A comparison of rheological and texture analysis methods for
the assessment of viscoelasticity
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. 10000000 Fig.3 Oscillatory stress sweep results for 0.1%
|ﬂtrOdUCtIOﬂ carbomer, showing a decrease in the complex
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It is of practical, as well as theoretical interest, to determine the position of a particular semisolid ty 10000 |
product on the viscoelastic scale. |
Dynamic (oscillatory) rheology is a standard method to measure viscoelasticity, applying the L A ' 10 100
oscillating shear stress and measuring the resulting strain [1]. There are two principal T (Pa)

approaches, stress sweep and frequency sweep, and four commonly used parameters: elastic
modulus G’, viscous modulus G”, phase angle 6 and complex modulus G*.

For the assessment of semisolids, texture analysis
employs the immersion/de-immersion (penetration)

test using a cylindrical probe. A typical response (Fig.
1) consists of the positive and negative curves, with
four established parameters: firmness, consistency
(work of penetration), cohesiveness and work of
cohesion. 1t can also measure the yield value and the
T T level of thixotropy [2,3].

Ti .
me ) This study explores the two novel TA parameters:
stringiness (the dI.Stance at which the Sample ruPFures Fig. 4 Elastic modulus (G’) for the emulsion samples with increasing carbomer (a) and xanthan gum concentrations (b)
Cohesiveneds when the probe rises over the surface) and resilience
(the ratio between areas A3 and A4, Fig. 1), and
Fig. 1 Typical curve obtained by texture analyser, compares them with oscillatory parameters.

expressed as force vs. time Table Il Texture analysis parameters of the emulsion samples stabilised with carbomer and xanthan gum

Polymer :
TA parameters of the test emulsions
(% w/w)

. Firmness Consistency Cohesiveness Work of Cohesion Resilience Stringiness
Materials and Methods - (8) (&) (e) (&) (A4/A3) (mm)
5.13 17.17 -2.39 -8.33 0.16 7.25
Table | The formulation of the model semisolid emulsion 8.67 2023 4.28 ~1>.04 0.18 0-50
13.57 40.14 6.78 21.07 0.19 6.00
INCI name Concentration 18.06 54.66 -8.80 -25.27 0.19 5.75
A simple o/w emulsion (Table 1) Sow 22.56 67.43 -10.20 -28.67 0.21 5.50
. an an gum
was used as a model formulation. Slizzny] Sz, Coiserein 2, Caeamsin iz, | Al 3.45 12,61 145 4,69 0.18 8.20
. Cetearyl Alcohol and Cetyl Palmitate 4.93 17.48 292 -7.80 0.19 3.00
Two series of samples, each Butyrospermum Parki 2.0 5 56 19.64 260 8.8 021 750
containing a different rheological Ethyl Hexyl Palmitate 20.0 7.29 24.30 3.34 110.98 0.20 7.00
mOd Iflel‘ were used . Wlth Proplyparaben 0.2 9.06 29.86 -3.47 -11.92 0.22 6.00
, ;
. Glycerol 3.0
o)
neutralised carbomer (0.1%, Methylparaben ~
0.2%, 0.3%, 0.4% and 0.5% W/W) Carbomer 0.1-0.5 -
and with xanthan gum (1.5%, Xanthan Gum 1.5-3.5
Triethanolamine up to pH =
2.0%, 2.5%, 3.0% and 3.5%w/w). =6
Aqua up to _ oL
100.0 [ oL R =0.8911
. . . . . 1 0ok ‘__—/___'_/_4._——-—’—‘.
The instruments used in this study were an air-bearing controlled-stress rheometer | e S
. e 1 . . 0.16 0.17 0.18 0.19 0.20 0.21 0.22
(RheoStress RS75, Haake, Germany) and a texture analyser (TA.XT Plus, Stable Micro Systemes, SHE -
sasath e lonfinl AL bpess s : , , esiliance
UK). Rheological measurements were carried out using a 35-mm serrated parallel plate, with R ot i e & ——Lnesr (@) — Linesr )
Residue 0.1 =
the gap of 0.5 mm. The methods used were stress sweep (0.5-500 Pa at 1 Hz) and frequency
Sweep (0-01_10 HZ at 10 Pa). Cohesiveness
226 Fig. 6 Linear regression fit between a TA parameter

and two oscillatory parameters, elastic modulus G' and
viscous modulus G", for the series of emulsions with carbomer
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Fig. 2 Visual representation of the oscillatory rheology method (a) co0 6s0 700 750
and texture analysis method (b) | Stringiness (mm|
COheﬂ‘g'e;;Zs Linear [&') Linear (G")
I I i I I -1 I I Fig. 5 Typical curve obtained by immersion/de-
The texture analysis method used in this study was the immersion/de-immersion test, with a mizmersio:]p ol cunve ook expreS»;ed m force/ > Fig.7 Linear regression fit between a TA parameter
one-inch diameter cylindrical probe made of perspex. The pre-test speed was 1mm/s, both distance. < defined as the distance that anddtv;/o oslcl:llllcatorhy pargmetfrs, e||a§t|c mgiulusﬁ and viscous
test and post-test speed 2mm/s, the immersion distance 8 mm and the trigger force 1g. All the product is extended during de-immersion stage LB Rl A S S CIE I RIS TP U TRl
measurements were carried out in triplicate, at a constant temperature of 22°C. before separating from the probe; a) emulsion with

0.1% carbomer; b) emulsion with 0.5% carbomer

Results and Discussion Conclusion

Since most oscillatory rheology is performed below the yield value, the first step was to detect  This study has found that a novel TA parameters resilience and stringiness correlate with the key
the limits of the ‘viscoelastic range’ for each sample, i.e. the stress levels at which its internal  oscillatory parameters, the elastic (G’) and viscous (G”) modulus. Resilience mildly increases
structure stays intact. Stress sweep tests form 0.5 to 500 Pa have revealed that the structure with the increase in polymer concentration for both carbomer and xanthan gum-—stabilised
breakdown in most samples happened at above 20 Pa (e.g.. Fig. 1), hence it was decided that all emulsions, alongside G’ and G”. Stringiness has shown the opposite trend, i.e. negative
frequency sweep tests would be carried out at 10 Pa. correlation with both G’ and G”’.

Fig. 4 presents the elastic modulus results obtained for the two sets of samples, showing the In conclusion, if carefully interpreted, TA parameters resilience and stringiness could be used to
expected increase in elasticity with polymer concentration and the frequency of oscillation [4]. assess the level of viscoelasticity of cosmetic semisolids.
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