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RHEOLOGICAL CHARACTERISTICS
OF WATER SOLUTIONS OF GUAR GUM

Rheological characteristics of water solutions of guar gum are studied. Mayonnaise is an oil-in-water type
emulsion consisting of vegetable oil (50-85%), egg yolk (5-10%), vinegar, salt and seasonings. The emulsion
is stabilized by egg yolk phospholipids. Products with a lower content of oil (<50%) may content thickening
agents such as starch, pectin, agar-agar, carboxymethylcellulose, milk proteins.

Wide possibilities for using guar gum exist in the mayonnaise technology. Stability at low pH values and
low salt content, high viscosity solutions at low shear rate and pseudoplastic characteristics make attractive
using systems for stabilization. Because of pseudoplastic characteristics, that are inherent to guar gum, the
solutions have fluidity and at the same time stay on salads. Low concentrations of guar gum provide high
viscosity of sauces at acidic and neutral pH values. Viscosity of solutions is also stable to temperature changes
and withstands different long-term storage conditions. Guar gum may be used for partial replacement of starch,
stability improvement and adding a feeling of fullness in the mouth. It is established that growth of concentration
of guar gum in an aqueous solution causes gradual increase of the flow index. It should also be mentioned that
flow index values are lower than one for all the concentrations, it is typical for pseudoplastic solutions.

Results of researches show that guar gum aqueous solutions in a wide range of concentrations refer to Non-
Newtonian fluids. It is also defined that the dependence of the stress of the almost destroyed system of guar gum
aqueous solutions has a similar shape with the dependence for xanthan gum. Also they have similar absolute
values of stresses.

When values of the shear stress exceed values of the stress of the almost destroyed system, it is characterized
by the lowest values of viscosity. Rheological properties of guar gum aqueous solutions are important for
understanding the processes of structure formation that occur. The results obtained may be used in modeling
stabilization systems for production of low-fat mayonnaises and sauses.
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Problem statement. For solving the problem of
stability of low- and medium-calorie mayonnaises,
and sauces, and also for removing from the recipes
components that content cholesterol, different nutri-
tional supplements are widely used. At the same time,
in spite of the large quantity of already developed for-
eign supplements, their composition is still unknown
for domestic manufacturers of mayonnaise products.
Therefore, studies of available and safe vegetable
supplements for mayonnaise will allow us to create
high quality mayonnaise products and to increase
competitiveness of domestic food industry. Thus,
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research of the rheological properties of solutions of
guar gum is an urgent task, solving of which will help
in developing of modern high-technological stabiliz-
ing systems for mayonnaise production.

Analysis of recent research. Hydrocolloids,
actions of which are explained by the formation of
three-dimensional mesh structure and are accompa-
nied by increasing of the aqueous phase viscosity, are
the most effective for structure formation and stabi-
lization of oil-in-water type emulsions. By chemical
structure most hydrocolloids are polysaccharides that,
depending on the structural composition, are divided
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into homopolysaccharides (homoglycans), which are
constructed of the same kind of monosaccharide, and
heteropolysaccharides (heteroglycans), which consist
of different monosaccharides [1].

Nowadays among herbal supplements for improv-
ing mayonnaise structure became very popular gum,
especially guar gum, xanthan gum and carob gum
[2; 3]. By chemical structure xanthan, guar and carob
gums belong to a class of neutral polysaccharides.
Chemically supplements of this group are polymeric
compounds (mostly of polysaccharide nature), mac-
romolecules of which have uniform distribution of
hydrophilic groups [4].

Size and form of parts, specific surface, granulo-
metric composition also influence solubility and dis-
pergating of hydrocolloids. Important factors are way
of solution preparing (dispersion), intensity and time of
mixing, temperature, pH value of environment, pres-
ence of electrolytes, mineral substances and substances
that are hydrated (e.g. sugar), possibility of forming
complexes with other compounds of the system, and
decomposition processes caused by action of enzymes
or microorganisms [6; 7]. Substances, that can form
associates with other macromolecular components of
food products, what provoke a significant increase in
viscosity and concentration of salt, are known.

Setting objectives. Guar gum (cod E412),
contained in seeds of the guar pod (Cyamopsis
tetragonolobus), belongs to galactomannans (poly-
saccharides that consist of (1,4)- b — glycosidic linked
mannose residues, to which with 1,6- bonds at regular
intervals attached side chains, that consist of single
residues of a-D- galactose) [5].

Rheological characteristics were determined using
a rotational viscometer “Reotest —2”.

Research results. Aqueous solutions of guar gum
with concentration 0,1-1,0 wt% were used for study
of rheological properties. Temperature of the study
was 25 C. Obtained rheograms for guar gum solu-
tions are shown in Fig. 1.

It is established that if guar gum concentration
is less than 0,3%, then dependence of strain rate on
shear stress has almost linear dependence, it indicates
that these solutions are Newtonian fluids. Increase of
guar gum concentration to more than 0,3 wt% causes
changes of rheological behaviour of the solutions.
Therefore, when concentration is more than 0,3 wt%,
dependence of strain rate on shear stress is described
by nonlinear dependence, i.e. in this case aqueous
solutions of guar gum refer to non-Newtonian flu-
ids. It should be noted that increase of guar gum
concentration causes increase of shear stress, which
should be put for providing the same strain rate. Such
behaviour of aqueous solutions can be explained by
absence or low strength of spatial structure, which
is formed by gum molecules at low concentrations.
Increase of concentration causes strengthening of the
spatial structure, and, as a result of it, liquid acquires
non-Newtonian properties.

Values of stresses of almost indestructible system
and stresses of almost destroyed system are deter-
mined on basis of the obtained results, using graph-
ical method of rheogram analysis. Dependence of
stresses of almost indestructible system on guar gum
concentration is shown in Fig. 2.

It is established that dependence of stresses of
almost destroyed system by type is close to the cor-
responding dependence of xanthan gum. Dependence
in Fig. 2 can be roughly divided into three main areas.
In the first area at concentration 0,1-0,5% stress of
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Fig. 1. Dependence of strain rate on shear stress
for aqueous solutions of guar gum at different concentration
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almost indestructible system gradually increases with
increase of guar gum concentration. In the second
area, which is characterized by 0,5-0,7% concentra-
tion, stress sharply increases in almost 5 times.

Further increase of concentration in the third area
from 0,7% to 1% causes further slight increase of
stress of the system. It should be noted that similar
dependence also characterizes behaviour of xanthan
gum, but there is a difference that in absolute values
of stresses of xanthan gum are almost twice higher
than stresses of guar gum.

It should also be noted that in xanthan gum at con-
centration 0,5% b—0,7% sharp increase of stress in the
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system is also observed, but this increase is only in
3 times, at the same time, for guar gum it increases in
5 times. For the flow mode, when the stresses are lower
than stresses of almost indestructible system, the flow
passes with maximum viscosity, dependence of which
on guar gum concentration is shown in Fig. 3.

By the results of the conducted research (Fig. 3) it
is determined that the viscosity of almost indestructi-
ble system for aqueous solutions of guar gum stays
almost stable for concentration range 0,1-0,7% and
1s ~9,0-9,5 mPa-s.

Higher increase of concentration causes sharp
increase of viscosity of the system to ~19 mPa-s,
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Fig. 2. Dependence of stresses of the almost indestructible system
on guar gum concentration
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Fig. 3. Dependence of viscosity of the almost indestructible system
on guar gum concentration
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more than in two times. This explains why at con-
centration higher than 0,7% the system changes from
pseudoplastic structure to plastic and in the solution
begins to form strong spatial grid.

It should also be mentioned that viscosities of guar
gum aqueous solutions have similar values with cor-
responding values for xanthan gum, but viscosity of
xanthan gum constantly increases with increasing of
solutions concentration.

The growth of shear stress causes destruction of
structures that are formed inside an aqueous solution
of polymers. This state is characterized by the stress
of the almost destroyed system, dependence of which
on concentration is shown in Fig. 4.

As it is seen in the Fig. 4, the stress of the almost
destroyed system grows with increasing of guar gum
concentration. At the same time, speed of the stress

growth increases with increasing of the concentration.
First, when guar gum concentration grows from 0,1%
to 0,5%, the stress increases from 2,7 N/m? to 64 N/m?
(for almost 60 N/m?). Next, when concentration
grows from 0,7 % to 1,0 %, it causes an increase of
the stress for 140 N/m? from 190 N/m? to 330 N/m?, i.
e. speed of the stress growth increases almost twice.
It should also be mentioned that represented depend-
ence, with correlation coefficient 0,98, is described
by quadratic dependence.

It is also defined that the dependence of the stress
of the almost destroyed system of guar gum aqueous
solutions has a similar shape with the dependence for
xanthan gum. Also they have similar absolute values
of stresses.

When values of the shear stress exceed values of the
stress of the almostdestroyed system, itis characterized
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Fig. 4. Dependence of the stress of the almost destroyed system
on guar gum concentration
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Fig. 5. Dependence of viscosity of the almost destroyed system
on guar gum concentration
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by the lowest values of viscosity. This viscosity is
called viscosity of the almost destroyed system, and
its dependence on guar gum concentration is shown
in Fig. 5.

It is established (Fig. 5) that with increase of
guar gum concentration, viscosity of the almost
destroyed system decreases. Dependence of this
parameter on concentration can be roughly divided
into two areas: the first one is from the concen-
tration value 0,1% to 0,3%, and the second one is
from 0,3% to 1,0%. The first area is characterized
by a gradual insignificant decrease of the viscosity,
in this area viscosity of the almost destroyed sys-
tem decreases by ~0,12 mPa-s from 1,6 mPa-s to
1,48 mPa-s. Transition to the second area provokes

a much sharper decrease of viscosity. So the transi-
tion of the concentration from 0,3 % to 0,5 % pro-
vokes decrease of viscosity for 0,48 mPa-s, what
is 4 times more than at the transition from 0,1%
to 0,3%.

Besides the graphical method of the obtained
dependencies analysis, also was used an analyti-
cal method, for realization of which first were built
dependencies on the coordinates In P—Iny, which are
shown in Fig. 6.

It is established that dependence of experimental
data on the coordinates has linear character; also the
thixotropy parameter and the flow index (deviations
from Newtonian flow) are calculated. Results of cal-
culations are shown on the table 1.
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Fig. 6. Dependence of strain rate on the shear stress in the coordinates In P —Iny
for aqueous solutions of guar gum at different concentrations
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Table 1  aqueous solutions of guar gum on its concentration is

Values of the flow index and the thixotropy shown in Fig. 7.

parameter of guar gum aqueous solutions It is established that growth of concentration of guar
at different concentrations gum in an aqueous solution causes gradual increase of
Guar gum : Thixotropy ‘Fhe flow index. It should also be mentioned that flow
concentration, % Flow index, n parameter, o index values are lower than one for all the concentra-

0.1 03475 0.010 tions, it is typical for pseudoplastic solutions.
0.2 03954 0,046 Conclusions. Results of researches show that guar
0.3 0,4965 0,204 gum aqueous solutions in a wide range of concentra-
0,5 0,6723 2,240 tions refer to Non-Newtonian fluids. Defined rheo-
0,7 0,6737 5,165 logical properties of guar gum aqueous solutions are
1,0 0,8395 18,109 important for understanding the processes of structure

formation that occur. Obtained results of researches

It is defined that with increase of guar gum con- can be used in stabilizing systems modelling using

centration, the flow index and the thixotropy parame-  galactomannans for the production of low fat mayon-
ter constantly grow. Dependence of the flow index of ~ naises and sauces.

References:

1. Brian M. McKenna. The Structure and Texture of Food. Emulsion-Based Food Products. Moscow —
St.-Petersburg : Profession, 2008. P. 221-222 (in Russian).

2. Tymchenko VK., Zyabchenkova A.K., Savus A.A. Technology of Mayonnaises, Salad Sauces and
Dressings. Tutorial. Kharkiv : NTU “HPI”, 2007. P. 146—147 (in Russian).

3. Nachaev A.P, Kochetkova A.A., Zaitse A.N. Dietary Supplements. Moscow : Kolos, 2002. P. 120122 (in Russian).

4. Gorshkova L.M., Petryk I.P., Radchenko L.P. Textural Ingredients for Mayonnaises and Sauces of Medium
and Low Fat Content. Dietary Supplements. Oils and fats complex. Dnipropetrovsk : “Expert Agro”, 2009. Ne 2
(25). P. 41-44. (in Russian).

5. Nachaev A.P., Kochetkova A.A., Zaitse A.N. Dietary Supplements. Moscow : Kolos, 2002. P. 156-157 (in
Russian).

6. Optimization of reciepes of mayonese emulses with egg white / T.T. Nosenko V.I. Babenko, V.O. Bakhmach,
0.0. Kubaychuk // Scientific Works of NUFT. 2018. Vol. 24. Issue 4. P. 186—194 (in Ukrainian).

7. Klyuchnikova L.V. Multi-Component Systems for Mayonnaises and Sauces Production. Oilfat industry,
2005. Ne 2. P. 34-35 (in Russian).

baxmau B.O., Boekonas O.B., Bopkonas H.I. PEOJIOI'TYHI XAPAKTEPUCTUKHA

BOJHUX PO3UUHIB KAMEJ/II 'YAPU

Jlocniooicero peonoziuni xapakmepucmuky 00HUX PO34UHIE 2yapoeoi kameodi. Mationes — ye eMynibCis OnitiHo-
800HO20 MUNY, WO CKAAOAEMbCsL 3 pociunnoi onii (50-85%), aeunozo scosmra (5-10%), oymy, coni ma npunpas.
Emynocia cmabinisyemocs pocgponinioamu sieunozo ocoemka. Ipodykmu 3 menwum emicmom onii (0o 50%)
MOJICYMb MICIMUMU 302YCHUKU, MAKI 3K KPOXMAJb, ReKMUH, d2ap-azap, KapooKCUMemuIyentono3d, MOLOYHI OLIKu.

Y mexnonoeii mationeszy € wWUpoKi MONCIUBOCHE BUKOPUCAHHSA 2Vapoeoi Kamedi. CmabiibHicmb 3a HUZbKUX
sHauenb pH ma Huswko2o emicmy comi, pos3uunu 3 6UCOKOIO 8 S3KICMIO 34 HEe3HAYHOI WEUOKOCMI 3CY8y md
NCeBOONAACIUYHT XAPAKMEPUCTIUKY POOTAMb NPUSAOTUSUM SUKOPUCTIANHS cmabiiizayiinux cucmem. Yepes
NCcesOONIaCMUYHI XApaKmepucmuKy, wo 61acmuei 2yaposili Kameoi, po3yuHUu Maioms mMeKyyicms i 0OHOYACHO
sanuwaromves Ha canamax. Husvki konyenmpayii' 2yaposoi’ kamedi 3ab6e3neuyoms GUCOKY 8 A3KICmb coycis 3a
KUCTOMHUX I HeUmpaibHux 3Hauens pH. B aszkicmo pozuunie maxoxc cmabitbHa 00 nepenadie memnepamypu i
BUMPUMYE PIZHI YMOBU MpUsano2o 30epicants. 1 yaposa kameob Modice BUKOPUCMOBYBAMUCS i YACIKOBOT 3aMIHU
KPOXMA0, NOJINWeEHHsL CIMIUKOCHE Ma 000asanisl 8I04ymms Hano8HeHocmi  pomi. Bemanoeneno, wjo spocmanis
KOHYeHmpayii 2yapogoi kamedi y 800HOMY POYUHI 3YMOGIIOE NOCMYNose 30iibuenHs nokasuuka nomoxy. Cnio
TMAKOJIC 3A3HAYUNU, WO 3HAYEHHSL THOeKCY NOMOKY HUJICUe, HIJC OOHe Ol 6CIX KOHYEeHMPAayil, ye XapakmepHo
07151 NCEBOONTIACIUYHUX PO3UUHIE. Pezyibmamu 0ociiodiceHb ROKA3YIOMb, Wo 600HI POSHUHU 2Yapoeoi Kameodi 6
WUPOKOMY Oiana3oHi KOHYEHMpPayill HAnexcams 00 HeHbIOMOHOBUX PIOuH. Taxodic USHAUEHO, WO 3A1e)HCHICTND
Hanpyaumaiidice 3pyUHO08AHOI cucmemu B00HUX PO3UUHIB 2Yap0o80i Kamedi MAe aHAI02TUHY (hopMY I3 3A1eHCHICTIO O1sl
Kcanmanosoi kamedi. Taxooic 8oHU MAIOMb AHAIOSTYHT AOCOTIOMHI 3HAYEeHHsL Hanpydicelb. Konu 3nauents nanpyeu
3CY8Y NepesuyIiomb 3HAYEHH Hanpy2u Matidce 3pPYUHOBAHOL CUCeEMU, 80HA XAPAKMEPUSYEMbCA HAUHUNCUUMU
SHaueHHsAMU 8 si3kocmi. Peonoeiuni enacmueocmi 600HUX PO3UUHIE 2Yapo6oi KameOl 6aXNCIuei Olisi PO3YMIHHsL
npoyecie Ymeopens. Cmpykmypu, wjo 6iooysaiomucs. Ompumani pe3yrvmamu Modicyms Oymiu GUKOPUCMAHi nio
4ac MOOEOBAHKE CMAOINIZAYIUHUX cucmeM OJisi BUPOOHUYIMBA HEXCUPHUX MALIOHE3I8 [ COYCIB.

Knrwuosi cnosa: cmabinizayis, 2yaposa xameov, 2aiaKMOMAHAH, PEONOSIYHI 81ACMUBOCHI, 8 A3KICMb,

CmMpYKmypa.
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