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New Approach to Physical Properties of Food and Food Process

Kanichi SUZUKI

Graduate School of Biosphere Science, Hiroshima University, 1-4—4 Kagamiyama, Higashi—Hiroshima 739-8528, Japan

A novel method to measure viscosity and static shear modulus of viscoelastic food fluids was
developed. This method is based on the flow theory of fluid and shear deformation of elastic material
in an annular channel. The method, the non-rotational concentric cylinder method, evaluated static
viscoelasticity of sample in a cup easily by analyzing the force acting on a plunger immersed in the
sample during the period of time of the cup movement for a very short distance at a constant speed to
the axial direction. Dependence of apparent viscosity on shear rate is also evaluated by this method.
A new emulsification method called the membrane emulsification method combined with preliminary
emulsification was developed. The method prepares mono-dispersed and stable O/W or W/O
emulsions easily at a high rate. Mean particle diameters prepared by this method were about two
times larger than the mean pore size of the membrane used. The mean particle diameter decreased
and mono-~dispersibility increased with the increase of permeating flux (or pressure) of pre-emulsified
emulsion. Stable and fine particle (ca. 3 #m) multi-phase emulsions such as W/0O/W and O/W/O
types could be prepared by using this method. The membrane phase inversion emulsification method
was also developed by applying the membrane emulsification method combined with preliminary
emulsification. This method prepared mono-dispersed and stable O/W or W/O emulsions with very
high dispersed phase concentration up to about 80% or more. Characteristics of a newly developed
superheated steam (SHS) treatment combined with far infrared heating (FIH) were investigated. Heat
transfer rate under steady state condition could be estimated from empirical equations for convective
and radiative heat transfer from the SHS and radiative heat transfer from the FIH heater and chamber
wall. Very few degradation of edible oil was found in the SHS treatment bécause of almost no oxygen
in the SHS. Carbonization rate of biomaterials treated in the SHS was expressed by the first order rate
equation, and the rate increased with the increase of temperature and with the decrease of sample size.
Combined treatment of the SHS and the FIH decreased carbonization energy significantly.

KeyWords: non-rotational concentric cylinder method, static viscoelasticity, membrane phase
inversion emulsification, superheated steam, carbonization
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DEFRHEEDOREEN a2 L h 5, BIREMN

HOABPBEENTERE ZhoBROVITY —F
HPHRYRIEOREH B BEBOBRLEBS S,
REBICFEHER I N TS [32-37]. L L, —RICERE
BEVSTS, =a— b vHitke UTHRE 3 BTKRD

L0556 MEPEGKTFORER SEOMKERY v
LDES ERHEROBOAR—X PREFIZIZS Y -1
DEDEESREE= 2 - b VEHRHERTEOND
D, ThEDHEBEHPLA Y — B EETH 5.
FEHRHUEOBRFEOREEE R, wWTFhsRgEo L
o b URGLEEERBIIN L TREES S REE
E<HlETES. Lal, BERMICE > THEME
ZF 52—t YERBEOTRAERZ, AEEE
BEEBZLAPTHERCREI T A -2 DHIERZES
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THEREIET2H8855. LihoT, 20k
SBEVEBOEROBRERIIFILTY, TELAIE
A—0RIEFEETLU» S WEEARY GHETRERED
BORIEST A S MEFEEOREESD TN S,
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Y &3 IERERE TR A TRBEE R S RET
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Fig. 1 Schematic explanation for evaluating the viscosity and
viscoelasticity of liquid materials by means of a non-rotational
concentric cylinder (NRCC) system.
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Fig. 2 Force-time curves for a viscous liquid (A), an elastic material (B) and a viscoelastic
liquid (C) estimated from the theoretical equations (8), (10), (13) and (14).
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Fig. 3 Comparison of measured values of viscosity evaluated
from Eq.(16) with the literature values [13,14]. @ : glycerol
solution, O : sucrose solution.
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Fig. 4 Comparison of apparent viscosities of a corn potage

measured by the non-rotational concentric cylinder (NRCC)
method with those by a conventional dynamic method
(StressTech). @ : NRCC method, — : conventional method.
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Fig. 5 Comparison of the shear modulus measured by the NRCC
method with the theoretical values calculated from Eq. (13).
Sample; 5 wt% agar gel (G=120 kPa), AL=0.1 mm.
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F)L (Maxwell 5L & Voigt 7 L) TR L7
B BEREOEFIEF LTSS Maxwell EFLETD
HE—E (K=BV,) DFHETHE, NRCCHETIE t—
0CF=F, ThbZLAERLTRALES.
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T, FRTOEH, did—2ra/BitHIET B ER,
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182 : % &
10 1 ] - T T T T T
—_ OF
(? . M | ?
m -
SR ‘\.\.\.\.\. &
8 1 4128
S =
A s
Z g
N
5 o1 I L e 4 =
g P
o =
o n
<oml v
2 4 6 8 10

Shear rate [1/s]

% J—

10000 p———T—————T——— 10000
E 0 o ®) 3 —
O o 1 «
1000 F ° 1 1000 &
o 8 ¢ E *
: ®° e &
100 4 100 -
3 ] =
L A =
10 A A AAA ] "8
F H N m N E
1-' / - 1 2
o,
: g
[ 1 1 1 8

0.1 10 0.1

4 6 8
Shear rate [1/s]

Fig. 6 Comparison of the apparent viscosity (A) and shear modulus, G, (B) measured by the NRCC method with the apparent
viscosity and complex modulus, G°, measured by a conventional dynamic method (StressTech, dotted lines). O: mayonnaise, @:

tomato catsup, & : French dressing, Ml : gum arabic (30wt%).
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Fig. 7 Two types of force-time curves obtained by the NRCC method during a very short

time period after the start of the measurement. (a):convex curve
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(b):linear curve
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ETHAEEBIENT 5 I e NEREAE. KTFS
BRORB T, Ko 25% IEITHBERFRBOER
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Fig. 8 Force-time curves and viscoelasticity for mayonnaise samples with or without added water measured by the
NRCC method.
BICHYT 3. ThbOERLHNOBRINEL BRK 3 e

o BIRRE R OHRFICH T B MEICOVTIE, X
B [48] ZBME hin,

3. BILASM S EURIMLICEZRBIVS 22D
(LI BT 3%

3.1 FiEIl{b%z 5 EILE

BHEEREE -3 SIERICGBEE 2 2%k EER
R TRUNRLFCT 2 BEFLLE [49) 13, HAIEOR
BERBOIAMENTH 3. BEF ik ESEMELER
EURTOIILY 3 YHFABTESZ R, SHLEKE
FRLEVWVHEZ2E0BEICIEIIRTRETH D,
FCEREIBD TE EEEMEVREAEH S, &<
2, BEREETREEROR ELIERLFEETDH 58,
R CEOFAGEE R, [PRALEES BALE] ©
FRICk» TR XNz [25]. ZOFER, 3FEH
THZBEREOMARIVREDORE LI YLV g ¥
THREL (PN, ZoFHALZ LY 3 V2K
HIERICER I CHAMZ v LY s V2R
DTH3. ZOFETIE, FPHALIoLY 3 VO
ZBRRME*EL THEEHSHEDOTO/W 7213
W/OTwNya vERETHILNTE, ohdx
YT 3 YOFEREE, BEHEALZEON2EELEE
hEUTE%3 (Fig. 9) [25, 26]. ZOffEi, SEME%:
ERBICER X ¢ 5 BIED 3.5~5 fFiclbN 5 &/
&L, FRIALEMES BAMETR/IREDOIYLY 3
YERBIILATES. RESWR, BOMALESH
CIRITHER 228, BRIV DIORTAFHEIL
fbzwny s VicHEETIHARTFHALI LY 3
YRTFOMBUEEITE T, METFRIDIHHIEL
Z5ERASDH B.

20 F O . o
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Fig. 9 Influence of the flux of pre-emulsified O/W emulsion
through the membrane on the mean particle diameter of the
membrane emulsified O/W emulsion. Dy, mean pore size, Dy:
mean particle diameter.
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T % 5 5 AL T O AT B8 & R Bk & LAk
LLT, #AT3SIVEROEAM E 2 3 BRAMEEF
AU MBI RN Sk (27]. 2 OREMEERE
iz, PHACIAESLEBEPHRALZILY 3 ¥
ENEBHEBRAEOLIVEIBERICEREZES LT
BEHEEILL X ¢, FEIERE 21 50% L ECHRAoEBED
BOWBRBEIYLY s VEARTZEOTHS. TR
bz w L a v O/W BIDIFAE, BRAMEEZAV
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Table1 Maximum volume fraction of dispersed phase, ¢max, of
phase-inverted emulsions.

Type of Emulsifier 2%)  Emulsifier (2%) @ max
emulsion in oil phase in water phase
MO-750 0.909
CR-500 ML-750 0.895
ML-310 0.880
o/w
CR-500 0.909
CR-310 MO-750 0.876
CR-ED 0.872
MO-750 0.846
CR-500 ML-750 0.640
ML-310 . 0.685
w/0
CR-500 0.846
CR-310 MO-750 0.676
CR-ED 0.823

VavEEHXETHBDO/WIILY 3 v EBD
ZEETEETHB. Table ISR T dmax &, EEBSRMHF
DHEERT, RELBHEBEIALI LY 3 VBFEET
XAREBETHE. LY 3 yOREKRR, Fg.
10123 & 5 I & SRS 2 5 ALK OWE
Witk T HEBELZTS. ZOERFNE, Ty g
VBT LD BAMKIMRES 2% & LT, EHEES
BHEANOEAEE 4B EREBEDI Y —I VIR
OREZMARZEDTH 32, GHRICEEHEE X
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Concentration ratio of ML-310 [-]

Fig. 10 Influence of concentration ratio of emulsifier in the
continuous phase to the total emulsifier concentration on
the stability of the phase-inverted high concentration O/W
emulsion (¢0il=0.718, CR-500 in the oil phase and ML-310

in the water phase; total emulsifier concentration (CR-500+

ML-310)=2.0 wt%). Standing period; [1: 10 days, A : 30 days,
O :60 days, @ : 90 days.

2FEALT LY 3 Y OFEAICALAIRD 8 HIFE
BEMAZLBEDIILY 3 YV REUL—FEGL, 37
ABRTE 7V -I VBRI r 0T LERL
TWw3 [27].

3.3 TOMOEH
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L WEEETH B [50). '

4. BERARJLEOFELEEMIAD
BRICEYT MR

BEAKERR, ThETEICEEPRE [51-56] &

+ Oil phase '

4 Pre-emulsification

Pre-emulsified
W/O emulsion

4 Membrane emulsification

G

{ pre-emulsification

Membrane

emulsified +
‘W/O emulsion

Pre-emulsified
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) 4 Membrane emulsification

Membrane emulsified
W/O/W emulsion

Fig. 11 Procedure to prepare W/O/W emulsion by membrane
emulsification method combined with pre-emulsification.
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Fig. 12 Relationship between drying rate and superheated steam
(SHS) temperature. @ : SHS alone, (J : SHS+FIH250C, A :
SHS+FIH300C, & : SHS+FIH350C, M : SHS+FIH400C.
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Fig. 13. Comparison of the measured heat transfer rates with the
calculated values from the empirical equation using effective
temperatures of the SHS stagnated under the heater. Far
infrared heater: 250°C, flow rate: & 0.5 m/s, & 1.0 m/s. The
solid and broken lines show calculated values for flow rates of
0.5 m/s and 1.0 m/s, respectively.
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Fig. 14 Degadaﬁon of vegetable oil treated in SHS or hot air. Acid value and viscosity: 4 ; hot air treatment, A ;
SHS treatment. Relative color value: ¢ ; L, @ ; a, & ; b.: hot air treatment, O ; L, O ; a, & ; b: SHS treatment.
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Fig. 15 Changes in uncarbonization ratio, 1-N, of potato cellulose
powder in temperature range from 250°C to 275C.
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Fig. 16 Relationship between the carbonization rate constant % and the sample size X in case of the superheated steam
treatment(SHS) (a) and the combined treatment of SHS with far infrared heating (FIH) (b) . @ : SHS 255C, A : S
2657C, M : SHS 275C, 4 : SHS 285C. O : SHS180C +FIH375°C A SHS180°C +FIH 400°C, (J : SHS180C,+FIH

425C, <> : SHS180C +FIH450TC.
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