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A M H Analysis of drying behavior and quality retention behavior during

drying of fruits and vegetables
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Drying is one of the food preservation methods that have been most widely used for grains, crops and
foods in all varieties. Usually, drying is carried out at low humidity values in order to reduce the drying
time. However, such rapid drying often causes unwanted quality degradation such as irregular shrinkage
and significant color changes. Pre-drying treatments such as blanching and dipping in a sugar solution are
commenly employed for vegetable drying in order to avoid quality degradations. Various pre-treatment
and drying methods for vegetables and fruits were briefly reviewed in Chapter 1.

In this study, drying behavior of vegetables and fruits and their quality changes during drying were
investigated at relatively low temperatures {303-318K). Effects of relative humidity and temperature on
drying behavior of vegetables and fruits were studied using sliced potatoes and lemons as model samples
(Chapter 2). Trehalose and sucrose were employed as a pretreatment sugar solution. Isothermal drying
experiments were carried out with samples prepared by different pretreatments. Dipping in a sugar
solution for a relatively short time (10 minutes) was effective for obtaining high quality dried foods. A
steam blanching increased the drying rate significantly for the samples tested in this study. Relatively low
humidity drying resulted in the dried product with less color changes and shrinkage both for sliced
potatoes and lemons. The combination of blanching and dipping in a sugar solution was found to be a
good pre-treatment method for obtaining the dried samples of good color retention and uniform
shrinkage. The drying rates of sliced lemons were much lower compared with those for sliced potatoes.

Isothermal drying rates and desorption isotherms of lemon juice were measured and compared with
the data for a simulated lemon juice, sucrose, maltodextin and citric acid (Chapter 3). The drying rates of
lemon juice at 303K were much lower than the values for the simulated lemon juice and maltodextrin,
especially at low water content regions. The desorption isotherm of lemon juice at 303K was fitted well
by the GAB equation with the parameter values reported in the literature. The equilibrium water contents
determined from the desorption isotherms of lemon juice were much higher than those for other sugars,
and similar to the values for the simulated lemon juice and citric acid. High equilibrium water contents of
lemon juice were likely due to citric acid. The low drying rates of lemon juice were most likely due to the
combined effects of citric acid and sugars such as sucrose, fructose and glucose.

Color is one of the important food quality attributes. During drying of vegetables and fruits
browning occurs, which is not desirable. In order to avoid or suppress browning during drying it is
important to establish an easy method for monitoring the browning reaction. In Chapter 4, a color analysis
using a digital camera and computer software was employed for experimental investigations of browning
of lemon peels during drying. Color changes of lemon peels were analyzed by using the HSL color
system developed by Hashimoto. The color changes during constant temperature hot air drying
experiments were measured. In order to examine the browning rate as a function of water content, the
samples of different water contents were incubated in a sealed container (no water loss during
incubation), and the color was analyzed as a function of incubation time. The samples were adjusted to




desired water contents by vacuum or freeze drying. Hue (H) value decreased as the browning increased.
Other two parameters the saturation (S) and lightness (L) were not sensitive to the browning reaction

monitoring. Hue value decreased with an increase in water content. The color degradation became faster

when the water content was high. Sample pre-treatments such as blanching and dipping in a sucrose
solution slowed down the browning rate compared with non-pretreated samples. The combination of
blanching and dipping in a sucrose solution was found to be an effective pre-treatment method, which
resulted in a better surface color retention and a minimal shrinkage.
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