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Mass Transfer Characteristics in the Osmotic Dehydration Process of Carrots

Kwang-Sup Youn and Yong-Hee Choi

Department of Food Science and Technology, Kyungpook National University

Abstract

Diffusion coefficients of moisture and solid, reaction rate constants of carotene destruction, and
the fitness of drying models for moisture transfer were determined to study the characteristics of
mass transfer during osmotic dehydration. Moisture loss and solid gain were increased with increase
of temperature and concentration; temperature had higher osmotic effect than concentration. Diffusion
coefficient showed similar trend with osmotic effect. Diffusion coefficients of solids were larger than
those of moisture because the movement of solid was faster than that of moisture at the high tempera-
ture. Reaction rate constants were affected to the greater extent by concentration changes than by
temperature changes. Arrhenius equation was applied to determine the effect of temperature on diffu-
sion coefficients and reaction rate constants. Moisture diffusion required high activation energy in
20°brix, while relatively low in 60°brix. To predict the diffusion coefficients and reaction rate constants,
a model was established by using the optimum functions of temperature and concentration. The model
had high R® value when applied to diffusion coefficients, but low when applied to reaction rate consta-
nts. Quadratic drying model was most fittable to express moisture transfer during drying. In conclusion,
moisture content of carrots could be predictable during the osmotic dehydration process, and thereby
mass transfer characteristics could be determined by predicted moisture content and diffusion coeffi-

cient.
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FE& ¥ 223} o} methanol 8- 713l glass filter 2
ojFste] HA4E 2hd3] FEsldoh. FFFE 7H F
Z9E Felg obg A45NE 3l spectrophotometer
(CE393, CECIL Instrument Co., England)E o]&3}
436 nmol A FF 55 & A slo] B-carotene & g’%i
ato] Aekslgitt. Desrosiers 5292 Wiel 7o} g%
%9} carotene &EFte] A E FHA R LEE @;Jr
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Carotene content(ug/g) =204.2927
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Final solid—initial solid

Solid gain(%)= — - X100 (2)
Initial gross weight

M

Moisture loss(%) =

Initial mositure —Finial moisture

= - X100 3)
Initial moisture

where, Initial gross weight: Initial weight of carrot(g)
Initial solid: Initial solid of carrot(g)
Final solid: Solid after osmotic dehydration(g)
[nitial moisture: Initial moisture content of car-
rot(g)
Final moisture: Moisture content after osmotic
dehydration(g)
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where, M, : Moisture content at t(%)
M, : Initial moisture content(%)
Me: Equilibrium moisture content(%)
R, : The root of function J,(order zero)
Da : Apparent diffusion coefficient(mm?/s)
L : Half the diameter(mm)
t : Time(sec)

wEt FAA T vAe 259 Arrhenius
equation of] & -&3}lo] &5 9] ¢33kw} activation energy 2

T 5 U,
D=D, exp(—Ea/RT) )

o k0
dake

where, D, : Pre-exponential factor(mm?®/s)
Ea : Activation energy(cal/mole)
R : Gas constant(cal/mole -K)
T : Temperature(K)
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Page =4
MR =exp(—kt") 8)

Quadratic =4

MR =1+ At + Bt? 9)
where, MR : Moisture ratio, (M —Me)/(Mo— Me)
M, : Initial moisture content(%)
Me : Equilibrium moisture content(%)
t : Time

k., n, A, B : Experimental constants
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Fig. 1. Changes in moisture loss and solid gain with
immersion time at various °brix at 80°C

B—8, M.L. at 20°Brix; *—%, M.L. at 40°Brix, A—a,

M.L. at 60°Brix; 23—, S.G. at 20°Brix; x—x, S.G.
at 40°Brix, ao--a, S.G. at 60°Brix
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Fig. 2. Changes in moisture loss and solid gain with

immersion time at various temperature at 40 °brix
B—m, ML at 60C; %<—x, ML. at 70C, a—a, ML,

at 80C; ~—7, S.G. at 60C; x—x, S.G. at 70C, a-a,
S.G. at 80T
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Table 1. Calculated diffusion coefficients and Kinetic
parameters of carotene destruction in osmotic dehydra-
tion of carrots

Temp. Conc. Diffusion coefficient! Kinetic parameters

o

C °Brix Moisture Solid Carotene?
60 20 0.000001 0.000001 0.017
60 40 0.000018 0.000012 0.029
60 60 0.000060 0.000059 0.027
70 20 0.000007 0.000019 0.023
70 40 0.000052 0.000103 0.022
70 60 0.000082 0.000091 0.027
80 20 0.000010 0.000064 0.023
80 40 0.000048 0.000130 0.021
80 60 0.000120 0.000170 0.031

Y Diffusion coefficient: (mm?/sec)
dCs _

Y Carotene destruction (K): at —kCa
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Table 2. R-squares and coefficient values" in the predi-
ction model of diffusion coefficients and kinetic para-
meters using Arrhenius equation at various concentra-
tions

Conc. Diffusion coefficients” Kinetic parameters

Values
°Brix Moisture Solid Carotene?
20 0.8743 0.9529 0.7644
R? 40 0.7046 0.8352 0.8672
60 0.9946 0.9854 0.7353
20 —13.6202 —24.5355 —5.2830
A 40 —5.8283 —14.1093 —6.1334
60 —4.0689 —6.2072 —4.5767
20 34.2401 67.0326 185143
a» 40 13.6639 38.2462 21.0171
60 9.3911 15.7740 10,4424

Ya, and a, is the slope and intercept of the curve of
Intk) vs 1T
Y kinetic parameter for carotene destruction
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Fig. 3. Effect of temperature on diffusion coefficients
of moisture during osmotic dehydration of carrots at
various °brix

00, 20°Brix; M, 40°Brix; a, 60°Brix
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Fig. 4. Effect of temperature on diffusion coefficients
of solid during osmotic dehydration of carrots at va-
rious °brix

[0, 20°Brix; W, 40°Brix; a, 60°Brix

Table 3. R? of model as optimum function and second
degree polynomial of temperature and concentration of
immersion solution for response variables

Response Function Model Polynomial
Variables ~ Temp. Conc. R? R?
Da? 1/T? C? 0.9743 0.9796
Da® T In(C) 0.9460 0.9427
'S Exp(T)  Exp(C) 0.5725 0.5016

Y Diffusion coefficient for moisture loss
Y Diffusion coefficient for solid gain
#Kinetic parameters for carotene destruction
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Table 4. Results of regression analysis for different models of carrots in osmotic dehydration

Temp. Conc. Model 1V
T °Brix R? a a R?
60 20 0.8269 —0.0896 0.0012 0.8990
60 40 0.7297 —0.2622 0.0015 0.6384
60 60 1.0000 —0.3165 0.0171 0.9963
70 20 0.9827 —0.1402 0.0027 0.9568
70 40 0.5259 —0.4570 0.0048 0.6336
70 60 0.1220 —-0.6317 0.0057 0.0522
80 20 0.9752 —0.0547 0.0102 0.9645
80 40 0.8830 —0.4418 0.0040 0.93562
80 60 0.5061 —0.7889 0.0082 0.6152

Model 2? Model 3%

a, a Rr? a a
—1.9685 —0.2546 0.9901 —0.0108 0.0004
—1.4416 0.0687 0.9916 —0.0333 0.0010
—1.7152 04316  0.9988 —0.0504 0.0013
—2.2732 0.2095 0.9974 —0.0206 0.0006
—1.0242 0.1444 0.9994 —0.0552 0.0017
—0.5407 0.0767 0.9878 —0.0668 0.0020
—3.4422 0.6940 0.9981 —0.0168 0.0003
—1.0072 0.1186 0.9983 —0.0529 0.0017
—0.4782 0.1439 0.9992 —0.0810 0.0026

UModel 1: MR=B(exp (—At)) Approximation of diffusion Model
a; and a; are the slope and the intercept of the curve of In(MR) vs t

YModel 2: MR=exp(— At") Page Model

a, and a, are the slope and the intercept of the curve of In(—In(MR)) vs In(t)

9Model 3: MR=1+ajt+a;t®> Quadratic Model

0.87
A
o 0831
G
o
&
2
k7]
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0.791 MODEL 1
——
MODEL 2
—k
MODEL 3
0.75 . . —
9 12 15 18 21

Immersion Time (min)

Fig. 5. Comparison of experimental and predicted va-
lues for different models during osmotic dehydration
at 80°C and 20°brix
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