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Drying Characteristics of Osmotically Pre-treated Carrots

Kwang-Sup Youn and Yong-Hee Choi

Department of Food Science and Technology, Kyungpook National University

Abstract

The physical characteristics changes of carrots during drying were studied to minimize the quality degradation
by applying improved drying process and pretreatment method. Physico-chemical properties of the product
were analyzed, and then, drying mechanisms were explained by diffusion coefficients and drying models. In
hot air drying process, the drying and rehydration efficiencies were high at low relative humidity and high
temperature. Browning degree and specific volume also showed similar trend to drying efficiency. Diffusion
coefficient, which describes moisture transfer, was also high at low relative humidity and at high temperature.
It was verified using Arrhenius equation that drying process was influenced by temperature. It was also ob-
served during experiment that temperature changes were more effective in drying than relative humidity
changes. Quadratic model was the most fittable in explaining the process. As a result of analyzing the ex-
perimental data with respect to the drying time, the contents of carotene and moisture could be modeled as a
polynomial. As the air velocity increased, drying performance and rehydration efficiency increased.
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Table 1. Experimental data for physical properties of air dried osmotically pre-treated carrots
Temp. ('C) RH. (%) MC" (@db) cc? BD.” CAAL L a b AE
50 20 0.2975 274.68 0.071 2.8315 60.39 24.28 45.52 3.52
50 30 0.3783 313.02 0.069 2.7160 59.54 27.55 40.75 7.48
50 40 0.6489 460.87 0.058 2.5454 58.42 25.52 37.48 9.37
60 20 (.1418 112.53 0.084 3.1397 57.86 34.40 43.49 10.35
60 30 (.1935 144.46 0.087 3.1226 58.07 25.50 36.92 9.87
60 40 (1.3630 218.23 0.077 2.9889 57.89 28.21 44.82 5.08
70 20 (0.0542 68.42 0.115 49124 54.95 29.69 42.92 7.47
70 30 0.1115 96.21 0.099 4.8620 50.51 28.21 39.07 10.98
70 40 0.3515 128.89 0.087 4.2960 53.43 27.25 40.26 8.15

"M.C.: Moisture content

“C.C.: Carotene content (ug/g dry solid)
“B.D.: Browning degree (OD)

“S.V.: Specific volume

Table 2. Experimental data of physical properties

in rehydrated” carrots after

air drying osmotically pre-treated

Temp. ("C) R.H. (%) RR” M.GY MGrate" cch L a b AE
50 20 2.1163 1.4484 0.4580 118.27 55.25 11.71 44.11 10.17
50 30 2.0425 1.4369 0.4544 120.52 51.55 18.95 41.88 8.52
50 40 2.0119 1.6684 0.5276 123.58 51.17 21.49 39.83 9.14
60 20 24533 1.5320 0.4845 91.71 49.20 25.53 42.68 8.98
60 30 2.3399 1.6060 0.5079 108.87 51.98 21.95 45.99 5.33
60 40 2.2843 1.7504 0.5535 113.37 47.87 19.86 4273 10.58
70 20 3.7486 2.8191 0.8915 68.87 46.32 19.12 42.44 12.29
70 30 3.0295 2.1395 0.6766 72.51 50.40 18.67 42.71 9.06
70 40 2.5552 2.1019 0.6647 91.92 50.79 15.66 39.64 1217
"The temperature and time of rehydration processing were 100°C and 10 min, respectively
“R.R.: Rehydration ratio
“M.G.: Moisture gain (g water/g solid)
“MGrate: Moisture gain rate by Becker's equation
C.C.: Carotene content (jg/g solid)
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Fig. 1. Drying curves of moisture content at various re-
lative humidities at 70°C m—m, 20% R.H.: [—{1, 30%
RH; 4a—aA, 40% RH.
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Fig. 2. Drying curves of moisture content at various
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A—A 70°C

Table 3. Calculated diffusion coefficient in carrot dur-
ing hot air drying

Temp. (°C) RH. (%) Da (mm’/hr)
20 0.070
50 30 0.047
40 0.040
20 0.127
60 30 0.125
40 0.098
20 0.152
70 30 0.145
40 0.113

gto] 73 Al SF Table 3o vebuigic). 50°C2)
EEo M ol wlE A g Bz 30%2}
40%2] A HEolA SARF A xS 7HS Bal ubud,
60°Ce} 70°Coll M= 20%2} 30%2] ZAA u]s
sAMA 28 Fhainh el 50°Col A 20%2) AOHH
£ ToA] FEH]] FHo|Eo) o]FIz| 1 60°Ce}
70°CAM & 30%2] AdlEsot gl AxFAY
£ o & UK

3, gAY 2R EALE dolHr] H3ke
ArrheniusA] of] H A7 B ém} o AAS e
7}A &5.2] o38Fg Arthenius?] © 2 vhelf 7] o]l &= n]
3 72 vepydt

AEAZTH F 4R o5 AT 5
Aapr) g8l A 2RE BaA 7|29 o ﬁi



A
=1

PR A2l

e

©E
Az 54

1131

Table 4. Results of regression analysis and coefficients of determination for different models of carrots in hot air dry-

ing
Model 1" Model 27 Model 3"
Temp. ('C) RH. (%) - -
: k n R” n k R” A B
50 20 0.9253 0.2248 1.3878 0.9647 1.2808 0.3702 0.9966 -0.2030 0.0112
50 30 0.9100 0.5947 1.6837 0.9728 1.5038 0.2707 0.9998 -0.2252 0.0124
50 40 0.9016 0.3893 1.5872 0.9763 1.3290 0.3039 0.9990 -0.2477 0.0163
60 20 0.9156 0.5152 1.7262 0.9699 1.3194 0.2838 0.9996 -0.2507 0.0154
60 30 0.9222 0.6205 2.2054 0.9758 0.9633 0.2664 0.9990 -0.3624 0.0339
60 40 0.9182 0.6505 2.1813 0.9737 1.0186 0.2634 0.9992 -0.3451 (1.0305
70 20 0.9441 0.6552 1.9248 0.9871 1.3290 0.2507 0.9999 -0.2792 0.0194
70 30 0.9494 0.4235 1.8857 0.9828 1.0005 0.2944 (.9995 -0.3309 0.0286
70 40 0.9067 0.7853 2.0784 0.9690 1.0522 0.2862 (1.9988 -0.3070 0.0241
“Eq. (4): MR=n (exp (-kt)) Approximation of diffusion mode]
PEq. (5): MR=exp (-kt") Page model
“Eq. (6): MR=1+At+Bt’ Quadratic model
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Table 5. Coefficient values and R-squares in the pred-
iction model of mass transfer depending on hot air

drying time
Moisture Carotene
Quadratic”  Polynomial®  Quadratic” Polynomial”
R 0.9971 1.9956 0.9601 0.9997
a -0.1450 -17.3400 4.4300 -6.8760
b 0.0021 0.7390 -0.2760 0.1030
[ — 97.5400 56.3800

UMR=1+at+bt’
M.C.=c+at+bt*
“Ln (C.C.)=a+ht
C.C.=c+at+bt?

shatalx] A 28 W 7l 65 (1996)
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Fig. 4. Comparison of experimental and predicted
values for moisture and carotene content depending on
hot air drying time at 69°C, 33% RH W, MC (Exp.);
A, CA (Exp.); -, MC (Pred.); ---, CA (Pred.)

Table 6. Physical properties in air dried osmotically pre-treated carrots for various air velocities under the air con-

dition of 69°C and 33%

Air velocity (m/s)  M.C.” (db.) c.c? B.D.” A L a b AE
0.5 0.1160 281.50 0.058 3.5039 53.69 25.81 39.18 9.99
1.2 01.0489 141.15 0.061 3.6430 5297 26.66 3372 1381
1.7 0.0446 133.39 0.065 3.7736 52.02 28.55 3768 1136
2.55 0.0391 123.79 0.066 4.0124 51.53 36.06 4040  15.03
3.67 0.0356 118.43 0.104 4.5366 45.63 34.89 3718 18.64

“M.C.: Moisture content

?C.C.: Carotene content (lig/g dry solid)
“B.D.: Browning degree (OD)

“S.V.: Specific volume

Table 7. Physical properties in rehydrated” carrots which were dried at various air velocities under the air con-

dition of 69°C and 33%

Air velocity (m/s) RR.? M.G” MGrate" cc? L a b AE
0.5 34123 2.6920 0.8513 87.42 58.31 28.29 45.30 5.10
1.2 3.7253 2.8585 0.9039 83.95 53.25 22.78 45.24 4.08
1.7 3.8723 3.0004 0.9488 69.65 49.93 26.33 41.82 8.99
2.55 3.9887 3.1055 0.9820 64.54 54.92 29.72 45.60 6.64
3.67 4.3701 3.4900 1.1036 59.23 50.58 24.00 47.11 6.52

"The temperature and time of rehydration processing were 100°C and 10 min, respectively

“R.R.: Rehydration ratio

“M.G.: Moisture gain (g water/g solid)

“MGrate: Moisture gain rate by Becker's equation
9C.C.: Carotene content (pg/g solid)
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Table 8. Results of regression analysis and coefficients of determination for different models of carrots in hot air dry-

ing using various air velocity

Air velocity Model 1" Model 27 Model 3”
(ms) R’ k n R’ n k R’ A B
0.5 0.9954 (.2665 1.7217 0.9990 1.0808 0.2913 1.0000 -0.3264 0.0285
1.2 0.9741 0.5318 2.1364 0.9835 0.9362 0.2722 (.9994 -0.3581 0.0326
1.7 0.9226 1.1801 2.8137 0.9803 1.0504 0.2326 0.9999 -0.3543 0.0315
2.55 0.9942 0.4417 2.2249 0.9997 (0.8502 0.2575 (3.9998 -0.4136 0.0443
3.67 0.9807 0.6049 2.3778 0.9966 0.8335 0.2636 0.9999 -0.4041 0.0419

"Eq. (4): MR=n (exp (-kt)) Approximation of diffusion model

?Eq. (3): MR=exp (-kt") Page model

?Eq. (6): MR=1+At+Bt’ Quadratic model

3.0 2 Az}

Moisture content (d.b.)
5 &

ol
n

0.0 T T v T
00 10 20 30 40 50 60 70

Drying time (hr)

Fig. 5. Changes of moisture content at various air velo-
city during het air drying in carrots +—+, 0.5 m/s;
=k 12 m/s; O—, 1.7 m/s; B—B, 2.5 m/s; A—A;

3.7 m/s
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