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Abstract

In this study an attempt is made to combine the beneficial effects of probiotics with fruit and vegetables by applying the vacuum
impregnation process. Apple cylinders were impregnated either with commercial apple juice containing Saccharomyces cerevisiae,
and with whole milk or apple juice containing 107 or 10® cfu/ml of Lactobacillus casei (spp. rhamnosus). Impregnated apple samples
contained around 107 cfu/g. In order to increase stability and to assure fruit preservation, impregnated apple samples were air dried
at 40 °C to a water content of 0.037 kg water/kg dry matter and stored at room temperature for two months. The content of L. casei
viable cells in dried and stored product was greater than 10° cfu/g. This concentration level of probiotics is similar to that in

commercial dairy products.
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1. Introduction

Nowadays diet is perceived to be the most important
factor contributing to health (Cathro & Hilliam, 1993).
Development of foods that promote health and well
being is one of the key research priorities of food in-
dustry (Klaenhammer & Kullen, 1999). This trend has
favored consumption of foods enriched with physio-
logically active components (PAC) such as prebiotics,
probiotics, vitamins and minerals, dietary fiber, fish oils
and plant sterols. Probiotics are defined as live microbial
food ingredients that have a beneficial effect on human
health (Salminen, Ouwehand, Benno, & Lee, 1999) or as
live microbial feed supplements which beneficially affects
the host by improving its intestinal microbial balance
(Fuller, 1989). Probiotic bacteria for human nutrition
usually belong to lactic acid bacteria or bifidobacteria
groups. The beneficial effects of these strains on human
health and well being are documented in experimental
and clinical studies (Reddy, Roth, Eigel, & Pierson,
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1988), offering to consumers three main health benefits:
the improvement of gut health, the lowering of blood
cholesterol and the improvement of the body’s natural
defense mechanisms. Scientific evidences suggest that
probiotic bacteria, consumed at high levels (10°-10'!
cfu/day), can decrease the incidence, duration, and se-
verity of some intestinal illnesses (Sanders, 1999). Dairy
probiotic products should have a microbial level higher
than 10° cfu/ml at the end of their shelf life (Ouwehand,
Kirjavainen, Shortt, & Salminen, 1999). Currently, in-
dustrial probiotic foods mainly belong to dairy prod-
ucts, but lactose intolerance and the cholesterol content
are two drawbacks related to their consumption. Nev-
ertheless, some technological advancements have made
achievable to alter the structural characteristics of fruit
and vegetables matrices by modifying food components
in a controlled way (Chiralt et al., 1999; Fito & Pastor,
1994; Fito & Chiralt, 2000; Fito et al., 2001). Technol-
ogies such as vacuum impregnation (VI) are being used
for the incorporation of PAC into the structure of fruit
and vegetables (Fito et al., 2001).

The objective of this work is to study feasibility of VI
to incorporate two different microorganisms (Sacchar-
omyces cerevisiae and Lactobacillus casei) into apple
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Fig. 1. Flow chart to produce probiotic-enriched dried fruit products.
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fruit matrices, aiming to develop a procedure to produce
dehydrated fruit products enriched with probiotics.

2. Materials and methods

Fig. 1 shows the flow chart to prepare apple products
enriched with probiotics.

2.1. Cultures

S. cerevisiae, strain CECT 1347 and L. casei (spp.
rhamnosus), strain CECT 245 were obtained from the
Spanish Collection of Type Cultures (CECT).

2.2. Impregnation liquid preparation

Lyophilized cultures were grown on Saboureau (S.
cerevisiae) or MRS (L. casei spp. rhamnosus) broth, re-
spectively. Then, they were transferred to commercial
apple juice (S. cerevisiae) and to either whole milk or
apple juice (L. casei). When apple juice was used as
culture media for L. casei, a pH value between 5.8-6.0
was maintained by adding 5 g/l of sodium bicarbonate.
In all cases cultures were incubated at 26 °C for 48 h (S.
cerevisiae) and at 37 °C for 72 h (L. casei).

2.3. Sample impregnation

Apples (var G. Smith) with adequate ripening from
local market were used as raw material. Apples were
peeled and cut into cylindrically-shaped samples (40 mm
length and 18 mm diameter) following their vertical
axis. Three samples were obtained from each apple and
submitted to a VI experiment with the impregnation
liquid obtained as described above. A vacuum pressure
of 50 mbar was applied for 10 min, and then atmo-
spheric pressure was restored leaving samples under the
liquid for an additional 10 min period. Sample weight
was monitored during the process to calculate VI pa-

rameters (the amount of liquid that has been incor-
porated to the sample or volumetric impregnation
parameter (X), volumetric deformation of the sample (y)
and effective porosity (¢)) according to the following
equation (Salvatori, Andrés, Chiralt, & Fito, 1998):

2.4. Air drying and rehydration

Impregnated apple samples were dried for 48 h in a
pilot scale air dryer at 40 °C under a flow rate of 4 m/s.
Dried samples were rehydrated using milk or apple juice
(pH = 5.8) in a ratio of 50 mL liquid/g sample at 25 °C
for 24 h.

2.5. Microscopic observations

Cryo-SEM technique was used to verify introduction
of impregnation liquid into intercellular spaces of apple
tissue after VI experiments. A transversal section from
a slice taken from the middle section of a cylinder was
excised, mounted in stainless steel stubs, immediately
frozen in liquid nitrogen slush, gold coated and observed
by SEM using a JEOL microscope, model JSM-5410.

2.6. Probiotic-enriched dried fruit characterization

Moisture content, @, and pH of the dried products
were measured. Moisture content was determined by
AOAC 20.013 method. Water activity was measured by
a dewpoint hygrometer (Aqualab CX-2, 0.003 ay,).

3. Results and discussion

3.1. Microorganism location in the impregnated samples.
Microscopic observations

Figs. 2-5 correspond to Cryo-SEM microscopic ob-
servations of apple parenchymatic tissue after the fol-
lowing impregnation treatments: control (no treatment)
(Fig. 2), apple juice (Fig. 3), apple juice inoculated with
S. cerevisiae (Fig. 4) and milk inoculated with L. casei
spp. rhamnosus (Fig. 5). Dentritic structures observed in
the intercellular spaces (IS) of impregnated apple (Figs.
2-5) show that gas has been replaced by impregnation
liquid. The size of the IS (210-350 um) (Lapsley, Escher,
& Hoehn, 1992) allows microbial cells present in the
impregnation liquid to enter these spaces. Accordingly,
Fig. 4 shows yeast cells (S. cerevisiae) imbibed in dent-
ritic structures in the IS. Accumulation of yeast cells can
be observed in the narrowest zones of the IS, probably
due to the impregnation liquid flow originated by pres-
sure gradients created during the VI operation. In the
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Fig. 2. Fresh apple microstructure (magnification: 750) (CW: cell wall;
IS: intercellular space).

Fig. 3. Intercellular space in impregnated apple tissue (magnifica-
tion: 1500) (CW: cell wall; IS: intercellular space full of impregnation
liquid).

S. cerevisiae

Fig. 4. S. cerevisiae in intercellular space of impregnated apple tissue
(magnification: 2000) (CW: cell wall; IS: intercellular space full of
impregnation liquid with S. cerevisiae cells).

Fig. 5. L. casei in intercellular space of impregnated apple (magnifi-
cation: 7500) (IS: intercellular space full of impregnation liquid with
L. casei cells).

same way bacterial cells of L. casei may be observed in
the dentritic structures of IS in Fig. 5.

3.2. Volumetric impregnation parameters and microbial
content at each stage of the process

Table 1 shows results obtained in a typical experi-
ment. Although yeast growth was not influenced by
culture media, Lactobacillus strain showed a signifi-
cant reduction in biomass production when milk or
commercial apple juice were employed. As it can be
observed, in all cases, the volumetric impregnation pa-
rameter value (X) was around 0.2 (20%). This value is
similar to that obtained using sucrose isotonic solutions
in a VI experiment by Betoret, Martinez-Monzé, Gras,
and Fito (2001a,b). Microbial content, evaluated by
plate count after sample homogenization, at each stage
of the process are also shown in the same table. Values
have been ordered to illustrate the effect of each treat-
ment on microbial content. X-values and microbial plate
count data were used to calculate the reduction in viable
cell concentration of impregnation liquid entrapped into
the different samples. VI operation appears to reduce
microbial content of the incorporated liquid by one
logarithmic cycle. Afterwards, air drying operation re-
duces microbial content by three additional logarithmic
cycles. In spite of the observed reduction in microbial
concentration of probiotic-enriched dried fruits with
respect to the impregnation liquid, the viable cell con-
tent of the final products are high enough to consider the
proposed process as adequate to develop dehydrated
fruits with probiotic effect.

3.3. Storage of vacuum impregnated and air dried samples

VI samples were stored at 8 °C for six days. Micro-
bial content was evaluated after three and six days of
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Table 1

Impregnation parameters, number of microorganisms and some physico-chemical properties of impregnated apple products

Microorganism  Culture medium/product pH Xt y° & X4 ay, Number of micro-
organisms
S. cerevisiae Saboureau 5.1 2.1E+10 cfu/ml
Apple juice 3.8 3.2E+10 cfu/ml
Apple impregnated in apple juice 3.9 0.186 —0.01 0.204 84.14 0.984 2.8E+9 cfulg
Apple impregnated in apple juice, dried 4.0 3.74 0.32 4.3E+6 cfu/g

and rehydrated

L. casei MRS 5.7

(spp. rhamnosus) Milk 4.3
Apple juice 5.8
Apple impregnated in milk 4.1
Apple impregnated in milk, dried® 4.1
Apple impregnated in milk, dried and 5.8
rehydrated
Apple impregnated in apple juice 4.1

Apple impregnated in apple juice, dried® 4.1
Apple impregnated in apple juice, dried 4.1
and rehydrated

1.5E+11 cfu/ml
2.6E+8 cfu/ml
1.9E+8 cfu/ml
1.7E+7 cfu/g
8.3E+8 cfu/g*
1.1E+S5 cfu/g

0.207 0.041 0.175 86.55 0.991
4.40 0.373
82.51 0.996

0.194 0.004 0.199 86.98 0.984
3.74 0.321
82.3 0.982

4.5E+S5 cfulg
1.8E+8 cfu/g*
6.28E+5 cfu/g

?Volumetric impregnation parameter.
®Volumetric deformation of sample.

¢ Effective porosity.

4 Moisture content (%).

¢ Calculated by means of mass balance.

Table 2

Growth of microorganisms in apple impregnated with L. casei (spp. rhamnosus)

Apple product Time (d) T (°C) Nunber of microorganisms (cfu/g)
Impregnated milk 0 20 1.71 x 108
3 8 6 x 107
7 8 1.65 x 107
Impregnated milk, dried 0 20 3.42 %108
15 20 8.21 x 10°
Impregnated milk, dried, rehydrated 0 20 6.9 x 107
15 20 1.2 x 10°
Impregnated apple juice 0 20 4.5x10°
3 8 8.85x 10°
7 8 2.43 x 10°
Impregnated apple juice, dried 0 20 1.5% 107
15 20 3.1 x10°
Impregnated apple juice, dried, rehydrated 0 20 3.75 x 10°
15 20 2 x 10

storage. Dried samples were stored at 20 °C for 15 days.
Microbial content of these samples was evaluated at the
end of storage. Results are shown in Table 2. In all cases
storage caused a reduction of microbial content of less
than one logarithmic cycle, indicating that dried prod-
ucts kept an adequate microbial content to accomplish
the required probiotic effect.

4. Conclusions

VI experiments using impregnation liquid inoculated
with S. cerevesiae and L. casei spp. rhamnosus showed
that it is possible to introduce microbial cells into stru-

tural matrix of fresh apple tissue by means of this
technique. A process combining VI with air drying, is
proposed for developing dried fruit products with pro-
biotic effect. This process has successfully produced de-
hydrated apple with microbial content ranging 10°-107
cfu/g. This level corresponds to average values usually
found in commercial probiotic dairy products.

Acknowledgements

Authors thank the Electron Microscopy Service at
Universidad Politécnica de Valencia for technical ad-
vices and the Comision Interministerial de Ciencia y
Tecnologia for financial support.



N. Betoret et al. | 277

References

Betoret, N., Martinez-Monzd, J., Gras, M. L., & Fito, P. (2001a).
Enriquecimiento en hierro de manzana por impregnacién a vacio.
In P. Fito, A. Chiralt, A. Mulet, & A. Andrés (Eds.), Ingenieria de
alimentos: nuevas fronteras en el siglo XXI. Lancaster, USA:
Technomic Publishing Co.

Betoret, N., Martinez-Monzd, J., Gras, M. L., & Fito, P. (2001b).
Desarrollo de manzana (var. Granny Smith) deshidratada y
enriquecida con calcio y hierro. In P. Fito, A. Chiralt, A. Mulet,
& A. Andrés (Eds.), Ingenieria de alimentos nuevas fronteras en el
siglo XXI. Lancaster, USA: Technomic Publishing Co.

Cathro, J. S., & Hilliam, M. A. (1993). Future opportunities for
functional and healthy foods in Europe. An in-depth consumer and
market analysis. Special Report. Leatherhead: Leatherhead Food
Research Association.

Chiralt, A., Fito, P., Andres, A., Barat, J. M., Martinez-Monzo, J., &
Martinez-Navarrete, N. (1999). Vacuum impregnation: a tool in
minimally processing of foods. In F. A. R. Oliveira, & J. C.
Oliveira (Eds.), Processing of foods: quality, optimization and
process assessment (pp. 341-356). Boca Ratén: CRC Press.

Fito, P., & Chiralt, A. (2000). Vacuum impregnation of plant tissues.
In S. M. Alzamora, M. S. Tapia, & A. Lopez-Malo (Eds.), Minimal
processed fruits and vegetables (pp. 189-201). Maryland: Aspen
Publishers.

Fito, P., Chiralt, A., Barat, J. M., Andrés, A., Martinez-Monzé, J., &
Martinez-Navarrete, N. (2001). Vacuum impregnation for devel-
opment of new dehydrated products. Journal of Food Engineering,
49, 297-302.

Fito, P., Chiralt, A., Betoret, N., Gras, M. L., Chafer, M., Martinez-
Monzé, J., Andrés, A., & Vidal, D. (2001). Vacuum impregnation
and osmotic dehydration in matrix engineering. Application in
functional fresh food development. Journal of Food Engineering,
49, 175-183.

Fito, P., & Pastor, R. (1994). On some non-diffusional mechanism
occurring during vacuum osmotic dehydration. Journal of Food
Engineering, 21, 513-519.

Fuller, R. (1989). Probiotics in man and animals. Journal of Applied
Bacteriology, 66, 365-378.

Klaenhammer, T. R., & Kullen, M. J. (1999). Selection and design of
probiotics. International Journal of Food Microbiology, 50, 45-57.

Lapsley, K. G., Escher, F. E., & Hoehn, E. (1992). The cellular
structure of selected apple varieties. Food Structure, 11, 339-
349.

Ouwehand, A., Kirjavainen, P., Shortt, C., & Salminen, S. (1999).
Probiotics: mechanisms and stabilised effect. International Dairy
Journal, 9, 43-52.

Reddy, N. R., Roth, S. M., Eigel, W. N., & Pierson, M. D. (1988).
Foods and food ingredients for preventing of diarrheal disease in
children in developing countries. Journal of Food Protection, 51(1),
66-75.

Salminen, S., Ouwehand, A., Benno, Y., & Lee, Y. K. (1999).
Probiotics: How should they be defined? Trends in Food Science and
Technology, 10, 107-110.

Sanders, M. E. (1999). Probiotics. Food Technology, 53(11), 67-717.

Salvatori, D., Andrés, A., Chiralt, A., & Fito, P. (1998). The response
of some properties of fruits to vacuum impregnation. Journal of
Food Process Engineering, 21, 59-73.



	Development of probiotic-enriched dried fruits by vacuum impregnation
	Introduction
	Materials and methods
	Cultures
	Impregnation liquid preparation
	Sample impregnation
	Air drying and rehydration
	Microscopic observations
	Probiotic-enriched dried fruit characterization

	Results and discussion
	Microorganism location in the impregnated samples. Microscopic observations
	Volumetric impregnation parameters and microbial content at each stage of the process
	Storage of vacuum impregnated and air dried samples

	Conclusions
	Acknowledgements
	References


