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Figure B.2: Elution profi les from light sca ttering (90 0 detector) and differential refractive index detectors for PGM 2 sample.
Conditions as in Fig ure B.l



freshly prepared by I. Fiebrig as described in Section 3.1.4.1. The weight

average molecular weights of these samples are much higher than the

commercial samples. The elution trace of the crude sample (ie. after

preparation as described in Section 3.1.4.1) (Figure B.3) still has a shoulder

on the low molecular weight side of the peak and the weight average

molecular weight is only approx. 3.5x106. Purification of this sample by

preparative SEC led to a weight average molecular weight of 5.1x106 and

complete removal of the lower molecular weight component (see Figure B.4).

After a second caesium chloride density gradient ultracentrifugation

purification the increase in the weight average molecular weight of the

purified fraction was not considered significant for the purpose of the

Table B.l: Weight average molecular weight values for pig gastric
(PG) mucins.

Sample

Commercial samples

PGM 1

PGM2

PGM3

Freshly prepared

samples

PGM4A

PGM4B

PGM4C

PGM 5B1

PGM5B2

10-6xMw (1st

investigation)

1.25+0.01*

1.33+0.01*

0.67

3.49

5.10

5.75+0.03*

9.28+0.1 *

7.18+0.19*

10-6xM
w (2nd

investigation)

1.54+0.01*

1.68

* Results are average of duplicate runs.
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Figure B.3: Elution profiles from light scattering (900 detector) and differential refractive index detectors for PGM 4A sample.
Conditions as in Figure B.l
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Figure B.6: Elution profiles from light scattering (900 detector) and differential refractive index detectors for PGM 5B2 sample.
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Table B.2: Weight average molecular weights of native and degraded i
I

· . . P g
co oruc mucms usmg SEC/MALLS

Sample 10-6xMw

Native Mucins

PCMAI 5.56±O.16*

PCMA2 4.89±O.19*

PCMA3 6.4l±O.24*

Papain digested mucins

PCMPI 0.672

PCMP2 0.800

Reduced mucins

PCMRI 0.501

PCMR2 3.77

* Results are averages of duplicate SEC/MALLS runs.

Reduction of mucin with ~-mercaptoethanolledto two very different results,

one sample gave a molecular weight higher than expected and the second

sample gave the molecular weight corresponding to a basic unit. Elution

profiles of one of the reduced mucins are shown in Figure B.9. The variation

in molecular weight after reduction may reflect the non-specificity of the thiol

reduction.
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APPENDIX C: SEC/MALLS STUDY ON

XANTHAN

The xanthan samples were gifts from Kelco International and were analysed

by SEC/MALLS as part of Mr. R. Dhami's characterization work of xanthan.

SEC/light scattering analyses have been carried out by a number of workers

(for example Lecacheux et al, 1986, Lambert et al, 1982; Milas and Rinaudo,

1979). However, SEC of xanthan is problematic due to the very large size of

the molecules and there are not many packing matrices which have pores

sufficiently large to allow separation of xanthan.

The chromatograms of the three xanthans investigated are shown in Figure

C.1 to Figure C.3. There are two striking features of these chromatograms.

Firstly, the very steep rise at the total exclusion volume which indicates that a

large amount of material is eluting at the total exclusion volume. Secondly,

both the light scattering and concentration traces take a very long time to

return to the baseline - such behaviour is usually interpreted as one of the

signs for adsorption. The molecular weight versus elution volume trace

(Figure CA) for the Keltrol BT sample confmns this suspicion. Material

starts eluting at the exclusion volume, however, instead of the molecular

weight decreasing with increasing elution volume, an increase of molecular

weight with elution volume is found. Such behaviour is feasible when

molecules of different conformations co-elute, however, coupled with the

information from the elution traces it seems more likely, that non-size

exclusion effects such as adsorption have taken place.

The weight average molecular weight values obtained for the xanthan samples

fall within the range quoted by other workers (Lecacheux et al, 1986;

Lambert et al, 1982; Milas and Rinaudo, 1979) and it would be expected that

with an absolute detector the average molecular weight values are still correct
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as there is no elution volume dependence of this parameter. However, there is

a large difference between the molecularweightaverages for the samples

which were run twice (see Table C.l) which may be indicative of adsorbed

material from a previous run being slowly released. The weightaverage

molecular weight values quoted here are therefore subject to these limitations.

Further work with xanthan on SEC/MALLS was abandoned as it appeared

futile with regards to improving results and possibly very costly with regards

to SEC columns. The samples were characterized by sedimentation

equilibrium techniques by Mr. R. Dhami and the results are included for

comparison in Table C.l.

Table C.I: Weight average molecular weights of commercial xanthan
samples

Sample lO-6xMw (from

SEC/MALLs)(a)

10-6xMw (from sed.

equilibriumj'I"

Keltrol BT 2.60 2.45

Keltrol FO 2.43 3.16

3.62

Keltrol RD 1.98 4.89

2.99

(a) Individual results from each SEC/MALLS run

(b) Personal communication from Mr. R. Dhami
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Evidence for Protein-Polysaccharide
Complex Formation as a Result of
Dry-heating of Mixtures
By K. Jumel, S. E. Harding, J. R. Mitchell, and Eric
Dickinson!

DEPARTMENT OF APPLIED BIOCHEMISTRY AND FOOD SCIENCE. UNIVERSITY
OF NOTTINGHAM. SUTTON BONINGTON. LOUGHBOROUGH, LEICESTERSHIRE
LE12 5RD, UK

IpROCfER DEPARTMENT OF FOOD SCIENCE, UNIVERSITY OF LEEDS. LEEDS
LS2 9JT, UK

1 Introduction
The complexes produced by the dry-heating of the globular protein bovine
serum albumin (BSA) and the non-ionic polysaccharide dextran have been
shown recently to have excellent emulsion stabilizing properties. i.; This
short paper presents experimental data on the molecular weight of com­
plexes formed by dry-heating mixtures of BSA and dextran T40 (4 x 104

daltons) as determined by gel permeation chromatography with light­
scattering detection (GPCjMALLS) and ultracentrifugation.

2 Experimental
Protein-polysaccharide complexes were prepared by dry beating various
molar ratios of BSA and dextran T40 at 60 °C for 3 weeks as described
previously. 1 The samples were dissolved in phosphate/chloride buffer (pH
7.0, ionic strength 0.1 M). Weight-average molecular weights of samples of
various molar ratios were determined by GPC/MALLS (sample concen­
tration 3 mgml-1) .3 The BSA-dextran complex of molar ratio 2:1 in a
solution of concentration 0.5 mg ml"! was investigated under conditions of
low-speed sedimentation equilibrium in a Model E analytical ultracen­
trifuge. The sedimentation coefficient of this same complex (sample
concentration 2 mg ml"") was determined using a Beckman XL-A analy­
tical ultracentrifuge.
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3 Results and Discussion
Figure 1 shows the weight-average molecular weight M Vi of various
BSA-dextran complexes as determined by GPCjMALLS. We see that, of
the various samples investigated, only the complex with a composition of
33 mol % dextran has a molecular weight substantially greater than that for
the native protein. Table 1 compares the value of M Vi obtained from
GPCjMALLS for this 2:1 molar ratio complex with that from low-speed
sedimentation equilibrium. Also shown for comparison are M Vi values for
the heat-treated pure BSA (same heating conditions). The results indicate
that, although some aggregation of the BSA itself occurs during the

ooסס50

ooסס40

ooסס30

ooסס20

ooסס10

10080604020
O+------...--~----.------,.__-.........------r--.----~----.--__,

o

mol % Dextran T40

Figure 1 Weight-average molecular weight M.., of co.mplexes obtai~ed by dry-heating
of mixtures of BSA and dextran T40 at vanous molar ratios

Table 1 Molecular weight, sedimentation coefficients, and frictional coefficients

Sample M ... (daltons) ,\[ Yo (daltons) S20 (5) s20 .w (5) fifo
GPCIMALLS Model E

BSA native 62700 ± 5000 66700a 3.93 ::: 0.1 4.04 ± 0.1 1.3±0.1

BSA heat-
treated

130000 ± 10000 5.43::::0.1 5.59 z; 0.1 1.3±0.1(3 weeks) 158000 ± 10000
BSA(r40
complex

450 000 + 20 000 330 000 ± 20 000 4.85 ::: 0.1 4.98 ± 0.1 3.4±0.12:1 ratio

• Value from: K. E. van Holde, 'Physical Biochemistry', Prentice-Hall. 1971
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dry-heating process, this does not account for the much larger average
molecular weight of the complex. The general trends of behaviour detected
by GPC/MALLS and ultracentrifugation are the same. The slight discre­
pancy in the numerical values can be accounted for by noting that the
light-scattering results may be affected to some, extent by additional
aggregated material co-existing with the protein-polysaccharide complex,
whereas such material might have moved to the cell base in ultracentrifu­
gation measurements and would therefore not have contributed to the
weight-average molecular weight.

Figure 2 compares chromatographic elution profiles for the BSA-dextran
complex (2:1 molar ratio) with those for the native BSA and the heat­
treated BSA. We note the different position of the complex peak (lower
elution volume) from that for the protein alone, both from light-scattering
analysis and differential refractive index analysis. The peak shape shows
that the complex is not a single species but is polydisperse. Figure 3 shows
the movement of the sedimenting boundary for the BSA-dextran complex
(2:1 molar ratio). The presence of a single sedimenting boundary suggests
that the polydispersity is more of a quasi-continuous character than a
paucidisperse one.

Sedimentation coefficients of complex, native BSA and heated BSA are
also given in Table 1. From the molecular weight and the s20,w value, we
can estimate the frictional ratio fifo. Assuming that the s20.w value
measured is not too far from the infinite dilution value, the large value of
fifo derived for the complex is suggestive of either a highly asymmetric or
a highly hydrated entity.
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Differential refractive Index chromatograms. ,
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Figure 2
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Figure 3 Sedimenting boundary of BSA/dextran T40 (2: 1) complex
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2. Methodology

There are three principal "low-resolution" techniques we have used to study these

interactions: analytical ultracentrifugation (in two formats), dynamic light scattering and
. finally total intensity (or classical) light scattering coupled to on-line GPC.

when dealing with solutions of polysaccharides mixed with proteins we cannot use the so­

called "high resolution" techniques of nmr, X-ray diffraction or computer molecular

modelling but instead have to use the classical" low-resolution" solution techniques such

as analytical ultracentrifugation and light scattering.
We have been looking at potential interactions in three types of mixture. First,

unheated solutions of a well characterised alginate with bovine serum albumin (BSA).

Secondly, mixtures of the same alginate and also pectin with BSA where the solution had

previously been given various degrees of heat treatment. Finally we looked for

interactions in a system where a dry mixture of a polysaccharide and a protein had been

heat-treated prior to being brought into solution. It is worth pointing out that many food

systems consist of mixtures of protein with polysaccharide and many are thermally

processed, so seeing what happens under solution heating or dry heating conditions is,

one would think, quite relevant. However we would like to stress that all the studies we

have done so far on these systems have been under dilute solution conditions: it could

well be the situation we see is quite different at higher concentrations.
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The Structure and Nature of Protein-Polysaccharide
Complexes

Stephen Harding, Kornelia Jumel, Rachel Kelly, Elias Gudo,
John C. Horton and John R. Mitchell

University of Nottingham, School of Agriculture,
Sutton Bonington LEI2 SRD, England

Many food systems consist of mixtures of protein and polysaccharide and many are also thermally
processed. Potential interaction phenomenain solutionsof protein and polysaccharideare described using
the following probes: sedimentation velocity and sedimentation equilibrium analytical ultracentrifugation,
dynamic light scattering and total intensity light scattering coupled to an on-line gel permeation
chromatography system. Specifically the following mixtures were studied: (i) unheated and heated
solutions containing mixtures of bovine serum albumin (BSA) and a highly characterised alginate; (ii)

unheated and heated solutions of BSA with a well characterised pectin; (iii) solutions of dry heated
mixtures of BSA with a dextran. In (i) a strong dependence on heating temperature is demonstrated; in
(ii) no interaction is observed, rather the pectin itself appears thermally unstable; in (iii) the size of the
complex appears to depend critically on the molar ratio of BSA to dextran.

Summary

1. Introduction

For many years OUI laboratory has been interested in the solution sizes, shapes and
interactions of glycopolymers - that is glycoproteins and polysaccharides - but quite
recently we have branched out into the relatively dangerous world of glycopolymer­
protein interactions, and in this paper we will describe our work on three types of food
protein-polysaccharide systems which we have been focussing on over the last eighteen

months or so.
A fundamental complication when attempting to study possible interaction phenomena

in protein-polysaccharide mixtures is that although one entity in the mixture is usually
well characterised and well behaved· namely the protein component - the other, the

polysaccharide, is not. Solutions of polysaccharides are usually highly non-ideal in the
thermodynamic sense through exclusion volume and polyelectrolyte effects; they are abo
usually highly polydispcrsc (IC. consist of non- Interacting components of different

molecular wClght and densuy). Finally. some can also have the potential to perform self­

association reactions in solution.
All these properties of polysaccharides make it very difficult to try and describe

potential Interactions With protcms in terms of stoichiometries and interaction constant ....
sorncumcs the bcvt we can hope for I~ 10 semi-quantify average effects. This mean ... thJl

t
f.

t

2.1. Analytical Ultracentrifugation

We used two types of analytical uflracentrifuge experiment. In "sedimentation

velocity" the rate of movement of a sedimenting boundary is measured to obtain the
sedimentation coefficient which is a function of the size, shape and interaction properties
of the system. We use both absorption optics and "refractive index gradient" (or
Schlieren) optics. At the much slower speeds in a "sedimentation equilibrium"
experiment, which is used to measure molecular weights and - for protein systerns > to

quantify interaction parameters, we can record the final distribution of solute in the
centrifuge cell using either Rayleigh interference optics or absorption optics (the Jailer is
used if we are only focussing on the behaviour of the protein component of the mixture).

Three analytical ultracentrifuges were u...cd for this work. (i) An MSE (Crawley.
U.K.) Centriscan equipped with scanning absorption and scanning Schlieren optics. This
IS dedicated to \cdimenlation vcloc uy work and 1\ particularly useful for detecting

interactions between species which have different chromophores by looking for co­
sedimentation Sedimentation codflcll'nh were evaluated off line using a computer
graphic... Jlglll\lfl[, t.lhkl InlnfJcl'J 10 an Apple ll l: microcomputer. (ii) A Beckman (Palo
AIIO. USA) \l",kl L l'qUlrr1l'J Willi HJI!cIl'" IfIll'rkrCflt'l' opllCS and a laver 111:111 sour ce



2.2. Dynamic Light Scattering

For the dynamic light scattering we use a Malvern 4700 instrument with a 25 mW
laser (see e.g. [4» at a scattering angle of 90°. The data are analysed only to give simple
apparent diffusion coefficient measurements at a temperature of 25°C from the slope of
the log of the normalised autocorrelation function against delay time (or equivalently
channel number). This gives a rough measure of particle size (without correction of the
apparent translational diffusion coefficient to zero angle, zero sample time or zero
concentration) and, from comparison of the goodness of linear and quadratic fits, a rough
idea of sample polydispersity via the so-called "polydispersity factor" (see, e.g., [5».

and which is dedicated to sedimentation equilibrium measurements. Rayleigh interference
solute distribution records are captured off line via an LKB laser densitometer and
converted to a record of relative concentration versus radial distance via a UCSD
PASCAL Fourier series PC routine ANALYSE2 [I]. These ASCII data are then passed
onto a mainframe IBM 3084/Q and molecular weight analysis performed using a
FORTRAN routine MSTAR (see, e.g. [2]). (iii) An Optima XL-A. This is the newest
analytical ultracentrifuge from Beckman instruments [3] from whom we are privileged to
have received an evaluation model. In this study, this instrument was used only for
sedimentation equilibrium work with (protein) solute distributions recorded using
absorption optics at 278 nm. ASCII records of solute absorbance versus distance from the
interfaced PC were passed to the IBM 3084/Q and analysed as above.
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3.1. Mean size

Mean size was estimated in terms of the effective hydrodynamic diameter from
dynamic light scattering measurements as described above.

We will first consider mixed solutions of a well-characterised protein - BSA - with a
well characterised, highly purified and fractionated alginate polysaccharide called Pro­
nova (Protan Ltd., Drammen, Norway). This is an alginate extensively studied by groups
at Troridheim and Trieste [7] using light scattering and osmometry and by ourselves [8,9]
using analytical ultracentrifugation and total intensity light scattering/gel permeation
chromatography. We have a consensus molecular weight of just over - 200,000 for this
substance. Solutions (each of concentration 2 mg/ml) of BSA (Sigma, Poole, UK) and
alginate dispersed in a phosphate chloride buffer (pH =6.8, I =0.1) were mixed together
in a 1:I ratio and then studied either as made up or after being heated for 30 minutes at
various temperatures. The aim was to search for changes in apparent molecular size,
sedimentation coefficient or molecular weight and from these to obtain a qualitative idea
of the strength of any interaction as a function of temperature, All the measurements were
done at a temperature of 25.0°C.

3. Solution Heated Mixtures of BSA with an Alginate
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MEAN SIZE (DYNAMIC L.S.): ALGINATE + USA
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Fig, I.
Effective hydrodynamic diameter or solution heated mixtures of BSA with
pro-nova alginate, All measurements performed at a temperature or 25.0·C,
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The other light scattering instrument which we have used is a total intensity (or
classical) light scattering photometer from Wyatt instruments (sec, e.g., [6]). A cleverly'
constructed array of detectors allows simultaneous intensity measurements for a range of
angles. More significant is the provision of a now cell which allows the instrument to be
coupled on-line to gel permeation chromatography - we use this total set-up as a second
independent technique from sedimentation equilibrium for molecular weight work. The
Idea of a scauermg cell as a flow cell coupled directly on-line to GPC separation columns
and associated filters is in our opinion a superb one for (i) circumventing the well-known
but, these days, ill-reported dust problem of light scattering and (ii) fractionating a
heterogeneous system directly prior to molecular weight analysis. It appears to give
reliable results - as checked by sedimentation equilibrium - but with only a fraction of the
urnc and dfort, as will be seen below.

2.3. Total Intensity Light Scattering (TlLS)/
Gel Permeation Chromatography (GPC)



tempe ratu re of 95 °C . T he alginate control shows no change in effective diameter
{- (70 + 10) nm} whereas the BSA control shows an increase from about 10 nm to about
50 nm beyond its denat uring temperature (- 55°C). It would appear therefore on the
basis of this data alone that we have an interaction with no heat treatment, destroyed by
mild treatm ent - the bottom plateau level appears to be approximately a weighted average
of the alginate and BSA species -until beyond the therm al denaturation temperature of the
protei n the intera ction process becomes significant again.

In fact, if we combine the sed imentation data with the dynamic light sca tte ring diffusion
data , then, notwith standing the fact that we haven't corrected our results properly to
standard solvent conditions or extrapolated to zero solute concentration, we can get a
relative estimate of the weight average molecular weight of the mixtur es' co mpo nents .
This is shown in Fig . 3 with values hovering around the unbound alginate value of
ooסס20- between temperatures of 35°C to 55°C reaching up to 10 times this value at

either extreme.
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3.2. Sedime ntation velocity

Now you can never trust one technique in isolation in this business -especially if it's
a light scattering one. Sedi mentation velocity however appears to confirm the above
obse rvations. Consider for examp le a Schlieren diagram for the non-heat treated mixture
(Fig. 2) showing two clear components, one sedimenting at 1.5 S, presumably unbound
alginate , the other moving dow n much faster at 10.65, far faster than even dimeric B5A:
and this is a complex. Indeed the sedimentation coefficient of the faster component
measured at 25 °C as a function of treatment temperature appears to reproduce the trend
obse rved with the dynami c light scattering data, with a drop in s value for mild heat
treatment and a steady increa se beyond the thermal denaturation temperature of the BSA
when presumably more potentia lly interactive groups are exposed .

I I' l MI BSA And I mf /ml pro nov a alflna lC:.

,-,'Il l) r

APPAR ENT MOL ECULAR WEIGHTS

p..
(Svedb erg Equation); ALGINATE + USA

~ 3
l • ~

.-'t
1:
WI

.., 'v 2
~..
~
;J
u
0
'0:e:
x

"?
0 0

20 40 60 eo 100
Temperature of heal treatment (degrees C)

Fig. 3.
Apparent molecular weights of solution heated mixtures of IlSA with pro-nova alginate
evaluated from the Svedberg equation. All measurements performed at a temperature of 25.0 °C.

4. Solution Heated Mi xtures of BSA wit h a Pectin

If we replace the alginate by a highly characterised pectin { "GENU" pectin with a
degree of estcri lication - 70 % (IOJ } we get quite a differen t picture . The apparen t mean
size from dynamic light scaucring drops and continues to drop with increasing
temperature of heat treatment (fig . 4a). We believe this proves that the intera ction of
BSA is more specific to alginate and lhal the pectin itself is therm ally unstable as shown
in the control of fi g. 4b. Perhaps a native pectin molecule is not a simple covalent entity
but made up of sma ller non-covalent basic units. This view appears 10 be confirmed by
measurement of (apparent) molecular weights (at a loading concentration of - 0 .5 lllg/ml)
as determ ined directly by low speed scd imcnrarion equilibrium (Fig . 4c) .

This marks the present extent of our work on heated solution mixtures. Obviously we
need to look at a range of concentrations and for a range of solvent condiuo ns (pII, ioni c

strenarh cic.) to understand bcucr what exactly IS happening.
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Table I. Dry heated BSA dextran T-40 mixture . molecular weights and sedimentation coefficients.

concentration of - 0.5 mg/ml and not corrected for thermodynamic non-ideality) .

s,,, .. lSI

4.04 r 0.1
5.59 1 0.1
4.98 1 O. t

-20

80

3.93 t 0.1
6.43 1 0.1
4.86 I: 0.1
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Fig. 6.
Molecular weight of BSAIT-40 complex as a function of molar mixing ratio.

Sample

BSA
native
head truted
BSAIT40
2:1 rillio

T40
".uve
heat "e.ted

• V"ue from Phys.caILJOC)(t, ..." ..·.H, ~ ( '4" li"I"". Prenllce·HaI. 1971.
• for 3 wcC'S ill (,0"(

This concept of a strong interaction at the mixing ratio of 2: I was confirmed by co­
sedimentation experiments (see, e.g., [15]) using sedimentation velocity and a mixture of
Schlieren and absorption optics. Finally, Table I summarises the clear difference in size
between the 2: I dry heated mixture compared with native and heat treated BSA and
native and with heat treated T-40 dextran as supported by two independent techniques,

namely light scattering and analytical ultracentrifugation.
With that philosophical statement of the importance of the virtue of combining results

from independent techniques together when handling tricky systems such as these, we

close this paper.
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We will conclude this paper with a summary of our work on dry heated mixtures of

BSA with another fairly well characterised but neutral polysaccharide called T-40
dextran. (The "T-40" means the commercial manufacturer thinks its molecular weight is
- 40000.) This work is part of a collaboration now under way with Professor Eric

Dickinson's group at Leeds [11,12) which is investigating the proposal originally made

by Kato and co-workers (see, e.g., (13)) that by dry heating a protein with a

polysaccharide such as a dextran its emulsification properties can be enhanced

considerably. The procedure for dry heating is to incubate the mixture at various molar

ratios for a period of three weeks at 600 e with the goal of finding the mixing ratio which

gives the biggest complex, and seeing if this corresponds to the mixing ratio which gives
the optimum emulsification properties as being investigated by Eric's group. All solution
measurements were performed at 2S°C in solvent of ionic strength 0.1 and pH 6.8 as
above.

As with the solution heated mixtures it is important to perform the appropriate
controls to determine the individual behaviour of BSA and dextran. Fig. Sa shows two
traces from the Dawn-F total intensity light scattering-GPC for unheated BSA as a
function of elution volume. One is the intensity of light scattered at an angle of 90° and
the other is the corresponding refractive index (concentration) profile. Most of the BSA
appears as monomer (with a molecular weight extrapolated from the angular intensity
envelope of - 67000) with a smaller proportion of dimer. The same experiment on BSA
that had been dry heated before being made up into dilute solution shows, as with the
solution heated material before, a tendency to dimerise or form high molecular weight n­
mers (Fig. Sb). The weight average molecular weight over the macromolecular
distribution eluting from the columns (PSS Hema Biolinear and Hema Bio4O in series)
comes out to 2-3 times the monomer value. Similar experiments on the T -40 dextran
control yield weight average molecular weights of just under 40000 and no tendency to
aggregate upon dry heating. Dry heated mixtures however show a clear disposition to
aggregate over and beyond the small increase for the BSA, and this is shown in Fig. 5c
for a 2: I molar ratio of BSA to dextran with the weight average molecular weight
coming over the macromolecular components coming out as ,OOסס45- averaged over
several runs.

In fact the size of the complex appears to depend critically on the mixing ratio (rather
like anligen-antibody interactions) with the 2: I ratio of BSA 10 dextran giving by far the
largest size (Fig. 6) as based on the total-intensity light scattering I GPC data. This seems
to be reproducible. Because of this rather remarkable value we've tried to check this
using independent sedimentation methods. First of all using sedimentation equilibrium
performed using the new Optima XL-A, we find a value for the apparenl weight average
molecular weight from the M" procedure (14) of -330000 for the 2: I complex and
_ ooסס13 for hat treated BSA. both in good agreement with the light scattering results
(beaflng in mind that the sedimentation cqurhhr iurn result s correspond to a loading

s. Dry Heated Mixtures of BSA with T-40 Dextran
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The use of anti-oxidants to control viscosity and
gel strength loss on heating of galactomannan
systems

LR.MITCHELL, S.E.HILL. K.JUMEL. S.E.HARDING and
M.AIDOO
Department of Applied Biochemistry and Foot! Science, University of Nottingham,
SII{fOIl Bonington, IIr Loughborough . l.ciccstcrshire L£/2 5RD. UK

SUMMARY

Viscosity loss on autoclaving guar gum solutions can be
sUbstantially reduced by the addition of mixtures of the
Bntioxidants, sodium sulphite and propyl gallate. There appears
to be a strong synergistic interaction between the two materials
with the ,maximum affect occurring at ratios of sUlphite to
gallate of about 3:1. Total antioxidant levels required for
Gubstantial protection at pH 7.0 are of the order~100ppm. The
antioxidant cOmbination is also effective in reducing the loss
in gel strength which results from autoclaving mixtures of
carrageenan and locust bean gum. The similar optimum ratio of
sulphite to gallate to that found with the guar system and the
small influence of the antioxidants on carrageenan alone
auggests that in this mixed system the antioxidants function
primarily by protecting the locust bean gum. The results favour
a specific interaction rather then "phase separated" model for
the mixed gel system. It is possible some of the reported
interactions between polysaccharides and other food ingredients
can be understood in terms of the antioxidant properties of the
ingredients rather than biopolymer association or phase
separation.

INTRODUCTION

Polysaccharides are extensively used as thickeners and gelling
agents in heat sterilised foods. It is well established that
heat treatment can result in substantial decreases in viscosity
and gel strengths the decrease being strongly dependent on pH
(Pilnik and HacDOnald,(l».In general viscosity and gel strength
loss on heating is far lower at neutral pHs then acid pHs which
is indicative ot the importance ot acid hydrolysis. The
exception is pectin where p-elimination dominates. HoweVer even
at neutral pHs polysaccharides will degrade as a result ot
oxidative reductive depolymerisation (ORO) reactions. This torm
ot degrad.tion can be controlled by the addition ot antioxidant
systems. ~he work that has been carried out has mainly been
concerned with the stabilisation ot polymers used in oil tield
applications, e.g. Wellington (2), and little attempt has ~oon

\(1 \
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made to extend this approach to food systems using non-toxic
antioxidants. Recently, (3) , we have reported some preliminary
work which demonstrated that ga I ac tomannans , in particular, can
be effectively stabilised by low levels of combinations of
sodium SUlphite and propyl gallate. These materials are allowed
as additives in some food products. In this paper we demonstrat~

that there is a very strong synergism between the two
antioxidants and extend the work to the mixed carrageenan/locust
bean gum gel systems to determine if the substantial gel
strength loss that occurs on autoclaving (Ainsworth an~

Blanshard (4» can be prevented.

MATERIALS AND METHODS

made at five different applied stresses.

Gel Strength

Gel strength measurements were made directly in the can at
ambient temperature using a TAXT2 Texture Analyser (stable
MicrosytemsLtd, Haslemere, surrey, England). The lid of the can
was removed and a 1.20 em diameter plunger was used to penetrate
the gel at a speed of 2 em/sec to a distance of 25 rom. The
maximum force recorded was taken as the gel strength in Newtons.
Following texture measurement, the pH of the gel was recorded.

RESULTS AND DISCUSSION

Polysaccharides

Guar gum, locust bean gum and carrageenan (described
predominantly as kappa) were obtained from the Sigma Chemical
Company and used without any further purification.

Other Chemicals

Vl.coaity
oViacoaitiea w.r. determined at 20 C u.in9 a Deer rhe~.eter

equipped with con. and plate geoaetry (cone an9le 4 > or
concentric cylind.r 9ee.etry (radiu. ot inner cylind.r • 2.8 ca,
radiua or out.r cylinder· 2.9 c.). M••aure.enta were qenerally

Preparation ot Solutions and Gels

Unless otherwise stated solutions and gels were prepared in a
.ixed phosphate b~~er of pH 7.0 (9.09 q/l KH~PO,+" 11.88 gil
Ma'1. HPO~ ). In some case. RCl was added and/or the pH altered
by chanqinq the. ratio ot the two phosphate salts. The
anti-oxidant. were incorporated into the buffer prior to the
addition of the poly.accharide. Guar qum was added at ambient
t ••perature u.inq a hi9h .hear aixer to give a concentration
(w/v) ot 0.8\. Carrageenan and locust bean gum were added to the
butf.r at a te.p.ratur. ot 80·C to 9ive a total polysaccharide
conc.ntration ot 0.8\. Cans (diameter 72 ma and height 58 ma)
were tl1l.d wlth the quar or carrageenan-locust bean qum mixture
and .....d 1.avin9 no h.adspac•. rollowin9 retortin9 (120 C for
60 .lnut•• > the cana were water cooled and allowed to stand at
ambl.nt t ••peratur. tor approxiaately 24 hours prior to
vlaco.ity and gel .tren9th ••aaure.ent. Soae .easureaents were
al.o .ado on non-r.torted controls.

Figure 1 displays the viscosity of the 0.8% guar solutions
following retorting as a function of antioxidant ratio at a
total antioxidant level of 200 ppm (0.02%). The data shows very
strong synergism between the two additives. It has been reported
that the addition of sulphite enhances the thermal stability of
guar gum (Rodriguez (5» but it is clear that the binary system
suggested from Wellington's (2) work with xanthan gum is very
much more effective. The optimum ratio of the two additives is
about 3:1 sulphite to gallate, gallate on its own having little
effect.

There is some scatter in Figure 2 but this suggests that the
stabilising effect of the additives levels off at concentrations
of about 200 ppm. This is consistent with our preliminary work
on this system (J) although in the current investigation the
maximum viscosity obtained after retorting was about half that
of the unretorted control, whereas previously complete stability
was claimed. The reason for the difference is that in this case
the concentration was well above c* and hence the viscosity
will be far more strongly molecular weight dependent then in the
previous case where measurements were being made on 0.2\
solutions.

It is interesting to compare the effect of the antioxidants on
the thermal stability of guar with their ability to prevent the
breakstrength loss which occurs on autoclaving mixed carrageenan
locust bean gum gels. Figure J shows a somewhat similar
dependence on additive ratio to that observed for the viscosity
ot guar gum solutions. There is some suggestion that the
sulphite: gallate ratio required for optimum gel strength is
higher then that required for control ot guar viscosity. Thus
replacing 15ppm (0.0015\> of sulphite by gallate in the
formulation doubles the gel strength. It is clear that the gel
strength can be enhanced by a factor ot about 4 compared with
the system containing no additives although the strength ot the
non-retorted system is not achieved.

The ettect ot total additive concentration at ratios ot 17:)
gallate to sulphite is displayed in figure 4. This set ot data
i.plies that retorted gel strength does not roach a maximum

Sigma Chemical Company.
(SLR grade), disodium
potassium chloride (AR

were obtained from Fisons

Propyl gallate was obtained from the
Potassium dihydrogen orthophosphate
hydroqen orthophosphate (SLR grade)
grade) and sodium SUlphite (AR grade)
plc.
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o 200 400 600 800 1000
Tola, Anlioaldanl Concenlrollon (ppm)

Figure 4. Effect ot Total Antioxidant Concentration at a
Sulphite:Gallate Ratio ot 17:3 on Strength ot Retorted Gels.
Other Details as in Legend to Figure 3.

Figure J. Effect of Antioxidant Ratio on the strength of
Retorted Gels at pH 7.0 containing 0.4% Locust Bean Gum and 0.4%
Carrageenan. The Total Antioxidant Concentration (Gallate plus
sulphite) was 200 ppm and Numbers on the Abscissa Represent the
Concentration of Gallate . The Strength of a Retorted Control
Containing no Antioxidan~s was 1.11 N (Five Measurements,
Lowest-0.57N, Highest-1.7JN) and a Non-Retorted control with no
Antioxidants was 7.0N (6.5N, 7.5N).
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fiquro 2. Effect of Total Antioxidant Concentration at a
Sulphite:Callate Ratio of 15:5 on Viscosity of Retorted Cuar
Solution•. Other Details a. in the Leqend to Figure 1.
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Figure 1. Effect of Antioxidant Ratio on the Viscosity (measured
at 20 0C and 50s- I) of a 0.8% Guar Gum Solution at pH 7.0.
The Total Antioxidant Concentration (Gallate plus Sulphite) was
200 ppm and Numbers on the Abscissa are the Propyl Gallate
Concentration. The Viscosity of an Unretorted Control
Containing no Additives was 0.55 Pa.s.
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until the additive level exceeds 300 ppm although substantial
improvement is obtained at far lower levels.

It is well recognised that the strength of these systems is
strongly influenced by pH and by K + level. Figure 5 shows that
gel strength is enhanced by the presence of KC1, however in the
presence of KCI the antioxidant systems still have a substantial
beneficial affect which in % or ratio terms is comparable to
that obtained when there is no added K·+ . Maximum gel strength
is obtained near neutral pH and below pH 5 a solid gel is not
obtained after retorting whether or not the antioxidants are
present. This is presumably because at the lower pHs hydrolysis
becomes far important as a degradation mechanism compared with
ORO reactions.

Retorted gels containing carrageenan alone are not stabilised to
anything like the same extent (Figure 6) compared with the mixed
polysaccharide system and this suggests that what is important
is the role of the antioxidants in protecting the galactomannans
against degradation. This is of course consistent with our
original work showing that compared with some other other food
polysaccharides these materials are particularly receptive to
protection by antioxidants.

A number of models have been suggested to explain the
synergistic interaction between carrageenan and locust bean gum.
The early suggestions that there was a specific association
between unsubstituted regions of the mannan chain and
carrageenan junction zones (Dea et aI, (6)) have been challenged
mainly on the basis that X-ray diffractograms on mixtures can be
explained by the addition of carrageenan and mannan patterns and
do not reveal a new ordered form (Cairns et al, (7)) •
A picture where locust bean gum associates with the carrageenan
junction zones at only a small number of points on the
galactomannan chain with the long flexible galactomannan chains
making a small entropic contribution to the modulus but a major
contribution to the rupture strength by holding the network
together while carrageenan junctions reform on deformation would
seem easier to reconcile with the strong dependence of
brittleness on locust bean gum molecular weight implied by this
work than would be the case for a phase separated picture.

Finally we would wish to make the point that we have shown that
in simple aqueous systems very small amounts of antioxidants can
drastically effect the "functionality" of polysaccharides. There
will be antioxidant activity associated with many natural food
ingredients. Some of the interations/synergisms reported betweon
food ingredients e.g. galactomannans and milk, may be explained
by the antioxidant capability ot the ingredients included with
the polysaccharide rather then a "non-chemical" macromolecular
interaction.
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