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Effects of Cellulose Gums on Rheological Interactions in Binary
Mixtures of Xanthan Gum and Locust Bean Gum
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ABSTRACT: The effects of cellulose gums (CG), such as carboxymethyl cellulose (CMC) and hydroxypropyl methylcel-
lulose (HPMC), on the flow and dynamic rheological properties of binary mixtures of xanthan gum (XG) and locust bean
gum (LBG) were examined at different XG/LBG/CG mixing ratios (50/50/0, 47.5/47.5/5.0, 45/45/10, and 42.5/42.5/
15.0). All XG/LBG/CG ternary mixtures showed high shear-thinning behavior and the flow behavior index values of sam-
ples containing HPMC were lower than those of samples containing CMC. An increase in consistency index and apparent
viscosity values was observed for ternary gum mixtures containing HPMC, indicating that the flow properties of the XG/
LBG binary mixture were affected by the content of HPMC. Storage modulus and loss modulus values of ternary gum mix-
tures decreased with an increase in CG content from 5 to 15%. The maximum viscoelasticity of XG/LBG/CG mixtures was
observed at a mixing ratio of 47.5/47.5/5.0. These findings suggest that the rheological properties of XG/LBG binary mix-

tures were strongly influenced by the addition of CMC and HPMC.
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INTRODUCTION

Hydrocolloids, or gums, are high-molecular-weight hy-
drophilic biopolymers commonly used as functional in-
gredients in the food industry for the control of micro-
structure, texture, flavor, and shelf-life (1). They can be
used as stabilizing, thickening, and gelling agents to im-
prove and control the rheological and textural properties
of food products. In particular, some gums and their mix-
tures have been used to develop food formulations for
patients with dysphagia (2). Gums such as xanthan gum
(XG), guar gum (GG), locust bean gum (LBG), and cel-
lulose gums (CGs) [e.g, carboxymethyl cellulose (CMC)
and hydroxypropyl methylcellulose (HPMC)] are most
commonly used in binary or ternary gum mixture sys-
tems, especially in concentrated solution systems (=1.0
%). These gum mixtures are used as food thickeners for
safe and easy swallowing; they can improve food bolus
formation and mouthfeel because of the synergistic inter-
actions between individual gums (3-6). In particular, the
synergistic interactions of the binary mixtures of XG and
galactomannans (GG and LBG) have been scientifically
demonstrated in various studies (7-9). However, there
are no studies of ternary gum mixtures of XG/GG/CG in
concentrated solution systems.

XG is known to exhibit unique flow properties with
pronounced shear-thinning behavior, due to its rigid,
rod-like conformation, which is more responsive than a
random-coil conformation to shear. In particular, XG is
the most studied gum for dysphagia diets because it has
various desirable properties including a stable viscosity
with a wide range of pH, temperature, and salt content;
it is a clear, weak gel-like liquid that can be applied to a
variety of liquid foods (3,10-12). It has also been used in
diet modifications for patients with dysphagia because of
its smooth texture and stable bolus formation with high
viscosity and elasticity (5). Moreover, XG is often used
with LBG because of their synergistic rheological proper-
ties, resulting from the intermolecular binding or coop-
erative interaction between XG and mannan molecules
(13). CMC and HPMC, which are water-soluble deriva-
tives of the natural polysaccharide cellulose, give clear
and odorless solutions of high viscosity and are also used
in food applications as viscosity modifiers or food thick-
eners with other gums (14,15). In aqueous solutions,
CMC or HPMC represents a complex rheological system
as aggregates and associations can be formed (15). At
higher CG concentrations, extended CG chains start to
overlap and undergo the coiling process, which can result
in the formation of a network structure due to polymer-
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polymer interactions (entanglements) in a concentrated
regime (16).

Various studies have indicated that the synergistic in-
teractions between XG and LBG may be mediated via the
intermolecular binding mechanism between the surface
of the ordered XG helix and the smooth (unsubstituted)
regions of the LBG backbone (9,17-19). However, it is
insufficient to assess only the rheological synergism be-
tween XG, LBG, and CG in the ternary gum mixture sys-
tems in terms of thickened fluids prepared with a food
thickener for dysphagia management. Therefore, in this
study, the steady and dynamic shear rheological proper-
ties of ternary mixtures of XG, GG, and CG with different
contents of CMC and HPMC (mixing ratio of XG/LBG/
CG: 50/50/0, 47.5/47.5/5.0, 45/45/10, and 42.5/42.5/
15.0) were investigated in a concentrated solution (1%
w/w). The purpose of this study was to determine the
rheological properties of ternary mixtures composed of
XG, LBG, and CMC or HPMC to develop formulations of
food thickeners for patients with dysphagia, and to com-
pare the rheological differences between XG/LBG/CMC
and XG/LBG/HPMC ternary mixtures.

MATERIALS AND METHODS

Materials and preparation of ternary gum mixtures

XG, LBG, CMC, and HPMC were purchased from Sigma-
Aldrich Co. (St. Louis, MO, USA). The stock solutions
(1% w/w) were prepared by mixing the individual gum
(1.0 g) with de-ionized water (100 mL) under continuous
stirring with a magnetic stirrer at room temperature for
8 h. For the preparation of LBG solution, it was heated
for 1 h at 85°C in a water bath after dispersion at room
temperature. All solutions were kept overnight (16 h) at
room temperature to completely hydrate the gums. Based
on XG-LBG binary mixtures, which were mixed half and
half, the ternary mixtures of XG, GG, and CG were blend-
ed at the following XG/LBG/CG ratios: 50/50/0, 47.5/
47.5/5.0, 45/45/10, and 42.5/42.5/15.0. Subsequently,
they were left to stand for 1 h before measuring the rhe-
ological properties.

Determination of steady and dynamic shear rheological
properties

Flow and dynamic rheological measurements were per-
formed using a controlled stress rheometer (HAAKE
RheoStress 1, Gebriider Haake GmbH, Karlsruhe, Ger-
many). The plate-plate geometry was used (diameter, 35
mm). Each sample was loaded between the parallel plates
at 25°C and compressed to obtain a gap of 500 um. Each
sample was transferred to the rheometer plate and equi-
librated at 25°C for 5 min before steady and dynamic
shear rheological measurements were taken. All rheolo-

gical measurements were performed in triplicate.

Steady shear flow tests were performed over a shear
rate range of 0.1~100 s . The shear stress against shear
rate data were fitted to the power law model (Eq. 1) ac-
cording to the following equation:

6=K-7" )

where & (Pa) is the shear stress, ¥ (s ) is the shear rate,
K (Pa-s") is the consistency index, and n is the flow be-
havior index. The apparent viscosity (n.s0) at a specific
shear rate of 50 s~ ' was calculated using the values of K
and n.

Small-amplitude oscillatory rheological measurements
were performed to obtain dynamic rheological data. Fre-
quency sweep tests were carried out over a range of 0.63
~62.8 rad-s” ' at a constant strain of 2% (within the lin-
ear viscoelastic region). The measurement temperature
was maintained at 25°C. Dynamic viscoelastic parame-
ters including the storage (or elastic) modulus (G'), loss
(or viscous) modulus (G"), and tan § (G"/G) were de-
termined with HAAKE RheoWin data manager software
(Gebriider Haake GmbH). To relax the samples prior to
flow and dynamic rheological measurements, each meas-
urement was taken at 25°C after a 5 min rest.

Statistical analysis

The results are presented as the mean=standard devia-
tion (SD) of triplicate analyses for each sample. Analysis
of variance (ANOVA) and Duncan’s test were used to
establish the significance of differences among the mean
values at the 0.05 significance level. Statistical analyses
were performed using the Statistical Analysis System
program (version 9.2) (SAS Institute, Cary, NC, USA).

RESULTS AND DISCUSSION

The shear stress versus shear rate data for XG/LBG/CMC
and XG/LBG/HPMC ternary mixtures at different mix-
ing ratios are presented in Fig. 1. The effect of CMC and
HPMC content (0~15%) on the flow properties of ter-
nary gum mixtures was determined by the power law
model (Eq. 1) with high determination coefficients (R*=
0.98~0.99). The results are summarized in Table 1. All
samples exhibited a non-Newtonian (pseudoplastic) na-
ture, showing high shear-thinning behavior with flow
behavior index (n) values of as low as 0.13~0.21. The n
values (0.13~0.17) of XG/LBG/HPMC ternary mixtures
were lower than that (0.18) of the XG/LBG binary mix-
ture, and the n value (0.13) of the sample with 5% HPMC
was the smallest compared with those (0.14~0.21) of
other samples. It is known that liquids with lower n val-
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Fig. 1. Plots of shear stress versus shear rate of (A) xanthan gum (XG)/locust bean gum (LBG)/carboxymethyl cellulose and (B)
XG/LBG/hydroxypropyl methylcellulose mixtures at different mixing ratios (50/50/0, 47.5/47.5/5.0, 45/45/10, and 42.5/42.5/15.0). o,

50/50/0; 3, 47.5/47.5/5.0; , 45/45/10; <, 42.5/42.5/15.0.

Table 1. Apparent viscosity (naso), consistency index (K), and flow behavior index (n) of XG/LBG/CMC and XG/LBG/HPMC ternary

mixtures at different mixing ratios

Mixing XG/LBG/CMC XG/LBG/HPMC
ratio neso (Pas) K (Pas" n (—) R? nso (Pas) K (Pas" n (—) R?
50/50/0 0.68+0.01*  17.0+0.18*  0.18+0.00°  0.99 0.68+0.00° 17.0+0.18°  0.1820.00°  0.99
47.5/47.5/5.0 0.47+0.00° 11.1+0.14°  0.19+0.00°  0.98 0.69:+0.00° 204+0.30*  0.13+0.00° 0.98
45/45/10 0.55+0.00° 12.640.17° 0.20+0.00° 0.99 0.71+0.01° 20.5+0.30% 0.14+0.00°  0.98
425/425/150  0.50+0.00° 11.1+0.16°  0.21+0.00°  0.99 0.79+0.00°  20.4+0.43*  0.17+0.01°  0.99

Values are means of three measurements=SD.

Means with different letters (a-d) within each column are significantly different (~<0.05).
XG, xanthan gum; LBG, locust bean gum; CMC, carboxymethyl cellulose; HPMC, hydroxypropyl methylcellulose.

ues could provide good mouthfeel (20). A study (6) has
also reported that higher shear-thinning behavior allows
thickened liquids to be swallowed easily and reduces or-
ganoleptic sliminess during swallowing, resulting in a
pleasant and light mouthfeel. Therefore, the addition of
a small amount of HPMC to the XG/LBG binary mixture
may reduce the organoleptic sliminess of thickened lig-
uids. In addition, the n values of the XG/LBG/HPMC
mixtures were much lower compared with those of the
XG/LBG/CMC mixtures, indicating that the addition of
HPMC decreased the shear-thinning behavior of XG/LBG
binary mixtures. Therefore, the addition of HPMC may
reduce the organoleptic sliminess of thickened liquids
prepared with gum-based thickeners.

The K and n,,50 values of the XG/LBG/HPMC mixtures
were much higher than those of the XG/LBG binary mix-
ture (0% CG) (Table 1), whereas those of the XG/LBG/
CMC mixtures were much lower, indicating that the ad-
dition of HPMC and CMC greatly affected the viscosity
of XG/LBG mixture. In addition, the K and ma 50 values
of ternary mixtures containing HPMC were higher com-
pared with those of ternary mixtures containing CMC.
This suggests that HPMC had a more pronounced effect
on the flow properties of the XG/LBG mixture due to its

higher water-binding capacity and thickening properties.
The 1,50 values of ternary gum mixtures decreased with
an increase in CG content from 5 to 15%. On the other
hand, there were no differences in K values among the
ternary gum mixtures except for the mixture with 10%
CMC. Based on the results, the ternary gum mixtures
containing HPMC were more efficient than the XG/LBG
binary mixture in improving flow properties, indicating
that the flow properties of XG/LBG mixture can be af-
fected by the addition of CMC and HPMC, the gum mix-
ing ratio, and the type of CG.

Generally, viscoelastic properties play an important role
in the swallowing of food bolus (5,6,10). The dynamic
moduli (G' and G") can be used to predict the degree of
swallowing the food bolus with ease. The magnitudes of
G'and G" at 6.28 rad-s ' for ternary gum mixtures with
different CG contents at 25°C are shown in Table 2. Their
G' and G" values, except for samples with 10 and 15%
CMC, were higher compared with those of the XG/LBG
binary mixture, and the values also decreased with an
increase in the CG content from 5 to 15%, indicating
that the viscoelastic properties of the ternary mixtures
decreased with increasing CG content. The ternary gum
mixtures with 5% CG had the highest G' and G" values.
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Table 2. Storage modulus (G'), loss modulus (G"), and tan & of XG/LBG/CMC and XG/LBG/HPMC ternary mixtures at different mixing

ratios
Mixing XG/LBG/CMC XG/LBG/HPMC
ratio G' (Pa) G" (Pa) tan & G' (Pa) G" (Pa) tan &
50/50/0 40.0+0.39" 11.9+0.14° 0.300.00° 40.0+0.69° 11.9+0.14° 0.30+0.00°
47.5/47.5/5.0 40.9+0.21% 14.2+0.03 0.35:0.00° 47.240.70° 13.7+0.18° 0.29:+0.00°
45/45/10 33.8+0.23° 13.5+0.13° 0.40+0.00° 42.0+0.57° 12.1+0.16° 0.29+0.00°
42.5/42.5/15.0 27.8+0.36" 12.040.10° 0.43+0.00% 40.4+0.27 11.9+0.11° 0.300.00°

Values are means of three measurements=SD.

Means with different letters (a-d) within each column are significantly different (~<0.05).
XG, xanthan gum; LBG, locust bean gum; CMC, carboxymethyl cellulose; HPMC, hydroxypropyl methylcellulose.

These higher G' and G" values could be explained by the
formation of a greater viscoelastic weak gel network with
low CG content. In particular, the G' values of the XG/
LBG/HPMC mixtures were higher than those of the XG/
LBG/CMC mixtures, indicating that the elastic properties
of the XG/LBG mixture may be more pronounced in the
presence of HPMC. The improved elastic properties of
the XG/LBG/HPMC mixtures may be attributed to the
higher elastic properties of the added HPMC. The HPMC
solution has been reported to have higher elastic proper-
ties than the CMC solution because of its high-water-
binding capacity and thickening properties (21). There-
fore, the addition of HPMC to the XG/LBG mixture ap-
pears to contribute synergistically to the elastic proper-
ties of the XG/LBG mixture. The observed synergism can
be explained by complex mutual exclusion effects be-
tween HPMC and the binary gum mixture as a result of
polymer incompatibility. Incompatible polymers can also
exhibit synergy by naturally concentrating each other in
a single-phased system via excluded volume effects (22,
23).

The tan § values of all samples were in the range of
0.29~0.43 (<1.0), indicating that the elastic nature pre-
vailed over the viscous nature. The tan & values of XG/
LBG/CMC increased with an increase in CMC content
from O to 15%, indicating a decrease in the elastic char-
acteristics of the ternary mixtures. In contrast, there were
no noticeable changes in the tan § values among the XG/
LBG/HPMC mixtures. These results demonstrated that

G" increases much more than G' in response to the addi-
tion of CMC, and the effect of CMC on the viscous prop-
erties of XG/LBG mixture was greater than that of HPMC.
The increased viscous properties in the presence of CMC
indicated that the modification of the dynamic rheo-
logical properties might be attributed to an incompatible
network structure in which the effective concentration
of both polymers would be increased in their own micro-
domains (24). In particular, the tan § values (0.29~0.30)
of the XG/LBG/HPMC mixtures were lower than those
(0.35~0.43) of the XG/LBG/CMC mixtures. These find-
ings suggest that the addition of a small amount of CMC
to the XG/LBG binary mixture can substantially reduce
the elastic properties of the ternary gum mixture system.
The higher tan 8 value of ternary mixtures containing
CMC seems to be strongly dependent on the viscoelastic
characteristics of CMC which is more viscous than elas-
tic compared with other gums (21).

In the ternary mixture system, log (G and G") versus
log ® were also subjected to linear regression; the mag-
nitudes of the slopes and the coefficients of determina-
tion (R?) were determined (Table 3). The slopes of G
(0.18~0.27) and G" (0.16~0.24) were positive with a
high R* (0.98~0.99). The slopes of G" increased with an
increase in CG content from 5 to 15% and the slopes of
G' of the XG/LBG/CMC mixtures were also increased,
indicating that the dynamic moduli were greatly depend-
ent on o at a higher CMC content. However, there was
no difference in the slopes of G' between the XG/LBG/

Table 3. Slope values of the log (G' and G") versus log o (frequency, rad s™) of XG/LBG/CMC and XG/LBG/HPMC ternary mixtures

at different mixing ratios

Mixing XG/LBG/CMC XG/LBG/HPMC
ratio Slope of G' R Slope of G" R Slope of G' R Slope of G" R?
50/50/0 0.19+0.00° 0.998 0.18+0.01° 0.99 0.19+0.00° 0.998 0.18+0.01° 0.99
47.5/47.5/5 0.22+0.00° 0.997 0.160.00° 0.99 0.18+0.00° 0.998 0.18+0.00° 0.99
45/45/10 0.24+0.00° 0.998 0.18+0.00° 0.99 0.18+0.00° 0.998 0.21+0.01° 0.98
42.5/42.5/15 0.27+0.00° 0.999 0.23+0.00° 0.99 0.18+0.00° 0.997 0.24+0.012 0.98

Values are means of three measurements=SD.

Means with different letters (a-d) within each column are significantly different (~<0.05).
XG, xanthan gum; LBG, locust bean gum; CMC, carboxymethyl cellulose; HPMC, hydroxypropyl methylcellulose.
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HPMC mixtures. The slopes of G" were higher than those
of G' at a higher HPMC content (>5%), indicating that
the addition of HPMC (>5%) to the XG/LBG binary mix-
ture increased the viscoelastic properties of XG/LBG/
HPMC ternary mixtures. In particular, the G' slopes
(0.18) of XG/LBG/HPMC mixtures were relatively lower
than those (0.22~0.27) of the XG/LBG/CMC mixtures,
suggesting that the XG/LBG/HPMC mixtures were more
elastic than the XG/LBG/CMC mixtures. Furthermore,
the G' values of the XG/LBG/CMC mixtures showed a
greater dependency on o compared with those of the XG/
LBG/HPMC mixtures. There were also large differences
between the slopes of G' of the XG/LBG binary mixture
and XG/LBG/CMC ternary mixtures, demonstrating that
the elastic properties of the XG/LBG binary mixture can
be reduced by the addition of CMC. The result is consist-
ent with the more pronounced effect of HPMC on the
elastic properties of the XG/LBG binary mixture, which
was observed at different mixing ratios. These findings
suggest that the changes in the viscoelastic properties of
XG/LBG/CG ternary mixtures were greatly affected by
the addition of CG, and these changes were dependent
on the type and content of CG.

In conclusion, ternary gum mixtures containing HPMC
were more efficient in terms of improving flow properties,
showing higher m,50 and K values compared with those
of ternary gum mixtures containing CMC. In addition,
XG/LBG/CG ternary mixtures with 5% CG were more ef-
ficient in improving the viscoelastic properties with rela-
tively higher G' values and lower slope values, indicating
an elastic weak gel-like structure. The results in this
study suggest that the changes in the flow and dynamic
rheological properties of XG/LBG/CG ternary mixtures
were greatly affected by the addition of CG, and these
changes were dependent on the type and content of CG.
Knowledge of the specific rheological properties of ter-
nary gum mixtures could be useful for developing for-
mulations of gum-based food thickeners for patients with
dysphagia.

ACKNOWLEDGEMENTS

This work (2016R1A2B4010803) was supported by Mid-
career Researcher Program through NRF grant funded
by the MEST.

AUTHOR DISCLOSURE STATEMENT

The authors declare no conflict of interest.

REFERENCES

1. Dickinson E. 2003. Hydrocolloids at interfaces and the influ-
ence on the properties of dispersed systems. Food Hydrocolloids
17: 25-39.

2. Chenlo F, Moreira R, Pereira G, Silva C. 2009. Rheological
modelling of binary and ternary systems of tragacanth, guar
gum and methylcellulose in dilute range of concentration at
different temperatures. LWT-Food Sci Technol 42: 519-524.

3. Bak]JH, Yoo B. 2018. Intrinsic viscosity of binary gum mix-
tures with xanthan gum and guar gum: effect of NaCl, su-
crose, and pH. Int J Biol Macromol 111: 77-81.

4. JoW, Bak JH, Yoo B. 2018. Rheological characterizations of
concentrated binary gum mixtures with xanthan gum and
galactomannans. Int J Biol Macromol 114: 263-269.

5. Seo CW, Yoo B. 2013. Steady and dynamic shear rheological
properties of gum-based food thickeners used for diet modi-
fication of patients with dysphagia: effect of concentration.
Dysphagia 28: 205-211.

6. Yoon SN, Yoo B. 2017. Rheological behaviors of thickened
infant formula prepared with xanthan gum-based food thick-
eners for dysphagic infants. Dysphagia 32: 454-462.

7. HigiroJ, Herald TJ, Alavi S. 2006. Rheological study of xan-
than and locust bean gum interaction in dilute solution. Food
Res Int 39: 165-175.

8. Ibrahim NH, Che Man YB, Tan CP, Idris NA. 2010. Mixture
design experiment on flow behaviour of O/W emulsions as
affected by polysaccharide interactions. World Acad Sci Eng
Technol 4: 464-470.

9. Khouryieh HA, Herald TJ, Aramouni F, Alavi S. 2006. Influ-
ence of mixing temperature on xanthan conformation and
interaction of xanthan-guar gum in dilute aqueous solutions.
Food Res Int 39: 964-973.

10. Cho HM, Yoo B. 2015. Rheological characteristics of cold
thickened beverages containing xanthan gum-based food
thickeners used for dysphagia diets. J Acad Nutr Diet 115: 106-
111.

11. Hong SR, Sun DS, Yoo W, Yoo B. 2012. Flow behaviors of
commercial food thickeners used for the management of dys-
phagia: effect of temperature. Int J Food Eng 8: doi:10.1515/
1556-3758.2215.

12. Sharma M, Kristo E, Corredig M, Duizer L. 2017. Effect of hy-
drocolloid type on texture of pureed carrots: rheological and
sensory measures. Food Hydrocolloids 63: 478-487.

13. Khouryieh H, Puli G, Williams K, Aramouni F. 2015. Effects
of xanthan-locust bean gum mixtures on the physicochemical
properties and oxidative stability of whey protein stabilised
oil-in-water emulsions. Food Chem 167: 340-348.

14. CicheroJA. 2013. Thickening agents used for dysphagia man-
agement: effect on bioavailability of water, medication and
feelings of satiety. Nutr J 12: 54.

15. Kulicke WM, Reinhardt U, Fuller GG, Arendt O. 1999. Char-
acterization of the flow properties of sodium carboxymethyl-
cellulose via mechanical and optical techniques. Rheol Acta
38:26-33.

16. Kulicke WM, Kull AH, Kull W, Thielking H, Engelhardt J,
Pannek JB. 1996. Characterization of aqueous carboxymeth-
ylcellulose solutions in terms of their molecular structure and
its influence on rheological behaviour. Polymer 37: 2723-2731.

17. Dea ICM, Morris ER, Rees DA, Welsh EJ, Barnes HA, Price
J. 1977. Associations of like and unlike polysaccharides:
mechanism and specificity in galactomannans, interacting
bacterial polysaccharides, and related systems. Carbohydr Res
57:249-272.

18. Moirris ER, Rees DA, Young G, Walkinshaw MD, Darke A.
1977. Order-disorder transition for a bacterial polysaccha-



274

19.

20.

21.

Jo and Yoo

ride in solution. A role for polysaccharide conformation in
recognition between Xanthomonas pathogen and its plant
host. ] Mol Biol 110: 1-16.

Schorsch C, Garnier C, Doublier JL. 1997. Viscoelastic prop-
erties of xanthangalactomannan mixtures: comparison of
guar gum with locust bean gum. Carbohydr Polym 34: 165-175.
Sworn G. 2010. Xanthan gum. In Thickening and Gelling Agents
for Food. Imeson A, ed. Blackwell Publishing Ltd., Oxford,
UK. p 323-342.

Choi §J, Chun S, Yoo B. 2006. Dynamic rheological compari-

22.

23.

24.

son of selected gum solutions. Food Sci Biotechnol 15: 474-477.
Tolstoguzov VB. 1995. Some physico-chemical aspects of
protein processing in foods. Multicomponent gels. Food
Hydrocolloids 9: 317-332.

Zasypkin DV, Braudo EE, Tolstoguzov VB. 1997. Multicom-
ponent biopolymer gels. Food Hydrocolloids 11: 159-170.
Cui W, Eskin NAM, Biliaderis CG, Mazza G. 1995. Synergis-
tic interactions between yellow mustard polysaccharides and
galactomannans. Carbohydr Polym 27: 123-127.



