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CARRAGEENAN

Prepared at the 57'h JECFA (2001) and published in FNP 52 Add 9 (2001),

superseding specifcations prepared at the 5I st JECFA (1998), published in FNP 52

Add 6 (1995)). A group ADI "not specifed" for carrageenan and processed
eucheuma seaweed was established at the 57'' JECFA (2001).

Irish moss gelose (from Chondrus spp.); Eucheuman (from Eucheuma spp.);
Iridophycan (from lridaea spp.); Hypnean (from Hypnea spp.); Furcellaran or Danish
agar (from Furc el I a ri a fas t igi a t a); INS N o. 407.

A substance with hydrocolloid properties obtained from certain members of the class
R h o do p hyceaa (red seaweeds).

The principal commercial sources of carrageenans are the following families and
g€nera ofthe class of Rhodophyceae:
Furcellariacaea such as Furcellaria
Gigartinaceae such as Chondrus, Gigartina, Iridaea
Hypnaeceae such as Hypnea
P hy I I op h o r ac ea e such as P hyllo p h o r a, Gy n mo go n gru s, A h nfel t i a
Solieriaceae such as Eucheuma, Anatheca, Meristotheca.

Carrageenan is a hydrocolloid consisting mainly of the ammonium, calcium,
magnesium, potassium and sodium sulfate esters of galactose and 3,6-anhydrogalactose
polysaccharides. These hexoses are alternately linked c'-I,3 and B-1,4 in the copolymer.
The relative proportions of cations existing in carrageenan may be changed during
processing to the extent that one may become predominant.

The prevalent polysaccharides in carrageenan are designated as kappa-, iota-, and
lambda-carrageenan. Kappa-carrageenan is mostly the alternating polymer of
D-galactose4-sulfate and 3,6-anhydro-D-galactose; iota-carrageenan is similar, except
that the 3,6-anhydrogalactose is sulfated at carbon 2. Between kappa-carrageenan and
iota-carrageenan there is a continuum of intermediate compositions differing in degree
of sulfation at carbon 2. In lambda-carrageenan, the alternating monomeric units are
mostly D-galactose-2-sulfate (1,3-linked) and D-galactose-2,6-disulfate (1,4-linked).

Carrageenan is obtained by extraction from seaweed into water or aqueous dilute alkali.
Carrageenan may be recovered by alcohol precipitation, by drum drying, or by
precipitation in aqueous potassium chloride and subsequent freezing. The alcohols used
during recovery and purification are restricted to methanol, ethanol, and isopropanol.
Articles of commerce may include sugars for standardization purposes, salts to obtain
specific gelling or thickening characteristics, or emulsifiers carried over from drum
drying processes.

9000-07-l

Yellowish or tan to white, coarse to fine powder that is practically odourless.

Thickener, gell ing agent, stabil izer, emulsif ier

Insoluble in  ethanol ;  so luble in  water  at  a temperature of  about  80o,  forming a v iscous
clcar  or  s l ight ly  opalescent  so lut ion that  f lows rcadi ly ;  d isperses in  water  more
readi ly  i f  f i rs t  moistened wi th a lcohol ,  g lycero l ,  ora saturatcd solut ion of  g lucosc or
sucrose in rvatcr .
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t ' cs t  lb r  sLr l l i r t c

Test for galactose and
anhydroga l actose

Identif icatiôn of
hydrocolloid and
predominant type of
copolymer

Infrared absorption

PURITY

Loss on drying (FNP 5)

pH (trNP s)

Viscosity

Sulfate

Total ash

Acid-insoluble ash (FNP

Acid-insoluble matter
(FNP s)

Residual solvents

Microbiological criteria
(FNP 5)

Arsenic (FNP 5)

Lead

Cadmium

Dissolve a 100-nrg 'samrplc in  20 ml  of  water  (wi th heat ing i f  nccessary) ,  and add 3 nr Ï

of  bar ium chlor i t le ' fS ancl  5 ml  of  hydrochlor ic  ac id,  d i lu te TS;  f i l ter  i f  a  prec ip i ta tc

forms. Boil the solution or the fi l trate for 5 min. A white, crystall ine precipitate

appears.

Proceed as directed under Gum Constituents Identif ication (FNP 5) using the

following as reference standards: gatactose, rhamnose, galacturonic acid,

3,6-anhyàrogalactose, mannose, arabinose and xylose' Galactose and

3,6-anhydrogalactose should be present.

Add 4 g of sample to 200 ml of water, and heat the mixture in a water bath at 80o,

with co-nstant stirring, until dissolved. Replace any water lost by evaporation, and

allow the solution to cool to room temperature. It becomes viscous and may form a

gel. To 50 ml of the solution or gel add 200 mg of potassium chloride, then reheat,

irix well, and cool. A short-textured ("brittle") gel indicates a carrageenan ofa

predominantly kappa type, and a compliant ("elastic") gel indicates a predominantly

iota type. tf the solution does not gel, the calrageenan is of a predominantly lambda

type.

Passes test
See description under TESTS

Not more thanl2oÂ (l05"to constant weight)

Between 8 and I I (l in 100 suspension)

Not less than 5 cp aT75' (l-5%, solution)
See description under TESTS

Not less than l5'lo and not more than 40Yo (as SOa2) on a dry weight basis

See description under TESTS

Not less than l5% and not more than 40Yo on a dry weight basis

See description under TESTS.

5) Not more than loÂ

Not more than20Â
Use 2 g of sample obtained from part (a) of the procedure for sulfate determination.

Not more than 0. I % of ethanol, isopropanol, or methanol, singly or in combination

See description under TESTS

Initially prepare a l0-rdilution by adding a 50-g sample to 450 ml of Butterfield's
phosphate-buffered dilution water and homogenising the mixture in a high-speed

blender.
Total (aerobic) plate count: Not more than 5000 cfu/g

Salmonella spp.; Negative per test
E. coli: Negative in 1 g

Not more than 3 mglkg
Determine by atomic absorption hydride technique using a 3 gram sample.

Not more than 5 mg/kg
See description under TESTS

Not morc than 2 mg/kg
See descr ipt ion under TESTS
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Mercury

TBSTS

IDENTIFICATION TESTS

Infrared absorption

PURITY TESTS

Sulfate

Wave number Molecular Assienment
(.r-')

Absorbance relative to 1050 cm-'

Not more than l mg/kg
See description under TESTS

Obtain infrared absorption spectra on the gelling and non-gelling fractions of the
sample by the following procedure: Disperse 2 g of the sample in 200 ml of 2.5"/o
potassium chloride solution, and stir for I h. Let stand overnight, stir again for I h,
and transfer into a centrifuge tube. (Ifthe transfer cannot be made because the
dispersion is too viscous, dilute with up to 200 ml of the potassium chloride
solution.) Centrifuge for l5 min at approximately 1000 x g.

Remove the clear supernatant, resuspend the residue in 200 ml of 2.5%" potassium
ctrloride solution, and centrifuge again. Coagulate the combined supernatants by
adding 2 volumes of 85oÂ ethanol or isopropanol (NOTE: Retain the sediment for use
as directed below). Recover the coagulum, and wash it with 250 ml of the alcohol.
Press the excess liquid from the coagulum, and dry it at 60o for 2 h. The product
obtained is the non-gelling fraction (lambda-carrageenan).

Disperse the sediment (retained above) in 250 ml of cold water, heat at 90" for l0
min, and cool to 60o. Coagulate the mixture, and then recover, wash, and dry the
coagulum as described above. The product obtained is the gelling fraction (kappa-
and iota-carrageenan).

Prepare aO.2Yo aqueous solution of each fraction, cast films 0.5 mm thick (when dry)
on a suitable non-sticking surface such as Teflon, and obtain the infrared absorption
spectrum of each film. (Altematively, the spectra may be obtained using films cast on
potassium bromide plates, if care is taken to avoid moisture).

Carrageenan has strong, broad absorption bands, typical ofall polysaccharides, in the
1000 to I100 cm-' region. Absorption maxima are 1065 and 1020 cm-' for gell ing
and non-gelling types, respectively. Other characteristic absorption bands and their
intensities relative to the absorbance at 1050 cm-' are as follows:

1220-1260
928-933
840-850
825-830
8 r 0-820
800-80s

ester sulfate
3,6-anhydrogalactose
galactose-4-sulfate
galactose-2-sul fate
galactose-6-sulfate
3,6-anhydrogal actose-2-
sulfate

Iota Lambda

t.2-1.6 |  .4-2.0
0.2-0.4 0-0.2
0.2-0.4
- 0.2-0.4
-  0 .1 -0 .3
0.2-0.4

Kappa

0.2-1 .2
0.2-0.6
0 .1-0 .5

0-0.2

Principle: Hydrolysed sulfate groups are precipitated as barium sulfate'

Procedure:
(a) Disperse an accuratcly weighed 8 g sample of commercial product into 400 ml of

6OYo wlw isopropanol/water at room temperature. Stir  gently for 4 h. Fi l ter through

ash-free f i l ter paper. Discard the f i l t rate. Wash the material ren.raining on the f i l tcr

paper  w i th  two lO-ml  por t ions  o f  60" /o  i sopropano l /watc r .  Dry  the  matc r ia l  a t  l05o  to

cons tan t  we ish t .



Total ash

Viscosity

Residual  so lvents

Approxi i .a tcry l  g  of  the dr ic<r  mat ter  rs  to be 
1se.a for  parr  (b) .  Thc rcmair t ,cr  sho, ldDc retarncd for  detcrminat ion of  Totar  ash ona Aci t r - insorubre marrer ,

(b) Accurately weigh. a r g sanrple (wr ) ob3ine! from part (a). Transfèr trre sampreto a 100-ml long-neck .orna-uottoÀ n""t. 'aa,r so mr oio.z l. i  hydrochroric acid. Fita condenser, preferably one with ut r"usiJ'"o'densing burbs, to irre nast and refluxfor I h' Add25 mr of a rox ruy ""r"ri; iyd.ogen peroxide sorutron and resumerefluxing for about 5.h or untir irr" ,"i",iâ" u".oï"r'"oiriË;; .;"".. Transfer thesolurion to a 600-mr beaker, b.iù;;;ir, and-add dropwise io,nr oru r0% bariumchloride sorurion. Heafthe ;"u"ri;;i*;".Ë r".2 h on a boiring water bath. Firter themixture through ash-free rro*-nrirution'nil, puo.r. wash with boiring distiiledwater until the firtrate is free from "hro;à;. Dry the firter pape; and contents in adrying oven' Gentrv b.umand u.rt trr" prpl.at g00o in a tared porcerain or siricacrucible unrit the aih is white. ê;i;i"d;"ccaror.

weigh the crucibre containing the ash. carcurate the percentage surfate from theweight in g (w2) of the ash rulrir, ,rrrô using rhe formura:
( W 2 l W r ) x l 0 0 x O . 4 t 1 6

Accurately weigh 2 g.of the dried sampre (w1) obtained from part (a) under theprocedure for surrare determination;;;;. i;#ri.;ïï'..;l:io, ignited, taredsilica or pratinum crucibre. n"., n" *,nïË wittr a suitabù i;iil; ramp, increasingthe intensity graduaily,_untir^trtr ru.nfr.'ir-.o.npt"t"ry "r,u.rààr "lnrinu" heating foran additional 30 min. -Transfer ,rr" ,i*"iur" with the charred sampre into a mufflefurnace and ignite at about 550. fo; i'i.'é*r in a a"siccator ""î'ri,.igt,. Repeat rheignition in the mufÏreîrrnace "";ir-"';;;nt weight (w2) is obtained. If a carbon_free ash is not obtained 
*::1"-Àl;l;#, moiste-n the charred spor with a l_in_10solution of ammonium nitrate and dry under an inr.u."à-l'#0.-nio"., thc ignitionstep. Calculate the percentage of total astr of ine sample:

(W2ÂV1) x 100

Retain the ash for the Acid_insoluble ash test.

Transfer 7.5 gof the samp-le into a tared, eoj-1r tall-form (Berzerius) beakeq anddisperse with agitation for'to to z'ïi;;450 mr of deionir;;;.. Add sufficienrwater to bring the final weight 
!9^5oo g, und h"ut L u *"i". uaiiwith continuousagirarion, until a remnerature of 800 i, ,"ïr,"à ao _ so ,,.iô. Àài'î"*. ro adjust forloss by evaporation, coor to 76-77o, ""a i""i r" a conslant temperature bath at 75,.Pre-heat the bob and euard of a Brookfiero ivr or LVT uir"o*Jt"rio approximatery75o in water. Dry the iob and guura, ""J'JnLt them to the viscometer, which shouldbe equipped with a No. t .sfinai;'ait;-;" diameter, approximarery 65 mm in

5i5|ï:*"f;'ï;l't1'ù "':o'ô..'Àa;ust the height "?tn" tàu in the sampre
the viscomete;i;k;;:iiiii:i:T,:ffi:Tfi,lJfi:if,ir six comprete revorutions of

If the viscosity is very row, increased precision may be obtained by using theBrookfield uL (ultra row) adapter o. .quiuui*t.- (Note. sampres oi ,o,n" types ofcarrageenan may be too viscous to read when a No. l spindr"'i, ur.a. Such sampresobviously pass the specification, but if a viscosity reading is desired for orher
:::[rir,use 

a No. 2 spindre and take the reading onih. 0-r06 scare or on the 0_500

Record the rcsurts in centipoises,.obtained by murtiprying the reading on the scare bythe factor given by the Brookfiela ,unufu.tur.,

standard Alcohor Sorution: Transfer 500 mg. each of chromatographic quaritymethanol, ethanol, anci rsopropanor into a 50 mr vorr-rmetric flask, dilute to vorumewith water,  and mix. t ' ipct t0 ml of this sotutron into a roo-"r i 'vorunretr ic f lask,d i lu tc  to  vo lumc w i th  water  and mix .
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Lead

l 7 -

TBA -standard solution: Transfe-r 500 mg of chromatographic quarity tertiary-butylalcohol into a 50-mr volumetric f lask, diru-te to vorume ùitn *ut.., and mix. pipet r0ml of this solution into a 100-mr volumetric f lask, dilute to volume wrth water andmtx .

Mixed Standard Solution: pipet 4 ml each of the standard Alcohor Sorution and ofthe TBA Standard Solution into a 125-ml graduated Erlenmeyer flask, dilute to about1.00 rnl with water, and mix. This soluti in contains approiimate ry 40 pg of each
alcohol per ml.

Sa$atq_LrepêIala!: Disperse I ml of a suitable antifoam emulsion, such asDow-corning G-10 or equivalent, in 200 ml of water contained in a I000-ml24/40

::T9 
b^.noT distilling flask. Add about 5 g of the sampre, accuratery weighed, and

snaKe tor I h on a wrist-action mechanicar shaker. connect the flàsk io a
fractionating cotumn, and distil about 100 ml, adjusting the heat so that foam does
not enter the column. Add 4.0 mt of TBA Standard Soluiion to the disrillate to obrain
the Sample Preparation.

Procedure: Inject 5 pl of the Mixed standard solution into a suitable gas
chromatograph equipped with a flame-ionization detector and a l.g-m x 3.2-mm
stainless steel column packed with 80/100-mesh porapak es or equivalent. The
carrier is helium flowing at 80 ml per min. The injection port tÈmperature is 200.; the
cglumn temperature is l65o; and the detector temleraturô is 200". The retention timc
of isopropanol is about 2 min, and that of tertiary-tutyl alcohol about 3 min.

Measure the areas of the methanol, ethanol, isopropanor, and rBA peaks. calculate
each response factor, Ii, by the formula A1 /A1s/,, in which A1 is the area of each
alcohol peak (I = methanol, ethanol, or isopropanol).

Similarly, inject 5 pl of the sample preparation, and measure the peak areas,
recording the area of each alcohol peak as A;, and that of the tertiary-bùtyl "lcohoi
peak as A'"1. calculate each alcohôl content, in mg/kg, in the sampie taken by the
formula:

4 i . 4 0 0 0 / 4 . A r B A . W
where W is the weight of the sample taken (grams).

Princip&: The sample is wet-ashed with nitric and perchloric acids and anarysed
using flame atomic absorption spectrophotometry (FNp 5).

Equipment: Atomic absorption spectrophotometer

Reagents:
Nitric acid, concentrated, Reagent Grade
Perctrloric acid, concentrated, Reagent Grade
Hydrochloric acid, concentrated, Reagent Grade
Lead standard solution (certified)

Solutions:
l. Stock solution (l mg/ml): Dilute an appropriate volume of certified reagent lead

standard solution with distilled and deionized water (D/D water) to make one
liter.

2. Intermediate solutions: (a) 100 pglml. Pipet l0 ml of the stock solution into a
100-ml volumetric f lask and dilute to volume with DID water. (b) 10 prglml.
Pipet  l0  mlof  the 100 pglmlsolut ion in to a 100-mlvolumetr ic  f lask and d i lu te to
volume with D/D water.

3. Working solutions: Assemble four 100-ml volumetric f lasks and transfer to them
(pipet) ,  respect ive ly ,  l ,  5 ,  10,  and20 mlof  in termediatc lcad solut ion (b) .  Di lu tc
to volume wi th D/D water  to make solut ions conta in ing 0.  l ,  0 .5,  l ,  and 2 prg
Pb/ml .



Cadmium

Mercury

_s++p&_lrrq.p,j&!_err:
(L 'AUT ION:  l  h i s  n ro . . a , , r n  ô6 . ^ r ^ . . ^  _  -
evolut ion ofno* io,Oro"edure 

enrploys concentrated ox id iz ing ac ids and resul ts  in
Accurarery _.;;r"i:i,i1i':;.*il,:i."".,i'îïJiïïfl:i.ïi;], sampre into a 250_ml Erlenmeyer flask. Set up a reaglnt blank and carry rhrough thc same operationsas performed on the test sample. ùet the tàst sr.pr" with ca. I0 mr of D/D waterand add 25 mr of nitri^c,acid. 

'Heat 
g;;;i;;; a hot prare ( r 00" - I50,) untir most ofthe dark fumes are evorved 1.u. on.'r,lu4; s*irr trrà flasù occasionalry. coor and add5 ml of perchloric acid; pu.ti.t.tu.*ï"'uiriur" at rhis stage. u"uig"ntry (hor prare,I 00" - | 50o) to concentrate untir the solution turns yeilowish or corourress (ca. onehour)' Midway during the heating, ii i ir 'r"r"ti", darkens, srowry add 2-3 mlportions of nitric acid as necest"tT""iii,i. desired corouiis achi"u.a; do not ret thesolution go to drynessl cggr.t. Éig.rir"i*.sh the sides of the flask with ca. 5 mrof D/D water and swirr.- Add z -i Si"rryi."chroric acid. Heat again unril a, brownfumes are evorved and the rorurionlr;ltr;;;" yerowish in corour; do not ret rhesolution go to dryness. coor the sorutioiand wash the sides of the flask with ca. r0ml of D/D water. Trans.rur tne stightlt ";;rr solution ro a 50-ml volumerric flaskand dilute to vorume with D/D *ui"..'E'rli.iusing rwo 'ayers of firrer paper(Whatman no. 5 or equivalent).

Determination:
Set the spectrophotometer.to-previously established optimum conditions at 2g3.3 nmusing an airlacetyrene oxidizing flum".'v.uru." the absorban"" oîirr" sampre, brank,and working sorutions._ preparJ a standard curve by.ploning ;a;;;r"" against ;rgPb/ml for the blank and woiking ror"ti-** ôetermine the concentration of read inthe sample sorution from the stùdard **.. rn" concentration of 'ead in the testsample (mg pb/kg) is:

where A is the concen:lili"n 
?1".uji';:ff*,r.!on (1rglmr), B is the weightof the rest sample (grams), ana f is ttre Jilutiln'a"tor (SO mfj] 

".',' -

Proceed as directed above for the determination of lead, using 22g.g nm as theanalysis wavelength. Intermediate "rJ;;;'k;;g sorutions are prepared from certifiedreagent cadmium standard solution:
Intermediate sorurions:.(a)- 100 pdmr. pipet l0 rnr of the srock sorution(lmg/ml) into a 100-ml volumetriJflask anà dilute to ""r"." with distilledand deionized gD] 1at.I, (b) t0 pglrnl. piRe;iô,l oîroru,ion (a) into a100-mr vorumetric flask; dilute io uot.i., witrr oro watei^ i.l , pglmr. pipetI ml of sorution (a) into a r00-ml vorumetric flask; dirute io'u'otr-" with D/Dwater.
working solutions: Assembre five 50-mr volumetric flasks and transfer tothem (pipet), respectively,.0-.5,2.5,5.0, 10, and 20 ml of intermediate solution(c)' Dirute to vorume *itn bro'*atfr to make sorutions containing 0.0r,0.05, 0. 1,0.20, and 0.40 pg Cdlml.

The concentration of cadmiu. in tie tesisampte (mg Cd/kg) is:
tcdl: F x A/B

where A is rhe concentrarion of cadmium in the sampre sorution (p/mr), B is theweight of the test sample (grams), and F is tt" aif "tion 
'fu;r;;i;ô";):,

Principle: The sampre is wet-ashed with nitric and perchroric acids and anarysedusing hydride-generation atomic absorption spectrophotometry (FNp 5).
Equioment: Atomic absorption spectrophotometer equipped with a hydride vapourgenerator. Integrar to the generator is a reactor tube or .oil u"a u p"i'ràrri" pu*pwith dual tubing channels: one channel for the sample solution and one lbr the tworeagent solution tubes. Frow control is determined by tubing ,ir" unà'Luing clamps.Flow rates are measured at the exit ofthe hydriJe generator.
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