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Rheological Properties of Pear Juice Concentrates
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Abstract

To improve the utilization of pear in its processing, the cloudy and clear juice concentrates were
prepared and their rheological properties were investigated in the range of temperatures(5~60C)
and concentrations(15~60°Brix). Pear juice concentrates showed flow behavior close to Newtonian
fluids. Their flow behavior was also explained by applying Power law model and Herschel-Bulkley
model. Flow behavior index did not have good correlation with concentration, but decreased with
the increase of temperature, showing pseudoplastic properties. Consistency index increased with the
increase of concentration and with the decrease of temperature. The effect of temperature and concent-
ration on the apparent viscosity at 1500 1/s shear rate was examined by applying Arrhenius equation.
The activation energy for flow of the cloudy and clear pear juice concentrates increased from 1.5140X
10* to 3.4141X 10* J/kg- mol, and from 1.4762X10* to 3.4963 X 10* J/kg- mol with the increase of concen-
tration, respectively. The influence of temperature on the apparent viscosity was more pronounced
at higher concentration. And the concentration-dependent constant A decreased from 0.0789 to 0.0484
°Brix !, and from 0.0786 to 0.0476°Brix ' with the increase of temperature, respectively.
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Fig. 1. Shear stress vs shear rate plot of the cloudy
pear juice concentrates at 20°C
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Fig. 2. Shear stress vs shear rate plot of the clear(depe-
ctinized) pear juice concentrates at 20°C
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Table 1. Rheological parameters of the cloudy pear juice concentrates

847

Concentration Temperature Power law model Herschel-Bulkley model C
(°Bx) © n K(Pa-s") Il n K(Pa-s") b (Pa)
15 5 0.9346 0.0046 1.00 0.9473 0.0042 1.00 0.0296
20 0.9212 0.0034 0.99 0.9410 0.0029 1.00 0.0315
35 0.8565 0.0040 0.99 0.8969 0.0029 0.99 0.0533
50 0.8172 0.0041 0.97 0.8756 0.0026 0.98 0.0643
60 0.8232 0.0034 0.97 0.8773 0.0022 0.97 0.0519
30 5 0.9914 0.0065 1.00 0.9928 0.0065 1.00 0.0063
20 0.9963 0.0039 1.00 0.9985 0.0038 1.00 0.0061
35 0.9912 0.0027 1.00 0.9954 0.0026 1.00 0.0080
50 0.9319 0.0029 0.99 0.9469 0.0026 0.99 0.0225
60 0.8835 0.0036 0.99 09132 0.0028 0.99 0.0411
45 5 0.9808 0.0200 1.00 0.9811 0.0199 1.00 0.0043
20 0.9716 0.0113 1.00 0.9728 0.0112 1.00 0.0086
35 1.0030 0.0056 1.00 1.0040 0.0055 1.00 0.0040
50 0.9653 0.0049 1.00 09710 0.0047 1.00 0.0166
60 0.9673 0.0040 1.00 09741 0.0038 1.00 0.0164
60 5 0.9742 0.1234 1.00 0.9749 0.1227 1.00 0.0488
20 0.9755 0.0480 1.00 09757 0.0479 1.00 0.0059
35 0.9464 0.0290 1.00 0.9481 0.0286 1.00 0.0279
50 0.9495 0.0163 1.00 0.9518 0.0160 1.00 0.0202
60 0.9517 0.0121 1.00 09541 0.0119 1.00 0.0162
Yeoefficient of determination
Table 2. Rheological parameters of the clear(depectinized) pear juice concentrates
Concentration Temperature Power law model Herschel-Bulkley model C
(°Bx) ©) n K(Pa-s") b n K(Pa-s") e (Pa)
15 5 0.9370 09041 1.00 0.9384 0.0036 1.00 0.0086
20 0.9220 0.0036 0.99 0.9417 0.0029 0.99 0.0322
35 0.8497 0.0042 0.98 0.8889 0.0031 0.98 0.0534
50 0.8059 0.0049 0.98 0.8586 0.0029 0.98 0.0590
60 0.7930 0.0050 0.97 0.8526 0.0028 0.98 0.0628
30 5 0.9448 0.0091 1.00 0.9490 0.0088 1.00 0.0203
20 0.9741 0.0045 1.00 0.9782 0.0044 1.00 0.0117
35 0.9451 0.0038 0.99 0.9564 0.0035 1.00 0.0238
50 0.8897 0.0043 0.99 09134 0.0036 0.99 0.0409
60 0.8892 0.0034 0.99 09146 0.0028 0.99 0.0351
45 5 0.9910 0.0167 1.00 0.9913 0.0166 1.00 0.0038
20 0.9690 0.0105 1.00 0.9706 0.0104 1.00 0.0100
35 0.9618 0.0065 1.00 0.9664 0.0063 1.00 0.0174
50 0.9587 0.0046 1.00 0.9659 0.0043 1.00 0.0196
60 0.9467 0.0042 1.00 0.9572 0.0038 1.00 0.0241
60 5 0.9850 0.1169 1.00 0.9854 0.1165 1.00 0.0280
20 0.9806 0.0463 1.00 09819 0.0458 1.00 0.0130
35 1.0260 0.0159 1.00 1.0260 0.0159 1.00 0.0000
50 0.9273 0.0187 1.00 0.9337 0.0179 1.00 0.0213
60 0.9285 0.0145 1.00 0.9347 0.0140 1.00 0.0159
Glucose + Fructose 5 0.9831 0.1138 1.00 0.9833 0.1137 1.00 0.0035
a:n 20 0.9517 0.0560 1.00 0.9550 0.0547 1.00 0.0337
60 Brix 35 0.9373 0.0298 1.00 0.9394 0.0293 1.00 0.0313
50 0.9447 0.0160 1.00 0.9470 0.0157 1.00 0.0198
60 0.9872 0.0089 1.00 0.9879 0.0088 1.00 0.0041

Deoefficient of determination
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Table 3. Values of K, and E, of the cloudy pear juice concentrates at 1500 1/s

Concentration Temperature n E. K, v
(°Bx) © (Pa‘s) (X 10* J/kg:mol) (X107 "Pa-s)
15 5 0.00285
20 0.00191
35 0.00143 1.5104 39.837 0.9963
50 0.00109
60 0.00096
30 5 0.00611
20 0.00380
35 0.00254 1.9440 13.227 0.9969
50 0.00181
60 0.00154
45 5 0.01734
20 0.00917
35 0.00561 2.3527 6.185 0.9928
50 0.00378
60 0.00318
60 5 0.10228
20 0.04014
35 0.01962 34141 0.259 0.9915
50 0.01125
60 0.00849
Yeoefficient of determination
Table 4. Values of K, and E, of the clear pear juice concentrates at 1500 1/s
Concentration Temperature n E, K, e
(°Bx) © (Pa-s) (X10* J/kg-mob) (X107 "Pa-s)
15 5 0.00281
20 0.00194
35 0.00145 14762 46.187 0.9959
50 0.00110
60 0.00099
30 5 0.00614
20 0.00375
35 0.00264 1.9023 15.865 0.9974
50 0.00192
60 0.00154
45 5 0.01559
20 0.00837
35 0.00495 2.4008 4539 0.9918
50 0.00341
60 0.00284
60 5 0.10490
20 0.04001
35 0.01886 3.4963 0.253 0.9875
50 0.01112
60 0.00871

Leoefficient of determination
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Table 5. Values of K, and A of the cloudy pear juice
concentrates at 1500 1/s

Temperature(C) K; (X107*Pa's) A (°Bx™) r*?
5 6.8746 0.0789 0.9636
20 5.8729 0.0668 0.9684
35 5.1802 0.0574 0.9715
50 4.3682 0.0520 09772
60 4.0851 0.0484 0.9760

Yeoefficient of determination

Table 6. Values of K, and A of the clear pear juice
concentrates at 1500 1/s

Temperature(C) K; (X10 *Pa:s) A °Bx') 7V
5 6.7994 0.0786 0.9522

20 5.9408 0.0659 0.9562

35 54270 0.0555 0.9561

50 4.5737 0.0501 0.9608

60 4.1613 0.0476 0.9546

"coefficient of determination
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