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Biorheology of Food, Eating and Related Area -An Overview

Katsuyoshi NISHINARI" and Yapeng FANG”
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*Glyn O. Phillips Hydrocolloids Research Centre, Department of Food and Pharmaceutical Engineering

School of Light Industry, Hubei University of Technology, Wuchang, Wuhan 430068 P.R. China

In commemorating the 40" anniversary of Japanese Society of Biorheology, studies on food
texture, oral processing, and the relation between microstructure and macroscopic properties of
biomacromolecules are overviewed. To contribute some problems in the aged society where the
number of persons with the difficulty in mastication and deglutition is increasing, preparation of
test solutions to judge the risk of aspiration, evaluation of rheological properties of gels by
artificial tongue and related problems are discussed. The studies on the relation between the
structure and rheological properties are also reviewed taking an example of the rheological
modification by alginate short chains, lactobacillus microencapsulation by alginate, structural
rearrangement in gels of gellan, pectin and milk proteins. Relation between structure and
properties of B-lactoglobulin, hyaluronan, schizophyllan, dietary fibre, and microrheology of
mucin, gellan, agarose, methylcelullose and xanthan have been described. Research agendas
which should be studied further, the relation between the instrumental measurement and sensory
evaluation, collaboration among different disciplines are proposed.

Key Words: food, oral processing, structure-property relation, proteins, polysaccharides
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Table 1 Mechanical characteristics of agar gels 2

gel F.strain (%) F.force (N) E.(10*Pa)
A3 5730041 6.92+046 1.47+0.23
A4 5892 +0.93 8.03+0.84 1.75+0.04
A5 5935+068 2254+033 535+£0.30
A6 5932+102 36.21+221 9.79+0.17

Diameter of gel, 20mm; Diameter of plunger, 100mm;
F., fracture; E,, apparent elastic modulus.
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Fig. 2 Force-strain curves of agar gels on an artificial tongue at a crosshead speed of 10mm/s. Both an agar gel and
an artificial tongue were molded into cylindrical shape of 20 mm in diameter and 10 mm in height. Agar gels
A3-A6 were compressed on each artificial tongue (a) S40, (b) S50 or (c) S60 (Ishihara et al., 2013) %
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Fig. 3 Gelation profiles at [ALG]= 5 mg/mL;
[Ca-EDTA]= 10.24 mM as affected by the
addition of different concentrations of GB
(Liao et al., 2015) *°.
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Fig. 4 Proposed mechanisms of GB modulating the
gelation of ALG in the lower Ca concentration
regime (0.25 < R(Ca/G) < 0.60) and higher Ca
concentration regime (R(Ca/G) > 0.60). The
blue dots represent Ca?t and the green dots
represent Nat and H,O etc. G, guluronic acid;
GB, oligoguluronate 39.
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FHO~A 7l TvNOINIVFBRENELS,
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Table 2 Cell survival rate Rsg; in SGJ and Rgs in BS of
alginate-Ca-EDTA and alginate-CaCOs
microcapsules

alginate-Ca-EDTA alginate-CaCOs

Nses 2.24+0.12*107 4.29+0.27*107
No-sGJ 3.17+0.68*108 1.93+0.11*108
Rsci (%) 7.1+2.73 22.2+0.18

NBs ND 1.80+0.23*106
No-Bs 1.55+0.16*10° 6.90+0.88*10°
Res(%) O 2.60+0.13*10°2

Nses, Nas: The number of viable cells in microcapsules
after exposure to SGJ and BS, respectively.

No-scs, No-gs: The initial counts from the blank control
test, using saline solution instead of SGJ and BS Y.
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Fig. 5 Upper, Temperature dependence of storage and
loss Young's moduli, E' (A) and E" (A), and
tan § (o). Lower, A DSC curve (solid line) and
the specific ellipticity ¥ at 202 nm (@) for a
1.2 % gellan gum gel. Scan rate for DSC and
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function of time of 2.0 wt% gellan gel
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silicon oil *®.
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Fig. 12 Frequency dependence of G’ and G” for
porcine gastric mucin at pH=2 and pH=6
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Fig. 13  Right: Schematic description of the

microstructure present in HMQC, HMSC
and CMSC. Black circles represent colloidal
tracers, while grid areas stand for the gel. (a)
In a HMQC gel, the particles are strictly
confined, the trajectories are localized, and
the gel structure is homogeneous. (b) In a
HMSC gel, the gel exists as microgel
particles at high volume fraction. Most
colloidal particles are trapped inside the
microgel. (c) The microstructure of CMSC
gel is similar to the HMSC gel since the
same shear is applied during gelation. Since
the colloidal particles are introduced in the
already structured liquid, not all of them are
incorporated inside the microgels, and many
colloidal tracers show diffusive behavior.
Left: comparison between viscoelastic
moduli as a function of frequency obtained
with microrheology and bulk rheology. In
the plot symbols “+” refers to G" and “X” to
G’ obtained with bulk oscillatory rheology.
Microrheology results are indicated with
solid circle (G') and open circle (G"). In
case (c) microrheological results for the
high mobility cluster 2 are indicated by a
solid line (G") and dashed line (G"). Solid
circles (G") and open circles (G") refer to
cluster 1 results. Caggioni et al (2007) 87 .
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