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CaBER Parameters

Temperature 25°C

Stretching profile linear

Stretching time 50ms

Acquisition 6 s at 5000Hz

It has been recently acknowledged that extensional
rheology could also play an important role in the
development of dysphagia-oriented products since the
elongational properties of thickened fluids may affect the
characteristics of the swallowing process.

Complementary to shear measurements, CaBER
device is used to study uniaxial elongational behaviour of
binary systems of gums and of Xanthan-Guar mixtures in
the presence of different types of starches. The effect of
alpha-amylase on these mixtures is also studied.
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EFFECT OF ALPHA-AMYLASE

TERNARY MIXTURES
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Effect of  alpha-amylase on ternary mixtures XG-GG-Starch

Starch type 1

Starch type 2
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Output

Filament breakup time:  𝒕𝒃 [ms]

𝑫𝒎𝒊𝒅(𝒕𝒃) = 𝟎

Characteristic time: 𝝺𝒆 [ms]

𝝺𝒆 = −
𝟏

𝟑
𝒅𝑫𝒎𝒊𝒅
𝒅𝒕

High Speed Camera setup

Fascam mini UX100 800K-M-4G

Resolution 1280x1024

Frame rate 1000fps

Acquisition max 4s
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Effect of  starch type on binary mixtures of XG-GG
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   Shear rate [1/s]

 0.3 % Xanthan Gum+0.2 % Guar Gum (XG-GG)

 0.3 % XG+0.2 % GG+0.6 % Starch1 (XG-GG-S1)

 0.3 % XG+0.2 % GG+0.6 % Starch2 (XG-GG-S2)

 0.3 % XG+0.2 % GG+0.6 % Starch3 (XG-GG-S3)

Haake Rheometer
CP 50/1°
T=25°C

Filament evolution

𝝺𝒆

Capillary break-up rheometry

 useful tool to differentiate samples with similar behaviour in shear

 fast way to study the synergistic effect of gums

 good indexer for ternary mixtures

⊠limited for highly structured systems

Alpha-amylase solutions show almost no elongational
properties compared to real human saliva (Fig 7.)
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   Shear rate[1/s]

 0.5% Xanthan Gum (XG) 

 0.3% XG+0.2% Konjac Gum (XG-KG)

 0.3% XG+0.2% Locust Bean Gum (XG-LBG)

 0.3% XG+0.2% Guar Gum (XG-GG)

 0.3% XG+0.2% Arabic Gum (XG-AG)

 0.3% XG+0.2% Sodium Alginate (XG-SA)

Haake Rheometer
CP 50/1°
T=25°C

𝑛~0.19 −
𝐾~8467 𝑚𝑃𝑎𝑠𝑛

𝑛 = 0.3 −
𝐾 = 8467 𝑚𝑃𝑎𝑠𝑛

Power-law fitting

tb= 4116 ms

WHS
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amylase  human saliva*  human saliva**

*Mechanically stimulated saliva

**Acidic stimulated saliva

Aqueous solution

Breakup time of whole human saliva (WHS)

t= 0 ms t= 0.25 tbreakup t= 0.5 tbreakup t= 0.75 tbreakup tbreakup=124 ms t=126 ms t=130 ms

t= 0 ms t= 0.25 tbreakup t= 0.5 tbreakup t= 0.75 tbreakup tbreakup=83 ms t= 85 ms t= 87 ms

XG

XG-KG

XG-LBG

XG-GG

XG-AG

XG-SA

t= 0 ms t= 0.25 tbreakup t= 0.5 tbreakup t= 0.75 tbreakup t= 0.95 tbreakup tbreakup=225 ms t=230 ms

t= 0 ms t= 0.25 tbreakup t= 0.5 tbreakup t= 0.75 tbreakup t= 0.95 tbreakup tbreakup=211 ms t=215 ms

t= 0 ms t= 0.25 tbreakup t= 0.5 tbreakup t= 0.75 tbreakup t= 0.95 tbreakup tbreakup=115 ms t=120 ms

tb =225ms

tb =11 ms

tb =211 ms

tb =126 ms

tb =85 ms

tb =115 ms

t= 0 ms t= 0.25 tbreakup t= 0.5 tbreakup t= 0.75 tbreakup t= 0.95 tbreakup tbreakup=10 ms t=11 ms

Extension vs. shear rheology

Shear rheology
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Haake CaBER1
PP 6, T=25°C

… but alpha-amylase is not saliva

Figure 1. Breakup time of  gum-based binary mixture

Figure 2. Filament evolution of  gum-based binary mixtures 

Binary mixtures composition strongly influences breakup time (Fig. 1) 
and filament shape (Fig. 2)

Figure 3. Flow curve of gum-based binary mixture

Strong gel effect of XG-LBG  is pointed out in the Flow Curve (Fig. 3) and SAOS (Fig. 4a). 

Figure 4. SAOS results of gum-based binary mixtures. 

Addition of starch leads to strong differences in extensional rheology in comparation to shear (Fig. 5)

 𝛾

Figure 5. Elongational behaviour (a) and Flow curve (b) for ternary mixtures of XG-GG with different types of starches. 

No difference in shear viscosity
No significative difference
in breakup time (a,c,d)

Significative difference
in characteristic time (a,b,c,d)

Characteristic time allow to differentiate the effect of alpha amylase on diff types of Starches (Fig. 6)

Figure 6. Characteristic time of ternary mixtures in presence of alpha-amylase Figure 7. Breakup time of human saliva compared to alpha-amylase

a) strong gel                                        b) weak gel                                      c) weakly elastic systems
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