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Following the work carried out on guar gum in our first paper of a series, the “pressure cell” solubilization
method was applied to two other less highly substituted galactomannans: locust bean gum (LBG) and tara
gum. True molecular solution of the polymers was achieved using appropriate temperature, time, and pressure
regimes. The technique of capillary viscometry was used to determine the intrinsic visaegsitl the
“pressure cell” treated and untreated samples. Molecular welh) &nd radius of gyrationRy) were
determined by light scattering. The data obtained for LBG and tara gum were compared statistically with
reliable data found for guar gum in the literature. The variatiom]mjith M,, followed the Mark-Houwink—
Sakurada relationship, giving the exponent 0.74 £ 0.01 for galactomannans consistent with random

coil behavior. The characteristic ratiG,, and the chain persistence length, were both calculated for

LBG and tara gum using the Burchard-Stockmayfeixman (BSF) method which is appropriate for flexible

to semiflexible chains. A general value of 9C, < 16 and 3< L, < 5 nm can now be estimated with
statistical confidence for all galactomannans. According to our statistical analysis, the chain persistence
length was found to be insensitive to the degree of galactose substitution.

Introduction gum shows many similar characteristics to guar and LBG.

) . Like guar, tara gum is indeed cold water “soluble” and
Galactomannans are neutral polysaccharides that occur I ppears to attain a maximum viscosity in water within a few

substantial amounts in the endosperm of the seeds of some i, tes. Similarly to LBG, tara gum acts in a manner

leguminous plants. Structurally they consist of 41 —4)- described as “synergistically” with-carrageenan, agar, and

p-mannose backbone to which galactose units are attacheq _ -0 5 increase so-called gel strength and make such
a-(1—6). Of the number of galactomannans known, guar gels less prone to syneresis.

gum, locust bean gum (LBG), and tara gum are the most As we know, both the M/G ratio and the distribution

used in applications in, for example, the food, pharmaceuti- fth | its al he chain backb
cal, and chemical industries as thickening agents or stabilizers,pattern of the galactose units along the chain backbone are

due mainly to the high viscosity they give at low wiw important molecular features as they affect the functional
concentrations. The different galactomannans can be dis- Properties of the different galactomannérisspecially, as

tinguished by their mannose-to-galactose ratio, the substitu-fa @ water solubility is concerned, the lower the degree of
tion pattern of side-chain units, and their molecular weight, substitution of the galactomannan, the more difficult it is to

the latter of which is greatly influenced by harvesting, form true (so-called molecular) solutions (i.e., when the
manufacturing practices, and other factors. material is fully dissolved at molecular levels). For example,

While guar gum commonly has a mannose-to-galactose LBG and tara gum tend to form aggregates in solution even
ratio (M/G) of ~ 2 and is usually found to have a Markov- More easily than does guar. This is because in low-substituted
chainlike distributiof of the side-chain substituents, LBG ~9@lactomannans there are long segments of unsubstituted
typically has a M/G ratio of-4 and both random, blockwise, Mannans. One explanation for this is that galactose side
and ordered galactose distributions are present as reporte@nains promote solubility because they introduce an entropic
in the recent work by Daas et#&Tara gum has a M/G ratio ~ (@nd perhaps steric) barrier to ordered packing of mannan
of ,\,3’ br|dg|ng the gap between the cold water So|ub|e' Chains. HOWeVer, Since the hydl’OphObiC effeC'[ iS |tse|f
highly galactose substituted guar and the cold water less€ntropic, we can regard the mannan chains to be relatively
soluble, lower substituted LBG. Here both random and hydrophobic and the galactose units as more hydrophilic.

blockwise distributions have been reportdd.solution, tara ~ Hence these long segments of unsubstituted mannans are
deemed to be more susceptible to aggregation with other
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the technique of “pressure cell solubilizatidrnising ap- LBG experiments. The samples were purified from the flour
propriate temperature, time, and pressure regimes to solutionsising an isolation procedure devised by Girhammar and
of guar gums in order to reduce time-dependent aggregationNair*® and modified by Rayment et &l to allow complete
phenomena and to achieve satisfactory dissolution at thehydration of the gum. The moisture content of the extracted
molecular level. We found that when pressure was applied polymer was determined by incubation overnight in an oven
at various fixed temperatures, the intrinsic viscositydata at 103°C to a constant weight. Freeze-drying was carried
were practically unchanged, wherddg data were reduced  out using an Ehrist ALPHA I-5 Freeze-dryer (DAMON/IEC
over a factor of~3, showing that no degradation had (UK) Ltd.), and samples were stored in a desiccator until
occurred. This behavior was attributed to disaggregation sinceused. Tara gum was provided by Magenta Sales Limited,
only M,, values were reduced. Indeedy][is not very Goostrey, Cheshire, U.K., and was purified in the same way
sensitive to the presence of aggregates as they are usuallys for LBG.
small in numbers and are usually compact (pseudospherical), Methods. Solutions of LBG and tara gum were prepared
butM., on the contrary, is strongly affected by their presence at 0.05 wt % by adding known weights of the freeze-dried
as their size contributes largely to the light scattering samples to deionized water at SC, containing 0.02%
intensity. A reduction in aggregates would redigwithout  sodium azide as bactericide. The temperature was raised to
necessarily changingy]. Besides, the light scattering data 80 °C as dry powder was added with stirring. The heating
obtained were nicely reproducible and considered as reliable.was stopped as soon as ®was reached, and the solutions
By increase of the treatment temperature, under no addedyere left covered overnight, with stirring, at room temper-
pressure, degradation was the behavior identified, as bothature to allow further hydration to occtir The solution at
My, and [7] were reduced significantly. This “pressure cell this stage was used as a reference material (‘“untreated
solubilization method” was previously applied with success sample”). Thirty milliliters of this solution was then added
on starch polysaccharide8 and on a xyloglucan, detarium  to the reaction chamber of a pressure/heating cell (HEL Ltd,
gum?® These previously published studies have establishedBarnet, Herts, U.K.). These solutions were then subjected,
that the method does work, and it was proved to be very under stirring, to a range of temperature and pressure
valuable in the study of guar solutions, enabling us to draw conditions between 70 and 16@ and G-4 bar added
definitive conclusions on the flexibility of the guar chain pressure. Added pressure was applied using nitrogen gas
backboné. while the reaction chamber was at a temperature ofG0
The same approach is used in the present investigationThese conditions were applied for a range of times from 10
into two less highly substituted galactomannans (tara gumto 30 min. The general protocol is described in more detail
and locust bean gum) in order to obtain, together with the in ref 6.
results of the guar study, a more general knowledge on the The treated solutions were then analyzed in various ways:
flexibility of galactomannan chains. The aim of the paperis 1 Capillary Viscometry. The intrinsic viscosity §] was
to show that by using the pressure cell method, reliable light getermined using the viscosity measuring unit AVS 350
scattering data can be obtained for galactomannans. InCi-gchott-Geite, Hofheim, Germany), connected to a Visco-
dentally, we found in the first paper in this sefigsat the  poser AVS 20 piston buret (for automatic dilutions), to make
method can be used both to solubilize and to degrade the,ytomated measurements of the flow-through times in a
chains and that these relative contributions can be “tuned”, capillary viscometer (Ubbelhode viscometer for dilution
enabling the preparation of a number\f, samples froma  gsequences). The viscometer was immersed in a precision
single batch of starting polymer. Physical characterization \yater path (transparent thermostat CT 1650, Schotti€era
of these two galactomannans is carried out using the pysiheim, Germany) to maintain the temperature at28.1
technique of intrinsic viscosity determination by capillary ¢ Results were analyzed using separate Huggins and
viscometry and the technique of light scattering, using both kramer extrapolations (linear regression, 99% confidence
size exclusion chromatography coupled to multiangle 1aser jnteryals), and the final result quoted in dL/g (1 disgL00
light scattering (SEC-MALLS) and a more conventional, but mL/g = 0.1 n/kg).
state o_f the art, static and dynamic light scattering goniom- 5, “gi,e Exclusion Chromatography Coupled to Multi-
eter. Finally we note, because of the problems of producing angle Laser Light Scattering (SEC-MALLS). The size

molecular solutions of galactose-depleted galactomannansexclusion chromatography system used consisted of a Jasco

there are very few reports of, for exgmple, Maitkouwink HPLC pump, a guard column, and TSK G5000 and G4000
parameters for these systefsn fact it has become almost columns. An on-line degasser was used to remove gas from
standard procedure to use the corresponding values for guar.

h h d Robi d K indfend the eluent. A flow rate of 0.8 mL/min for the mobile phase
such as those due to Robinson and co-workers, instead. was used at room temperature. A DAWN-DSP multiangle

One alm_of_ the p_r_esent work is to establish whether this laser light scattering detector and an Optilab 903 refracto-
hypothesis is justified. meter (Wyatt Technologies, Santa Barbara, CA) were used
for light scattering intensity and concentration detection,
Experimental Section respectively. The mobile phase was 0.02 wt % sodium azide
in distilled deionized water. One hundred microliter samples
Materials. Purified samples from commercial grade locust of the guar solutions were injected into the size exclusion
bean gum flour M175 supplied by Meyhall Chemicals, A.G., system after filtering through 0.44m filters (Whatman Ltd.,
Kreuzlingen, SwitzerlandRhodia Group, were used in all Maidstone, England). Repeat injections were made for each
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Table 1. Summary of Intrinsic Viscosity [;] and Static Light at polysaccharide concentrations ranging from 0.01 to 0.05%
Scaftering Results (w/v) so that the viscosity relative to that of the solvent
M Mu(x107%)  Ry? (water) lies in the range 1.2 n, < 2.0. All data are shown
sample treatment (dL/g) (g/mol) (nm) in Table 1. Figures representing intrinsic viscosity plots are
LBG? none 12.6 1.05 127 not illustrated here for LBG and tara gum as similar
70°C, 10 min 128 0.92 123 observations with guar gum in our preceding pépeere
100°C, 10 min 12.8 0.92 122 made. Indeed, compared to guar under the same conditions,
igg g 18 2:: 4 bar 1;:2 8:23 iﬁj an increase in the treatment temperature from 70 to°C50
130 °C, 30 min 8.2 0.60 104 under no external pressure, and during a 10 min period of
130 °C, 10 min, 4 bar ~ 10.9 0.95 118 time reduces the intrinsic viscosity significantly. Samples
130 °C, 30 min, 4 bar 9.8 0.88 113 treated at or below 108C, with or without added pressure,
160 °C, 10 min 5.3 0.33 64 did not show any real variation im] values, suggesting
taragum¢  none 142 2.25 141 polymer chains are stable under these conditions and not
70 °C, 10 min 14.0 2.33 105 subject to depolymerization. If external pressure (i.e., 4 bar
100 °C, 10 min 12.9 1.78 108 nitrogen in our experiments) is added to the reactor chamber
100 °C, 10 min, 4 bar  14.2 1.82 117
130 °C, 10 min 1215 162 110 to samples treated at any temperature above°@Qnder
130 °C, 30 min 11.15 1.44 103 various time periods, the intrinsic viscosity data then
130 °C, 10 min, 4 bar  12.9 1.72 119 determined are higher than the ones obtained under no added
130 °C, 30 min, 4 bar  12.0 1.59 97 pressure, for the same time and temperature conditions. The
160 °C, 10 min 7.45 1.06 73 pressure seems to be protecting the chains from some of the
2 R, = z-average root-mean-square radius of gyration. © M, and R, data degradation effects. We do not extend here the discussion
from SEC-MALLS. ¢ M, and Ry data from ALV-static and dynamic light further, as this aspect has already been covered in our first

scattering. paper of the series on guar gum. Suffice to say that a

sample. Data were captured and analyzed using the softward€mperature 0~100°C held during 10 min and an external
package ASTRA (v. 4.20). Data returned are the number, Préssure of-4 bar served to produce samples with essentially

weight, andz-averages for molecular weight and root-mean- unchanged values ofj]; guar systems were stable under
square radius of gyration. the same conditions but under higher temperatures, and

3. Static and Dynamic Light Scattering. These measure-  Values of ] did not fall as quickly as with LBG. This seems
ments were performed simultaneously, i.e., both in static and !© Show that guar is more resistant than LBG to heat-induced
dynamic mode on the same photons, at@0with a fully chain degra.datlon and that perhaps the higher proportion of
computerized ALV-5000 System comprising a compact galactose side arms serve to protect the mannan backbone
goniometer system and a muitieal-time digital correlator from cleavage.. In this respect, tara gum samples seemed to
(ALV —Laser Vertriebsgesellschaft m.b.H, Langen, Ger- Pehave more like LBG than guar.
many). The angular range applied was front 89150 in Light Scattering. The technique of SEC-MALLS was
steps of 10; the duration of single measurements was used to determinkl,, (weight-average molecular weight) and
typically 10 s averaged over a minimum number of three Ry (zaverage root-mean-square radius of gyration) on
runs until a statistically significant result is obtained (ALV/ samples of LBG. Results obtained are shown in Table 1.
Static & Dynamic Fit and Plot Program used). A Hie Similar to guar gurhitheM,, andR values for LBG followed
laser o = 632.8 nm) was the light source, and the scattering the same pattern of observations in relation to the pressure
of toluene was used as the primary standard. The refractivecell treatments applied. When using SEC-MALLS for the
index increment, d/ldc, was chosen as 0.146 ng-'.16 guar samples, lower than physical exponentfRptersus

Solutions used for light scattering were solutions of 0.05% Mw (~0.4) were obtained in some of the present measure-
polymer (prepared as described previously and treated in thements of individual fractions. Because of this, we have less
pressure cell appropriately) and serial dilutions (0.04%, faith in the elements making up ti, distribution than in
0.03%, 0.02%, 0.01%). These solutions were filtered three its overall moments. Having data fdt,, and f;] enabled us
times directly into the cylindrical light scattering cuvettes to plot the results for LBG in the form of a so-called Mark
(Pyrex disposable culture tubes, Corning Inc., Corning, NY) Houwink—Sakurada (MHS) plot of logs] vs log My,
(total volume~3 mL) using Acrodisc PF 0.8/0/2m syringe illustrated in Figure 1. The behavior observed for the MHS
filters (Gelman Laboratory, Michigan, USA). All solution plot on guar gurh showed that before degradation of the
preparation stages were carried out in a laminar airflow polymer there was a small initial horizontal region where
cabinet to minimize contamination with dust. no obvious reduction irvf] was seen but with a decrease in
My over a factor of~3. This does not seem to be as
pronounced here for LBG, supporting the conclusion from
[7] that LBG is even more susceptible to heat-induced chain

Intrinsic Viscosity [#]. Samples of purified LBG and tara  degradation. Few studies on the relative sensitivity of
gum were treated in the pressure cell under different heating,galactomannans other than guar have appeared in the
time, and pressure regimes as described in Table 1. Theliterature. However, the MarkHouwink—Sakurada exponent
intrinsic viscosity jj] was then determined at 2& for nine obtained from the slope for the double logarithmic plot of
samples (including the “untreated” sample) of each polymer intrinsic viscosity againsM,, is found here to be 0.7#%

Results and Discussion
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Figure 1. Mark—Houwink—Sakurada plot (log [#] vs log M) for LBG

samples treated under various temperature, time, and pressure
conditions. The a parameter is 0.77 + 0.09. Dotted lines indicate 99%
confidence intervals.

Figure 3. Zimm plot (constructed with ALV/Static & Dynamic Fit and
Plot Program) for tara gum treated at 130 °C during 10 min under 4
bar Na.

25 polynomials. This extrapolation procedure is the basis of the
classical “Zimm plot” method, illustrated here as an example
in Figure 3, in this case for samples of tara gum treated in
the pressure cell at 13@ during 10 min under 4 bar added
nitrogen.

Of course, this extrapolation needs to be made with care
because of the problems, especially significant for water-
soluble polymers, we detailed in part 1. First, the concentra-
tion dependence of scattered-light intensity does not always
show linearity and the slope of this line (Figure 3) could be
so high, in some cases, that it is very difficult to determine
the intercept on th& /R, with certainty. Second, water-
soluble polysaccharides, as mentioned earlier, tend to ag-
gregate in solution and to obtain complete molecular
dispersion is rather difficult. Even a tiny amount of super-
molecular particles present among the individual macromol-
ecules can distort the angular dependence of scattered light,
producing a pronounced downturn in the data and leading
to an overestimation foM,,.'”

0.09 for LBG. In this case the mean value is still within the  In the present work, this second consideration is probably
range 0.5-0.8 found in the literature for a polymer chainin not so much an issue as we feel that the careful preparation
the so-called flexible coil conformation with excluded of the samples and the pressure cell treatments applied to
volume. This conformation is further supported by Figure them under various temperature/time/pressure regimes do
2, which represents the double log plot Rf againstM,,. reduce, if not eliminate, aggregations and true molecular
The Flory exponent (slope of the plot) obtained is 057  solutions should be obtained. As observed in Figure 3, the
0.05, which lies in the required range 6:6.6. characteristic downturn in the data seen for incompletely
For the characterization of the tara gum samples, the dispersed solutions is not present. Further the data do not
technique of SEC-MALLS was not used but a goniometer show much angular dependence which suggests the radius
based light scattering system, recently acquired, was em-Of gyration is significantly smaller than the incident wave-
ployed instead. This was an ALV/DLS/SLS-5000 compact length,4o. All Zimm plots constructed for the nine samples
goniometer system designed to perform dynamic and staticOf tara gum gave values ®fl, andR; (shown in Table 1)
light scattering data simultaneously. The samples of tara gumwhich were reproducible (duplicates). As with the LBG data,
solutions were treated under exactly the same conditions a2 MHS plot was constructed with the tara gum data (Figure
for the LBG samples in order to get not only a physical 4) and the MHS exponent obtained (0.29 0.12) is
characterization but also some elements of comparisonapproximately within the bounds of the Markiouwink
between the two galactomannans. The relevant parametergquation for linear flexible macromolecules.
My and Ry, from the light-scattering static mode were Of course, with more points (nine here both for LBG and
obtained from the appropriate plots by extrapolation of the tara samples), a more reliable estimate of the MHS exponents
experimental data taw = 0 and ¢g° = 0 using fitted could be possible. However, the values obtained for both

1.5 T T T T T T T T T T

5.5 5.6 5.7 5.8 59 6.0 6.1
logM,,

Figure 2. Values of Ry plotted as a function of the molecular weight
for the LBG data. The Flory exponent is 0.57 + 0.05. Dotted lines
indicate 99% confidence intervals.
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Figure 5. Values of Ry plotted as a function of the molecular weight
for the tara gum data. The Flory exponent is 0.61 + 0.16. Dotted
lines indicate 99% confidence intervals.
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Figure 6. Kratky plot (constructed with ALV/Static & Dynamic Fit
and Plot Program) for tara gum treated at 130 °C during 10 min under
4 bar N.. All theoretical plots are constrained to the same Ry = 119
nm and correspond to (A) thin rod, (B) coil, polydispersed My/M, =
2, (C) Coil, monodisperse, and (D) hard sphere. Experimental data
are represented by (H).

plotted together using the so-called Kratky piatf u?P(u)

vs u. Hereu = gR;, P(u) = Ry/Ry= is the so-called particle
scattering factor, which reflects the angular dependence of
the scattered light, anglis the scattering vector4zA/sin-
(6/2)). The different curves reflect fits to different models
for the chain behavior, calculated as described in ref 18. The
dimensionless parameten, measures the intramolecular
probe distance relative to the incident light wavelength, and
P(u) can be calculated for different chain architectures. Figure
6 shows that the data obtained are very close to the linear
coil model with a polydispersity of 2 (most probable or Flory
distribution). Although this method of plotting is not usually
that sensitive to polydispersity, it seems clear that this model
fits better than that for a monodisperse distribution and that
despite, the comparatively small range of wave vector (red
laser light), we can also rule out the rod model. Overall this
confirms the results above for the chain conformation of tara
gum, with a most probabl#,, distribution. Kratky plots
obtained for the remaining eight tara gum samples showed

polymers, together with their respective Flory exponents, 0.57 similar behavior.

+ 0.05 for LBG (Figure 2) and 0.6% 0.16 for tara gum

The values of the MarkHouwink parameterst and K’

(Figure 5), show that both polymers have an essentially reported in the literature for guar gums differ markedly. The
flexible linear coil conformation with excluded volume. As  very widely employed and accepted Robinson é? aalues
we pointed out above, few attempts have been made toof a = 0.72 andK' = 3.8 x 107 (g/dL) are very close to
determine the MHS relationship for these galactomannans,the ones found by Beer and co-work8r&’' = 5.13 x 1074
probably because of the difficulty in obtaining reliable anda = 0.72). Sharman and co-workér$ound a. = 0.8
samples of different molecular size, as well as achieving but with a significantly higheK’ and Picout et al.obtained

reliable and reproducibley] and M,, data. Obviously the

o = 0.70 withK' = 6 x 10# (g/dL). In all these studies the

theoretical MHS exponents are for monodisperse systems polydispersity of the samples used was lower than 3 but the
and the polydispersity of the samples used has therefore somgommercial guar samples used by Doublier and Lathay

effect on the value of these exponents. MgM, polydis-
persity obtained from th®,, distributions for the nine LBG

samples lay mainly in the range 3.0 and was~2 for

were highly polydisperseM./M, > 10) and they reported
o = 0.98 andK' = 7.76 x 104 for the Mark-Houwink
parameters. Wientjes and co-workérsecently reported

the nine tara gum samples, which means both are close tosimilar Mark—Houwink constants oft = 1.05 andK' =

having a most probable (Flory,, distribution.

6.7 x 1077 (L/g), although it appears to us they neglected

Figure 6 gives an example of the light scattering data, for important aspects of the solubilization process. The poly-

a tara gum sample treated at 18D for 10 min under 4 bar

dispersity and the treatment have an important influence on

nitrogen (corresponding Zimm plot shown in Figure 3), the value of these parameters.
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Table 2. Determination of MKS and Flory Exponents, Characteristic Ratios C., and Chain Persistence Lengths for Various
Galactomannans

Burchard—Stockmayer—Fixman

(BSF) method Hearst method
samples residue m; g'-mol~!  MKS exponent Flory exponent Co Lp (nm) Co Lp (nm)
guar guma 267 0.73+0.01 (SE) / 12.2+0.8(SE) 3.3+ 0.2(SE) 30+1(SE) 8.1+0.3(SE)
tara gum 237 0.79+0.12(SE) 0.61+0.16 (SE) 126+ 3(SE) 3.4 +0.8(SE) 30+ 14(SE) 9+ 4 (SE)
LBG 223 0.77 £0.09 (SE) 0.57 +£0.05(SE) 11.8+3(SE) 3.2+0.8(SE) 33+11(SE) 9+ 3(SE)
all 3 galacto- 0.74 £ 0.01 (SE) [/ 9-16 3-5 16—-44 5-13

mannans?

a Guar data from Beer et al., Robinson et al., and Picout et al. ? All data from guar gum, tara gum, and LBG combined.

Data Analysis of Covariance.In our first paper of the 1.4
serie§ the guar data obtained, the data from Robinson et ]
al.*® and Beer et aP? were all considered as one population 1.2
of data. A simple regression analysis was carried out for the ]
MHS plot (log [7] versus logM,) giving an overall MHS 104

coefficient of 0.70+ 0.03. This obviously implies both slopes

and intercepts of the individual sets are identical. The guar = o.a;

data have now been revisited, and an analysis of covariance 8 o5

was carried out by fitting multiple lines to the three sets of 3

data to see if, indeed, the three series could be regarded as 04 ]

one population or as three different populations. This more ]

rigorous analysis was performed using Minitab statistical 0.2 ]

software release 13.1 (Minitab Inc., Pennsylvania, USA). We 1

found no significant differences in slopgs € 0.774), but 0 T

when a set of parallel lines was fitted into the data, we found 4.5 50 5.5 6.0 6.5
significant differences between the intercegts<(0.0005). log M,

In all three models there was a significant effect of Mg . B o

(p < 0.0005). The MHS coefficient resulting from this  gactomanmans combined ant troated s Hforent commitne.
analysis of covariance on the three series of experimentalguars, (®) Robinson et al. (1982) data, (a) Beer et al. (1999) data,

data gave a value of 0.78 0.01 for guar gum. This revisited ~ and (0) M150, (gray box) MO, (M) M30 Picout et al. (2001) data.
calculation of the MHS coefficient does not change any gr?‘rl”ihgs”lc_’rk‘ LBG (O) and tara gum (») data. The o parameter is
previous conclusions drawn in our preceding paper although

its value is now different (albeit only slightly, and not parameters are summarized in Table 2 for the present LBG
statistically) from its original calculated value. The statistical and tara gum data as well as for the guar gum data (including
analysis carried out on the data enables us now to be everthe data from Robinson et #.and Beer et &9 of our
more confident in giving the value of 0.78 0.01 for the preceding paperWe note that from the analysis of cova-
Mark—Houwink exponent for guar gum. The analysis of riance carried out on the guar data for the BSF plot, the
covariance was used with the data of the current work on characteristic ratio newly calculated@s = 12.2+ 0.8 and
LBG and tara gum together with the three series of data onthe persistence length, = 3.3+ 0.2 nm. The values &,

guar gum. The analysis showed that no significant differencesand L, of the three galactomannans (guar, LBG, and tara
between the five slopes were foung € 0.914) but there gum) were found to be very similar showing that the degree
was a significant difference between the intercemis<( of galactose substitution on the mannan backbone does not
0.0005). The value obtained for the MHS coefficient of all seem to have a noticeable effect on the chain flexibility. To

galactomannans combined was found to be G79.01. obtain a more general picture of the galactomannan chain

Figure 7 shows the MHS plot for the five series of flexibility, all data were plotted together as a MHS plot,

galactomannans. which is shown in Figure 7. The MHS exponent was found
Evaluation of the Intrinsic Chain Flexibility of Galac- to beo = 0.74+ 0.01, which is well within the boundaries

tomannans.As discussed in our earlier pageiew methods of the 0.5-0.8 range for linear flexible chains. A BSF plot
have been devised in order to determine the chain characwas also constructed (figure not shown) and an overall

teristic ratio,C.., and the persistence length,, of flexible analysis of covariance for all data was carried out. From this
polymers. The usual plot used is that due to Burchard, analysis, significant differences were found both in the slopes
Stockmayer, and Fixman (BSF pl&tjn which [7]/(My)Y? and in the intercepts of the series of all data allowing no

is plotted againstNl,)2 This BSF method was applied to accurate calculation of the characteristic ratio and the
the LBG and tara gum data (figures not shown). From these persistence length to be obtained. However, from the results
plots, the intercepK, (which corresponds to the chain in of the individual polymers, a good estimation of the
the 6 state, where there is no excluded volume) was obtained,characteristic ratio & C. < 16 and the persistence length
and from the MHS equation and the Fletrlfox equation, 3 < Ly < 5 nm for galactomannan chains can be made.
C. and thenL, were calculated for both polymers. These Although small persistence lengths are obtained, a question
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that arises is what if the molecular chain has large (true) can clearly conclude is that the strategy of using the MHS
persistence lengths and, in fact, involves stable intramolecularparameters for guar to obtained estimatedvigf for other
aggregation? How do we know if it is molecularly solubilized galactomannans, originally adopted by McCleary and co-
in such a case? Such a model would surely have the “shape’workers!? appears to be reasonable. Following his example,
of an intramolecularly linked chain, which would have a much work has been performed on fhgalactosidase treated
different (more branched-like) chain profile. The angular guar samples, to produce “synthetic” LB&sThis work
dependence, shown as a Kratky plot (Figure 6), does notsuggests that examination of samples of LBG and tara which
suggest it. There is, of course, compensation between chairhave had the backbone enzymatically cleaved would also
stiffness and branching in the Kratky representation, but the be a fruitful exercise.
values of the exponents encourage us to accept the simpler
and more usual depiction.

A number of other plots have been proposed for hydro-
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