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Abstract — The accumulation of phenol in apples was measured by exposing them to phenol vapor at 25 °C. The effec-
tive diffusivities of phenol in the rind and flesh of apples were estimated by comparing the experimentally determined
fractional uptake curve with the simulated ones based on a consecutive diffusion model in the rind and flesh. Phenol was
detected in the flesh of apples after 5 day exposure due to its slow diffusion in the rind. The consecutive diffusion model
of phenol in apples simulated well the measured fractional uptake curve when the effective diffusivities of phenol in the
rind and flesh were assumed to be 5.0x107"3 m%s and 1.5x107'° m%s, respectively.
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Fig. 1. Geometrical diagram of apple for the simulation, R , R, and
R, were set as 0.020 m, 0.050 m and 0.051 m, respectively.
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Fig. 2. Simulated results of phenol diffusion in apples with different
D,;. (a) the concentration profiles of phenol at 10 days, (b) the
fractional uptake curves of phenol in apples. D,, was set as
1.0x10™° m?s. A. 1.0x10'2 m%/s, B. 5.0x10°"* m%s, C. 3.0x10™"
m?%/s, D. 1.0x10" m?/s.
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Fig. 3. Simulated results of phenol diffusion in apples with different
D,,. (a) the concentration profiles of phenol at 10 days, (b) the
fractional uptake curves of phenol in apples. D, was set as
5.0x107"% m%s.

A. 2.0x10'° m¥s, B. 1.0x10"° m%s
C. 5.0x10"" m%s, D. 3.0x10™"" m?/s.
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Table 1. Concentration and uptake of phenol in apples exposed to its
vapor at 25 °C

Time (day) Phenol concentration (mol/m’) The uptake of
1 2% 39 phenol (mol)

4 9 - N 0

> 33 36 34 0.026
7 39 28 17 0.021
10 103 89 65 0.065
1 83 53 47 0.046
13 125 116 98 0.087
15 125 100 59 0.072
18 200 174 142 0.132

ab9the centers of samples were far from the surface of apples by 0.5 cm,
1.5 cm and 2.5 cm, respectively.

Dtrace.
""\

“4
-
Q

(F)

Fig. 4. Photos of apples exposed to phenol vapor of 0.35 Torr at 25 °C.
exposing period:
A; fresh, B; 5 day, C; 7 day
D; 10 day, E; 13 day, and F; 15 day.
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Fig. 5. Simulated results of phenol diffusion in apples with different
D,,. D, was set as 1.0x107'° m%s.
A.50x10°" m?fs, B. 1.0x10°2 m/s, C. 3.0x10°° m?s, D. 1.0x10™3 m%s.
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Fig. 6. Simulated results of phenol diffusion in apples with different
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Table 2. Deviation of factional uptakes between experimental results
and simulation ones obtained adopting various effective

diffusivities

D,, (m%s) D,, (m%s) Deviation (% )*

7.0x10" 52

6.0x107"3 42

5.5%x107 1.5x1071° 4.1

5.0x107" 4.0

1.0x107" 17
2.0x1071° 43
1.5x1071° 4.0

5.0x107" 1.0x1071° 45
5.0x10™M 6.4
1.0x10™ 12
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Fig. 7. Comparison between the experimentally determined fractional
uptakes of phenol in apples exposed to phenol vapor of 0.35
Torr at 25°C and the simulated fraction-al uptake curve of
phenol in apple with D,,=5.0x10""* m%/s and D,,=1.5x10"" m’/s.
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C : concentration of phenol in apple [kg/m?]

C, : initial concentration of phenol at the surface of apple at t=0
[ke/m’]

D, : effective diffusivity of phenol in apple [m?/s]

: effective diffusivity of phenol in the rind of apple [m?/s]

D,, : effective diffusivity of phenol in the flesh of apple [m%s]

F,y,; :fractional uptake of phenol based on experimental results [-]
Fym;  fractional uptake of phenol based on simulation [-]
i : point counter for the x-direction |[-|

j : point counter for the #-direction [-]

k : point counter for measured fraction uptake [-]

m . number of measured fractional uptakes [-]

n : number of grids for the simulation of apple |[-]

Pp.or 1 vapor pressure of phenol at 25 [Torr]

Q : uptake of phenol in apple [mol]

Q.  : equilibrium uptake of phenol in apple [mol]

R,  :radius of apple core |m]

R;  :radius to the interface between the rind and flesh of apple [m]
R : radius of apple [m]

r : radial distance of apple [m]
U : dimensionless concentration of phenol defined as C/C; [-]
t : time [s]
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