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Fig. 1. Schematic illustration of crusted curved-

surface
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(1) Case when the rupture runs across
the longitudinal axis.
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(2) Case when the rupture runs parallel
with the longitudinal axis.

Pb= 0"5/R
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Fig. 2. Relationship between the direction of rupture
and the pressure to break the crust
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Fig. 3. Influence of thickness of crust of croquettes
on tensile strain opposing thermal volume ex-
pansion of core region

Table 1. Composition (wt%) of doughnut samples,
dry basis
Sample
Ingredient
A B C
Butter 0 5.00 10.00
Wheat flour 55.00 60.00 50.00
Sugar 19.42 8.47  17.98
Egg 10.79 7.48 12.72
Milk 13.14  17.25 7.80
Baking powder 1.65 1.80 1.50

(Final moisture: 50% of wheat flour in each sample)

Ruptures occur mainly on the inside surface in sample
A, outside surface in B, and upper surface in C.

MBREP ICRRDFEET HE F— 3“7@]*]*[3
RED RS Z V. T ORFR S B bl%?(ﬁﬂk
_.gi L 7’: 10)18) .

3. EMARDIEEHBEICET S :ETJDEJT%

(1)

EFNZRERVIFREOESE
BRI & b AR

Hbh A BRER T — K

feL, HRBZTE L DEMEMNRIIEDOFREL TR
L, TnZHIHT2IL2BRL TR EDTEL
D, B OSRRME L BREOBMS L V) RHAKE

Hans iz,

6

BRAROERIIH 2 BB RE

(544)

BB LT—RIETAZLEIBOTHETH 5.
Z T, A DOEMEXNGRICLE A OIIBEORE
¥ RBD LS, BEMARORBERR 2 EENICE
Z, k@RI TR—WICER T 5 HEICD
WTHFRHITE BN ZR D, FOER,
D &) ZRBOTEHES 2 RIS —ILs 57005
HBELT, EMMEADEEENTU A% [EMH OB
M2ESHET] & TMREOSHLZBERT] LickH
i, FNEFNIIZOVWTHEMLLZETVAREZEELT
Mo O LICL7ZDTH 5. _
AN DEF MDD, BSHTHRZERORDE
WIKDEZEEICHE LS5 BMMERRT, Lard(z
BRI L B ABB DB RSO D 5 RO
e B L7 MR T 5, —BEOFHEES
BC, Kea—vileh o bHEMPICHaaTHE
CINEMLEDERBRAW THLIEMBEESB S TR
%, BBENEROBHETVRE LTRATAZL
L7, IRIZ, KOET.1wt%hH 48.7 wt% D&l
FCHEEDOKGEICRASG LS, TBEELAET 58
RTHBEN, Kea—rvHE DRI THE
DOMFFEEICES S REFEEPEN TH o7z EZLD
ns.

—F, MBGEDEFMLIZIE, TN D 5 B L
—XRICHEORBE IR % FCHET A2 L % H
&L, EREMAEERNOPMEARE * BLEEDOKE
Lb—FIRETMEHT A2 FEOERZER L. F0k
», A4 X0&ERAEHEF_ELIEREL, 20—
DIFRBEREI A HOMBASERER & 85 5 MEEma
OB IsasEE]) L, 3N ARERZER
LT, ABEEZ —EOMERICEREMNL Y L T
WhW AEEMZICHEL 2 HEL L.

2) AROEWEOMEBBEMNETNVROFHE
EREEM EFIVRICEE SN, Kok z
—EIRH RV SO KRGED A% T KL ICEL S
BB LETHY, FEFICMERPIZEROEIIELD
HBWED) REREEMEES LI L THS. FHER
DFEFIZEDNT, BEEHAINEAHP IS L -RES

-
—

MR ETNROFREL L, RORBEIRINLE
HACTRAERDRGEDEL 5 —BEOEMET VRE
BT

—7%, BEEMEERSE LT, FHREBROERE»SHMa
ATHMREENNEREOEERBEMERAT S
ke L7, 20EHAE, KGTEDEWETFIVRTII/|
EMFROTINT VF RTEIKRET N v 7 AR

NI | -El ectronic Library Service



Japan soci ety of Home Economics

INBIRIEDSS 72 & T EM IO EHE) L IRBELICE T 585

B L TETFNVRERORBBEICFES T L0 L, K
ROV VRTIIM I I 7HERI T — VHFICSE
L TH U B HFRESE TV REROTIRERICER)
THholzhbThbH. Tiabhb, fiaar7HRIZHID
TIREHB T 2701 ZF DK 2 BT L 7-5FRET
HY, BEEWNEL, KdDVIIHEEO VTS
BT T AL IHOWMBEREETLEMD—DTH
B, BREORFE? i, figa 7 ICREEESH S S
EERRET HEBRBEREPEFONLTNS.
CHDEHIZLT, BBDLIIKASET.1wt%hd
5 48.7 wt% F TOHE T, MEAERE & ITEBIRICE
BHOdLEMETFTVREE. T2, FOoVTERY
HSEIRS S 100C OHBH CIREERIC L B BBB %R
. %P8, Fig A ZEAMEFNVROKGEE YV F=
EOBBRERLED. ZORPLHELNZ LI, K
SEOEIMIY v FROBET 2E LA, ROBREMEIC
T HEEIT L. T2, Table 2 I CEMEFTNVED
BILHCER o LGB L OBBRERL. ZOfER, e
DYERNHOFEEERT (BBHEE) 2HTIHE
BLRYEEED—DTHY, ROBBREETA.
a=A/Cpo p (11)
2T, ARRBOREZER, ¢ IREELERE,
p XFREETHH. BEOEBELHWT, LEmaH
EMETNVEB LUBEEOHHREM 23352 (11)
AAOEEZER L -FERDY, Bonl-ehtho

10_-
8¢

:
/

Young's modulus (Pa)
[\ -
®

10F
- X
8
6Fr .
4
L L i : 1 L L
0 10 20 30 40 50

Total moisture (wt %)
Fig. 4. Young’s modulus against moisture curve of
the newly provided models
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Table 2. Moisture content and thermal diffusivity of food samples
to be tested

Moisture content Thermal diffusivity «

Sample

(wt%) (X107 m? - s7%)
Food model 7.1 6.26
1 12.6 6.71
t 20.9 7.38
t 24.9 7.72
1 29.3 8.05
1 39.0 3.83
1 48.7 9.61
Wheat flour dough*! 32.0 9.21
Rice flour dough 51.0 9.75
Mashed potato 83.0 15.6
Soybean curd (Toufu) 86.9 12.4
Mannan gel (Kon-nyaku) 97.3 11.0
*!Used for preparing doughnut.
(545) 7
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A : Heating in a metal vessel (Pan broiling)
B : Heating in a variety of heat transfer media

1 : Lid carrying thermocouples 2 : Set of thermocouples
3 : Metal vessel 4 :Sample in the metal vessel
5 : Adiabatic sheet 6 : Thermo generator
7 : Space for filling heat transfer media
8 : Supporting leg of the metal vessel

Fig. 5. Cross section of the devices provided for de-
tecting increasing temperature along the
one-dimensional axis (x axis) in foodstuffs dur-
ing a variety of heating procedures
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Fig. 6. Comparison of the increasing curves of tem-

perature & () detected at 0, 1 mm, 3 mm and
5mm along the x axis in food models with
those of highly moisturized semi-solid foods,
i.e. soybean curd and mannan gel, during pan
broiling (heating in a metal vessel)
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@ d : Baking (170°C) e : Pan broiling (105°C)
fo) r:0.9976 Fig. 8. Double logarithmic plots of the reciprocal of
0 0.2 0.4 0.6 0.8 1.0 retardation time in Eq. (18) represented by

Temperature / @ (¢) calculated by Eq.(17)

Fig. 7. Correlation between dimensionless & (r) and
those calculated by Eq. (17) during pan broil-
ing (heating in a metal vessel) for the cases of
food models and semi-solid foods

Symbol r in each graph describes the correlation coeffi-
cient.
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the S/t (x) against thermal diffusivity « for all
the samples to be tested

Symbol § in the vertical axis corresponds to the area of
heating plane at x=0 of »each sample, i.e. 1.25X107° m’ for
pan broiling and 1.02X107° m’ for the other heating proce-
dures.
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Table 3. Values for constant k and »n-th power at x=3 mm in

Eq. (18)
Method of heating procedure k n . r*!
Pan broiling at 100C 6.70X1072 0.652  0.9674
Frying at 180C 7.15X10° 1.324  0.7736
Boiling at 100°C 9.80%10? 1.226  0.9538
Steaming at 100°C 5.65X10° 0.919.  0.9055
Baking at 170C 2.00x10™  —0.636  0.9547

*!'Correlation coefficient.
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