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Rheological Properties of Radish Juice Concentrates
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Abstract

To improve preservation and utilization of radish juice concentrates, radish juice were concentrated
by reverse osmosis(RO) and thin layer evaporator(TLE) and their rheological properties were investiga-
ted. Radish juice concentrates were considered as nowtonian fluids. The apparent viscosity of conc.
1 (Heat treatment radish juice, concentrated by TLE), conc. 2 (Raw radish juice, concentrated by
TLE), conc. 3 (Heat treatment radish juice, concentrated by RO) were 0.0503, 0.0578 and 0.0655 Pa.s
at 10(1/s), respectively. The yield stress of these concentrates were ranged from 0.0001 to 0.0580 Pa.
The activation energy for the flow of the radish juice conc. 1 were increased from 2.7057 to 4.1159 X 10*
KJ/kg.mol by increasing concentration of radish juice.
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Fig. 1. Flow diagram of process used for preparation
of concentrated radish juice

1) Thin layer evaporator, 2) Reverse osmosis system,
*UF(Ultrafiltration)
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2 o] &3] H=AA4(K, consistency index, Pa.sec”)

$%524(n, flow behavior index) & 314351t}
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t=C+K- @

v ! Ak (shear stress, Pa)

v AWE % (shear rate, 1/s)

C: 3= (yield stress, Pa)

=3 Casson model 2] (3)UVE o) 43le] o9
30-5’,—":1 (vield stress)g T3}l ™, Arrhenius?] 4| (4)
(10)

0] 8-3l] F-¢-F2 A9 5E 4% (flow beha-
v1or) o that % 9] odske RAsheiriiz,

VTI=V/C+K\/Y €))
Napp =M. €Xp(Ea/RT) @

Nup - AX7] X (apparent viscosity, Pa.s)

Nw - F3 2 2 7] % (infinite apparent viscosity, Pa.s)

Ea: % #&A3}ollvi=](activation energy of flow, J
/kg.mol)

R ! 71A14=(gas constant, J/kg.mol.K)

T . Aof&%=(absolute temperature, K)
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Fig. 2. Shear stress vs shear rate plot of 65°Bx concen-
trated radish juice, at 20°C
+—+; Sucrose solution, O—O; Radish juice concentra-
ted by thin layer evaporator (conc. 1), ®—@; Radish
juice extracted from fresh radish and concentrated by
thin layer evaporator (conc. 2), [1—0; Radish juice con-
centrated by reverse osmosis system (conc. 3)
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Fig. 3. Viscosity of 65°Bx concentrated radish juice,
at 20°C
+~—+; Sucrose solution, O—QO; Radish juice concentra-
ted by thin layer evaporator (conc. 1), @—@; Radish
juice extracted from fresh radish and concentrated by
thin layer evaporator (conc. 2), 0—0; Radish juice con-
centrated by reverse osmosis system (conc. 3)
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Table 1. Correlation coefficients of power law model and Herschel-Bulkley model on radish juice by thin layer
evaporation

Concentration  Temperature Power law model Herschel-Bulkley model
(°Bx) © n (=) k (Pasec”) Y n (=) k (Pasec) C (Pa) 2
35 5 0.9532 0.0124 0.99 0.9254 0.0119 0.0083 0.99
10 0.9251 0.0151 0.99 0.9455 0.0132 0.0229 0.99
15 0.9665 0.0097 0.99 0.9766 0.0910 0.0084 0.99
20 0.9237 0.0110 0.99 0.9338 0.0099 0.0136 0.99
25 0.9252 0.0092 0.99 0.9433 0.0081 0.0125 0.99
30 0.9275 0.0081 0.99 0.9462 0.0071 0.0110 0.99
40 5 0.9255 0.0187 0.99 0.9352 0.0178 0.0100 0.99
10 0.9130 0.0038 1.00 0.8915 0.0012 0.0072 0.99
15 0.9230 0.0066 0.99 0.9120 0.0055 0.0064 0.99
20 0.9250 0.0080 0.99 0.9299 0.0078 0.0039 0.99
25 0.9159 0.0090 0.99 0.9362 0.0087 0.0051 0.99
30 0.9118 0.0066 0.99 0.9169 0.0064 0.0032 0.99
45 5 0.9459 0.0170 0.99 0.9469 0.0169 0.0018 0.99
10 0.9459 0.0170 0.99 0.9469 0.0169 0.0018 0.99
15 0.9236 0.0131 1.00 0.9270 0.0128 0.0045 1.00
20 0.9019 0.0127 0.99 0.9073 0.0122 0.0065 0.99
25 0.9162 0.0095 1.00 0.9220 0.0091 0.0052 1.00
30 1.0350 0.0038 0.99 1.0350 0.0038 0.0001 0.99
50 5 0.8669 0.0538 0.99 0.8914 0.0321 0.0184 1.00
10 1.0030 0.0074 0.99 1.0090 0.0076 0.0034 0.99
15 0.9654 0.0085 0.99 0.9235 0.0125 0.0068 0.99
20 0.9569 0.0110 0.99 0.9575 0.0109 0.0007 0.99
25 0.9620 0.0081 0.99 0.9534 0.0095 0.0031 0.99
30 0.9410 0.0090 1.00 0.9454 0.0087 0.0040 1.00
55 5 0.9908 0.0371 1.00 0.9915 0.0370 0.0028 1.00
10 0.9791 0.0302 1.00 0.9813 0.0298 0.0071 1.00
15 0.9652 0.0254 0.99 0.9762 0.0125 0.0038 0.99
20 0.9782 0.0189 1.00 0.9803 0.0186 0.0040 1.00
25 0.9527 0.0184 0.99 0.9541 0.0182 0.0029 0.99
30 0.9226 0.0181 0.99 0.9267 0.0177 0.0082 0.99
60 5 0.9456 0.0860 1.00 0.9507 0.0832 0.0422 1.00
10 0.9007 0.0829 0.99 0.9081 0.0899 0.0580 0.99
15 0.9256 0.0534 0.99 0.9351 0.0116 0.0247 0.99
20 0.9364 0.0387 1.00 0.9411 0.0375 0.0182 1.00
25 0.9496 0.0282 1.00 0.9550 0.0272 0.0145 1.00
30 0.9532 0.0152 0.99 0.9435 0.0365 0.0102 0.99
65 5 0.9966 0.1660 1.00 0.9966 0.1661 0.0002 1.00
10 0.9772 0.1279 1.00 0.9783 01271 0.0140 1.00
15 0.9852 0.1231 1.00 0.9618 0.0234 0.0133 0.99
20 0.9906 0.0617 1.00 0.9917 0.0612 0.0076 1.00
25 0.9579 0.0568 1.00 0.9608 0.0579 0.0167 1.00
30 0.9581 0.0439 1.00 0.9606 0.0433 0.0109 1.00
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Fig. 4. Effect of concentration and temperature on ap-
parent viscosity of radish juice concentrated by thin la-
yer evaporator
O—0; 5T, +—+; 10T, *—%; 15C, O—0; 20T,
X—X; 25, A—n; 30C
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Table 2. Effect of temperature on flow behavior of ra-
dish juice concentrate by thin layer evaporater

Concentration Temperature  nagp Ea Mo
(°Bx) &) (Pas) (X10*KJ/kg.mol) (X10~7Pa.s)
35 278 0.00423 2.7057 0.36
283 0.00378
288 0.00293
293 0.00237
208 0.00195
303 0.00169
40 278 0.00714 2.7770 0.89
283 0.00587
288 0.00482
293 0.00399
298 0.00328
303 0.00284
45 278 0.00948 2.9074 0.34
283 0.00802
288 0.00646
293 0.00505
208 0.00422
303 0.00430
50 278 0.01850 29767 0.48
283 0.01556
288 0.01207
293 0.00969
298 0.00788
303 0.00653
55 278 0.03035 3.0781 1.35
283 0.02843
288 0.01967
293 0.01525
298 0.01206
303 0.01015
60 278 0.08744 3.6658 0.11
283 0.06780
288 0.04994
293 0.03800
298 0.02979
303 0.02408
65 278 0.15740 4.1159 03
283 0.11930
288 0.08518
293 0.06259
298 0.04701
303 0.03717

TR AER 1000(1/S) A F972 FH99 ¥
%7} 35~65°BxE ¥olAFTE FA 3oLy A] 7} 2.7057 X
10* KJ/kg.molol| A 4.1159X10* K]/kg.mol & Z7}3}= 7
FE vehysdch
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