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Rheological Characteristics and Viscosity Prediction Models of
Tomato Ketchup Suspensions

Sung-Kwon Ha and Yong-Hee Choi
Department of Food Engineering, Kyungpook National University, Taegu

Abstract

Rheological properties of rehydrated suspensions of freeze dried tomato ketchup were mea-
sured by Brabender Viscotron at the temperature range of 30-90°C, at the concentration of 15
-50%, and at the shear rate of 0-250sec™!. At the shear rate of 0-210sec!, tomato ketchup was
found to be a thixotropic food product. The values of flow behavior index, consistency index and
yield stress at the shear rate of 0~210sec?, at the temperature of 30°C and at the concentration
of 33%, were 0.2131, 22.5047 Pa sec™" and 8.544 Pa, respectively. It was found that the apparent
viscosity model for temperature was expressed by Andrade model and the model for concentra-
tion was expressed by Power model, and the model for both temperature and concentration was
described by exponential and power models. The activation energies at the concentrations of 15,
20, 30, 33, 40, and 50% were 3.973, 4.985, 5.078, 5.226, 5.357, and 7.655 kcal,”'g-mole, respectively.
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Fig. 1. Flow curve of various concentrations of tomato
ketchup suspension at 30°C.
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Fig. 2. Flow curves of 50% tomato ketchup suspension at
various temperature.
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Fig. 4. Influence of shear rate on the apparent viscosity
of tomato ketchup suspension ot 30°C.
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Table 1. Viscometric constants of tomato ketchup sus-
pension

Concentration Temp. Viscometric constants

(wt/wt, %) (°C) Flow behavior Yield Consistency

index (n) stress(ny) index (K}

30 0.4462 0.3570 0.2948

15 50 0.4992 0.2260 0.2307
70 0.5216 0.1240 0.1943

30 0.3889 0.5476 1.2246

20 S0 0.3965 0.3767 1.0837
70 0.4188 0.3527 0.9804

30 0.2491 3.4901 7.9180

30 50 0.2590 2.1090 7.7267
70 0.2727 1.1353 7.2459

90 0.2919 0.773% 5.2457

30 0.2131 8.5443 22,5047

33 50 0.2253 7.8542 20.5777
70 0.2307 7.0490 19.8773

S0 0.2397 4.4628 18,9316

30 0.2078 9.4642 25.0626

40 50 0.2202 9.2446 23.3979
70 0.2279 7.4588 21.7131

S0 0.2281 5.8025 20.2527

30 1.1898 21.3150 55.7821

80 50 0.1938 15.3866 52.9848
70 0.1956 13.8632 51.3482

90 0.1979 10.7344 45,6867

Table 2. Effect of temperature on apparent viscosity of

tomato ketchup suspension :
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Fig. 6. Temperature dependence on the viscosity of
tomato ketchup suspension at various concentrations.

Andrade-type models

Cosentator Sre
15 7 =1.3872x10 xExp(3.973x10°x A=) 0.3388 1.29
20 e =3.4665x1C xExp(4.9855x107%x -R”?) 0.4296 0.56
30 7 =1.2405X16° XEXp(5.0780x 10%x === ) 4.9106 1.83
33 7 =2.9759x10°XEXp(5.2667x10%x 1 ) 9.2862 1.40
40 7 £3.1123x10XEXp(5.35T1X 107% £+ ) 16.9074 2.40
50 7 =4.4155x 102 XExp(7.6556x102x E‘T- ) 29.4207 2.07
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Table 3. Effect of concentration on apparent viscosity of
tomato ketchup suspension : Power-type models

Standard Standarc %
arror error (%)

Temperature

°K) Viscosity models

303 7 =4.5019x107$xC¥#57¢  g8.14127 1.22

323 7e =4.5523x107F xC¥244¢ 14,7474 2.31
343 78 =4. 7571107 xC¥?%% 58836 0.9
363 e =4.8870x10 ¥ xC3 186 15,3379 2.16

7| Mgo| 25 9 =gol&EM
”S‘_/I Ao &5 U 5YE40 dE A F Y
S AaRel g galod 2438 21-& Table 4% e
Table qoll A B wje} Zro] 50 A5 E5 model =
A vebd - U
r;a:Exp(%—B) o

4714 A BE WAAFEoI,
WNEIDEE

A 7Fe) 2 BAE oFolu ] sl B Az A=
EobeARS) S5} HA 33% Srel EoheALE

i i t various t : ‘(s =2z =
fr:]hon of tomato ketchup suspension at various temper o8 ADES (035-716.8 sec Vol EF g o, 1
ature.
A& Fig 83 7l
Table 4. Effect of concentration and temperature on apparent viscosity of tomato ketchup suspension : Ex-
ponential and power models
Temperature Concentration Shear rate . : Standard Standard %
(°k) (%) (s Viscosity models error error (%)
303-363 15-30 50 7a =Exp(-21.9888/T-8.037)xC 3 "429° 0.4698 5.89
100 0.4080 3.85
150 0.3337 2.67
303-363 40-50 50 7 =Exp(-11.8664/T-7.3652)xC 31494 0.3125 0.44
100 0.6110 0.73
150 3.0523 3.33
303-363 15-50 50 7 =Exp(-17.5747/T-7.6949)xC 3*2720 2.8449 8.53
' 100 1.5530 3.88
150 2.3998 5.43
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