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ABSTRACT

The aim of this study was to develop probiotic fruit products by fortifying
beneficial microorganisms in partially-dried fruits using vacuum impregnation (VI)
and vacuum drying techniques. In the VI treatment, the effects of vacuum pressure
(VP) levels (between 50 and 1013 mbar), impregnation media (whole milk and
sucrose solution), types and sizes of fruits and processing times (10 to 20 min) of the
VI process on the physicochemical properties of apple, mango and cantaloupe were
evaluated, while the factors of pressure levels of vacuum chamber, drying
temperatures and drying times were investigated during a drying process of the
studied fruits. Collected data showed that the VP levels and impregnation liquid
significantly affected the fruit lightness and VI parameters, including water loss
(WL), solid gain (SG), volume of fruit occupied by impregnation liquid (X),
volumetric deformation of fruit (y), fruit porosity (&) and effective porosity (ee)
(P<0.05). At the highest vacuum pressure level of 50 mbar together with sucrose

solution, the fruits had the lowest lightness and fruit porosity, but experienced the



highest WL, ee-, y- and X-values. At this vacuum level, apple samples had higher in
all of the VI parameters than those of cantaloupe and mango. Consequently, the
highest VP level and sucrose solution were found to be a better condition to
impregnate external solution into the fruit samples. For the effects of fruit sizes and
processing times during VI on the physical properties of the vacuum impregnated
cantaloupe and apple conducted at 50 mbar with an isotonic sucrose solution, it was
found that longer impregnation and relaxation times significantly produced lower &,
but higher WL, SG, y-, X- and ee-values (P<0.05). At 20 min of impregnation and
relaxation times, the apple samples significantly had higher X-, y- and ge-values than
those of cantaloupe (P<0.05). Smaller size of apple significantly produced higher WL,
SG, v-, X- and ee-values than those of the bigger size (P<0.05). It was displayed that
longer impregnation and relaxation times together with smaller size of fruit would
enhance impregnation result.

Following the VI treatment, impregnated apple and cantaloupe were dried in a
vacuum dryer. Under the investigated factors, drying temperature and drying time
were revealed to give a significant effect on the vacuum drying parameters, including
water activity, process yield, moisture content and total sugar content of apple and
cantaloupe (P<0.05). On the other hand, the vacuum chamber pressure did not
produce a significant effect on the vacuum drying parameters of both the studied
fruits. The optimal condition to do vacuum drying of apple was using a vacuum
chamber pressure at 200 mbar with a drying temperature at 58°C for 9 h, whereas at a
vacuum pressure of 107 mbar with a drying temperature of 52°C for 13 h was the
optimum drying condition for cantaloupe.

Enrichment of probiotic in apple and cantaloupe was carried out with isotonic
sucrose solution or whole milk that contained 10'° CFU/ml of Lactobacillus
acidophilus TISTR 1338, Lactobacillus casei TISTR 1340 or commercial L. casei.
After the VI process, fruit samples contained a probiotic amount in the range of 107 to
108 CFU/g, whereas after the vacuum drying operation, the viable number of
lactobacilli in the final products increased by one log arithmetic cycle (>10° CFU/qg).
The scanning electron micrographs revealed that the L. acidophilus TISTR 1338 cells
were impregnated into the fruit tissues of apple and cantaloupe. The result of a

sensory evaluation showed that the panelists could significantly differentiate the



Vi

intermediate moisture cantaloupe and apple products with and without L. acidophilus
TISTR 1338 (P<0.05). Keeping the intermediate moisture apple and cantaloupe at
4°C could maintain a high survival rate of lactic acid bacteria. At chilled storage, the
L* value and the sensory scores of the intermediate moisture apple and cantaloupe

were higher than those stored at room temperature.
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