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Effect of Combined Osmotic Dehydration and Hot-air Drying
on the Quality of Dried Apple Products
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Abstract This study was conducted to investigate the effects of combined osmotic dehydration and hot-air drying on the
quality of dried apple products. Apple cylinders were steeped in 30% and 50% sucrose solutions a different steeping
times. During the osmotic dehydration, as the concentration of the sucrose solution and steeping time increased, weight
reduction and water loss increased, and the solid gain showed similar results. Osmotic dehydration in the sucrose solutions
was followed by hot-air drying a 50 and 70°C. The experimental data were fitted successfully using the modified Page
model. At the drying temperature of 50°C, the drying time increased from 4.15 hr for the control to 5.78 hr and 6.42 hr
for the 30 and 50% sucrose solution trestments, respectively. Similar results were shown &t the 70°C drying temperature.
The k and n values of the gpple cylinders decreased by osmotic dehydration, and the k and n of the apple cylinders
steeped in the 50% sucrose solution were lower than those of the samples steeped in the 30% sucrose solution. The
qualities of the dried apple products were compared to samples that did not undergo osmotic dehydration. The shrinkage
and rehydration capacity of the apple products decreased via osmotic dehydration, and decreased as the concentration of
the sucrose solution increassed. The compressibility ratios of the apple products to raw apple cylinders increased by osmotic
dehydration, and increased as the concentration of sucrose solution increased. The sensory evaluation results for the apple
products rehydrated in yoghurt indicate that osmotic dehydration greatly enhances the paatability of apple products in

terms of appearance, taste, and texture.
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27k (weight reduction), 3552 (water loss) 2 &+

(solid gain)ye Ztzt ofelle] Aol ulel YeRf ATH(10).
weight reduction (%)= —>—— x 100 @
0
Wyo — Wy

water loss (%) = ———%¥ % 100 )
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w,: initia weight of the sample (g)

w: weight of the sample at time t (g)

W, initid weight of water in the sample (g)

w,,. weight of water in the sample a time t (g)

Wy initid weight of soluble solids in the sample ()
w, weight of soluble solids in the sample at time t ()
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AzE Al Y] AxEAS 2ARE] SEte] &4
A2 A4 model¢! Page modd(Eq. (4)S W
modelell A-g3le] A4 it kE I R 029 water/
g dry solidsg wj71x] &g Es AZAIZRE AESITHLY). M=
M3 Mol BIEH w9 22 Zhol7] W&ol (M —MJ/(My—MJ)E
M/IMoZ 8o} AR89 TH(12).
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—-M e
= exp(-kt) @

M
Moidure ratio (MR) = VI
— Ve

o] 7]l A,

MR: the ratio of the free water ill to be removed a time t
to the tota free water initialy available

M: moisture content of the sample at time t (g water/g dry
solids)

Mg initid moigture content of the ssmple (g water/g dry solids)

equilibrium moigure content of the sample (g water/g dry

solids)

drying rate congtant (hr?)

dimensionless exponent
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Fig. 1. Weight reduction, water loss and solid gain of osmotically
dehydrated apple cylinders at different immersion times. Values
represent the mean + SD of three replications.
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Drying kinetics
50°Ce} 70N e] AN e Al Adre) et
WslE 2418 A% dxewst S/ we dxdwst 84

g
3 .
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5
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3 ..
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] ' Te—y
= 04
0 2 4 6 8

Drying time (hr)
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Fig. 2. Changes in moisture content of osmotically dehydrated
apple cylindersat drying temperatures at 50°C (A) and 70°C (B)
asafunction of dryingtime.
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Table 1. Page' sequation parametersfor drying kinetics of osmotically dehydrated apple cylinders at different drying temperature

) o Drying kinetics
Drying temp. (°C) Treatment Drying time (hr)
k (hr?) n r
Control 415 0.652 0.861 0.930
50 30% sucrose 5.78 0.484 0.747 0.915
50% sucrose 6.42 0434 0.701 0.957
Control 2.76 0.932 1.093 0.893
70 30% sucrose 2.80 0.771 0.716 0.892
50% sucrose 333 0.726 0.662 0.927
80 8
>
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20 A % 2 4
o
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50 70 50 70

Drying temp. (°C)

mmmm Control
—= 30% sucrose solution
mmmm 50% sucrose solution

Fig. 3. Shrinkage of apple productsdried at drying temper atures
at 50 and 70°C. Va ues represent the mean + SD of three replications.
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Fig. 4. Rehydration capacity of apple products dried at drying
temperatures at 50 and 70°C. Vaues represent the mean + SD of
three replications.
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Fig. 5. Compressibility ratio of apple products dried at drying
temperatures at 50 and 70°C to raw apple cylinders. Values
represent the mean + SD of three replications.

A3 wEe] Eeo] HF7E oHYA] AEAzE AEY 5
o] wolxItH(189).

Fig. 55 ¥32Ax3 Al AXAES B4 88 =
gk & o]lE AR AAY ] At g viE Jebd d3
olty, 50°C EEF A% 7L 7t 037100524 7HE we
7S YR, 30% sucrose £ X277 047+£0.09, 509
sucrose £ A7 0591007 YeRfo] ARz s
At AZRAF o] Frketa Bg HAX g w2t =
OHAFE AXAF] dFEo] Frlshs A& YERth 70°C
dEAx] #A$ 50°C DEAZY AR AP SAHE Ve
o] Axem mE 2ol A9 gles & & AUATh

Table 2= EEAZXS A} AZXAF] AEE el 24342
Al B0°C gE7x9 A9tz AME a ol 6.1+0.390A]
30% sucrose & 277} 30+0.3, 50% sucrose &9 277}
47+04Z 7HAasle] AEAZ o8 o] AlEE Aoz
Ebgom, 70°C EE Az Afolz FA18 Aok L b

=

e a #t vwE] 2w Axere] WHE 2 AEAZ o)
A Azl AR 50% sucrose €9 AFA] TR AT
of vlsl b Fto] tha FHAshe ZAOZ T
A 3t AZAES plan yoghurtoll A E-14171 3 o] that &
54 7135 S 243 A3 Tale 394 He npel 7do] 23,
gt 237, 30 5% 5o RE I5AAE dEolA AE
S Al AZRA|Fo] AFAZRSA 2 tlERTol BlE f9
= Yepllo] ARz AR AZRAIFe] 7]
ko FA Zlodste Ae® yehsttl wi Zxgode)
= gEste] AT A} AZRAE Aloldle felHel /s
Fol7b UelA] ekt AR Al AZRAE S
Al o) ghe gl wE b REAZREH e R
= o) 93] ZAE wo] v 7|E=E YERIA, Bl
st Zs oA AEAZRS A} AXRAFS HA L] G
o3 wuto] HojxE|y I FHIE AlERS Uepo] E& 7]
325 et A7 Uit 7| s AEARE A
ZAFo] dz7o v Fgdez =& 7|EEE Yehlde
o) ol AFEARS AxAF] g7 Hls| dFaxol ofg
FZo] A3 BEYEo] FX| o} BYF AW E FE
9] <Fo] Ao AXS 2AS FAEI7E 7] Wil Aoz
chEith
ool AxE T B W Al ARAF
g Zwo] JAEe] Atz 2] A JER)
S AlRe veRd Y oflEl BYEE W AR EsA
2 izl s Al 2He 2R
yoghurt 5-¢] 7FgA|Fol Ag3staxt &
GE7Ax0l| A AEAR HElsle Aol A3t Zes vdE

(

=

(=) ok

L e |
AREAzet dFAxe] xe] Al AxAF F20 A
= YIS Lot fJste] AR ZolE 549 €
A AR5, 22al A AxAFe] F2E A 4
FAEA AAGAE st FAATe] SISt wet S
adf FREdo] SR JFRE SV A2 AFEE UE
Wdeh, EFAxA] AxA] whE At d-T e e ¥

Table 2. Color of apple productsdried at different drying temperatures

Drying temp. (°C) Treatment b
Control 77.310.4Y 61103 31.1+06
50 30% sucrose 78.9+0.6 3.0+03 320+14
50% sucrose 723+0.3 47104 273+05
Control 751+0.7 72+01 321+1.0
70 30% sucrose 794+13 28+07 36.2+0.3
50% sucrose 752+0.2 44106 289+28
DEach value represents mean=+ S.D.
Table 3. Sensory evaluation of dried apple productsrehydrated in plain yoghurt
Treatment Appesarance Texture Overall pdatability
Control 5.6+0.79%2 51+06° 54+12° 52+0.7°
30% Sucrose 6.7+ 117 6.9+0.7% 6.8+0.8° 71+08
50% Sucrose 70+122 71+08 71+06° 72+0.7

DEach value represents mean + S.D.

AValues with the same letter in the same column are not significantly different (p < 0.05).
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