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ABSTRACT

An important issue related with functional foods development is the stability of physiologically active
compounds. For example vitamins, minerals, probiotic bacteria are very sensitive to the technological
processes involved in their obtention. The objective of this paper is to evaluate the viability of a probiotic
strain (Lactobacillus rhamnosus) inside a food matrix (Granny smith apple) and physical parameters such
as color (L* a* b*) of vacuum impregnated apple cylinders during a refrigerated and frozen storage.
The results show that the viable probiotic bacteria inside food matrix maintain the minimal value to
be considered as probiotic functional food (10° CFU/g), and the color parameters which are critical in
refrigerated samples during their storage.
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RESUMEN

Un importante tema relacionado con el desarrollo de alimentos funcionales es la estabilidad de los
componentes fisiolégicamente activos como vitaminas, minerales, bacterias probidticas y otros, los cuales
pueden ser muy sensibles al proceso tecnoldgico de obtencién. El objetivo de este trabajo es evaluar
la viabilidad de una cepa probidtica (Lactobacillus rhamnosus) en el interior de una matriz alimentaria
(manzana Granny smith) y los pardmetros de color (L* a* b*) en cilindros de manzana impregnados al vacio
durante el almacenamiento bajo refrigeracién y congelacién. Los resultados muestran una viabilidad de
la bacteria probidtica en el interior de la matriz alimentaria, manteniendo los valores minimos para ser
considerados como alimentos funcionales probiéticos (10° UFC/g) y los pardmetros de color son criticos
en las muestras refrigeradas durante el almacenamiento.

Palabras clave: alimentos funcionales, probiéticos, Lactobacillus, manzana.

Departamento de Ciencia de los Alimentos y Tecnologfa Quimica. Universidad de Chile. PO. Box 233. Santiago, Chile.
Departamento de Tecnologia de Alimentos. Universidad Politécnica de Valencia. PO Box 22012. Valencia, Espafia

Facultad de Ciencias Agropecuarias, Departamento de Ingenierfa Agricola y de Alimentos. Universidad Nacional de Colombia Sede
Medellin. A.A 568. Medellin, Colombia.

*  Autor a quien debe dirigir la correspondencia: Ipuente@ciq.uchile.cl



298

INTRODUCTION

The concept of functional food can be defined as
an ingredient or food supplement with the essential
function of improving the health and wellbeing of
the consumer. Fuller (1989) gave a widely accepted
definition of probiotic (1) who defined probiotic as
“live microbial feed supplements which beneficially
aftect the host by improving its intestinal balance”.
The beneficial effects and applications of probiotics
are the focus of active research and have been the
subject of several reviews (2-6).

Probiotic microorganisms belong to different
microbial genera, Lactococcus, Lactobacillus, Bifidobac-
terium, Saccharomyces, Bacillus, Enterococcus, Pediococ-
cus, Leuconostoc among others (2, 7-11). Lactic acid
bacteria also belong to this classification. Within
this group are natural microbiota of human intes-
tine with about 100 billions of bacteria from 400
different strains. More than 95% of this microbial
population lives in the surface of a healthy colon
(12 -15). Colonic microorganism can produce vita-
mins and short chain fatty acids and can also meta-
bolize some non digestible nutrients, to stimulate
immune response and growth of other beneficial
microorganisms, decrease the cholesterol level in
the blood, prevent the entrance of pathogens and
decrease the risk of intestinal diseases by coloniza-
tion among other benefical effects (16-22).

The development of novel probiotic foods
have been focused mainly on dairy products. The
consumption of these foods shows a progressive
increase in the last decade due to changes in habits
and trends of consumers attracted by the benefits
from the consumption of this “new functional
toods”. Nowadays the development of fruits and
vegetables with probiotic content is a topic of high
interest for the probiotic-food consumers. However,
the available information is very limited.

The use of vacuum impregnation is a relatively
recent technique in the food industry within the
new concept of “Matrix Engineering” (23). This
technique is based on the highly porous structure
of some foods. Therefore they have spaces inside
(intercellular spaces) with gases inside, that could
be removed by means of vacuum pressures and
then replaced by a dissolution with some interest
compounds, such as physiologically active com-
pounds, microorganisms, minerals and other
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compounds. This technique has demonstrated
to be very versatile making possible to develop
many functional foods containing diverse kind of
substances (24-32).

The aim of this paper is to obtain stable apple
based probiotic-functional food and to evaluate its
time stability. Besides changes in color parameters
as quality measurement are studied.

MATERIALS AND METHODS

Microorganisms and culture media

Lactobacillus rhamnosus (CECT 275) from Spanish
Collection of Culture Type (Burjassot-Valencia)
were grown and maintained on De Man, Rogosa

and Sharpe media (MRS, Scharlau Chemie S.A).

Raw material

Apples variety Granny smith from Valencia
(Spain) bought in local markets, with commercial
ripening grade, was used to obtain cylinders 18 mm
wide and 40 mm long. Grape must (GM) at pH
5.0 was used as impregnation vehicle to inoculate
Lactobacillus rhamnosus on this material.

Physicochemical properties

The moisture content was determined according
to the official method AOAC 20.013; 1980 (33).
The pH with a potentiometer Crison model 507
(potentiometric method) (34) and the water activity
(a,,) with a hygrometer dew point 25°C (AquaLAB
decagon model CX-3) (AOAC 978.18M, 1996) (35).

Vacuum impregnation

Vacuum impregnation procedure was carried
out according to Betoret et al (14) using grape must
inoculated with L. rhamnosus. Vacuum time was 10
minutes at 50 mbar and then 10 minutes at atmos-
pheric pressure (1013-1018 mbar). The procedure
and equations to calculate impregnation parameters,
volumetric fraction of incorporated liquid, volume-
tric deformation and effective porosity (X, yand €,
respectively) has been described by other authors
(30, 36). Figure 1 show a flow chart of the vacuum
impregnation procedure.

Impregnated fresh apple samples were packed
into plastic bags and stored under refrigeration and
freezing conditions. Storage conditions and sample
analysis frequency are shown on table 1.
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Sample
[ Fresh apple Preparation
Cultures Corrected pH
Recuperation grape must

Vacuum
Impregnation
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Refrigerated
storage

Probiotic
enriched apple

Frozen
Storage

Figure 1. Operations to obtain probiotic-enriched apple.

Stabilization of impregnated samples

Table 1. Storage conditions and frequency sampling.

. Storage
Treatment Frequency sampling conditions
Frozen Every 15 days, until reach 90 days | -26°C 1
Refrigerated | Every 3 days, until reach 60 days 4°C+1

Viable plate counts

After the stabilization treatment, plate counts of
viable microorganisms were done in every process
stages (impregnation dissolution, impregnated
apples, refrigerated and frozen samples) in double
layer MRS agar incubated at 37°C during 72 hours.

Color measurement

Color of apple samples was measured with a
Minolta CM-2002 spectrophotometer (Minolta
camera Co., Osaka, Japan) using a D65 illuminant,
and a vision angle of 10°. For lectures low reflec-
tance Minolta crystals were used (CR-A5/1829-
752M). Color values were expressed according to
CIE L*a*b* scale.

Electron Microscopy

To verity the presence of the probiotic strain
inside the apple tissue, ultrastructural assays were
performed with impregnated apple samples. For
this purpose Cryo-SEM observations were done.
Sample preparation included small sections from
the central zone of apple cylinders obtained with
a stainless steel sample holder, and frozen using
liquid nitrogen. Frozen samples were placed inside
a chamber at -180°C under vacuum conditions and
prepared for observation. Ice from vegetable tissue
was eliminated by freeze-drying holding samples 15
minutes at -85°C under high vacuum. Then surface
of samples was covered with gold. Samples prepared
were analyzed in a JEOL JSM-5410 microscope.

RESULTS

Table 2 shows the average values and their
respective standard deviations of impregnation
parameters X, y and €_, in impregnated apples with
grape must inoculated with L. rhamnosus.

Table 2. Response to vacuum impregnation of apple
with L. rhamnosus.

X . g,
m’ GM,,yaiea/M’ 33 m’ aire/m® fresh
m’/ m’ fresh apple
fresh apple apple
10.3 = 1.18 1.0 £ 0.6 212+13

Results obtained of the X parameter are slightly
inferior that other works with the same food matrix
using isotonic dissolutions (37), vitamin E emul-
sions (30), apple juice inoculated with S. cerevisiae
and L. rhamnosus (38), and similar to other expe-
riments using Red chieff apple inoculated with L.
rhamnosus in grape must (38). The positives values
of v show a deformation of the food structure, as
a consequence of the hydrodinamic mechanism
(HDM) (39). On the other hand, effective porosity
of apple samples show that apple structure is very
suitable for impregnation procedures. The response
to vacuum impregnation depends on HDM, defor-
mation-relaxation phenomena of the food structure
(DRP), as well as viscosity of vacuum impregnation
dissolution, and chemical composition (39-41).

Moisture content and water activity showed
high values in all samples as expected, since this
behavior is typical in most of fruit and vegetables
tissue. The pH of fresh apple decreased when va-
cuum impregnation was applied. The lowest value
was observed in frozen samples probably due to
cryoconcentrations phenomena. The color was
a more sensitive parameter, mainly the L* values
were more affected by the vacuum impregnation
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treatment since the samples become more translucid
and dark. Frozen samples showed L* and b* values
closer to the fresh samples (table 3).

Figure 2A shows the oval cells of parenquimatic
tresh apple tissue, which are usually arranged into a
5 or 6 cell clusters leaving intercellular spaces in the
center of the agrupation cellular wall limits cellular
structures (42). Intercellular spaces (dark regions in
the picture) have a triangular shape, typical for most
of vegetal tissues. These spaces content gases inside.
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In the micrograph they appear totally empty, which
is indicative of no liquid content. Figure 2B shows a
detail of an intercellular space full of liquid as conse-
quence of the vacuum impregnation operation. The
eutectic artifact inside the space is the evidence of the
penetration of liquid inside the fruit structure, after
the freeze-drying process. Figure 2C shows micro-
bial cells of Lactobacillus rhamnosus inside vegetable
structure. It could be observed that microorganisms
are uniformly distributed along the sample.

Table 3. Characterization of apple tissue subjected to different conditions.

APPLE SAMPLE
Parameter
Fresh Impregnated Refrigerated Frozen

a, 0.985 +0.001 0.980 + 0.003 0.980 +0.001 0.982 £ 0.004
Moisture (%) 87.72+0.18 88.02 +0.50 88.02 £ 0.50 85.34 +0.30

pH 3.94+0.07 3.5+0.04 3.5+0.07 2.46+0.05

L* 66.21 £3.37 30.97 £2.80 30.97 £0.87 4822+ 6.41

Color a* -3.83+£0.31 -2.41+£0.34 -2.41+£0.29 -2.20+0.29
b* 13.51£1.71 8.38£0.85 8.38+0.48 15.69 £2.35

(B)

©

Figure 2. Cryo-SEM images of apple tissue. A) Fresh non-impregnated apple X 750. B) Vacuum impregnated
apple (intercellular space detail) X 1500. C) Lactobacillus rhamnosus cells inside apple tissue X 7500.
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Figure 3A shows that the probiotic counts
practically did not change during the 60 days of
storage time, maintaining around a 10 CFU/g.
This value is far above the minimum required
for a functional food to produce probiotic effect
(43). In the case of frozen samples (Figure 3B),
microbial counts were closer to 10° CFU/g until
day 45, when experienced a decrease of around 1
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logarithmic cycle. However, the bacterial counts
after 90 days of storage were high enough for label
the product as with probiotic content. The obser-
ved decrease maybe due to the long storage period
under freezing conditions, although the known
tolerance of Lactobacillus to low temperatures may
account for the stable number of L. rhamnosus in
the first 45 days of the storage.
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Figure 3. Evolution of probiotic microbial count in apple samples during storage period
A) refrigerated storage, B) frozen storage.

Nowadays there are few research papers on the
development of fruit probiotic. Some authors have
experimented with the incorporation of native stra-
in Lactobacillus plantarum and strain Lactobacillus casei
in capegooseberries, using the same methodology
reached at storage conditions 4°C and 15 days; 1.52
+ 0.6 x 10” y 2.20 = 0.59 x 10” CFU/100 g fresh

cape-gooseberries, respectively (44). Other authors
have impregnated mango with Lactobacillus casei,
reaching between 5 and 7 Log CFU/g after dried a
35°C (45). In the case of cape-gooseberry, impreg-
nations made with Lactobacillus acidophilus reached
levels between 4.1 and 4.7 Log CFU/g fresh cape-
gooseberry (46).
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Figure 4. Representation of the evolution of a*b* coordinates in a Cartesian space from apple samples.
A) refrigerated storage, B) frozen storage.
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Figure 4 shows the evolution of a* and b* values
in color plane formed by Cartesians coordinates
in CIE L*a*b* space during the storage time. In the
progress of these parameters in refrigerated sam-
ples (Figure 4A) a trend to yellow-red colors was
observed. Small variations on the first days of the
storage obey to a typical variability of raw material.
In frozen storage (Figure 4B) the values of both
parameters (a* and b*) tends to the chromatic center,
which shows that color properties of frozen apples
are more stable than those observed in refrigera-
tion treatment. L* value did not present important
changes for both storage conditions.

CONCLUSIONS

The probiotic strain in this study (Lactobacillus
rhamnosus) shows to be very stable under storage for
both conditions. This fact means that the obtained
product keeps a number of viable probiotic micro-
organisms to be considered as functional food with
probiotic content during all the storage.

The color is a critical parameter in the quality
of the obtained product. The early changes in color
showed that this parameter is the main shelf-life
limitant.
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NUESTROS SERVICIOS

- Asesoria técnica en procesos de alimentos a micro-
empresas y vendedores ambulantes.

- Propuesta educativa para el fomento de habitos de
alimentacién saludable en estudiantes de basica pri-
maria y bachillerato (Media Técnica).

- Asesorias para comedores comunitarios y restau-
rantes escolares con énfasis en transformacién de
alimentos, apuntando a mejorar el consumo y la ca-
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lidad de los nutrientes carenciales que padece nues-
tra poblacion.

- Formulacién y ejecucion de proyectos comunitarios
enfocados a la explotacion de recursos agricolas de
la regién.

- Capacitaciéon en transformacion de alimentos tales
como: Yogur, Kumis, Queso Crema, Mermeladas,
Compotas, Pulpas, entre otros.
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