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ABSTRACT

High performance size exclusion chromatography with murti-angle laser-light scatteringdetection (HPSEC-MALLS) was used for characËriiinÉ rorplere molecular weight distributionsfor a range of commerciaJ-kappa-carragee.nans. weight average molecular weights were foundto be between 400-560 kDa for refiied and 615 kDa foi seml-refined carrageenan wirhpolydispersities of l-.2 -.1.5, and only small (<5 %) amounts of material below 100 kDa. Inaddition solution hydrodynamics have been probed via radii of gyration measuremen[s.HPSEC-MALI-s wai used to follow the depolymerisation effect caused during taboratorypurification of carrageenans by dialysis and freèze-drying. nurtner experiments suggested rhatdepolymerisation was caused by acidificatiol gf *rprruiJg.*ps following exhaustive dialysisagainst deionised water and subsequent autohydrolysis during freeze-drying. It was shown thatcarrageenans in the gelled state retained their associated "i'tions, preventing autohydrolysis.Although' it is considered likely that cation-depletion wourd in general lead to depolymerisationupon drying of sulphated polysaccharides, the levels of cations present in most systems exceedthe levels needed for cation-depletion and consequ.ntry pr.u"nt autohydrorysis upon drying.

INTRODUCTION

carrageenant -".." fa.mily of sulphated polysaccharides present in many species of red algae(1,2)' They find application; in strutturing and stabilising of aqueous phases in numerous foodproducts' e'g' chilled, frozen and for fat replacement. Kâppa,-'andiota-canageenan are highlyvalued due to their ability to form thermoreversible gels iniire presence of specific cations (3-6).The gelation involves the formation of double heliées, from ihe random coil sûate, which canaggregate to form a three dimensional network (6,7). Although the general properties ofcarrageenans are due to their chemical composition, molecular *éignt G'rï) is r,ni*n to affectthe gel rheology, c.g. yield stress and modulus (9,10), and is likely to influence applicationperformance' Like aJl naturally^occurring polysaccharides, carrageenans are heterogeneous withrespec t tomolecu la rwe igh t ( l0 , l l ) .  wenowrepor t theuseof  h ighper fo rmances izeexc lus ion
chromatography with multi-angle laser-light scartering derecrion (HpsEC-MALLs) forcharacterising complete molecular weight distributions fo, u ,unge of comnr ercial kappa-carrageenans'  Some attent ion wi l l  be paid to the reproducibi l i ty of  the sysrem and the specif icprob le rns  caused by  the  presence o f  n r inor  quant i t ies  o f  low Mw mater ia l  (<  100 kDa)  whenrusr r rg  MAI_L.S de tec t ion .

Add i t iona l l y  we repor t  tha t  tb l l t lw i r tg  labr l ra to ry  p t r r i f i ca t ion  < t f  kappr t .car rageenap by  i l ra lys rsItgair tst  c leior l iscd i ' " 'ater at l t l  strbseqtre r t t  l ' reeze clrv ing, a clc i : l i r rr :  an<l in s. ,rrre- instr i rrccs, corrDrcrc
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N4EI -HODS

Matcr ia ls
comrnercial  (kappa-)carrageenan stabi l isers used were: Genulacta Ll00 & K 100 (exHercures ,  uK) ;  Gp 4 lg  (ex  FMt ,  USA) ;  AubyGer  MR 501ex sanof i ,  F rance) ;  Sherex  610 andsemi-rerrned carrageenan Sherex IC l0ô (ex Quest tnternai ional,  I reland).  Al l  water used wasHPLC quality obtained from a Miil ipore yil i-gpryr ,ri i  lr.r ir*ce )r8.2 Mecm) finalryfi l tered through a0'22 rm !]!er Diafysis rubing tLlÏÏ i ir.r.| i .o.l with acut-off of l0-14 kDawas purchased from Fisons (uK). The ireeze-drier equipment (vir,i, r'r...ernobile 25 EL(usA)

iiif.yjii'r'ilï,TJ,j:? ijtilfi:#î 
pump 1Ge'manvvv *as running ar a condenser remp

carrageenan solutions (0'3%.*rug*,un.ylw) were prepared by dispersing the carrageenanstabiliser in 0'l M Licl, heated afÈr swelting'u, roJ.,.iJ,'ip.*ru." untir boiring using a
iï:iJff-il:3,"ïli'î'# f:l lï:çi ",6 ;"5 ;;;i;;. iii"., whatman) rhe reheatedsampre was injected hot (200 pL) inro,i" "r''o'n"[ilili'rJË,i; ;;ïr'ï#:"'ff";ifft#hydrodynamic volume by high-pressure size-exclusion-chïornaiograptry (HpsEC) and molecularcharacteristics were measured on-lineusing multi-angle taser-tigrrt scattering detection (MALI-s).The HPSEC-MALLS svstem consisted i " ciir;n";Ëë;,itro (moder 305) connecred ro anon-tine purse dampener, Rheodvne injecrion ";i";ô;;;"ri;;and on_rine high pressure firter(2 Pm' Anachem)' sep-aration oithecar.ageenans was achieved using Anagel-TSK irw*rc+000,c5000and G6000 co,r-u1ns in series 17.! x 300 r;,-À;;JËr), in combination with aTSKPWxr guard column (6'0 x 40 mm). TÀe column, ,^r"." "lrt"Ji"irr, fi ltered (0.02 ltmmembrane(Anodisc 47'  whatman)) and degissed 0. lM Licl  u,  "  no* rate of 0.5 ml/min. For on-l inelight scattering detection a DAW-N-F MALLS pt otor.ti, qwyatt Technology, santa Barbara,California) was used equipped with a F2 flow .ir r": i.âr àtij, a high temperarure read_head,and a He-Ne laser-right source (À : 633 ;r, ià.wi i,i"' ioaH detecror, on_rine firrer,tubing and columns were thermoslated at 60oc. r'o, on-tin"'iurpr. quantification a waters 410differential refractometer was used, thermostated at 40oc. The data were accumulated andprocessed using Astra for windows@ 4.0 BETA ..1""r.-roftr"....

Prior to the measurements, the DAWN-F MALLS pr,oto*"À, was caribrated and normarisedusing filtered (0'02 p.m membrane (Anodisc47, whatman)), Hpr-c quality toluene and shodexP20 pullulan shndard (23.7 kDa, tui*t.rf-Nrgte, c"r,nani), respectivery. The performance ofthe sEC-MALLS system w-as checked using 
11n9no'-oirp.rrâ SnJdex puiluran standards coveringu *ld" Mw-range (from 5.g kDa up ,o iOOO kDa).

Two important parameters needed to obtain accurate molecular weight information are therefractive index rncrement (dn/dc) and second uiriat .o.in.i.r-ùrl rhe dn/dc is necessary fordetermining the absolute quantit ies of materiar eruting at Lch vorume increment. Thisinformation is needed for détermining the weight fractiois uni ro, extraporation oF rhe righr-scattering data to zero concentration (Zimrn-plot;. A2 describes the interaction/forces betweenthe solvent and the polymer chain. I f  the polym.rlsol ient inteiactions are large the polymer coi lwil l  expand and the solvent is considerei goog (A, is posit ive). I f  the solvent is poor polymer-polyrner forces dominate causing the polymei ciain to col lapse either inter- and/orintramolectt larly This parameter is especial ly important when using poly-electrolytes whererepuls iVe forces p lay arr  impor tant  ro le .  A2 is  i rnpor tant  when calcu lat ing absolute nro lecular
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weights by def ining the slope of the extrapolat ion in the Zimm-plot f rom known concentrat ionof polymer (obtained from RI measurement and dn/dc) ro zero concentrat ion ( l3, la).  The dn/dcused for kappa-carrageenan in 0. lM Licl  was conf irmed to be 0.115 in agreement withpubl ished data (11,15).- fhe A2of kappa-carrageenan in 0. lM Licl  (at  60"c) was taken fromli terature as 2'62 * 
J0'  

mr-tnot ig2 i i r ; .  As shown in Table I ,  omirt ing Az (Az: 0) whencalculating Mw tra'nslates the calculated u"lr", towards lower numbers. The deviation seems robe most related to the amount and somewhat to the size of materiar present.within a solvent system the polymer-solvent interaction will vary with the polymer used.This is especially true for the cariageenan family consisring of kappa-, iota, and lambda-carrageenans which vary. in char-g-e density. Each fâmily *"rî., wiliinteract differently withthe solvent used, giving rise to_different Arvalues. For.ârrug*n- samples containing mixturesof the different carrageenans the measu.â u* will conseq"Àtly deviate from the ,true, Mwof some of the individual molecules.

Table I. Effect of concentration of polymer and second virial coefficient(mlmol/g2) on rhe measured Mw average (kDa) by MALLS (percentage

*iii':i,:l l-_"1:::i:1.^puo re991d.ed irom indiviàual slices through thev s  r r . .  v u S t r  l r lHPSEC elution profireof Sherex 6r0 in 0.r Mr-icl at 60"c (see Figure l).
Elution Volume

(mL)
Concentration

GlL)
Az  =  0  A . t  : 2 .62  x  l 0 -3

t7 .0

I 9 . 0

2 t . 0

23 .O

2s.0

0 .36

t . '78

2.04

t . 3 2

0.57

985.8

600. I

400.3

239.7

164.l

l ,  I  18 .0  ( l l . 8To )
793.4 (24.4%)

497.7 (t9.6%)
2s7.0 (6.7%)
167 .2  (1 .8%)

Autohydrolysis experi ment
carrageenan (l'69 or 169 of sherex 610) was dissolved in g00 mL boiling Milli-Q warer,divided into 100 mL al iquots-and dialysed against Mi l l i -Q water at 4"c. Afrer 0,24,4g,72,96 and 168 hours a sample of each concentrition was rem-oved, the pH measured, and dividedinto two, approximately equal portions. One portion was freeze-dried, the other adjusted to pH8' heated to dissolve--thè cirrag.nun anà precipitated in z-propanol (IpA) at a finalconcentration of 7J% IPA' The 0.2% carrageenan samples had to bè concentrui"a uy rotaryevaporation prior to IPA precipitation to obtain a rècoverable precipitate. Mw,s of thecarrageenans recovered were measured by HPSEC-MALLS "r dËscribed previously.Addit ional ly sodium, potassium, calcium, magnesium, sulphur and carbon levels weredetermined.

RESULTS AND DISCUSSIONS

H PSEC-MA LLS of kappa-carrageenan
Using HPSEC, polysaccharides are separated according to their hydrodynamic volume. The

hydrodynamic volume is related to the extànsion of the poly:saccharidechain and hydration shell .
The amount of chain extension of a l inear polysacchari ie largely depends on the polymer-solvent
interaction. Thus by changing the solvent condit ions HPSE-C irofi les can be nranrpulated. The
eluant  condi t ions used,  0.1 M L iCl  a t  60"C,  were chosen to prevent  aggregatron and hel ix
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Molecular weight distribution of carrageenans

Figure 3' Mw distribution curve of sherex 610 .""#i""i::'#;frï" dara given in Figure 2.
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forrnarion of rhe kappo-carrat. .nunr_Ly:rng J{?-SEC (10),  ensuring that Mw,s of individuar
:fJï:,i:r-ieasurecr 

onrv. using ,n" g],"-"1 Hpsec.",)ril"rr"ntiauy ar carraseenans erure inc r ear r y s h o w s, n i,l^ : :ji : iï'JË :_'.:."ï :ili:,':lï, f,:. i" .îï"S Ii m: U ;î f r, #towards higher retention times. rnis tîr .*.h;;;;r;;Ë Ëi"r (at approx.lô.;;i" erution time)before the total volume (v,). For..*g".nun samples which do not contain added sugars a RI_peak' sometimes negative,.can still be obser";;;;ï,.'NI "u.uot,ydrate was detected in thisfraction by colorimeiric assays unJ i, i, assumed that tiris Rl-peak is caused by dissolved air orsalts co-injected with the cariageenans. Due to th;;#; of any ".r"g*n- in rhis fractionrhe v, signal wil be omitted ir'rrirr. carcurarions ;;;;g*nan parameters.These molecular parameters.un u, o.t.rrln-J;{tiiî;îr:"suring 
the angurar dependenceand intensity of scatterg! riq,rrt at preset inrervars by MaLÉ. Due to band-br;adening, caused

ll,jij[î1m#1^Tll;{t"'iôn" porv**r,*ii"r-J",i"g from a HpsEC corumn ar eachmeasuredo***iJi,Tlniiliil#:'flî',.,#i:i:*ïiy;ï,J:ffiitkïf,f 
:mjMw vs elution volumé' Figure z tho*r the HpsEc-nr-tiu", of sherex 610 stabiliser withoverlaid the Mw measured in each volume in.r"r"r,t. ni;;*, rerationship between I_og Mwvs elution volume is clearly shown *n:l "".r"'ù"î",Jï; ,.p-"rion power of the HpsECsystem used' At the exh'emes a scatter of the il;;;;n'i"" ,""n. The scatter at rhe high Mwend of the distribution is caused by the uery low amount, oilr"t"riur.present, making the systemtoo dilute to be measured accuraiely- Because only a minute quantity of the total qurageenanpresent is involved no action is tatien to correct ior the errors made. At the row molecurar-weight end the problem it ,not" utu'". tu. to the ;;*" of right-scartering the measuredRayleigh scatter incr-eases proportionallyrvith particie;;:;r, the MALIJ derecror is muchIess sensitive to small rir.ir rororiJ."nr" "fil;;iïàJ" u9 seen in Figure r, where rhelow-molecular-weight tait is ouservJ in the nr ou.t'turî, uy the MAtLs detector. Thecombination of low sensitivity "na mino, amounts are the ""ur" oi Ûre oeviation-in'it " tinerityof the Mw's measured in the iow rnor.ur*_*11g,r', t "g"ffioï. < r00 kDa; Figure 2). It wasobserved that the Mw's measrrJ;;;;;enerany ouJ"riiÂ'uied. This was presùmabry causedby minute auantitill-.of impurities;',- ê-g. dusi, convection 

.str;ation, etc, resurting in anunderestimation of low molecular weigit material.'Usin! ;roîo,_Oirp"rse 
pullulan standards thelinearity of the HPSEC tyrt"r *"r'!ràurirr,"o a"*"'i"'ïlôO Da (resurts not Jown). Thislinearity justifies linear Éxtrapor"tioiîo- ;. M;;#: As given in Tabre rI, rinearextrapolation increases the amount of low-molecurrt *"igit ,.iur".t"r accounted for, from r.gro

ï:;."' 
and inc.ases the reproouciuitity in a oàr"ii"'ïui, r.orn a deviation of r30vo to

combining the RI and MALL' data a weight fraction vs av€rage Mw prot (Figure 3), i.e.molecular weight distribution prot, t- ù constructed and the Mw average can be carcurated.The reproducibility of the gpiec-rtanr-r-s sysrem r,"J;;;;sred by multipre injecrion of rhesame sample on various days. The accumulatâ r"r"i;;;;"ià ,n Table II. The values for thenumber average morecurar weight (Mn), 
f.iqi,1ru"."g. ,nJt'*îrar weight (Mw) and z_average

ffi"i'liii'#tiï)"",*tît"t:;;ff - qn a"tiîin rol-iir".1"n, ,i", îr,J*p,oducibiriry
when p,ti.r,, r,uue a pri ncipar,^o,n llï,ji::ïtrJJ:îïlî,il11î [HX**d wi ththe hydrodynamic volumej largêr than c uzï "i tr,."**.ilii,n (À) of the raser-righr sourceused for the right-scattering rârur"r.ntr,,,t,..ir,"lrr,v "i'i"uta, has an angurar dependence(14'16'17)' Making use àr.tn" turt i-unÀre detection'"f ,r* 'rraaLLS system this angurardependence can be measured and directry rerated to tr,. ,ir., j.e. radius of gyration, of themolecule' In Figure 4 the radius orgvÀiJn is prorred "g"i^, ir," weighr fraction, showins rhat
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Table I I .  Reproducibi l i tv
col lected from six individual

dAtA Of HPSEC-MALLS
separation s

system. Data

; 7o Error
Mn

Mw

Mz

Peak Mw

% < 100 kDa
[Ex*rapolated]

M w / M n

290, I g0

415,200

562,530

384 ,130

1 . 8 3
[6. te]
1 .48

9,940

8,690

14,690

15,240

2 .38
t0. l6l

0.046

3 . 6

2 . 1

2 . 6

4 .0

130
12.sl
3 . 1

the radius of gyration-of carrageenans in.the solvent system used ranges from ca. 70 nm tobelow 30 nm' Although particlei wiÛr a r.a15 orgyratioir silË, rhan approx. 30 nm courd norbe measured (À : 633 nm) the .to.r nior.piguË+î;Ïil;.3 indicate rhar only a minureportion of the qurageenan population is not accounted for. ôonstructing a double làgarithmicplot of radius of gyration-ti, u""rag; M* a shape ru.ioi "- be determined. under theconditions used this vflue.!s-uppto*."0.+5, *hich^inaicates it"r rt" carrageenans are in arandom-coil conformation (r6),-as *ourd be expected ili}; sotution conditions.

The molecular weight oisttiuutiôilEr.u"iaiorrililt, ,efined carrageenan stablisers
ï:',itil:i:i:T *:lî:l:1Yl:.::: 'u",isu19o;;r;ilJipsEc-MA'-r-s sysrem ou'inedabove - Ret evan t m or ec u r ar puoill"È" ;;:"iË,:i"ii'JJ ;i":;ïf ffi ,:t ïf :;i",Ïid.istribution plots (Figure 5) were construshown in rifurJare, especiary when dlil,ï:::"'J"î'f,r"1;,îr::ilï**"::ltll':l:
been used for the produètion of ttre u"riori stauilisers.'ihl simirarity is also reflected withrespect to the Mw average' with the lowest for Genulacr" xtoo 1+t0.6 kDa) and the highest forAubyGel MR 50 (557'5 kDa)' These-Mw averages fo, Lrageenans correrate weil withpublished data (10' 1l)' As shown (kappa)<.urageenan polymers give a narrow molecurar-weightdistribution with minute amounts àrr"ry r,igr, "i_.r*ri"1:r,J"igîir"r"rial ( > 2MDa) and a minorlow molecular-weight 

Ft' Ih: porydispersiu {Mw/rrrnl oi fit""rrageenans was found ro varybetween l'23 (GP 418) and r.+o'tst"i"x 610). A higher Mw/Mn value does however norcorrelate with the presence of larger amounts of iow-moËular weight material, as seen in TableIII' As given in Table tII the lowlmol;;ht weight tair founa ioi aII carrageenans accounred forless than 4'5% of the.total c:urageenan moiery, and no *.t.ii.t with a Mw (40 kDa wasdetected (see Figure 5)' Mw distributions and tvtw uurrug", àicommercial carrageenans mayvary between batches due to variations in the nutuiJ'urgJ source, induced by seasonal,environmental and/or post-harvesting effects or by variations in process conditions.Recently, a new' less processea kappa-canageenan stabiliser has been introduced to themarket' This stabiliser is made using a'solid-statJprocerr, in contrast with a solution processgenerally applied' D-uring this process the algal celt-witt integrity is maintained and thecarageenan is locked into the helicù/aggregated state. Restraining the chains in the orderedform might be expected to stabilise the clirageenan molecules and make them more resistant todegradation' thus minimizing depolymerisation. From this serni-refined carrageenan, also called



144

o)
o=

È
!
c
.e
o
e

lJ.

E
.9,
o
3

R A Hrtffrrann et al

GP 4I8

AubyGct MR

Gcnulrcb K 100

Gcnulrctr L 100

Shcnr 610

1 . 0 x 1 0 '  
1 . O x l O 5  

r  r r r r r  L '  I  t  r  r r r r f

1 .0x108

yfrrr rr i-+_l, .--. ,  Morearrar weight 
r.ox10,

Figure 5. Mw distriburion c.urves of some commercial ii;:rHtLeenan srabilisers measuredusing HpSEC_MALTJ ano eruteo i;ôl î LiCl ar 60.C.



Molecular weight clistribution oif corrageenans

1.0x105 1.0x106

145

o)
o
o

u
c i
o'{=
C'(U
L

LL

.C

. o 0
c)

1.0x104
1.Ox1O7

Molecular Weight
Figure 6' Mw distribution curves of two commerciar, refined (sherex 610 and Genuracta L 100)ili'iËî"":,iJ1iî:'; jnffig;Ë#i";;ii",,measuredusingHpsEC-

Table III. Number-. weight- and z-average.morecurar weights, 
ryaf tvfw, porydispersity

:trJ,#l 
weight p"""nËil ;;;J:'r00 kDa or,";;;; erciat (kappa)-carrageenan

refined
CP 418 AubyGel

MR 50
Genulacta

K 100
Genulacta Sherex

L 100 610

semi-refined

Sherex
IC 109

TSherex IC t09

Genulacta L 100

Sherex 610

Mn"

Mwa

lvlza

Peak Mwa

Mw / Mnb

% < 100 kDac

408.9

502.3

610. I

477.7

1 .23

0 . 1

4 1 1 . 5

557.5

707.7

530.9

1 . 3 6

2.2

303.4

410.6

542.6

368.3

1 . 3 5

3 . 0

325.5

444,7

582.0

401.0

t . 3 7

4 . 6

357.2

52r.6

680.2

467.4

t . 4 6

2 . 0

481.0

614.2

735.8

675.4

t . 2 8

t . 2
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Philippine natu:l grale carrageenan, refined material can be produced by hor water extraction
and filtration' jlpTlling trtt t-ttt"*,.nun from insorubi" urgai ceturose lra;-. tn 'igure 6 Mw
distribution plots of She;"- ic ib;(semi refinedi, tË;; 6r0 (refined ,.'à.1rr from sherex IC
l0e) and Genuracra 

1 r oo -L-giâ j.rn,.r, I" h;É;;;;.of the ,rri_rrnn; iroouct compared
to the refined material t- u" !.r".'rt i, ,rriiii, ,înî#J o, the rrigher t'rïirio*n in Tabre IIr.
The slightly narrower Mw distributro.n.ortrre;;j;;:d 

carrageen- ,.rn-in Figure 6 is arso
captured bv the low Mw/Mn "Ju""or r ,,i a'"ËËuîl'Ïr.,r," ù* oirolùriion snirts ro higher
li#iî;ïff'trJ:tiffj: 

'-. visibre- Ài,i,",ei, the carcurated u,noun,, or materiarrai'Iissti"detectedw"'p*î"Ë,tËË{:li:::ïHi3,*wni;ïrrr#,îL'*
:i:::trffifËi:i1 'r,'" "",r"îiryi1{tî;#; lïl.ur., determined ror rhe commerciarporvsi""r,a,iË:':ïi',Iffi ;# ?"f i,îî'il;;ï" 

averase Mw round ror orher naturar
Kappa:carrageenan au tohyd ro lys.jil

:p1i:TJiiJii' 
or'*'a nu: ?Tn used previorrr,Ij:l:"l,j.orrg rragmentation, withconversion or-il" 
specificatly the 3,6-anhya.giu.toi. rinr."g. (r3). This ias achieved by

Ëu*:hl'iruffiin.trïr-ff '::#",iii'î,fi .jÉlrinirure'.i."#:iT
i:i:isi,r:J,1i,::':rî;iïÏ"1,-,:i::::i,:fd;ry;î#:i:d;i:;iË""fi .rîîTffi :concenrrario, rrii iiifii':ï:ï:ij;rrdr?,î-,f:î,F,,î,ïî,$n:ïJ,**$j 

ï""i|:ilî:warer over a period of 7 days,-;; ;;ô, ana ariquots;";;^;o"èred at srt interiuts by fræze_
drying or IPAPreciPi'utionlià'n'*lo 

lon r"J.r-rî"* riri,*ed and the Mw averages of the
recovered carrape€nans.were rd;+ using nnieô_*rîîrs..os shown in Figure 7, in rhe
'l4i;î:#nuu'lrh;#ifi.t,$;iiiT;:r""=,r,",.",,,Jtimeperioorhis
0'82vo w/w (orcarlaglenan) and rrom'6. +trfli î.si,t, ffi:ËrË.,,.#,îf*î,;*,rrr,#iIevels (19.2 vo w/w)."crr.riâ,i'e iil'rno,", p".;.;;;;;riJ,",carion (N;+, K+ and ca2+; to
sulphate' it was found tr'ut ptoroieJjiuryri, or ,i"oiirî'"îrag_eenan sorurion against deionisedwater deplered the canageenan ËÀ _,*TX or cationsT . rynlto _ .*"_àrr_Jr sulphate 1c.
57o) within 22 hours ,eaèhing ,. 6ù,\nr rot rrouisî;rr,, consisrent *iir, ,r,, ouserved pHdrop (Figure 7) we presume ihat the "-i:i:i:rtrrr" r.-îilr'l;q in the acid r*r.-Ér.rr"_dryingof the solutions caused 

1 1e"in"-il"* r" rhe averagé nr* "i the-carrageenans present once the
pH of the solutiont rt"o otËppJî.Ëin"ut.ut. wr,Ë, "dliios tourrt'yririt" arkarine pH:t{i:îtilfj#3ï""9'*"pn-8,-ù!i"re recoverins urËr*àgeenan by rpA precipitation onry

Th " **pr", Lï g ii!'iâ,{T1î:.,,Ç=-,." ;; ;;l i " r,n^i s tu bi n g and onry startedto show a pH declin" "rËt zz 
'rtt'Ëai;y.ir. 

n.Lîri"î ï"""""rrarions revelred off after an
initial drop during ,r,. niriz iàiîfii:, , s.4v" w/i1, *r,'r, sodium tevels conrinued iodrop to the same level as found r"iiirr i.zr" "*^.g;;;;il"" (o.7gvowlw after 168 hours).calculating the percen'age cations ,o .uipt,u," ,r,"*"Ji,.iîi!ni" the firsr 2+ houis of dialysisthe excess of cations dim-inishes ri* irr,i initiar ,. ï,i'rî i 

's%, 
,.ahing equimorar amounrsarter 72 hours' Prolonged.aiarysis lrËd'.rrours;ililî;removed some aàditionar carions,:ïi:;;"t:;?,';'.','#l;:*t:*i;fnf, 1l;r '^il,,î,'.," *"",nt the potassium serectivity

ffi,J,î;:,,,H;";,, No Mw ro,, di,[i,ïJîïr:l ff::]:îJ:, 'lîîiï 
;i.frîâ*



Molecular weight distribution o1f corrageertons
I  n 1

Average Mw (Da)

500,000

200,000

100,000

150
Dialysis Time (hrs)Figure 7. Kappa_carrageenan

extensive dialysis at 4.t and
autohydroly sis at O.Z To w/v carrageenan concentration aftersubsequent freeze-drying. 

--o-vr'*'| v

*,r[lï",.:;:îî:',"lt"T:fcate 
th.at (kappa-.)canaseenans in the non-gened stare undergo carion-thii pH ;,"; ;;-":ïi'liÏ;jjJ'llil"":"tt'pn '9 o.op. À1 tr,"-aiary,i, i",Ë-.utu." r+.clcarraseenantrreacioLn'il;l;3f "ilffËH,ff ',iÏîÏ"iîr:;r?::ikgi,lit-1

galactose 4-so4 is in close vicinity oÉ Û," ,rrpr,ate at tne è--+_position of the garacrose unir.concenrrating the sampte durins f;;;jryig,c ïiiil"*rî,r,Jù 
* a local level (when surphatels ln excess) causing a further, more oramâtiJoepotm.tr*iir. However, if thè carrageenansare kept in their asg|e-sated state they i.t in ro'ri;ilffi;ab-bound cations (porassium).

il:""i:î;ï)]rrl^ï:ttilon 

*à'r"'iil"'".",r"ron"n 
and thus deporymerisatiàn during

That depolymerisation continued after drying w.s crearry seen when storing thedepolymerised samole Gurw aveiag" ii.ii.o., *.t"rionten ,i.ir, w/w),ar room remperarure.The measured Mw average declined even.further,-down to approx. 3 kDa in 3 weeks.Although it is coniidered titety 
'trrat 

cation-aepretiôi wourd in generar lead todepolymerisation upon drying orrurprr"i.r polysaccharia", ,r," fr"r"nce of sufficient (i. e. excess)catrons in most sysrems prevents'*t"nlg19ryri;.Ë;;îi;! 
cations from a pory_anion isenergetically unfavourable and specific "onairion, are needed, e.g. veryrow ionic-conditions orion-exchange resins' The producii;;i.J,nrercial carragr"nunr'0o", not incrude any such srep,consequently commercial carrageenar samples conrain ; ";;;;, of carions. This ii iuustratedabove' showing that sherex 6tô has o i. lzzo excess or rutio*. Dialysis of this carrageenansample and subsequent freeze-drying diJ not show any Mw loss.
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