i lder  l t  randorr r .  cs l rcc i l t l lv  so s i r t r " :çr
cv i t l  c t t , : c  l l ' r i r t t  va r i o r r s  p l rVs i c l t  I  l cc l l r i r l r r cs  l u rs  s l r t : vvn  t l r a t  c t t i r . t ns
r r l l e  r ' t  t l r e  c o r r l i l ' n l i t i c l t r  o l ' Æ  l r n d  r - c : l r r  r i r g c u n l l l l  .
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In lbr r la t io l t  on t l l t r  condi t ions Lrndcr  whic l r  hr r l ix -co i l  t rans i t ion l
occUr, and gels lornt, havc cclrttc nrainly l ionr optical rotatiop, cl i l ' l 'ercn.
t ial scanning calorimctry, intr insic viscosity and l ight scattcring measurc.
me nts  (Rinaudo et  a l . ,  1979 l tochas & RinaLrdo,  1980,  1984;  tcr  Meer
&  Burcha rd ,  1983 ;  Nor ton  c t  a l . ,  1983a ,â ,c ;  Roc l tas  e t  a l . ,  l 9B3
Rizzo et  a | . ,1984) .  The ro le  of  thc co-anion has recent ly  bcen rev icwct l
too (Nor ton et  a l . ,  l9B4) .  I t  is  gcnera l ly  rccognizcd that  l r rec isc and
absolutc characterization by SEC requires the total absençe ol '  mult i .
chain aggregation. we have therefore choscn to operatc at 60oc in 0.1r' ,r
L ic l .  Evcn thoLrgh K-carragcenan is  a co j l  a t  25oc (Dr i f ford et  a l . , lg84) ,
elevated temperature condit ions wil l  be maintaincd for al l  carragecnans,
with the aim ol 'standardizing the analyt ical procedurc.

Rout inc ly ,  the f low rate was I  ml  rn in*r .  NaN: (200 ppnl )  was adcled
to t l ie solvent as a bactericide. Injected quantit ie s were about 0.3 rng
(food grade) or 3 mg (degraded samples), according to the sensit ivity
of the LALLS eqr-r ipment.

The f irst chromatograms which were obtained for samples A ar-rd I l
(see F' igs 2 and 3, respectively) seemed promising. A large difference in

Fig.2. l )ul l  r^ lctccior rcsp()nse t 'u l  srrrrplc A ( in. icctcd clr . ranr i tv 0.4 urg).
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Fig. 3. Dual detector response for sample B (injected quantity 4 nrg),

the elution volume area of ùach product was observed in relation to the
molccular weight range gap. The distr ibution cLlrves could be total ly
sepârate, except tbr the low rnolccular weight tai l  of sample A. It
should be noted, however, that the presence of low nrolecular weight
spccies in lb<ld-grade carrageenans has been rcported by other scicntists
(Ekst rom et  a l . ,  1  983;  Greer  et  a l . ,  I  984) ,  making our  resul t  not  sr . r rpr is-
ing.  To the best  o f  our  judgment ,  low molecular  weight  l r roducts
represent a few per cent of the whole (see next scction), br,rt before an
insight into absohtte cl laracterization we l iave to confirnr whethcrr i t
is a true image of the sall tple, or an analyt ical shortcoming.

Testing of method

I t  is  increasingly  bel ieved that  shear  dcgradat ion can occLl r  dur ing SI iC
exper in ternts .  A l though prr - rc ise rcsul ts  wi t t r  water-so luble polyrners arc
not  so I l r ln lcroLls !  i t  is  inrpor tant  to  demonstrate that  c lc ,gradat ion c locs
t io t  takc p lac:c  througl t  thc SI ' - lC tcchni r l r - rc  i tsc l f ' (Quivoro l ' t ,  1984) .  ln
th is  conncct ior r ,  saurp lc  A was in jcctcd at  thrcc l ' low rates,  narnc lv  l .
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0'5 anc l  0 '2  ml  min* I .  As can bc sccn t ' ronr  l ; ig .  4 ,  the low nro lecular
wcight  reg ion was absolute ly  constant .  Moreovcr ,  in tegrat ion of  the
LALLS sigrtal, which gives a value proport ional to the weight average
molccular weight, led to n constant value. If  thc arera obtainecl at
I  ml  min* l  is  taken as a referonce,0.g99 was found for  the in ternrcd iate
flow rate and 1'008 for thc lowest one, which proves thc absence of
measurablc degradation.

Another experiment was pcrfornred to ascertain the presence of
traces of low molecular weight products in sample A. After checking
that the injector was working satisfactori ly, sample A was injected
abor:t l0 t imes in a serics. Elr-rate was collected between 20 arrd 30 ml.
This fractionated material was reinjccted after concentration. Dcspite
â v.- 'ry pronrinent salt peak ccntred on the total pc:rrnoation volunrc,
a signit ' icant dccreasc of the tai l  was noticed, close to t l icr baser l ine (see
Irie. 5 ).

f ; igurc 4 s]rows that the shape of trrc chromatogranr depends on thc
l low-ratc. Confl ictrng obscrvations on the cxtuit to which the rctcntion
volume is  f low-rate dependent  have been repor ted (Mor i ,  l9B4) ,  but ,  in
thc present case, non-eqr.r i l ibrir-un el ' f"ects due to slow polvnrer cl i f fusion

I

Somple A
* Fractron of sâmple A
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: 0 - . 1 0  r n l  l l r t c l i o lI i i g .  5 .  ( ' o r n p u t i s o no l  t l r c  u , l r o l c  s r r r r r p l c  A  u ' i t l r  i t s
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appcar  a rcasonablc  explat rat ion.  WhatcvLrr  t l le  rcason,  i t  is  wcl l  known
that  such a phcnomcnon is  of  no consequencc on the va l id i ty  o f  SI iCI-
LALLS results. Similarly, a sl ight concentration effect has lrccn observcd
on I 'ood-grade products (as samlrle A) but again the accuracy of thc
SEC*LALLS coupling resr"r l ts is not at issue. Neverthcless, the r-rse of the
proposed method without the LALLS detector shoLrld be accompaniÇd
with care when using a classical cal ibration curv(1.

One experimental f 'eature should be mcntioned tor potential users.
A { 'ew ltours are required to achieve system equil ibrium. It 'any injection
is performed lrrenraturcly, distritiution curves nray be: lltorc or less
truncated on the high molecular weight side, thus giving risc to suclr
problems as erroneous results and the possibi l i ty of f i l tcr plugging.

Absolute characterization

Various parameters have been measured on sarnples A and B under the
condi t ions descr ibed above,  i .e .0.1rvr  L iCl  in  water  as so lvent  a t  60oC.
lntr insic viscosit ies were determined to compare valr-res for çrur samples
wit lr those reported in ths l i terature (Karimian, 1978; Rochas ct al.,
1 9 8 0 ;  V r s e n r a n  e t  a \ . , 1 9 8 0 ; N o r t o n  e t  a l . ,  1 9 8 3 a , à , c ) .  T h e  f o l l o w i n g
values were obta ined:

SamPlc  A  [ t ]  =  870  m l  g - t

SamPle  B  [q ]  :  33  m l  g * t

These results clearly dcmonstrate the gap in the molecular weight range
exist ing between samplc A, rerpresentative ol '  fr:od-grade carrageeltârls,
and sample B, re prescntative of acidic dcgraded ;rroducts. The diftbr-
ence in the viscosifying capacity of these two types is wcll  known to
tl te producers. Such rneâsurelnents are made daily, but thc sarne rnethod
cannot be used for both product l 'anri l ics.

Rcfiactive index incrernents were measured under the sanre condi-
t ions. Samples A and B, which are rnainly sodium salts, br"rt contain
other cations, were kept in their commercial form bccause t l te ar"rthors
observcd that chrorlatogranrs (RI and LALLS) rcmainç,d unchangcd
af ter r  removal  o l '  pc l tass iurn,  ca lc ium and othcr  ions.  The fo l lowing
dn ldc wcrLr rneasurcd :

S r n r p l c  A  d n l d c :  0 ' l  l 3  r n l  g - t

S i r r r rp l c  l i  t l n l dc  =  0 .1  l 8  n t l  g - t



Determination of molecular weight distributton of carrageenans + J J

Given the relative accuracy (water content, etc.), we t jeciclecl to con-
s ider  0 '115 to  be a constant  for  a l l  types of  carrageenar ls ,  bas ing i l r is  on
the few data avai lab le in  the l i terature (Kar imian,  l97g;Vreeman et  a l . .
r  e80).

The second vir ial coeff icient A2was determined on sample A using
the cMX-100 LALLS detector as a static l ight scattering apparatus.
Columns were removed and solutions with increasing concentrations
were successively pumped at a low f low rate (0.2 nrl min*r). Results are
shown in Fig. 6. Thc least squares regression analysis leacls to

A z : 2 . 6 2  X  l 0 * 3  m o l e  m l  g - 2

XI*  :434 000 g mole-r

wi th  a good comelat ion factor .  Such an. , {2  va lue is  in  accordance wi th
t l re  s ing le publ ished ser ies of  resul ts  (vrceman et  a l . , l9g0) .

The same exper iment  was t r ied on sample B,  but  d id  not  succced,
dr- re to  the lack of  sensi t iv i ty  o f  the cMX-100 in  the s tat ic  mode.

Retu' i ing to the stic*LALLS coupling, i t  is evident that absolute
results can now bc reached. The most conrnron method of data treat-
ment was used. The axial dispersion correction as recently çrroposed
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l r i g . 6 .  S t u l i c  l i g l t l  s e l r t l c r i n g  c r l l u l i r r r c n l  o r r  s u n r p l c  A



1. . t4 D.  Lecacheux,  l l .  J 'anarut ,  G.  Br igut t t l  ,  G.  I |ar t in

( l f  l r t r i c l cc  c t  i l \ . ,  l c - )81 )  was  no t  app l i cc l  bu t  t hc , ,42  c :on t r i t r y t i on  ( l ( i 1 t
e t  t t l ' .  1982 ;  Mar t i n ,  l - q82 )  was  cc r ta in l y  no t  pç rg t i g ib l c . ' l ' o  enhanc r r
the:  acçuracy ot ' t rcat lncnt  a long the ta i l  o l 'sat lp lc  A,  a  c :a l ibrat ion cLrrvc
was dcr ived l iom A and B over  thcr  r :n t i rc :  rangc o l 'c lu t ion vo lunrc
( l ' r ig .  7) .  Thc l 'o l lowing re su l ts  were obta ined:

Sanrp le A

Sanrplc B

X I u = 1 3 0 0 0 0 i ' I , ,  :4-12 000

XIn :  7  900 Xl"u -  l8  100

T
q
o

J

F ig .  7 .  Ahso l r r t c  e  i r l i l t i ' u l i on  c ru rvc  i r )  e  a r ragce  r ra r r  r r n i t :
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" l ' l tc  
nunrbcr  average molecular  weight  o l 'sanrp lc  A is  not  vc: ry  pr .cc isr l

but  the weight  avcrage ruolecular  weight  is  in  per fcct  ag leement  wi th
the static rcsult and a very satisf 'actory reproclucibi l i ty has becn reache cl,
i .c .  l luctuat ions wi th in  lcss than 31lc  over  a long per iod of  t ime.

A ratir:  of about 25 is again r:btainecl for thcr two sarnlr lcrs. Their
respective distr ibution curves are groupect in Fig. g. They secm to be
each on one side of '  the molecular weight sc,ale , with the e xccption of
thc tai l ,  whoser order of magnitude can now be preciscly statecl:

weight t iaction wii lr  / [ . f  ( l0 000: 0.5%,

weight f iaction with,rtf  { 20 000 : 1.9,,/ , ,

weight f iaction wii lr  / . f  { 50 000: 4.9%

weight t iaction with l l l  {  100 000: lO%

The values are rnuch lower than t l ie results rcrported elsewherc on
another r-carragcenan sample (Ekstrom et al.,  l9g3 ).

RESULTS

Foodgrade cârrageenâns

samplcs c, D and H {'rom CECA (rc-typc) were analysed in the same
way. As in the case of sample A, the shape of the distribution curves
was the same fbr the three carrageenans, with the bulk ol ' the product
in the high molecular weight region and a low niolecular weight tail at

TABLE I
Results on F'ood^grade Carragcenans Supplie rt by CECA

Sample M,, Mw Weight

JTactiott tvith
M < 2 0 0 0 0

lrann
viscasity at

3 r .p.m.

Fann
rtiscrtsit)'at
300 r.p.m,

A
C
t)
l 1

r30 000 432 000
l  l0  000 s75 000
e0 000 340 000

200 000 530 000

| .9,/(,
2.5%,
2.5,1,
7 C /
L ' ( )

250
400
100
300

65
95
3 7
86
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Results on l)cgraclcd
TABLE 2

Carrageenans Supplied by CECA

M,, M;

t r rcrc  l t rve l '  l 'hc  cra l i t r ra t ion curves resLr l t ing l l .orn 1re c lu l l  c le tectorrcs l )onsc were t l tc  sa l l le  as that  lbr  ther  r - ty lxr  ( l r ig .7)  wi th i r r  thr :  l i ' r i tOf'  t-r xperinrr:nta I urr.,r.
The resul ts  obta i 'ed r io ' r  sBc*LALLS arc co i lected i '  . r .abre 

l ,toget 'er  wi t r r  r ;a 'n  v isc,s i t ics .  sampre A is  inc luded too.  I îor tunatery,classif ication according to wcight average molecular weight is t 'e sameas according to viscosity. consequcrntry, difrerences betwc.r sanrpres,seawecd naturc or nranuracturing pro..r, are perf 'ectry crear.Formulated proclucts obtainei froni co'rpetitors were thcn crrronra-tographed in i lreir conrmerciar form (whicri incrudcd i lrcr prese'cc ofslrgar a'd clectr"y,*. Again trrey ai l  e xhibitcd ttr, ,  same typicar distr i-bution (see Fig. 9). The weigrrt uu*.*g. rnorecurar weights were in thcrânge ol '  300000-500000 a'ci the, t iaction with Iw <20000 varieclbetween I and 3'/a. Mare precise resutts cannot be given rrere, due to aIack of precision regarding i lre nature and conce'trat io' of the carra-geenân in  the mixture .
Never theless,  rcsul ts  obta ined c lear ly  ind icate that  the d is t r ibut ioncurves are al l  very sinri lar in shape, thus enabling Lrsers, unless other,wise stated, to quaritat ivery .on-,pur* difr 'ere't  prod'cts by rrreans ofviscosity n"leasure rnents.

Degraded câffâgeenâns

Degraded r:arrageenans were l inal ly compared. Trrougrr the corrmn setused was not  qu i te  su i tab le f fSX-C 4000pW would have bcen thepr'pÈr one), results arc satisfactory. I t  appears fr.nr T.able 2 trrat

Sarnple
M*|M,, n(1 's%) n(.s%)

M
N
o
K
t]
L

2 900
4  1 0 0
4 400
4 600
7 900
ti 000

4 600
8 000
e t00

1 0 0 0 0
r E  t 0 0
2.1 000

0 ,6
0.70
0 .14
0.71
0 .7b
1.0( i

1 " 6
')

l l
/ " .  I

?.2
2 .2
2 . 8

0.t3
l . l
t . 4
r . 5
t . l

- J . t



rnole cLrlar weights and viscosit ies give the same crassi ' ication, in spitc of.the low âcÇtlracy of viscosity n-r.orr,r*rne'ts ( 'ote i lrat viscosity ofwater  at  750c is  0 '5  cp) .  This  is  a  co ' f i rmat ion that  one can rnanagelto choose the right proci,ct for the r igrrt purpose by controi l i 'g theextent  o f  degradat ion.

CONCLUSION

coupling high performance sBc c,orumns with absorute LALLS detec-t ion has afforded â new insight into the molecular weight cl istr ibutionof carrageenans. The existence of a very large gap between ' ' t ive a.cldegraded products is confirmed. All  food_grridc,iunrpf*, have the sarncpeculiar shape, wii lr  a row molec,rar weight tair, acc:or-r ' t ing for about2% of the bulk. As a resurt, viscosity mcasurements are a goocl nrcans ofgaining a quali tat ive comparison of samples.
we are now working to exte'd the method to other polysaccharicres,namely alginates, pecti 's and xanthan gLrnr, which wilr bc publishccl induc coursc.
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