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Viscoslty loss on autoclaving guar gur solutions can be
substantially reduced by the additlon of nixtures of the
antloxidants, sodiun.suLphite and propyl gallate. q,here appearE
to be a atrong slmergistic interaction between the tro nateiials
with the naxiuuu affect occurring at ratios of Eulphite to
gallate of about 3!1. Total antl,oxldant levels required for
aubstantial protection at pH ?.O are of the ordervlObppu. llhe
antioxidant conbination i,s also effective in reducing LLe loss
ln gel strength which results fro[ autoclaving uixtures of
carrageenan and locust bean grun. The siailar optinuu ratio of,
sulphite_ to gallate to that found rLth the guar-systen and the
snall influence of tlre antioxidants on carrageenan alone
suggeats that ln thls nixed Bysten tbe antloxidants function
priaarily by protectlng the locust bean guh. The resultB favour
a speciflc interaction rather then tphasC separatedn nodel for
th9 nixed gel systeE. It is possLble sone- of the reported
interactiona betveen polysaccharldes and other food inqredients
can be understood Ln terns of the antioxidant properties of the
lngrredlents rather than bJ.opolyaer association or phase
separation.

IillTRODUqrIOl{

Polysaccharides are exten6iv€1y used as thlckeners and gelling
agentc in haat rterilieed foods. It ls uell eetabllshed thaf
heat treatnent can reeult in eubstantial decreaees in vl.ecosity
gl9_ gef strengrths the decrease belng strongly dependent on pn
{Pllnik and l{acD,onald,(t)).In general viecosity and gel strength
loss .on-heating i,s far lover at neutral pHs then acid pHe vhlch
is indicative of the inportance of 

-acid 
hydrolyils. The

exception ls pectln shere p-eliltnation doninatei. However even
at neutral pHs polyaaccharidea sltl dogrrade as a result of
oxidative raductlva depollnerisatlon (oRD) reactions. ltrls forn
of degradation can,be controlled by the addltion of antl.oxldant
syst6rs. lIhg work that haa been carrled out has aainly been
conc€nred sith the stabilisatlon of polyners used in oil- field
applications, e.g. $elllngton (2), and llttle attenpt has been
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nade to extend this approach to food systems using non-toxic
antioxidants. Recently, (l) , ve have reported sone-prelininary
work which dernonstrated tflat galactomannans, in partiiular, can
be effectively stabilised by low levels of Lonbinations of
sodium sulphite and propyl galrate. These nateriars are alrowed
as additives in sone food products. rn this paper we demonstrate
that there is a very strong synergisn between the trro
antioxidants and extend the work to the nixed carrageenan/locust
b:"r g9n gef systems to deternine if the subitantial gel
strength loss that occurs on autoclaving (Ainsworth inal
Blanshard (4)) can be prevented.

T,IATERIALS AND I{ETHODS

Polysaccharides

cuar cIUD, locust bean gtrn and carrageenan (described
predoninantly as kappa) were obtained fron the Sigma Chenical
Company and used vithout any further purification.

Other chemicals

Propyl. gallate was obtained fron the sig|toa Chenical Conpany.
Potassixn dihydrogen orthophosphate (SLR grade), aisoaiun
hydrogen orthophosphate (SLR grade) potassiurn chloride (AR
grracle) and sodiun sulphite (AR grade) were obtained from Fisons
p lc .

Preparation of Solutions and cels

Unless otherwise stated solutions and gels nere prepared in a
mlxed phosphate buffer of pH 7.0 (s.o9 q/L Kr{1pory L1.sg q/L
NaaHIDL|). In some cases KCI was added and/or thd pH altered
by changing the ratio of the two phosphate salts. The
anti-oxidants rrere incorporated into the bu-fer prior to the
addition of the polysaccharide. cuar gun was added at aphient
temperature using a high shear nixer to give a concentration
(ut/v, of O.8t. Carrageenan and locust bean grurn were added to the
buffer at a ternperature of 80oc to give a total polysaccharide
concentration of o.€*. cans (dianeter 72 rnn and heitht 59 ruo)
uere filled uith the guar or carrageenan-locust bean gnrm mixture
and seamed leaving no headspace. Following retorting (120 C for
60 ninutes) the cans were water cooled and allosed to'stand at
anbient temperature for approxiuately 24 hours prior to
viscosity and gel strength neasurenent. sone measurenLnts rJere
also nade on non-retorted controls.

Viscosity

Viscosities were deternined at 2OoC using a Deer rhepneter
eguipped vlth cone and plate geometry (ione angle qo I or
concentric cyli.nder geouetry (radius of inner cylinder = 2.8 crnr
radius of outer cylinder = 2.9 cn). l.{easurements vere generally
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nade at five different applied stresses.

Gel Strength

GeL strength measurements were nade directly in the can at
anbient tenperature using a TAXT2 Texture Analyser (StabJ_e
Microsytems Ltd, Haslenere, Surrey, England). The 1ld of the can
rras removed and a 1.2O cm dianeter plunger was used to penetrate
the gel at a speed of 2 cmlsec to a distance of 25 nn. Tlie
naxinun force recorded vas taken as the ge1 strength in Newtons.
Following texture measurement, the pH of the ge1 was recorded.

RESIJLTS AND DISCUSSION

Figure 1 displays the viscosity of the 0.8* gmar solut ions
following retorting as a function of antioxidant ratio at a
total antioxidant level of 2OO ppx0 (0.02?). The data shows very
strong synergisn bettreen the two additives. It has been reported
that the addj.tion of sulphite.enhances the thernal stability of
91rar gun (Rodrigruez (5)) but it is clear that the binary systen
suggested fron l{el l ington,s.(2) work with xanthan gun is very
nuch more effective. The optinum ratio of the tero additives is
about 3:1 sulphite to gal late, gal late on i ts own having l i t t le
effect.

There is sone scatter in Figure 2 but this suggests that the
stabilising effect of the additives levels off at concentrations
of about 2OO ppn. This is consiste nt with our preliminary work
on this system (3) although in the current investigation the
maximurn viscosity obtained after retorting was about half that
of the unretorted control, whereas previously conplete stability
was clained. The reason for the difference is that in this case
the concentration was well above c* and hence the viscositv
nill be far more strongly nolecular weight dependent then in ihe
previous case where measurements were being made on O.2t
solut ions.

It is interesting to compare the effect of the antioxidants on
the thernal stability of gruar vith their ability to prevent the
breakstrength loss lrhich occurs on autoclaving nixed carrageenan
locust bean gun gels. Fignre 3 shons a somewhat sinilar
dependence on additive ratio to that observed for the viscosity
of guar gun solutions. There is some suggestion that the
sulphite: galLate ratio required for optinun ge1 strengrth is
higher then that required for control of gmar viscosity. Thus
replacing l5ppD (O.OO15*) of sulpbite by gal late in the
fornulation dou-bles the gel strength. It is clear that the gel
strength can be enhanced by a factor of about 4 conpared with
the system containing no additives although the strength of the
non-retorted system is not achieved.

The effect of total additive concentration at ratios of L7i3
gallate to sulphite is displayed in Figure 4. This set of data
inplies that retorted gel strengrth does not reach a maxinum
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Figure 2. Effect of Total Antioxidant Concentration at a
Sulphite:cal late Ratio of 15:5 on Viscosi-ty of Retorted cuar
Solut ions. Other Detai ls as in the Legend to Figure 1.
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Figure 1. Effect of.antioxidant Ratio on the Viscosity (measured
at  2OeC and 50s-a)  o f  a  o .8g  cuar  curn  So lu t ion  a t  pH 7 .O.
The Total Antioxidant Concentrat ion (Gallate plus Sulphite) was
2OO ppn and Nunbers on tlre Abscissa are the propyl Gallate
Concent ra t ion .  The V iscos i ty  o f  an  Unre tor ted  Cont ro l
Containing no Addj.t ives was O.55 Pa.s.
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Figure 3. Effect of Antioxidant Ratio on the Strength of
Retorted Gels at pH 7.0 Containing O.4t Locust Bean cum and O.eg
Carrageenan. The Total Antioxidant Concentration (Gallate plus
Sulphite) \,ras 2OO ppn and Numbers on the Abscissa Represent the
concentration of callate . The strength of a Retorted control
containing no Antioxidancs lras 1.11 N (Five Measurements,
Loe/est-o.57N, Highest-1.73N) and a Non-Retorted Control with no
A n t i o x i d a n t s  I r a s  7 . o N  ( 6 . 5 N ,  Z . 5 N ) .
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Figure 4. Effect of Total Antioxidant concentration at a
Sulphite:cal late Ratio of L2..3 on Strength of Retorted Gels.
Other Details as in Legend to Figure 3.
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Figure 5. Effect of pH and Kcl Addition on the Strength of
Retorted Gels.  -  wi th Ant ioxidants (200 ppn of  Sulphi te and
ca l l a t e .  Ra t i o  l - 7 : 3 ) .  w i t hou t  An t i ox i dan t s .  , * ,  w l t h
o.1, ! {  KCl.  ,o,  No Kcl" .  other Detai ls  as in the Legend to Figure
1

o

0'o o'2 
coon;o"nt*tt"n 8it ""rl;3."n1;" 1*f 

'o 1'6

Figure  6 .  Retor ted  Ge]  S t rength  as  a  Func t ion  o f
carrageenanr Concentrat ion Alone (pH 7.O, no added KCl).
_ _a_ _ _ No Antioxidants. _o_ t{ith ZOO ppn of
sulphite plus cal late (Ratio L713).
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until the additive level exceeds 3oo ppn although substantial
improvement is obtained at far lower levels.

It is well recognised that the strengrth of.these systems is
strongly influenced by pH and by K+ level. Figiure 5 sholts that
q"i- iti."qth is enhaicia ny the presence of Kcr, bowever in the

ir"="tt". oi XCt the antioxidant systens still have a substantial
|eneficiat affect which in * or ratio, terns is conparable to

that obtained when there is no added K t . Maximun gel strength
is obtained near neutral pH and belou pH 5 a solid gel is not
obtained after retorting whether or not the antioxidants are
pi"r""t. Thls is presuna5ly because.at the lower pHs hydrolysis
G"or"" far inporiant as a degradation nechanism compared with
oRD reactions.

Retorted gels containing carraqeenan alone are not stabilised to

i"Vtni"q iite ttre sane 6xtent (figrure 6) coDpared with the nixed
poiysac6nariae system and this suggests that what is importarrt
is Lfre role of the antioxidants in protecting the galactomannans

ig"j.n"t degradation. This is of course consistent with our

oiiginaf w6rk showing that conpared vith sone other other food
poif-accnariaes thes6 naterials are particularly receptive to
protection by antioxidants.

A nunber of uodels have been sugtgested to explain the

synergistic interaction between carrageenan and locust bean gum.

ff,e 6arty suggestions that there was_ a specific association
u"ir""t 

'un"u6ititutea 
regi-ons of the nannan chain and

.i i i ig"."u" junction zones (Dea 9t,al,  (6)) have been chal lenged
;;Gii on g116 basis that X-iay 6iffractoqrams on mixtures can be

""piii""a by the addition of -arrageenan and mannan patterns and

do not r lveal a nett ordered forn (Calrns et aI,  (7) ) '
a picture where locust bean gum associates with the carrageenan

iunition zones at only a 
-snall 

nunber of points on the

;;i;;a;"";; chain witi the long-frexibre galactorgannan chains

iifitrg a snall entiopic contribution. to the nodulus but a najor

contribution to the rupture strengrth by hotdinq tbe. network

tofether while carrageena-n junctions. reforn on deforraation would

="6, easier to r5concite ctith the strong dependence of

Liiltf"t"rr on Locust bear{r grun molecular weight inplied by this

work than nould be the case ior a phase separated picture'

Finally ne ntould Ltish to make the point that we have shortn that

in sinlte aqueous systeus very suall anounts of antioxidants can

ai"rlfliffy effect the nfuncti.onalityr of polysaccharides- There

;iil ue airtioxiaant activity associated with Bany natural food

ingredients. sone of the intLrations,/synergisPs reported between

i;6a ingredients e.g. galactona_nnans ind nilk, nay be explai{ted

bv the antioxiaant 6apiUiltty of the ingredients included with

tir" 
-p"fy"";d;;id" 

raiher tn6n a trnon-chenical' nacrouolecular

interactLon.
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