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Abstract

The occurrencc of ice-ice disease in farmerl Kappaplryr-zrs spp. has tremendous implication on the carrageenan
inclushy in the Philippitres. f'o elucidate the effect of this discase on the cirrageenan rluality, the chemical profile
<rf carrageenan extractcd frorn healthy and diseased Kappaphycus striatum "sacol" strain, was investigated using
rrC and 'fI NMR, FT-IR and CPC methods of analysis. The native carrageenan extrâcts wcre composed pre-
ckrminantly of kappa carageenan with trace amounts of iota and 6-O-mcthylated carrageenan. Stnrctural evi-
clence indicates depolymerization of carragcenan from Lhe ice,ice infected portion of the thallus (whitish and soft
part) krwercd levels of iota and methyl constituents. This tnding was correlated to ils low number average mo-
lccular weight (30 kDa) value. Accordingly, appreciable decreases in carragecnan yield, gel strength and viscos-
ity and increase in syneresis index were noted. On thc other hand, archctype quality of kappa-carrageenan was
ohscrved frorn both healthy and uninfected Dortion of the discasctl thalli.

Introduction

Kappa-carrageenan (Figurc l) constinrtes the major
galactan of scawc-eds bclonging to the genus Knppa-
pâ,yr:as (Cigartinales). It is a linearly stnrcturcd alter-
nâling 1,3-linked po-galactose*4-sulfate and 1.4-
linkcd 3,6 anhyclrous-a-D-galactose repeating
clisaccharide unit at thr: intracellular matrix of the sea-
rveed (Santos 1989; Craigie 1990). Native kappa-car-
râgccnân polymer ofientimcs is mixftlred with iota,
rnu und nu canageenan esteri{icd with sulfatc at clif-
lbrcnt specitic carbon positions in the disaccharidc
rcpcatin-{ unit (Craigie and Wong 1979). I-ikewise.
substitution wit! a tnelhoxyl gnrup has been reported
in thc literatr.Lrc (Rochas et al. 1989; Craigie 1990;
( lhiovit t i  et al.  2001). Thc suitabi l i ty of rhe kappa-
oârraqccnan structure can he enhanced hy either thc
cnzyme sulfo-cl inr inasc {)r thc alkal i  treatment pro-
ccss. which c()nverls thc 1.4-l inkccl [alactosc-6-sul-

fate residue to anhydrogalactose (Craigie 1990; I-a-
haye 2001). Such structural variations anrl chcrnical
morlifications influence the rheologrcal propcrties of
clrrageenan gcls markedly (Rochas et al. 1989). Kap-
pa-type gels in the industry are descritrcd as hard-
strong and brittle and their ability to tbrm thermo-
reversible gels, control solntion viscosity and corn-
plex with other hydrocolloids makes them versatile
componcnts in varir:us food. pet food and non-foocl
inclustrial applications (Tyc 1989; Stanley 1990).

C)ne of the sources of kappa-canagcenan in thc
Philippines is the green lxorphotypc Kappaphycu,t
striatum (Schmitz) Doty "sacol" strain (Trono 1997).
It is arnong the rnajor carrageenophyles extcnsivcly
lanned in the Philippines. Ilowever. thc incidencc of
rce-ice disease at searveed f'arrns. which is châractcr-
izcd by whitening and softcning of the infcctccl part
usually at thc basc of the thallus (Doty and Alvarcz
197-51 Txrno 1993). lcacis to fra{:tncntât iott  and cven-
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ciu'ra{cenan; R' = CH,, 6-()-mcfhylated cârrâAeenrn.

tual k)ss of hiomassi this in tum leads to a signif icant
decrease in scaweed production ând decreâse in car-
rageenan yield conlparcd to the healthy crop ranging
from 25% to 40%, (Trono 1993). Reports indicate that
thc occurrence of the cliseâse is linked to âdversc ef-
f'ects ttf ccological condilions (Trono 1993; llyc,nco
et al. 1981) ancl thc presence of pathogenic bacteriâ
on ice-ice branches (Largo et al. 1995, 1999).

This study aims to repon on how ice-k:e discase
atïected the chemical structure and quality of carrag-
eenân irr fanned carrageenophyte. Kappaph.vcus stri-
crrrrn "sacol" strain.

Materials and mcthods

Diseascci ancl healthy plants of K. srriatum "sacol"

strain were obtaincd from a seaweed farm in Calata-
gan, IJatangas (13'49.i t0'  N, 120'37.17' E). In the
laboratory diseaseci plants were separated into unin-
f'cctcd (green. appcaring hcalthy portion) and infected
lwhite, soft portion) pârts. After rneasrring the wet
wcight. the samples rvcre dried at 60 'C to constant
weight. and thcir pcrcsnt moisturc calculated. Dricd
sarnples were cleâncd and washed repeatedly with tâp
water to removc salt and other impurities.

Carragcenan frorn cach of the samples: hcalthy
(H). uninf'ected (U) .ind ice-ir:e infected (I) thallus,
was cxtractcd with boiling wâter (700 mL distilled
watcr/10 g dried algal materiâl) fbr rwo hours. Pres-
sure hltration was perfbrmed on homogenized âlgal
rnâterial and the filtratc was added with 5 mg l- '

û-amylâse [ 1,4-rr-I)-glucan-glucanohydrolase (SlG-
MA) frorn Aspe:rgillus on-zae with an activity of l-50-
2.50 units pt:r rng protcinl, and heâÎ ât 50 "C for an h
to facilitatc flori<.lmn starch cligestion and conse-
quently. lcsscn starch rnixture to thc purity of carrag-
ccnân extract. The resulting solution rvas dialyzcd us-
ing a SIGMA ccl lulosc mcntbraue dialysis tuhine

a-rainst mnning tap $,atcr f i rr  4t l  h thcn lyophil izcd in
a l lcto-lk>ltcn A"/S Moclcl I)W 6-85-I frceze clr icr
withor,rt  prior pl l  ad.iustmcnt (rrcntral pl l  () f  solt t t i ()rt
was mzrintaincd af ier lyophil izat iort).

Fourier-Transfbrm lnfiarecl (FT-lR) spectra of car-
râ-l1ccnan salnplcs werc rccordecl on iillr.ls using Bio-
Racl Win-lR Spectrometer. Films u'erc prcparccl by
drying 5 mL of 0.57o cârrâgeonan solution in a tcflon-
coated pan at 60'C.

'rC and rtl NMR spectroscopic analyscs wcrc
done trsing a Jcol 400 Spectrometer opcrating â1
1(X).40 MIIz and 399.65 MFIz. respectivcly. Spectra
of 

-20 
rng/rn[- carrâgcenan solutions in DrO werc

mcasured in parts per million rclative to internal dim-
ethy sulloxide, DMSO 1ô = 39.5 ppm for rrC. ô =

2.7 ppm fbr 'Fl).

For molecular weight detem-rination, O.lo/c carrag-
eenan samples in ultrapure water were soakcd over-
night with stirring at rùom temperature (26*28 'C).

Resulting clear solutions were determine<.| by gel per-
meation chrornatography using Waters III'I-C Modcl
6û)0A equipped with Waters Ultrahydrogcl column.
Elution was monitored by a Shimadz.u RI deteclor
using 0.1 M NaNO. as the rnohile phase at a flow rate
of I ml-/min, calibrated in PEO/PEG stanclards. Poly-
ethylenc oxide (PEO) standards of the Polyrncr Stan-
dards Service - USA have peak molecular wcights
(Mo) of 1470 Da, 4120 Da and 11840 Da with poly-
dispersity index (PI) of 1.03, 1.02 and 1.02, respec-
tivcly. Polyethylene glycol (PEG) standards of I'oly-
mer Laboralories consisted of sevcn standards which
have thc following Mp, Mn (number avcrage molcc-
ular weight). Mw (weight âverage rnolecnlar wcight)
and Pl, respcctivcly: (t)  25.300 Da; 22.900 Da;
24,tf00 Da; 1.08 (2) M.4OO Da:. .19.7(X) Da; 42.900:
1.08 (3) 89,-5t i l  Da; 70,900 Da: 89,600 Dar 1.26 (4)
145.000 Da; 131.000 Da; 149.f i)0 Da; I .14 (-5)
3lll.000 Da; 234.000 Da; 294.fi)0 Da; 1.26 (6)
-584,000 Da; 40ti,000 Da; 53 1.000 Da; 1.30 (7)
i .190,0m Da;793.0û)  Da.963,000 Da;  1 .21 .

Froln a prepared 1.57o carragcenan s<llution con-
taining 0.2% KCl. the fbllowing rheological mcasure-
ments were carried oul: Gclling tempcralilre mea-
sured by a thcrmomctcr, corresponded to the
introduccd glass heacls (diam: 2.85 mm: wt: 30 nrgt
which faileci 1rl sink to the bottom of the tcst tube at
an intcrval of 0.5 "C. Viscosity detennination was
carried out with a Cole-Parmer Viscormctcr scries
98936 at 75 "C using spindle I at 3O rprn^ After car-
ragccnln solntion was lcd to gel ancl agcd firr 20 h at
r(x)rn telnperature. gel strength. mcltin-q tcmpcrâtttrc.
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gcl syneresis inclcx was measured. Gel strength mea-
slrrernent used ân adaptation of the method of Whyte
et â1. (l9ti4) on gel preparation and characterization
using a Stable Micro Systcms texture analyzer model
TA-TX2r, equipFed with 0.5 inch diameter phrnger
opcrating ât 2 mn/s descent rate. The melting tem-
pcratrlre corresponded to the temperâture at which â
lead shot (diam: 4.30 mm; wt: 430 mg) grâduâlly
sank to the bottom of the test tube; temperature grad-
ually raised at an interval of 0.5 'C. Gels for syner-
esis index deternrination corresponded to the percent-
agc of water exuded in the filter paper based on
weight loss of the cylindrical (?.2 x 3.5 cm) carra-q-
cenan gels after 2 h (Romero et al. 2000).

Sulfate and 3.6-anhydrogalactose contents wcre
dctermined usin_q the rurbidimetric rnethod of Jackson
and McCanclless (1978) and thc resorcinol method of
Yirphc and Arscnault (1965), respectively.

Rcsults

Tahle I shows lowcr yicld, gel strength, and viscosity
and highcr 3,6 anhydrogalactose and syneresis index
of I comparcd to H and U. Thc relatively high sulf'ate
and ânhydrogalaclose contents (Table l) of H, U, and
I agrccd rvell with the intensc absorption bands at 930
crn I and 84-5 cnr I ohservcd on thc IR spectra of thc
camâgeonan cxtracts (Figure r) and attributed to G4S
(3-l inked rr-o-galaclose-4-sullirte) and DA (4-li nked
3.6 anhydro-rr-t>-galacîose) in kappa-canageenan. re-
spcctivcly (santos 1989). Thc prescnce of these
chcrnical structurcs wcrc conl irmcd hy thc chernical

shifts bâscd on their respective r3C and 'lI NMR
spcctra of the carragecnan extrâcts (Figures 3 and 4)
({.Jsov 1984; Rochas et al.  1989; Stortz et al.  1994).
Spectral assigurnents of their cârbon resonânces âre
shown in Table 2. The signals aÎ 1O7.4 ppm and 95.2
ppm of kappa-carragecnan spectrâ represcnted ano-
meric carbon of G4S and DA, respectively.

Thc high kappa-carrageenan rich H and U con-
tained low proportions of iota and methylate<i carra-
gcenân. The shoulder at 805 cm ' on the IR spectra
of carragecnan from the H and U samplcs (Figure 2)
indicated the presence of iota carragcenan. This was
ftlrther substantiated by a weak signal at 92.0 ppnt on
rhe r3C NMR (Usov ct al.  1990; Chiovit t i  et al.  2001)
and attributed to the anomeric carbon of DA2S (4-

linked 3.6 anhydro-rr-D-galactose-2-sulfate). Based
on the area of anomeric proton for DA2S at '--5.3

ppm and for DA at - 5.1 ppm (Usov 1984), thesc twtr
carrageenân cxtracts contained 57o iota-type struc-
ttres (Figure 4). Ilowever, FT-IR spectrum of I,
which showed no ahsorption bancl at 805 crn I ancl
showecl a very weak anomeric proton signal for
DA2S ( - 5.3 ppm) inclicating a dccrease in the con-
tent of iotâ-carrageenan structl[cs to about 39o of the
carrageenan in this extract. On thc other hand, the
weak d iagnos t ic  s igna ls  a t  "72 .6 ,73 .4 .71 .6 .  and 58 .9
ppm on the r3C NMR spectra corrcsponded 1o C-4.
C-5, C-6 and 6-0 methyl carbon of the 3-linkecl 6-0-
methylatccl-galactosc-4-sulfate (Chiovitti et al. 2(X)l ).
The degree of substitution at C-6 of the G4S by me-
thyl for H and U carageenân as estimattd fiom the
arca of thc signal of the methyl prolon ( - 3.4 ppm.
Figurc 4) (Murano et al.  1996) wls -0. 13 anci nn-
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detectâble for L Thc lattcr indicated an extremely low

rncthyl substitution occurring in this carrageenan. On
the other hand. the peculiar decrease in iota and me-

thylated carrageenan in I carrageenan extract was âs-

sociated with ân irnportant decrease in number aver-

age molecular  wcight ,  that  is  -30 kDa lTahle l )

which was 967c (7l'l kDa) and 94Ec (496 kDa) lower

than H and U. rcspeclivcly. The GIIC-RI signal of thc

rclâtive number average molecular weights of the lat-

tcr arc shorvn Figure .5 in a one trial lest fbr each car-

râgeenan extract of H, [J and l. Moreovet all cxtracts

containcd thc biological precursor to kappa-camag-

cenan! mu-câfiâgeenan, based on the prcsence of the

signal at -5.25 pprn attributed to the anomeric pnr-

ton of D6S (4-linkcd û-I)-galactose-6-sulfatc) (Knut-

sen ct al. t 990) on all thc rlI NMR spectra (Figure 4).

I
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I;igure 1. rH NMR spectra of crrageenân extractcd with water
frum halthy (tI) unint'æted (tl) ând intècted thall i (I) of KrrpF-
phyan striotunr "sacol" strain. Signals at -- 3.42 ppm, - 5.3 ppm
and - 5.25 irx-l icated mcthylÂtion in the C-6 position of the c4S,
sulf-ation at (:2 ol- DA, and sulf 'ation at C-6 of D resDecrively.

Iliscussion

C nrra gc e nan eni;; mat ic depo lyme riiat ion
nteclutnism or:r:urring on infected alga

The polysacchzride extracted from healthy thalli (H)
of K. striatum "sacol" strain was composed predomi-
nantly of kappa-carragecnan with minor amounts of
iota- and rnethylated- cârrageenan. The infcction of
thc thallrrs by the ice-ice disease resulted to consid-
crahlc dccrease in the carrâgeenan yield and the num-
bcr avcrage molecular weight of extract and the al-
most clinrination of both iota- and methylated-
cânâgccnan content. These efï-ects of the infection
were manitèstcd. thoueh in a lesser extent, in thallus
portion (U) adjacent to those with obvious infection
(l). Since bacterial attack is most likely the nature of
the inf'ection (Largo ct al. 1995), the observed depo-
lyrnerization of thc scawccd's polysaccharidc will be

M. (kDa)

675

478

3 l

Elution time (min)

Fignre 5. GPO Rl signal ofcanageenan exlr:rcted with water fiom

hcalthy (It) uninfecterl (U) and infected thalli (l) ol KapJxtphvt'rrs

stiallm "sacol" strain in 0. I lr,l NaNO., (shown chromâtogrrm re-

presents a one trial for each carmgèenan extrâcl).

explained by the carrageenolytic âctivity of enzymes
secreted by the bacteria. Ikrwever. the possihility that
bactcrial metabolic by-products may also be respon-
sible for the hydrolysis ofcanageenan polymers shall
not be discountcd. These two mrxles of depolymcr-
ization vary on the site of cleavage on the glycosiclic
linkages in the disaccharide backbone of The carrag-
eenan: 4-linkage fbr enzymatic whilc 3Jinkage tor
chcmical hydrolysis. While chemical hydrolysis posc
a gener:rlity in action to different polysaccharidc typc,
cnzymâtic hydrolysis has specificily on thc typc of
carrageenan as substrâte (Ilarbeyron et al. 2(X)l),
hence existence of kappa-carrageenan-<Jcgradin-u kap-
pa-carragecnasc and iota-degrading iota-carragcc-
nerse. Moreover, it is noteworthy that affinity of the
cnzyme, in the case ofcarrageenan from I, is assumcd
activc on the methylated substituted glycosides as
substantiatcd by the appreciable decrease in the mc-
thyl group in the spectra lFigure 4).

The establishmcnt of the extent of ice-ice infectiorr
was thc rationale for thc comparison of thc polysac-
charides of H. U and I. The diminishing yield and
number average moiecular weight of carrageenan to-
warcls infection could be extrapolated 1o complete
carrageenân loss and depolymerization in severely or
totally infected thallus portions. This severe condition
coulcl he manifested physically by thallus liquefaction
or loss of structural integrity, which leacl to fiagrnen-
tation. Due 1o the affordancc of appreciablc arnount
of low molccular wcight caragecnân in I .  i t  is im-
portant to note thât the infected porlion (I) sanrplcs
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inclLrr lc port ions that coulcl bc panial ly infcctccl.  or
courplctely int'ectccl hilt the extent of cârrageenân
tl t ' r :rat lut irrn is irr t ' r trnplctt ' .

Thc occurrencc of hybrid kappa-and iota-carrag-
cenan in H is a confbunding case in thc chase of the
possihlc typc of cnzyrnatic hydrolysis. I lybridization
can either bc in the form of a hybrid chain (i.e. both
kappa- and i61ii-s1rus1u1ss occurring on the same
chain wilh iota-structrires either distributed singly or
in short blocks in a random fashion or as long se-
quence in a prepondcrantly kappa-chain) or âs a mix-
ture of kappa- and iota-chains (Rochas et al. I989).
The manifestations of ice-ir:e infection in the carrag-
eenan of diseased seâweed were t}te lowering of
yield, nr-rmber âverâge moleculâr weight and the con-
centrâtion of iota fraction. ln the case where iota car-
rageenase is eliciting the hydrolytic reaction, a hybrid
chain would be degraded to yield kappa-chains with
or without lenninal iota-stnrcture. A lowering of mo-
lecular weight is a prominent result of the activity but
this lowering ctïect is being limited by the fact that
H has about 959o kappa and relatively low level of
iota. A dccrcase in iota-concentrâtion is achievcd
whcn iota structure in thc hybrid chain occur in
hlocks; longer iota-blocks (but < 12 kDa, the molec-
ular cut-off in the dialysis step in extraction) would
yicld trlreater decrease. Likewise, a decrease in iota
concentration will be obtained when single iota stmc-
ture is terminating a kappa-block whose molecular
weight is lower than 12 kDa. The eff'ect on carrag-
eenan yield hy an iota-carrageenolytic activity is min-
irral due to thc low concentration of iota fraction.
Ilowcver. in the condition where a single iota struc-
rure being interspersed regularly in a hybrid chain
with a distance of slightly lower than l2 kDa betwccn
iota structures, despite tbe low iota concentration
therc would be a tremendous effect on the yield.
Whcn the type of hybridization is a mixture of purely
kappa and prrcly iota chains. the rnolecular weiglrt
would not bc affectcd by the iota cârrâgcenâse activ-
ity sincc only the iota-chains, in low amount. will be
depolyrrrcrizcd. In other words. the dorninant kappa
chains will bc left untouched and shall be dictating
the molecular weight of the ciirrageenan that under-
wcnt enzymâtic degradation, âs thcy had determined
thc averagc molecular weight of the hybrid polymcr
in a healthy thallus. The distinct effèct of the iota-
caragecnolytic âctivity in a hybrid mixed chains will
bc thc total clirnination of iota the structure and this
will he rellected in the carrageenan yicld. I-ooking
back al thc rcsult of this studv. when iot:r-carragcc-

- t  t )

naso activity is rcsponsihle lirr tJre carragcenolysis
clttring thc rr:c ic.: inf'cction in I, kappa- ancl iota-
structurcs occurring in a chain is likely thc natrLre of
hybridization in the carrageenan of thc hcalthy (H)
and nninfccted (LJ\ K. ,striaturn "sacol" strain.

Thc firllowing para<ligm is to be considcrecl whcn
kappa-carrageenase is thc onc rcsponsible for the car-
rageenolytic activity during the rir:r.,-ir:e inf'cction. A
hybrid chain world be degraded to eff'cct decrcase in
carragccnan yield and an almost pure iota-czrrag-
ccnan extrâct, providcd thc blocks in the hybrid chain
have molecular weights greater than 12 kDa. A de-
creasc in iota-carrageenân concentration can be cx-
pected whcn iota structrres appear in thc hybrid chain
singly or in short blocks (< 12 kDa). For mixcd
chains. the cffect of kappa-carrageenolysis would be
a dramatic clecrcasc in the yield of carrageenan ancl
the moleculÉr weight deternrinant of the carrageenan
extrâct are ûte undegraded iota chains which are re-
tained hy dialysis as in H. Like in the speculation
rvhen iota carragoenasc was indeed responsiblc for
the dcgradation, a hybrid chain composing both kappa
and iota structures is being supported by the results
obtained when kappa-carageenase effects the depo-
lyrnerization. A cocktail of both kappa and iota is also
possible to have hydrolyzed the carrageenan (Bellion
et al. 1982) and would result to complete hydrolyzed
carrâgeenan, i.e. yielding monomeric sulfated galac-
tose units. A complicating consideration that inhibits
â clear slory on the type of hybridization and the type
of enzymatic depolyrnerization is the extcnt of depo-
lyrnerization or degree of inf'cction. If we let I hc to-
tally infected wilh no artifacts of incomplete enzy-
matic or chemical action brouglt ahout by the
infection, then the above speculation can bc rcalized,
Thus, further analysis is necessary to châracterize the
type of carrageenase(si synthesize<J by the bacteria
responsible for the hydrolytic activity in carragcenan.
its spccificity of attack, and the difTerent fragrtrcnts
produccd.

Depolymerization e.ffects of ite-ice rti.ct:a.te on
rheologt of carrageenan of infected alga

The heterogeneity of carrageenan content in Kaplttt-
phycus spp. has been rcported previously ((lraigie

J990) and tle iota-carragccnan occurring usrtally in
low fraction in thc lattcr has been documerrted to cx-
hibit synergistic eff'ect to the rhcological t-ncasure-
rnents (Rochas et al.  I  9t i9). Such synergist ic bchavior
is attrihuted to the sultate urcrun attitchcd at C-2 of


