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Abstract

In order to minimize the deterioration of dried apple quality, changes of free sugar content, organic acid and
ascorbic acid during osmotic dehydration with sucrose at various temperature, concentration and immersion
time were investigated in this study. Total sugar increased as the temperature, concentration and immersion
time were increased. Sucrose showed the largest change in content while fructose and glucose showed no and
small changes, respectively. Large amounts of malic and fumaric acids, and small amounts of oxalic, citric,
maleic and succinic acids were detected. Organic acids were high at low temperature treatment, and became
higher with increasing concentration. Loss of ascorbic acid was small at the low temperature and high con-
centration. Effect of immmersion time was negligible. Changes of free sugar, and organic and ascorbic acid
followed the first-ordér and second-order reaction rate equations, respectively. Arrhenius equation was applied
to determine the effect of temperature on reaction rate constants with high r’. To predict the changes of qual-
ity, a model was established by using the optimum functions of temperature, concentration and immersion
time. The model had high r’ value for the quality changes during drying.

Key words: osmotic dehydration, organic acid, free sugar, ascorbic acid
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dC./dt = k
dC./dt = -kC,
dC./dt = kC2

k =k, exp (-Ea/RT)

where, ko : pre-exponential factor (min'")
Ea: activation energy (cal/mole)
R : gas constant (cal/mole - K)
T : temperature in K
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Fig. 1. Comparison of sucrose, glucose, fructose and
total free sugar content with immersion time at 60°brix
and 60°C
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Table 1. Changes of free sugar in apples during osmotic dehydration (mg%)
Temp. ("C) Conc. (Bx) Time (hr) sucrose glucose fructose sorbitol total

20 20 0.5 5416.12 2638.84 6519.78 363.37 14938.11
20 20 1.0 7843.87 3060.49 6591.43 365.41 17861.20
20 20 1.5 8241.01 3350.55 6605.63 416.34 18613.53
20 20 2.0 8118.40 3104.52 6556.03 402.61 18281.56
20 20 2.5 8686.45 3253.15 6535.12 412.28 18887.00
20 40 0.5 7331.48 3260.54 664430 413.17 17849.49
20 40 1.0 12721.44 3968.29 6785.04 483.75 23958.52
20 40 1.5 12952.53 3852.87 6770.44 475.74 24051.58
20 40 2.0 11580.85 3805.19 6895.68 480.45 23862.17
20 40 2.5 12699.79 4118.77 6508.89 485.59 24113.04
20 60 0.5 11810.55 3694.61 6327.48 450.68 22283.32
20 60 1.0 16904.63 4431.59 6847.23 580.12 28763.57
20 60) 1.5 16661.48 444511 6926.56 584.63 28617.78
20 60 2.0 16978.23 4460.19 6840.04 585.94 28864.40
20 60 25 17368.52 4458.91 6884.99 621.10 29333.52
40 20 a5 8140.53 3044.56 6393.90 375.97 17954.96
40 20 1.0 12153.03 3908.97 6591.68 474.58 23128.26
40 20 15 12364.37 3929.07 6661.22 475.24 2342990
40 20 2.0 12194.58 3818.96 6726.43 479.77 23219.74
40 20 25 12698.82 3829.64 6800.04 479.18 23807.68
40 40 0.5 12765.17 3423.24 6471.75 437.69 22097.85
40 40 1.0 14400.06 4195.36 6664.22 548.21 25807.85
40 40 1.5 14759.83 4194.88 6820.00 577.73 26352.44
40 40 2.0 15224.34 4310.49 6781.60 579.16 26895.59
40 40 2.5 15325.99 4296.95 6716.58 584.60 2692412
40 60 0.5 14248.99 3655.09 6621.48 404.99 24930.55
40 60 1.0 16905.00 4345.02 6920.20 574.81 28744.59
40 60 1.5 18400.10 4840.30 6963.78 619.48 30883.66
40 60 2.0 18833.68 5451.99 6896.45 619.14 31841.26
40 60 25 28975.61 5470.69 7004.05 21.25 32071.60
60 20 0.5 12343.21 3049.16 6414.51 440.00 22246.88
60 20 1.0 15759.59 4029.08 6814.06 566.54 27169,27
60 20 15 17019.67 4226.55 6826.54 580.12 28652.88
60 20 2.0 17194.17 4431.86 6761.71 589.99 28977.73
60 20 2.5 15819.66 4203.81 6817.68 566.30 27408.45
60 40 0.5 13342.84 337317 6850.79 509.71 24076.51
60 40 1.0 18694.30 3616.42 6920.36 606.69 29837.77
60 40 1.5 19045.86 425423 6923.89 629.03 30853.01
60) 40 2.0 19018.67 4245.59 6914.96 623.59 30802.81
60 40 2.5 18801.51 4243.12 7009.13 579.75 30634.11
60 60 0.5 15183.17 4052.41 7290.64 52438 27050.60
6() 60) 1.0 19618.92 4579.78 7348.57 647.36 33094.63
60 60 1.5 18969.73 5257.44 7496.45 633.10 32316.72
60 60 2.0 19184.59 5420.85 7509.64 651.25 32866.33
60 60 25 18844.59 5477.68 7564.96 634.38 32521.61

Aol 5 S 2 Pyl BHE AL hehget 7ol 712084 9 % At
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o] gake 27) 60% 7] whe Z7bE Mols ol ¥-o] malic acid® Sl T S 100-900

Z71E HolR| oo} Zrlo] B2 sucrosed] & mg% % Eo]3 maleic acid 7} 13~23 mg%, fumaric
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Table 2. Changes of organic acid in apples during os-
motic dehydration (mg%)

Temp Conc. Time (hr) malic  fumaric  Total

("'C) (Bx) | 7+ 4% Lenart®”2] ¥ 319} f-A}skedch. Dixon £
20 20 05 16101 12931 290.32 <> A3E Bl oA oF AR R T o 339
20 20 1.0 15965 128.64 28829 4 wglowm Abe] gebyciis Aleke] gheko]
20 20 15 16656 131.84  298.40 :
20 20 20 15809 13144 28953 of 224, breakfast cereals2} 22 AxMFo 2 *}
20 20 25 14771 12275 27046 1}2] 7??17} Fra Bkl on wit A F Az
20 40 0.5 24784 16028 407.12 o] 715 F7H ?LEH_ B yakgict
20 40 1.0 22932 15548  384.8
20 40 15 23990 159.44 39834 o .
o2 w3
20 40 20 24217 16112 40329 SOl e 3t i ) )
20 40 25 23949 15005 389.54 40°Coll A 7z Fxd frAke] ekt AR EE
20 60 05 32193 16454 486.47 7V ZVEE fr)4ke] ool A vhehd 60°brixol
20 60 1.0 311.09  160.68 471.77 A 71 =8 ghers ehlglel X oA -S4k
20 60 1.5 315.05 168.61 483.66 Frako] wro z1o AMelgol Zylr) §7]4Fe] A
20 60 20 31832 17021 48853 -
20 60 25 20260 16202 454.62 wols AoE Azbg]e] A 7ke] wile] ulelA:
=2 72y A2 loly
40 20 05 15329 11804 27133 & AaE Mol x| wstct
40 20 10 14937 12785 27722
W 2 20 1919 147 sy SoolmE s
40 20 25 15052 11414  264.66 40brixoll 4 £} 2} Zreof whE Fri4 oFe] ek
@ oF o _0_. A =N o LIO Flgko [oC ]
40 40 05 22459 14868 37327 SRR EEHE WE ALT R e FuE 24
40 40 1.0 20754 14924  356.78 I, ZeHThE A %ﬂl A {714k 7‘3‘17} Aelch A
40 43 ;[5) 25; 132‘2(1’ 22(1);‘1‘ 22 A Azbel wtel F3he} Fol =z] ggte
40 4 . 6.2 351 369, .
° = A 7ke) A 24; o zieoe
40 40 2.5 221.27 14406  365.33 60°Cell 4 J7kel 2ol mpet b e 2o
e A USE o Uk
40 60 05 31237 15610 46847
40 60 L0 32025 1S1.02 47127
40 60 1.5 29636 152.62 44898 HMEZ|Z2Iof w2 R At Eat vis]
40 60 2.0 27892 15529 434.21 Apbof| 855 §7]AHS malic acid7} j-3o] x| vk
40 60 25 28355 15458 43813 o
B oAleAzd uhe okol fymaric acid7} A% glc)
60 20 0.5 15080 119.35 270.15 .
60 20 10 14419 10609 250.28 abetAd fumaric acidz } sz 27 AlA ot
60 20 1.5 14125 107.61 248.86 W A zlze) Wit 23 ZilAE abv] ¢3te] bz}
60 20 20 14347 12067 264.14
60 20 25 14130 109.59  250.89
60 40 0.5 229.11 128,67 357.78 Table 3. Changes of organic acid in apples during
60 40 1.0 12773 12037  348.10 storage (mg%)
60 40 1.5 19867 131.44  330.11 Time
i lic fumalic total
60 40 20 20685 12651 33336 (days) maleic ma
) 303.
60 40 25 18220 12108 303.28 N e 792 17 p——
60 60 0.5 26823 171.82  440.05 2 58.75 147.63 2330 229.68
60 60 1.0 26579 14808 41387 3 50.88 130.76 23.30 204.94
60 60 1.5 30491 13284 437.75 4 54.82 130.76 19.10 204.68
60 60 20 29930 13323  432.53 5 50.88 130.76 19.10 200.74
60 60 25 26089 149.99  410.88 6 50.88 126.54 23.30 200.72
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Table 4. Changes in ascorbic acid of apples during osmotic dehydration (mg%)
o Conc. - Ascorbic o Conc. . Ascorbic 0 Conc. . Ascorbic
Temp (°C) (Bx) Time (hr) acid Temp (°C) (Bx) Time (hr) acid Temp ("C) (Bx) Time (hr) acid
20 20 0.5 331 40 20 0.5 3.16 60 20 0.5 2.76
20 20 1.0 313 40 20 1.0 2.97 60 20 1.0 2.61
20 20 15 314 40 20 1.5 2.79 60 20 1.5 2.62
20 20 2.0 3.49 40 20 2.0 3.18 60 20 2.0 2.64
20 20 2.5 3.26 40 20 2.5 3.09 60 20 2.5 2.58
20 40 0.5 4.53 40 40 0.5 422 60 40 0.5 3.85
20 40 1.0 4.48 40 40 1.0 4.19 60 40 1.0 3.90
20 40 t.5 4.57 40 40 15 4.27 60 40 15 3.88
20 40 2.0 4.65 40 40 2.0 413 60 40 2.0 3.67
20 40 25 4.39 40 40 25 4.08 60 40 2.5 3.69
20 60 0.5 5.62 40 60 0.5 5.24 60 60 0.5 5.06
20 60 1.0 5.39 40 60 1.0 5.15 60 60 1.0 4.88
20 60 1.5 5.36 40 60 1.5 5.08 60 60 1.5 4.77
20 60 2.0 5.78 40 60 2.0 5.32 60 60 2.0 4.68
20 60 2.5 5.30 40 60 2.5 4.98 60 60 2.5 4.51
& 704 FHARE Agand AErel 2 AP §AHE 20 ascorbic acid 4] A4 3
fumaric acid®] Wshs wdsleleh AFYFel GE b A3 wEEelAE sucrosert RIAHEE 8]
§7)4be) qhe WshE ool ATE Table 33 29t Alo] Me Ao Mzl Ak Lxo FEel o
o} FR704F g AZ2rlde 45 S Ed 2 ascorbic acid®] ek WsLE Wl 40°Col| A 7+ =
T ARGl AAAGE A BB IUA ¥ £ 3PS TFEsL B $US MoFm glon
Bl Hyadee] ==} ojler frlake AR Aol Wl del & F3E BeolA skt
P)7ke] Azgel wiet A7) Ao AR & 40brixeA ] 2t £mel daF ol Azt Ao
7IAE Eddel e e ok A gladeh Abte) B Ao Melrh B Fag Holw gl e o - gled
R714k) malic acide E6714F G5 ARE AF Azbe] webd 2 U5 ol gtk
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o7 aax gle] AFEA g d| 213}ed fumaric acid7}
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W, e el A B 4EOE EAR
o} B Agoa = HPLCE o] 43l 7F AHR Az =
ol 412] ascorbic acid®] FeFg FAslg e 14
#2 Table 4o v}e}uiich. Fresh Abefellxi e} as-
corbic acid¥= oF 5.15 mge] &6 =)o 2o 7 At
EAzx 276 wbE gt wisle n2dThe A2
A Helg AsvE Bge AF yrEe 2 55
7} 2osE 2o Fars nor) LxuchE F59

=TS XL oW =
ko]l o ZA A4S & 5 sHl ol f14ke]

S2HE 54

FAM 3} kinetics % Bk &£ 52402 modeld s}
7] $)3te] freid, §714F 212] A ascorbic acid&] f{}aol
Wskg 7kzt Oi} }, 23} uh2 0 2 3jo] uhes
o]l /‘\JA}-A}?;‘ 7’} t\‘_%:‘:_—‘-*o]"/lk';;— 2 3}‘0)3\‘:]’ l:ﬂ—‘_r-

7

=2
4 AAste] A& MeEEgSo AYASRE ¥
23 & 35 %avgo R hgel s EE

n{n
j;'L
2
%
(&l
e
i
a
o
o

= 71-714"] Hﬂi}ﬁ} ascorblc acid?] ¥3 _‘5 2
£5 Ao 7P AgEr log 45}%4
Alol] AR A QL & EAME Table 59}
At

frele] FeFHsE veis s S5
59} o) Zrld ulet dAHoR =&
T §-714k3} ascorbic acid2] wslel u}E
229 Frtellw E2 e 7HH el
< A& 5 AT F=2] Fhell s
<+ B pmrh F40] WkE AR &

=
2 rE

o - 3 ol
L=
£ Hl o o

2oox

HHN
2

rlr JH
r& N Q
o e R

V- Ry Ay



Arte] AR EA felvdat fzlite) wig) 1101

Table 5. Calculated kinetic parameters of free sugar
in osmotic dehydration of apples using first order reac-
tion rate

Temp. Conc. Kinetic parameter”

(0 (BX) sycrose Glucose Fructose Sorbitol Total
20 20 49068 4.3957 4.7939 3.2688 5.3517

20 40 51231 45099 48061 3.3639 5.4907
20 60 53011 45757 48165 3.4763 5.5943

40 20 5.1260 4.4958 4.8051 3.3563 5.4792
40 40 5.2405 4.5509 48079 3.4572 5.5513
40 60 54269 4.6495 4.8238 3.4862 5.6372

60 20 52848 45446 4.8116 34572 55785
60 40 53584 4.6366 4.8249 3.4886 5.6254
60 60 54678 4.6655 4.8661 35178 5.6625

dC /dt=kC,

Table 6. Calculated kinetic parameters of organic acid
and ascorbic acid in osmotic dehydration of apples us-
ing second order reaction rate

Kinetic parameter”

Temp. Conc. -
(C) (BX)  Malic  Fumalic Total acid “S¢OTPic

acid
20 20 0003487 0.004162 0.001918 0.4597
20 40 0002278 0.003493 0.001380 0.3619
200 60 0001771 0.003297 0001152 03211
40 20 0003610 0004567 0.002015 0.4916
40 40 0002483 0.003756 0.001494 03830
40 60 0001874 0.003542 0001225 03337
60 20 0003818 0.004868 0.002139 0.5665
60 40 0002978 0.004368 0.001677 0.4120
60 60 0001950 0003828 0001286 0.3531

dC,/dt=kC,
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Fig. 2. Effects of temperature on kinetics coefficients
of free sugars destruction during osmotic dehydration
of apples
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Fig. 3. Effect of temperature on Kinetics coefficients of
organic acids destruction during osmotic dehydratiion
of apples
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Fig. 4. Effect of temperature on kinetics coefficients of
ascorbic acids destruction during osmotic dehydratiion
of apples
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Table 7. Empirical formulae for predicting the contents of free sugar, organic acid and ascorbic acid as functions of

temperature, concentration and immersion time

Independent variables

Prediction formulae" r

Sucrose 5062.06Log(T,}+158.16(C)-1249 44(1/T:?)-8350.23 0.8145
Glucose -17357(1/T)+0.3393(C*)-650.84(1/T2)+4559.74 0.8796
Fructose OExp(T:)+0.1218(C?)-70.45(1/T:)+6564 0.7628
Sorbitol 2.77(T)+106.21Log(C)-32.15(1/T2)+73.21 0.8849
Total 163.72(T))+182.67(C)-1546.56(1/T:)+13885 0.9495
Malic 0.01(T)+3.63(C)+2.63(1/T5)+91.70 0.9343
Fumalic 0.548(T1)+31.77Log(C)+ 1.5 1(1/T:)+45.72 0.8729
Total -1.188(T,)+4.50(C)+3.93(1/T:)1+226.03 0.9803
Ascorbic acid 0.017(T;)+0.054(C)+0.034(1/T)+2.584 0.9805

"T.: Immersion temperature, C: Immersion concentration, T,: Immersion time
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