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Abstract

The effect of sugar concentration, immersion time and temperature on water loss, solid gain or loss, and
sugar molality of potatoes during osmotic concentration was analyzed by a response surface methodology
(RSM), and those values were predicted by using a second degree polynomial regression model. Effect of
osmotic concentration and blanching on vitamin C retention of air dried potatoes (6% MC: wet basis) was also
evaluated. The most significant factor was sugar concentration for water loss, solid gain or loss, sugar molali-
ty, rate parameter and retention of vitamin C. Second and third factors were immersion time and temperature
respectively. Water loss and solid gain were rapid in the first 10 min and then levelled off. A 44.6% of water
loss was observed during osmotic concentration using a sugar solution (60 Brix, 80 °C) with 20 min of immer-
sion time. Dried potatoes after osmotic concentration had higher vitamin C content than dried potatoes after
blanching. Optimum regions for osmotic concentration process of potatoes were 60-70°C of immersion
temperature, 60 Brix of sugar solution and 16-20 min of immersion time based on above 30% of water loss and

50% of vitamin C retention.
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Introduction

Osmotic concentration is a water removal pro-
cess which is based on placing foods in a concen-
trated osmotic solution or in a dry osmotic material.
A driving force for water removal arises between
solution and foods, in which the natural cell wall
acts as a semi-permeable membrane. As the mem-
brane is only partially selective, there is always
some leakage of solute from the solution into the
food and from the food into the solution.'?

The quantity and the rate of water removal de-
pend on several variables and processing para-
metess. In general, it has been shown that the water
loss in osmosed foods is increased by increasing
solute concentration of the osmotic solution, immer-
sion time, temperature, solution/food ratio, specific
surface area of the food and by using a low pressure
system.%?

Optimum conditions for osmotic concentration
of potatoes would use a 50 Brix sugar solution at a
solution/solid ratio of 4. Uptake of soluble solid dur-
ing sucrose based osmotic concentration resulted in
75% of the soluble solid in the equilibrated potatoes
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coming from the sugar solution.®®

Some of the stated adventages of direct osmosis
in comparison with other drying processes include
minimized heat damage to color and flavor, less dis-
coloration of fruit by enzymatic oxidative browning
and volatile retention during second drying step.?®

The objectives of this study were to find impor-
tant factors, develop predictive models and deter-
mine the optimum processing conditions for osmo-
tic concentration process of potatoes using a res-
ponse surface methodology (RSM)."?

Materials and Methods

Materials

Potatoes (Solanim titberosum) from the 1989 har-
vest were used. The moisture content of potatoes
was 82.4% on a wet basis. The potatoes were manu-
ally peeled and sliced to 3 mm thickness using a
food processor (Sunbeam, oskar). Commercial whi-
te sugar was obtained from a local supermarket as a
osmotic agent.

Experimental design

In this study a three level, three factor design
was adopted."Y RSM designs were undertaken
with immersion temperature ( °C), sugar concentra-
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tion (Brix) and immersion time (min). Observation
were made on water loss, solid gain or loss, sugar
molality and vitamin C content.

The regression coefficients (Ai) for the combin-
ed effects of the independant variables were esti-
mated with second degree polynomial regression
model using Stastical Analysis System (SAS).!”

Where, independent variables, X,, X, and X4
were immersion temperature ( °C), sugar concentra-
tion (Brix) and immersion time (min), respectively
for water loss (g water/100g wet potatoes), solid
gain or loss (g solid gain or loss/ 100g wet potatoes)
and sugar molality (sugar moles/kg water).

Independent variables, X, and X; were changed
for vitamin C (mg/100g potato solid).

Osmotic concentration

Approximately 100g of wet weight of potato sli-
ces were to a 1 liter beaker containing 400 m/ of dis-
tilled water (0 Brix) or sugar solution (30 and 60
Brix), which was agitated and maintained at a cons-
tant temperature (60, 70 and 80°C) using a water
bath for a desired length of immersion time (10,15
and 20 min).

When the potato slices were removed from the
sugar solutions, they were rinsed for a few seconds
to remove excess sugar, placed on filter paper to
remove excess water and weighed.

Air dehydration

Potatoes on a 0.5g/cm? tray load were dried at
70°C with a 3 m/s air velocity directly after blan-
ching (0 Brix) or osmotic concentration (30 and 60
Brix) to a 6% moisture content (wet basis).

Moisture content

Moisture content was determined after drying
potatoes using a vacuum oven (Yamato vacuum
drying oven, DP-41) at 70°C and 27 in Hg. for 24
hr.

Vitamin C

Vitamin C was determined by modified AOAC
methods"? in which 2g of the sample is extracted
with 100 m/ of 2% (w/v) oxalic acid an aliquot of
this extract is titrated with 2,6-dichlorophenol-indo-
phenol.
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Fig. 1. Water loss as a function of immersion time
and temperature, and concentration of sugar solu-
tion

A, Band C represent 10, 15 and 20 minutes of immersion

time, respectively,

p g water loss/ 100g wet potatoes

Kinetics of osmotic concentration

Kinetics of osmotic concentration for water loss,
solid gain or loss, sugar molality and parameter
were calculated by previous studies."”

Results and Discussion
Effect of temperature, concentration and time on

water loss
Fig. 1 shows that the effect of immersion tem-
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Fig. 2. Solid gain or loss as a function of immersion
time and temperature, and concentration of sugar
solution

A, Band C represent 10, 15 and 20 minutes of immersion

time, respectively.

» g solid gain or loss/ 100g wet potatoes

perature (60-80 °C), sugar concentration (0-60 Brix)
and immersion time (10-20 min) on water loss. The
effect of immersion temperature on water loss was
not significant compared with sugar concentration.
Water loss was rapid in the first 10 min and then
levelled off.

Optimum regions of water loss, above 30% of
water loss,” were 60-80% of immersion tempera-
ture, 50-60 Brix of sugar solution and 15-20 min of
immersion time. Water loss was 44.67 after osmo-
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Fig. 3. Molality of sugar as a function of immersion
time and temperature, and concentration of sugar

solution
A, Band C represent 10, 15 and 20 minutes of immersion

time, respectively.
P sugar moles/ kg water

tic concentration using a sugar solution (60 Brix,
80°C) with 20 min of immersion time.

Effect of temperature, concentration and time on
solid gain or loss

The effect of immersion temperature (60-80°C)
on solid gain or loss was not significant compared to
sugar concentration (0-60 Brix) as shown Fig. 2.
Solid gain was also very early in the process and
slowly there after.
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Table 1. Rate parameter, K, as a function of con-
centration and temperature of sugar solution

Immersion temperature

60°C 70°C 80°C
Sugar 30 Brix 0.06882) 0.0965 0.1107
conc. 60 Brix 0.1939 0.2220 0.2535

a)Sugar moles/ kg water min®5

The initial region of the plots was attributed to
the adsorption of sugar molecules on to the surface
of the potato slices. In distilled water (0 Brix), water
loss and solid loss were increased as the immersion
temperature and immersion time increased as
shown Fig. 1 and 2. Critical region of apparent solid
gain or loss stopped, which was 6-8 Brix of sugar
concentration.

Effect of temperature, concentration and time on
sugar molality and rate parameter

Sugar molality was increased as the immersion
temperature, sugar concentration and immersion
time increased, which means water loss and sugar
gain were increased as shown Fig. 3. The rate para-
meter, K, values were determined from the slopes
of plots of sugar molality against square root of im-
mersion time in minutes as shown Table 1.

The linearity of the plots (0.971<r<0.996) indi-
cated that internal diffusion is the rate determining
process.™ Rate parameter, K. values were increas-
ed as the immersion temperature and sugar concen-
tration increased.

Etfect of temperature, concentration and time on
vitamin C

Vitamin C levels were measured to compare the
blanching (0 Brix) with osmotic concentration (30
and 60 Brix) after 70 °C air dehydration to a 6% (wet
basis) moisture content as shown Fig. 4. Vitamin €
loss of dried potatoes after blanching was increased
as the immersion temperature and immersion time
increased which occurred due to leaching during
blanching, and vitamin C degradation during air de-
hydration steps in production of dehydrated pota-
toes compared to control (82.75 mg/100g potato
solid).

Osmosis dried potatoes had higher vitamin C re-
tention than dried potatoes after blanching. Vitamin
C levels of dried potatoes after osmotic concentra-
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Fig. 4. Vitamin C as a function of immersion time
and temperature, and concentration of sugar solu-
tion

A, B and C represent 0, 30 and 60 Brix of sugar concen-

tration, respectively.

» mg/100g potato solid

tion were increased as the immersion time increas-
ed due to the solid gain. Optimum regions of
vitamin C retention, above 50% of retention
regions,'"” were 60-70°C of immersion temperature,
60 Brix of sugar solution and 16-20 min of immer-
sion time

Fitting the models and optimum processing regions
Equation (1) was fitted to the experimental data
(Table 2) using SAS. Four models (Table 3) were
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Table 2. RSM data points for water loss, solid gain or loss, sugar molality and vitamin C content of potatoes

Variables Reaponse
Immers‘xon Sugar .conc. Ir.nmerS{on Water Solid gain Suga.r mol- Vitamin C&
temp. (°C) (Brix) time (min) lossa or loss? ality©
60 0 10 2.6905°) -1.3671 — 25.2581
60 0 15 3.7030 -1.7238 — 22.0368
60 0 20 4.6518 -2.0286 — 20.8624
60 30 10 14.3021 4.8940 0.2047 27.8266
60 30 15 17.2340 6.4860 0.2767 26.5514
60 60 10 31.2674 9.5617 0.5174 41.2757
60 60 15 37.2213 12.1466 0.7520 42.1869
60 60 20 40.7337 13.6667 0.8838 47.5602
70 0 10 3.0867 -1.4384 - 23.4330
70 0 15 4.0257 -2.0629 - 21.7798
70 0 20 4.7836 -2.4029 — 19.2438
70 30 10 18.5899 6.9947 0.3073 31.0723
70 30 15 21.9480 8.4713 0.3882 27.9886
70 30 20 23.2112 9.1518 0.4218 23.2251
70 60 10 31.7903 10.5662 0.5974 31.5857
70 60 15 36.8558 13.0859 0.7774 39.7109
70 60 20 41.4146 15.4098 1.0632 47.7977
80 0 10 3.4898 -1.6343 - 19.8261
80 0 15 4.3124 -2.4951 — 18.4821
80 0 20 5.4646 -2.5944 - 15.8541
80 30 10 22.9146 8.4745 0.3899 34.4638
80 30 15 25.0013 9.4412 0.4499 29.9895
80 30 20 27.1465 9.7165 0.4750 27.7006
80 60 10 32.3297 11.3111 0.6322 35.4854
80 60 15 38.5634 15.2736 0.9633 36.3551
80 60 20 44.3614 17.0940 1.1752 43.0162

a)g water loss/100g wet potatoes P g solid gain or loss/100g wet potatoes
9Isugar moles/kg water 9mg/100g potato solid ¢ Represented data were the mean values from three determinations .

Table 3. Regression coefficients of the second or-
der polynomials for four response variables

Coeffi-  Water Solidgain  Sugar L

cient? lossb or loss?  molalityd Vitamin (¢
Ay ~0.70741 -8.69082 -0.08245 56.28345
A -0.10253 0.17706 0.00392  -0.33860
A, 0.29141 0.06573 -0.01327 -1.24838
Az 0.28817 0.16913 -0.00709  -0.16000
Ay 0.00135 -0.00132 ~0.00005 0.00343
Ag 0.00106 - 0.00275 0.00017  -0.00064
Ag -0.00042 -0.00252 0.00006 0.01876
A, 0.00442 0.00094 0.00027  -0.00060
Ag 0.01416 0.00962 0.00076 0.02366
Ag -0.01564 -0.01093 -0.00054 0.00296
R? 0.98932 0.99424 0.98998 0.89332

3 These are coefficients of eq. (1).

Y Each independent variable, X,, X, and X, represents
immersion temperature, sugar concentration and immer-
sion time, respectively.

9Fach independent variable, X;, X, and X;. represents
immersion temperature, immersion time and sugar con-
centration, respectively.

obtained and tested to fittness by coefficients of
determination, R?, which almost approched to one.
It means that equation (1) was highly fitted to the
experimental data.

From these data, optimum regions for osmotic
concentration process of potatoes were 60-70°C of
immersion temperature, 60 Brix of sugar solution
and 16-20 min of immersion time based on above
30% of water loss™ and 50% of vitamin C
retention.®
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