(McMaster and others 1987).

(SEM)

(premix)

. DeBruin and Keeney (1973)

, Heathcock (1985)

(Dakin
1968, De Bruin and Keeney 1969).

Chavalley (1975 and 1991)
, Wilson  (1993)

Lees(1973)
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2.1

) , (Hershey's unsweetened

baking chocdate), (peanut meal)

2.2,

(Partially defatted
peanut) (Thomas-Wiley Laboratory
Mill Modd 4, Philaddphia, PA)

2000 um .
(Modd M-MS3, Morehause Industries,
Anaghem, CA) 2
, 1 127 pym
762 pm
577%
23.
05% , 05%
(95%) , 05% 60 10
3 Mavern

Mastersizer (Malvern Instruments, Inc.,
Southborough, MA)

. Volume mean diameter
(D[43]) mass median damee (D(V,05))

(Devaux and

others 1998).
24,
perchloric acid
(Nakamura and Suzuki
1977). 52% perchloric
acid glucose

glucose  0.2% anthrone

Table 1. Combination of water, sugar, chacdate
and peanut meal mixtures

Components (%)

Sample I D.
Waer Suga Chocdate Peanut

W0 S5 CD
W0 $6 C5
W30 $A0 CD
W0 SH CH
W30 SO

W30 G
W0 Sb 5
W30 S0 P10
W0 S6 P15
W30 S5 PO
W) C5 P15
WR) CZ75 P125
W0 C0 P10
WR) C5 P75
W) CH PS5
W) G40

W3 SO C10 PO
W3 SO C15 P15
W3 SO CO P10
W3 SO C5 P5

coocotiodi8RY

vl

[}
m@ﬁBomaﬁgﬁBﬁﬁmoooooo g_

S88E3 I BB8BHARBBEY
BBEBBEBBocococococo8di838o3RdGS

RBEBESHES8NN

630 nm

25. , )

Table 1

hand mixing

, , (flow

behavior index) 40, 50, 60
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Brookfield Viscometer (Programmable DV -1l modd,
Brookfield Engineering Laboratories
Stoughten, MA)

diameter
Inc., 4069 y m
circulator (RTE- 100, NESLAB
Instruments Inc., Newington, NH)
10 15

3.2

) spindle

No.31 small sample adapter

5.13
(consistency index), ,

(true shear rate), (shear stress),
(apparent viscosity) Rao and
Webb (1988)

(low true shear rate, <100
s (Chevalley 1975, Chevalley 1991,
Wilson and cthers 1993).

(consistency indexes, 1)

Eﬁ)

33.

(activation energy,

Arrhenius

equation
1999).

(Ibanoglu and Ibanoglu

mass median diameter 6197

8.10%

(Fig. 1, 2, 3). W30 S70

12
n =N exp(-E4/RT)

no = (an apparent viscosity index

at a reference temperature, T =), Ea =

(activation energy for flow), R =
(universd gas constant, 8314 Ymd K),

Shear stress(Pa)
@

Tﬂ:

T = (absolute temperature).
3 * 4+ w30s50c20
| - w30e45c25
2 wils40c30
z =k w30s35c35
3.1 A wa0sT0
& w55c45
Q
0% vdume mesn dameter O 0 20 30 40 S0 BO 7O
mass median diameter 80.19 5500 um Shaar rate{1/s)
. 05% B% vdume mean Fig. 1. Plot of shear stress vs true shear
damge  mass median diamge 7850 rate of water, sugar and chocolate
' mixtures at 40
56.13 ym , 05%

volume mean
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Table 2. Effect of temperature(K) on Inn.(Pas') of water, sugar and chocolate mixtures
Lnna
1K Shear* W30S50C20 W30s45C25 W30S40C30 W30S36C3H W30S70 W30C45
rae(s-1) 11840 169200 40808 04061 473759 67630
0000 - 12080 -12331 08748 2981 -27272 -00071
00m1 -0.8079 -09444 0.2081 27833 -23167 0047
00032 0.193%6 -0.6390 06109 2199 -17850 0.1648
* Congtant shear rate & which Na is estimated
12 12
10 -» = e A0sB0c 20
B 3046026
=~ w3led 030
— wis 35S ~#- 2w 30s50c20
= 8 - wAlsT0 _ B wI0s45c2S
a P = - 3Ds4De30
] = =i wA0s18C1E
@ -4 E - waAla T
E 6 L et 1]
- [
@ 2
et | é//é{ @ &
z
o o
1] 10 20 30 40 =14 60 70 o 10 20 =) &0 70

Shear rate(1/s)

Fig. 2. Plot of shear stress vs true shear
rate of water, sugar and chocolate
mixtures at 50

Table 3. Activaion energy(E:) and Arrhenius
constant(n.) of water, sugar and
chocolate mixtures

. Ea o
Mixture (K¥mdeK) (Pas’)
W30 S50 C0 42044 0000
W3 45 C5 24007 0000
W30 $A0 C30 -10970 106109

W30 SH C35 - 20606 864580.762
W30 SO 39.167 0000
W30 C45 7.146 0075

a0 40
Shear rate(1/s)

Fig. 3. Plot of shear stress vs true shear
rate of water, sugar and chocolate
mixtures at 60

W30 S40 C0
(Fig. 2).

W55 C45

25%
*)
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4
y s <3561« 1387
3 K= 0872 O\'}\u
2
F o AEN S ol BSS
1 G LR
: ¥ = B5H 5 . 3 5050
g Rr:EM.____‘____:.Iﬁ.T:JEHZJ
= R = 0008
5_1 ¥ = B0 Ay - 10,447
R = 08597
= |
-2 * w30s50c20
¥ AT % - 46 B W yw30s45c25
B = 0 e 4 w30s40c30
-3 “ wi0s35c35
Ow30s70
.
-4
0.0029 0.0030 0.0031 0.0032 0.0033

Temperature{1/K}

Fig. 4. Effect of temperature on apparent
vicosity of waer, sugar and chocdate
mixtures

Shear stress{Pa)
@

- wiDsESpS

- wa0sE0p10
2 & w30sE5p15
—&— w30es0p20
1]
4] 10 20 30 40 50

Shaear ratal1is)

Fig. 5. Plot of shear stress vs true shear
rate of water, sugar and peanut
meal mixtures at 40

(Table 3). 30%
-)

Table 4. Effect of temperature(K) on Inna

(Pas’) of water, sugar and peanut
meal mixtures

Lnﬂa

YK VWBEFS WBEPD WAEPH WBEFRD

) pEp 0 4amB  0ER

00030 -2198 1512 03106 34234
001 -85 1150 08038 382
002 -4 0712 087 10203

* Constant shear rae a which 1. is estimated

12

Shear stress(Pa)
@
—fm >

'
~#- wil=85p5
z & w30s50p10
A w30s55p15
= w3i0s50p20
Q
a 10 20 30 40 50 &0

Shear rate(1/s)

Fig. 6. Plot of shear stress vs true shear
rate of water, sugar and peanut
meal mixtures at 50

(Fig. 4, Table 2).

34. ,
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12 Table 5. Activation energy(E:) and Arrhenius
constant(n.) of water, sugar and
eanut meal mixtures
" ) P
7‘5 . Ea o
Mixture
4 (K¥YmoleK) (Pas’)
g
w W30 S5 P5 28833 0000
E 8 W30 S60 P10 34046 0000
o f W30 S55 P15 28242 0000
g | W30 S50 P20 248% 004
&
- wilsESpS
z B w30sE0p10 .
& wilsS0p20 ,
8 1
| it 20 30 40 S0 &0 7O
Shear rate(1/s)
Fig. 7. Plot of shear stress vs true shear
rate of water, sugar and peanut
meal mixtures at 60
(Table 5),
5 (Fig. 8, Table 4).
s Sy - LG
4 RY = 05088
U/ﬁ/"é 35. :
e * w30s6505
g2 & i0s55p15
a S wils50p20 )
£ Fig. 9, 10, 11
FT05 Sx - B OT0
£ 1 L
B r_/—-lr/‘ e
0 W60 C40
Wi | 5-15%
=l ¥ = DB - 12601
B = O G0
2 ,_./",‘ 5%
35% )
-3
0.0029 0.0030 0.0031 0.0032 0.0033 ]
Temperature(1/K) (Fig. 12,
Table 6). 35%

Fig. 8. Effect of temperature on apparent

vicosity of water, suga and peanut
med mixtures
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Table 6. Effect of temperature(K) on Inn.(Pas') of water, chocdate and peanut med mixtures

Lrma
K Shear* WB0C40 WB0C35P5  WE0C325P75 WE0C30P1I0  WBOC275P125  WBOCSPIS
rete(s-1) 406079 10.1520 10.1520 57528 50760 40608
00030 -17339 -00920 -0.1350 03308 03468 0373%
00031 -20843 -019%54 -00748 04021 04941 04902
00032 -21103 -0268 -00343 05509 06140 08319
* Congtant shear rae a which 1. is estimated
iz 12 | —————
10 10
.l'r §,0’/.
s m el
= -{{ * E i /
= #,f g
g & /’ Es
5 5
- i

= wiglic40pd
B wihcI8ps
& wWBCIZ 5pT.5

i wlheI0p10
2 wE0C2T Sp12.5
& wile25p15
lu] - P |

\

o 10 20 30 40 S50 60 [t

Shear rate(1/s)

Fig. 9. Plot of shear stress vs true shear
rate of water, chocolate and peanut
meal mixtures at 40

=
¥ ,/
s -
] »
B *
== i}
- GDEI5h5
- wibc12EpT &
o e30p10
A w0c2T.Ep1 2.5
wﬁnczsprﬁ

0 10 20 30 &0 50 &0 70O &0
Shear ratel1/s)

Fig. 10. Plot of shear stress vs true shear
rate of water, chocolate and peanut
meal mixtures at 50

L]

= WwEledlp

B whlc35p5

2 wBlc32 5pT.5
& WwEDCI0p10
- whB0c27 5p12.5
O wEOc25p15

0 10 20 30 40 50 60 TO B0 80

Shoar rate{1/a)

Fig. 11. Plot of shear stress vs true shear

0.5

-2.5

rate of water, chocolate and peanut
meal mixtures at 60

¥ = 1BEZ & )5

P DR R T

R = nEssa
= 1 36 « 3 6558
B =0

¥ = 1000 51 - 7 BAG

A = oasas
e B0 - RS

R = BT
H59 G = 3 i

Rl ow O falil

* wEDcddph
G 0CcISRS

& wB0CA2 5pT.5
< wE0cI0p1 0

O whDcZT.5p12.5
® wE0c25p15

B o pnis
-

D.o0ze Q.0030 00031 QL0032 2.0033

Tamparatire]17K)

Fig. 12. Effect of temperature on apparent

vicosty o waer, chocdae and pesnut
meal mixtures
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Shear stress(Pa)

12

1{=T
'S

=]

om

4

¥

F o

LA

# wE0sI0cZ5pS

B w50s20c20p10
2 whs20c15p15
A w50e20c10p20

=

a
0

10 20 30 40 50 60 TO
Shear rate{1/s)

Fig. 13. Plot of shear stress vs true shear

Shear stressi{Pa)

rate of water, sugar, chocolate and
peanut meal mixtures at 40

12

~#- w50820c25p5

8- w50820c20p10
A w50820c15p15
W wS0s20c10p20

Q
(t]

10 20 30 40 50 60 7O BOD

Shear rate(1/s)

Fig. 14. Plot of shear stress vs true shear

36.

rate of water, sugar, chocolate and
peanut meal mixtures at 50

Shear stress(Pa)
8]

“#= wEDs20c26p5

B w50s20c20p10
& wi0s20c15p15
A w50s20610p20

0
1]

0 20

30 40 50 60 FO 80
Shear rate(1/s)

Fig. 15. Plot of shear stress vs true shear

rate of water, sugar, chocolate and
peanut meal mixtures at 60

3
25
2 r/)’/”:fq T 5 - b TR
R =400
15
1 * wils20c25ps
= B wEle20c20p10
205 & wils20c15p1s )
< O wihls20c10p20 ¥ = 98 - 2T
- H=narrT
= 0 .._—-———r'_-'_"
5
0.5
= B2 B d TS
: - K
15 ¢ = 257 Be - 2 TS
L * SR 0BT
-2
-2.5 —
0.D028 0.0030 0.0031 0.0032 0.0033

Temperature{1/K)

Fig. 16. Effect of temperature on apparent

vicosty of waer, sugar, checdae and
peanut med mixtures

(Fig. 13
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14, 15).
( ) W50 S20 C5 P5
40 50

Table 7. Activaion energy(E:) and Arrhenius
constant (o) of water, chacdate and
peanut meal mixtures

Mixture Ea i

(K¥moleK) (Pas)
W80 C40 - 15646 47371
W80 C35 P5 -7075 11663
W80 C325 P75 41% 0.194
W60 C30 P10 8318 0070
W80 C275 P12, 11107 0026
W80 C5 P15 19051 0001

Table 8. Effect of temperature(K) on Inna
(Pas’) of water, sugar, chocolate
and peanut meal mixtures

Lrma
1K Ser* VEEOIZZS WERIZPD VWESOCHD \VERICIRD
rae
) U0 0%35°) 10150 10152
0000 -185% -13r24 -02619 12
0001 - 18107 -133%6 -0232 20647
010052 -180 - 1170 -0086 2295

* Constant shear rae a which 1. is estimated

Table 9. Activation energy(E:) and Arrhenius
constant (o) of water, sugar, chocdate
and peanut mea mixtures

Mixture Ea i
(K¥moleK) (Pas)
W50S2CEHPS5 2473 0062
W50S2C20P10 8002 0014
W50SXCI5P15 7454 0051
W50S2CI0P2D 20964 0003

3. Dakin,

50 60
4 st
,40 st
(+
(Table 8),

(Fig. 16, Table 9).
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