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VACUUM IMPREGNATION: GENERAL ASPECTS
Ø Vacuum impregna1on (VI) is a food processing technique based on
diﬀusion.
Ø Its main goal is the injec0on of the external solu0on into the food
material
Ø To achieve this, the applica0on of vacuum is the only necessity,
hence the solu1on may be isotonic.
Ø The process is notably faster and/or more eﬃcient compared with
tradi1onal process (eg. dipping, sal1ng, osmo1c dehydra1on….)

BASIC PRINCIPLES: HDM and DRP phenomema
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BASIC PRINCIPLES: HDM and DRP phenomema
Ø Ideal cylindrical pore of constant diameter, from a porous solid food submerged in a
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In a vacuum solid-liquid operation (VSLO), vacuum (pi)
the system during a time t1 (Fig. 1). This situation results in a
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Ø The ini1al volume of the capillary (Vg0) is ﬁlled with gas.
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BASIC PRINCIPLES:
First phase of the VI process (t’):
the pressure is reduced (p1 < pat)
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Ø the gas in the capillary expands par1ally Come
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prima
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Ø This stage lasts un1l pressure equilibriumphenomena,
(pi = pe) is reached
DRP). Il volume dei capillari aumenta

Questa fase dura fino a quando l l’equilibrio di p
1, Step 1A).
Thus, In the ﬁrst phase of the process, the reduced
pressure ac1ng from the outside causes
the deforma1on and expansion of the capillary, which is the ﬁrst part of the deforma1on–
relaxa1on phenomenon (DRP).

During the vacuum period
(t1), the HDM occurs

Ø
Ø
Ø
Ø

External liquid begins to enter the pore as an eﬀect of capillary pressure;
The remaining gas compresses and an equilibrium situa1on is reached pi=p1 +pc (t=t1).
Non-occurrence of DRP is assumed between t’ and t1;
Il capillare
comincia
ad essereand
parzialmente
riempito
il liquido,
At equilibrium,
the gas volume
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the same volume
of liquidcon
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dell’HDM.
La pressione all’interno del capillare aumenta leggerm
penetrated
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volume libero diminuisce fino a Vg1B = Vg0 + Xc1 − Xv1 (Figure 1, Ste

Thus, during t1, the capillary starts to be par1ally ﬁlled with liquid, as a result of the HDM.
The pressure inside the capillary increases slightly due to the compression of the gas s1ll
present in the pore, while the free volume inside the capillary decreases to the value Vg1B

Second phase of vacuum
impregna0on: the pressure
returns to the atmospheric
value.

This causes:
Ø relaxa1on phase (RP); the capillary shrinks to an even greater extent than before the start
of the process and the volume of gas into the pore has been decreased by Xc1+ Xc
Ø At the same 1me, as a result of the ac1on of capillary pressure and decompression, an
intensive inﬂow of liquid from the outside to the inside of the capillary is observed and
the ﬁnal gas volume decreases to Vg2
Note: The relaxa0on phase is par0cularly important from the prac0cal point of view, since
0ssue impregna0on occurs at this stage.
Removal of vacuum should not be too rapid, since the excessively fast pressure equaliza0on
may lead to closure of the capillary vessels and HDM inhibi0on.
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TABLE 4.
MEAN VALUES OF IMPREGNATION, DEFORMATION AND EFFECTIVE POROSITY
Product
G.Srnith apple
Red Chief apple
Goldenapple
Mango
Strawberry
Kiwi
Peach
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y,

se

X

se

y

se

E,

se

-4.2

0.3

1.7
2.1

2
1.8

1.2
1.0

-2.7

8.9

1.2

15.5
15.9

1.1
1.2

0.9
-2.1

0.2
0.2

5.4
2.9

14.2
0.2

0.4

0.6

5.9
4.8

-0.2

0.2

6.8

0.89

0.5
0.7
0.14

0.5

0.5

-2.29 0.13

2.0

5.6

1.0

-0.6
-2.4
-6.0
8.9
-4.0
0.8
2.1

1.2

0.4
0.3

15
12.2

16.6

-5.0

0.3
0.4
0.2
0.5
0.4
0.6
0.3

0.4

2.9

2.8

0.5
0.4

0.3
0.5
0.4

X1 nega1ve value: loss of
na1ve liquid from
intercellular spaces
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FACTORS AFFECTING VI
During VI, the porous frac1on composed by the intercellular spaces, is
ﬁlled by an external solu1on to a degree that depends on various factors
including:
Ø PROCESS CONDITIONS:
• sub-atmospheric pressure level (it needs to be op1mised as a func1on
of the processed product)
• process dura1on (vacuum 1me; post vacuum 1me)
• Temperature, solu1on amount to product ra1o, mixing
Ø OSMOTIC PRESSURE, INTERFACIAL TENSION AND VISCOSITY OF THE
IMPREGNATION FLUID
Ø SIZE, SHAPE AND EFFECTIVE POROSITY OF THE SAMPLES
aﬀects the capillary pressure of ﬂuids within the
porous and its response to mechanical stress

FACTORS AFFECTING VI
Ø TISSUE STRUCTURE (pore size and distribu1on)
It plays a very important role, not only due to the total porosity, but also
regarding the size and shape distribu1on of pores as well as their
communica1ons between themselves and with the external liquid.
e.g. strawberries exhibit a negligible
impregna1on level, even though this type
of fruit showed greater porosity frac1on in
comparison with kiwi fruit and peach
(Salvatori et al., 1998)
These diﬀerences can be aiributed to the microscopic proper1es of the
strawberry 1ssues, such as high tortuosity of the internal pathways and/or
size and shape of pores which hindered the inﬂux of the external solu1on.

FACTORS AFFECTING VI
Ø TISSUE MECHANICAL PROPERTIES èdeforma1on-relaxa1on phenomenon may
be reduced by 1ssue rigidity

N.B. For very rigid 0ssues vacuum impregna0on process can
nega0vely modiﬁed the quality of the product.

VI: MAIN APPLICATIONS
1. FOOD FORTIFICATION: enrichment with nutrients and bioac1ve
compound (e.g., polyphenols, probio1cs, micronutrients)
2. STABILIZATION and FOOD SHELF LIFE EXTENSION: enrichment with
substances capable to reduce the pH and aw , inhibitors of enzyma1c
browning, enzymes
3. MODIFICATION OF SENSORY ATTRIBUTES: introduc1on of sugar,
ﬂavours, acids, salt
4. SALTING, OSMOTIC DEHYDRATION
5. ADDITION OF THERMO AND CRYOPROTECTANTS
6. MODIFICATION OF THE THERMAL and MECHANICAL PROPERTIES:
introduc1on of ﬁrming agents or compounds for so[ening inhibi1on)

Use of vacuum impregna1on
for vegetable and fruit products

APP: Acidiﬁca1on/pH reduc1on
Ø A major factor inﬂuencng microbiological safety of products is
connected with pH.
Ø Lowering of pH value reduces thermal resistance of microorganisms
and their growth rate, while it also prevents out-growth of spores.
Ø Tradi1onal acidiﬁca1on: blanching in water or soaking using the
diﬀerence in the concentra1on of hydrogen ions between the solu1on
and raw material as the driving force of this process. It is frequently a
long-term process, par1cularly in the case of soaking.
Ø Vacuum impregna1on:
the 1ssue porosity is enhanced through
expansion of gas trapped in pores thus a greater volume of raw
material is available in the impregna1on process during the restora1on
of atmospheric pressure.
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Table 1
Experimental design.
Vacuum period t (min)a

Relaxation period t2 (min)

A method to decrease pH value in pepper slices employing vacuum was studied.1The effects of relaxation
time (10, 15 and 30 min), vacuum level (200 and 400 mbar) and vacuum application period (2 and 5 min)
2
10
were evaluated. Results showed that vacuum impregnation (VI) with lactic acid solution increased the
5 out at atmospheric pressure. In particular, 10
acidification degree to a greater extent than processing carried
samples treated at 400 and 200 mbar and submitted to a relaxation period of 30 min, showed a reduction
a
in pH ratio (RpH) from 0.929 to 0.894. Otherwise, samples
submitted
to conventional
dipping
at atmoThe
vacuum
period was
applied
at both
spheric pressure showed a RpH of 0.968. Vacuum level was found to be the most important variable influencing the variations in total mass and pH. Vacuum impregnation led to an increase in diffusion rate of
hydrogen ions into the vegetable tissue due to the increase in contact area between acid solution and
cells. Moreover, a direct correlation between pH reduction on the one hand, and vacuum application period and relaxation time on the other, was observed. Results proved that vacuum impregnation process is
a useful technique to improve acidification treatments of vegetables.
! 2010 Elsevier Ltd. All rights reserved.

15
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30
30

200 and 400 mbar.

Main results:
The coupling of HDM and DRP, which has been described and
Ø VI with lac1c acid solu1on increased the
acidiﬁca1on
degreechange
to ain greater
extent tisthan
modelled,
showed a significant
volume of vegetable
sues during the second step (Fito and Pastor, 1994; Fito et al.,
processing carried out at atmospheric pressure.
2000). In the last years, several uses of VI on vegetable food have
1. Introduction
tion the
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at low
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the growth of inﬂuencing
been
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withvariable
particular
attention on dewatering
processes in
Ø
Vacuum level was found to be
most
important
the varia1ons
microorganisms. For all these reasons, the possibility to accelerate
and the enrichment of food. A wide literature is available about
Acidification treatments are among the oldest methods to inhithe acidification processing results very important for canned food
total mass and pH.
bit microbial growth. In general, the treatment of lowering pH
industries (see Tablethe
1). use of VI for osmotic dehydration (Shi and Fito, 1993; Shi
causes a great energy waste from microbial cell in order to mainIn the last years, the interest on the employment of vacuum
et al.,
Fito has
andbeen
Chiralt,
Paes et al., 2007; Atares
tain its Vacuum
intracellular pH close
to the neutrality, hence lessled
energy toimpregnation
technique
(VI) 1995;
in
science
increased.
Ø
impregna1on
an increase
infooddiﬀusion
rate1995,
of 1997;
hydrogen
ions into the
it has to grow, produce toxins, etc. (Montville and Matthews,
VI allows the introduction
of
external
liquid
in
porous
biological
et al., 2008) and salting processes (Chiralt et al., 2001; Mujica2005). Acidification is a common practice in canned food industissue in a controlled way (Zhao and Xie, 2004). The impregnation
vegetable 1ssue due to the increase
in contact
area
between
acid solu1on
andusecells.
Paz et of
al.,
Also,
somebe-authors
proposed the
of vacuum
tries. A pH lowering than 4.6 is recognized as the limit to prevent
is the effect of the application
low2006).
pressure on
the interface
the out-growth of spore surviving the heat treatments such as Clostween vegetable tissues
and
solution
(first
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by
the
impregnation to enrich food with nutritional and functional ingretridium Direct
botulinum (FDA,
2002). Furthermore, between
a low pH value re-pHrestoration
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pressure
(second and
step). Vacuum
Ø
correla1on
reduc1on
and
vacuum
relaxa1on
1mes
dients
et al., explained
2001b; by
Betoret
et al., 2003;
Xie and Zhao, 2003a),
duces the thermal resistance of microorganisms (Lopez et al.,
impregnation treatment
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theoretically
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1996; Palop et al., 1996, 1999). Usually, the decrease of pH is ob(1994) that proposedcryoprotectants
the hydrodynamic mechanism
(HDM).
In Fito or freezing (Martinez-Monzo et al.,
before
drying
Ø
Results
proved
that
vacuum
process
a useful technique to improve
tained by
dipping vegetable
pieces in organic
acid solution
at high
et impregna1on
al. (1995) deepened the knowledge
of vacuum is
impregnation
1998;
Xie and
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calcium ions (Gras et al., 2003; Alza(acidifying–blanching) or room/low (acidifying–dipping) temperatreatment by explaining
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of HDM
and 2003b),
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APP: pH reduc1on (other cases of study)

Table 1. Examples of applications of vacuum impregnation to modify physico–chemical properties and sensory attributes of produc
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Raw Material

Composition of Vacuum
Impregnation Solutions

Process Parameters

Effect

mass ratio ofproperties
5:1;
Table 1. Examples of applications of vacuum impregnation tosolution:sample
modify physico–chemical
and sensory attributes of product
p1 20 or 40 kPa
increase of the acidification
degree
in peppers
t1 2 or
5 min
Process
Parameters
Effect
Impregnation Solutions
t2 10, 15 and 30 min
solution:sample
mass
ratio
5:1;
solution:product
ratio
of of
8:1;
pp1120
40kPa
kPa
increase of
of the
the acidification
acidification
mushrooms
(Agaricus
20and
or 40
peppers
(slices
of 15 cmbisporus)
in length
increase
lactic
acid
solution
(pH 3.05)
lactic
acid
solution
2.70)
degree
in in
half)
2 min
and(cut
1 cm
width)
degreeininmushrooms
peppers
t1 2t1 or
5 min
t2 20, 40, 60,t 120,
240, 300, 360 and 720 min
2 10, 15 and 30 min
solution:product mass ratio of 8:1;
zucchini (slices of 1.5 cm in
solution:product ratio of 8:1;
p1 20 and 40 kPa
thickness and a diameter of
increase of the acidification
lactic acid solution (pH 2.70)
p1 20 and 40 kPa
increase of the acidification
mushrooms (Agaricus bisporus)
2.0 cm; the average weight
degree in zucchini slices
t1 2 min
lactic acid solution (pH 3.05)
degree in mushrooms
(cut
in
half)
t
2
min
1
of each slice was 5 g)
t2 20, 40, 60, 120, 240, 300, 360 and 720 min
t2 20, 40, 60, 120, 240,
300, 360 and 720 min
p1 5 kPa
papayas (cut into 4 × 2.5 × 0.5 cm
55% and 65% (w/w)
decrease of aw
solution:product
pieces
(length(slices
× width
sucrose solution
t1 10 minmass
at 30ratio
°C of 8:1;
zucchini
of ×1.5thickness))
cm in
steam blanching
orand
microwave
p1 20
40 kPa and osmotic
thickness and a diameter of
increase of the acidification
lactic acid solution
2.70) acidiﬁca1on
Derossi, A.; de Pilli, T.; Severini, C. Applica1on
of pulsed(pH
vacuum
for
the
pH
reduc1on
of mushrooms.
LWT Food Sci. Technol.
dehydration
at
atmospheric
pressure
or
2.0 cm; the average weight
degree in zucchini slices
t1 2 min
2013, 54, 585–591.
pulsed vacuum treatments
decrease of aw
strawberry
65%
(w/w)
sucrose
solution
of each slice was 5 g)
t2 20, 40, 60, 120, 240, 300, 360 and 720 min
p1 5 kPa
Derossi,
A.; de
pH reduc1on
and vegetable 1ssuepstructure
papayas (cut
intoPilli,
4 ×T.;
2.5la×Penna,
0.5 cm M.P.; Severini,
55% andC.65%
(w/w)
1 5 kPa changes of zucchini slices during pulsed
t1 5 min at 30 °C
decrease of aw
vacuum
acidiﬁca1on.
Food Sci. Technol.
2011,solution
44, 1901–1907.
pieces
(length
× width ×LWT
thickness))
sucrose
t1 10 min at ratio
30 °Cof 1:1;
solution:product
shortenning of dehydratation
aqueous sucrose solutions
steam blanching or microwave and osmotic
time in comparison with
rabbiteye blueberries
(600 g/kg)
p1 88 kPa
dehydration at atmospheric pressure or
soaking at atmospheric pressure
solution:product
of 10:1;
new
product
pulsed vacuum ratio
treatments
decrease
of awith
strawberry
65%
(w/w) sucrose solution
w
plum (cut in slices of 4 × 1 × 1 cm,
40°, 50° and 60° Brix
good
visual
quality
and
5 kPa
weighting approximately 10 g)
sucrose solution
tp1 110
min
satisfactory shrinkage
peppers (slices of 15 cm in length
andRaw
1 cmMaterial
in width)

lactic
acid solution
(pH 2.70)
Composition
of Vacuum

aqueous sucrose solutions

t1 5 min at 30 °C
solution:product ratio of 1:1;

shortenning of dehydratation

APP: Reduc1on of Water Ac1vity (aw)
Vacuum impregna1on may be used to reduce water ac1vity by the
addi1on of water binding molecules (sugars, salts,…)
EFFECTS:
FOOD STABILIZATION
(decrease of reac1on rates)
Impregna1on agents:
hypertonic sugars solu1ons (55°
or 65° Brix), hypertonic highfructose corn syrup (50%), salts
(mostly for meat products)

APP: Reduc1on of Water Ac1vity (aw)
OTHER APPLICATIONS: OSMOTIC DEHYDRATION.
Vacuum osmo1c dehydra1on(VOD) or Pulsed vacuum osmo1c
dehydra1on (PVOD) improve capillary ﬂow and mass exchange and
allow to ﬁll intracellular spaces with osmo1c solu1on ini1a1ng
osmo1c dehydra1on.
Note I:
Ø The solid content increase in 1ssue is inversely propor1onal to the
concentra1on of osmo1c solu1on èhigh viscosity hinders
penetra1on of the solu1on into 1ssues resul1ng in water loss.

APP: Reduc1on of Water Ac1vity (aw)
NOTE II: VOD and PVOD are usefull drying and freezing pretreatments
ØIN DRYING: moisture content reduc1on by VOD and PVOD allow the
shortening of drying 1meèimprovement of dried material quality
ØIN FREEZING, moisture content reduc1on by VOD and PVOD reduce
the content of freezable water and provide a more stable product as a
result of an increase in glass transi1on temperature at maximum
cryoconcentra1on of the liquid phase of the product èlower drip loss
at thawing and improvement of texture in frozen fruit and vegetables.

Int. J. Mol. Sci. 2014, 15

Examples
of VI applica1ons to modify physico-chemical and sensory aiributes
Table 1. Examples of applications of vacuum impregnation to modify physico–chemical properties and sensory attributes of products.
Raw Material

Composition of Vacuum
Impregnation Solutions

peppers (slices of 15 cm in length
and 1 cm in width)

lactic acid solution (pH 2.70)

mushrooms (Agaricus bisporus)
(cut in half)

lactic acid solution (pH 3.05)

zucchini (slices of 1.5 cm in
thickness and a diameter of
2.0 cm; the average weight
of each slice was 5 g)

lactic acid solution (pH 2.70)

papayas (cut into 4 × 2.5 × 0.5 cm
pieces (length × width × thickness))

55% and 65% (w/w)
sucrose solution

strawberry

65% (w/w) sucrose solution

rabbiteye blueberries

aqueous sucrose solutions
(600 g/kg)

plum (cut in slices of 4 × 1 × 1 cm,
weighting approximately 10 g)

40°, 50° and 60° Brix
sucrose solution

Int J Mol Sci. 2014 Sep; 15(9): 16577–16610.

Process Parameters
solution:sample mass ratio of 5:1;
p1 20 or 40 kPa
t1 2 or 5 min
t2 10, 15 and 30 min
solution:product ratio of 8:1;
p1 20 and 40 kPa
t1 2 min
t2 20, 40, 60, 120, 240, 300, 360 and 720 min
solution:product mass ratio of 8:1;
p1 20 and 40 kPa
t1 2 min
t2 20, 40, 60, 120, 240, 300, 360 and 720 min
p1 5 kPa
t1 10 min at 30 °C
steam blanching or microwave and osmotic
dehydration at atmospheric pressure or
pulsed vacuum treatments
p1 5 kPa
t1 5 min at 30 °C
solution:product ratio of 1:1;
p1 88 kPa
solution:product ratio of 10:1;
t1 10 min

Effect
increase of the acidification
degree in peppers

increase of the acidification
degree in mushrooms

increase of the acidification
degree in zucchini slices
decrease of aw

decrease of aw

shortenning of dehydratation
time in comparison with
soaking at atmospheric pressure
new product with
good visual quality and
satisfactory shrinkage

Re

APP: CHANGES IN THERMAL PROPERTIES
Ø Vacuum impregna1on seems to be a suitable technique for modifying the
thermal proper1es of fruit and vegetables
Ø The replacement of gas in intracellular spaces with the impregnant solu1on, the
slight increase in density and the structure modiﬁca1ons can increase the thermal
conduc1vity and thermal diﬀusion coeﬃcient of the matrices thus improving the
eﬃciency of heat conduc1on

Thermal treatment shortening (èfreezing, blanching, pasteuriza1on or steriliza1on)
Quality enhancemnet of the ﬁnal products. i.e., dried or frozen material, and fruit
and vegetable preserves.
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APP: STRUCTURE IMPROVEMENT
Vacuum-impregna1on is faster and more homogeneous than soaking and
allow to improve the ﬁrmness of thermally treated fruit.
STRATEGIES:
1) Introduc1on of calcium ions inside the 1ssue. The mechanism of this
process is explained by binding of calcium ions by carboxyl groups of pec1n
which leads to gel forma1on at low pH
VIèmore eﬀec1ve impregna1on of 1ssue with calcium ions than blanching
or soaking
2) Addi1on of exogenous PME in combina1on with calcium.
PME catalyzes the hydrolysis of methyl groups esterifying cell wall
pec1nsè release of free carboxylic acidsèinterac1on with calcium ionsè
strengthening the cell wall structure and ﬁrmness increase.
3) Addi1on of structuring and ﬁrming molecules: maltodextrines, HM
pec1nes

APP: COLOUR PRESERVATION
One of the phenomenon limi1ng the quality of plant products is enzyma1c
browning which is caused by the ac1vity of polyphenol oxidases enzymes
which catalyze the oxida1on of phenolic compounds with oxygen.
Tradi1onal inhibi1on method for colour changes: blanching or soaking of
raw material in a solu1on of inhibitors.
Innova1ve inhibi1on strategy: VI of the 1ssue with a solu1on of enzyma1c
browning inhibitors and removal of oxygen from the intracellular space.
The eﬀec1veness of VI is connected with the 1ssue structure, the type of
inhibitors used and the condi1ons of vacuum impregna1on.
Inhibitors: citric or ascorbic acids, sulfur compounds (allergenic), EDTA,
calcium lactate, cysteine, 4-hexylresorcinol, chitosan

APP: Probio1cs introduc1on
Probio1cs: selected strains of living bacteria, which exhibit an advantageous eﬀect on
human health a[er consump1on.
Well-known probio1cs: lac0c acid bacteria belonging to the genera Biﬁdobacterium and
Lactobacillus.
N.B. Metabolites of probio1c bacteria s1mulate the immune system, promote peristalsis
and intes1nal secre1on, while also exhibi1ng an1bacterial and an1viral ac1on, thus
inhibi1ng the development of pathogenic bacteria and reducing the amount of produced
toxins.
Aiempts to apply vacuum impregna1on in order to introduce probio1cs to the fruit and
vegetable matrix were associated with the extension of the range of probio1c foodstuﬀs.
- addi1on of probio1cs to dairy productsètwo basic disadvantages èlactose intolerance
and high cholesterol content.

reason for the search for new possibili1es to
add probio1cs, e.g., to raw materials, such as
fruit and vegetables

3.2. Volumetric impregnation parameters and microbial
content at each stage of the process
Table 1 shows results obtained in a typical experiment. Although yeast growth was not influenced by
Development of probio1c-enriched
culture media, Lactobacillus strain showed a signifidried fruits by vacuum impregna1on,
cant reduction in biomass production when milk or
Betoret et al., J. Food Eng. 2003, 56,
commercial apple juice were employed. As it can be
observed, in all cases, the volumetric impregnation pa273–277.
rameter value (X) was around 0.2 (20%). This value is
similar to that obtained using sucrose isotonic solutions
!, Gras,
in a VI experiment by Betoret, Mart!ınez-Monzo
and Fito (2001a,b). Microbial content, evaluated by
Fig. 3. Intercellular space in impregnated apple tissue (magnificaplate count after sample homogenization, at each stage
tion: 1500) (CW: cell wall; IS: intercellular space full of impregnation
of the process are also shown in the same table. Values
liquid).
have been ordered to illustrate the eﬀect of each treatN. Betoret et al. / Journal of Food Engineering 56 (2003) 273–277
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3.2. Volumetric impregnation parameters and microbial
content at each stage of the process
Table 1 shows results obtained in a typical experiment. Although yeast growth was not influenced by
culture media, Lactobacillus strain showed a signifiMAIN RESULT: Impregna1on facilitated the
introduc1on
of probio1cs
canteﬀec1ve
reduction in
biomass production
when milk orto
apple juice were employed. As it can be
apple 1ssue, providing the content of commercial
microorganisms
in the product a[er
observed, in all cases, the volumetric impregnation paconvec1on drying (air drying) at 106–107 CFU/g.
rameter value (X) was around 0.2 (20%). This value is
to that obtained using sucrose isotonic solutions
This is equivalent to the level of bacteria insimilar
dairy
products.
!, Gras,
in a VI experiment by Betoret, Mart!ınez-Monzo
and Fito (2001a,b). Microbial content, evaluated by
Fig. 3. Intercellular space in impregnated apple tissue (magnificaplate count after sample homogenization, at each stage
tion: 1500) (CW: cell wall; IS: intercellular space full of impregnation
of the process are also shown in the same table. Values
liquid).
have been ordered to illustrate the eﬀect of each treatN. Betoret et al. / Journal of Food Engineering 56 (2003) 273–277
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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 reduces 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 content 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

S. Cerevisiae in intercellular spaces of
vacuum impregnated apples
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Microcation:VI
7500)
(IS: intercellular
spaceatfull
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Table 2. Examples of applications of vacuum impregnation to modify health-promoting properties of fruit and vegetable products.
Raw Material
apple cylinders

pieces of guava
and papaya

Vacuum Impregnation Solutions Composition
apple juice with an addition of microorganisms
Saccharomyces cerevisiae, milk with an addition of
Saccharomyces cerevisiae and Lactobacillus casei
papaya and guava fruit juices (1—Extracted by
blending with water, ratio 1:1; 2, 3—Extracted fruit
juices containing 15° and 30° Brix, respectively)
with an addition of
Lactobacillus casei microorganisms

Process Parameters
p1 5 kPa
t1 10 min
t2 10 min
p1 5 kPa
t1 5, 10, 15 min
t2 10 min

Effect

References

over 106 CFU/g Lactobacillus casei in air
dried (40 °C) product

[4]

after impregnation: 108 to 109 CFU/g
Lactobacillus casei, after drying at 40 °C
for 36 h: 107 CFU/g Lactobacillus casei
in impregnated fruits

[69]

greater incorporation at pressures of
14 and 17 kPa, levels of microorganisms
over 107 CFU/g
increase by 0.36 log for
Saccharomyces cerevisiae, 0.73 log for
Lactobacillus acidophilus and 1.07 log
for Phoma glomerata for vacuum
impregnated sample in comparison to
soaking sample

apple

isotonic sucrose solution containing 108 CFU/g
Bifidobacterium ssp.

p1 14, 17, 30, 43, 57 kPa

apple cylinders cv.
Granny Smith

sucrose isotonic solution containing
microorganisms Saccharomyces cerevisiae,
Lactobacillus acidophilus and Phoma glomerata

p1 10, 17, 30, 43, 57 kPa
(one vacuum pulse
of 2 min)

apple juice diluted with pre-sterilized distilled
water (1:1, v/v, pH 5–5.2) with an addition of
Lactobacillus rhamnosus (ATCC 7469, in 1:1 (v/v)
glycerol frozen cultures)

p1 20 kPa
t1 15 min
t2 15 min apple slices were
dried by air drying, freeze
drying, and a combination
of air drying +
REV drying

after vacuum impregnation:
109 CFU/gof tissue

[72]

mandarin juice (pH 5, 8–6, 0) with an addition of
Lactobacillus salivarius (Salivarius spp.)

p1 5 kPa
t1 10 min
t2 10 min

after vacuum impregnation:
1.51·108 CFU/g Lactobacillus salivarius
spp. Salivarius; the highest microbial
content: after 24 h incubation period, pH 6

[73]

apple slices
(cv. Fuji)

apples cv.
Granny Smith
(disk-shaped samples)

[70]

[71]

of the Polytechnic University in Valencia, Spain (Fito et al., 2001). A
vacuum pressure of 50 mbar was applied for 10 min to the apple
by LC-MS were aliquots of the same samsamples immersed in the mandarin LPJ and then the samples were
l activity determination.
Contents lists available
at SciVerse ScienceDirect
homogenized
at different pressures after which atmospheric pressure
n
ation and MS conditions of analysis were
was restored. The samples were left submerged in the mandarin LPJ
cribed by Betoret, Sentandreu, Betoret, and
for aand
further
10 min. Technologies
Innovative Food Science
Emerging
addition of a complementary MSn analysis.
Impregnated apple samples were dried for 24 h using an air dryer
eparation was carried out using a Thermo
José Lizondo, Barcelona, España) at
j o u r n a l h o m e p a g e :(LIZ®,
w w w . eConstrucciones
l s e v i e r . c o m / l o c a t emecánicas
/ifset
mo Scientiﬁc, San José, CA, USA), equipped
40 °C under a ﬂow rate of 4 m/s.
vacuum degasser, temperature-controlled
ture-controlled column oven. The column
2.8. Statistical analysis
mm i.d., 3 μm, YMC C-18 pack-pro (YMC
Technological
development
and functional properties of an apple snack rich in
Germany).
Chromatographic
conditions
To determine statistical signiﬁcance analyses of variance tests
volume,
5 μL; ﬂow
0.2 mL/min;
oven
ﬂavonoid
fromrate,
mandarin
juice
were carried out (ANOVAs) with 95% conﬁdence levels (with signiﬁsampler temperature, 10 °C; solvent A,
a
b
c
c
a,
⁎ the program STATGRAPHICS
E. Betoret
, E. Sentandreu
Betoret a, P. Codoñer-Franch
, V. Valls-Bellés
, P. Fito
cance determined
by p ≤ 0.05)
using
7.9:2.0:0.1
v/v/v);
solvent B,, N.
acetonitrile/
a
Institute of Food
Engineering
for Development,
Food Technology, PLUS
Universidad
Politécnica de Valencia, Camino de Vera s/n, 46022 Valencia, Spain
v.5.1.
0.1 v/v/v);
elution
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withDepartment
0% B, oflinear
b
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Keywords:
Functional foods homogenized
Ortanique)
Citrus juices
at 15 MPa
Vacuum impregnation
Flavonoid
Antiradical activity

a b s tFresh
r a c t apple

MAIN RESULTS:
Ø Forty grams of the ﬁnal product made
using mandarin juice homogenized at 15
MPa could provide the same quan1ty of
hesperidin as 250 mL of fresh mandarin
juice.

slices
The development
of functional foods has evolved considerably over the years. The technological ability to
produce a food with enhanced physiologically active compounds has grown signiﬁcantly. The aim of this
work was to study the incorporation of the beneﬁcial compounds from mandarin low pulp juice into an
apple snack using vacuum impregnation technology and to test if the ﬁnal product exhibited the functional
propertiesVACUUM
and components of both raw materials. Forty grams of the ﬁnal product made using mandarin
juice homogenized at 15 MPa could provide the same quantity of hesperidin as 250 mL of fresh mandarin
IMPREGNATION
Residual
mandarin
juice. We also performed a chromatographic determination
of the components
in the ﬁnal product and we
Palso
mbar
T1:10 min
1:50
assessed
its antioxidant
activity.
juice
PIndustrial
mbar The
T2:10
2:1000
relevance:
articlemin
research studies the technological development and the functional properties
of an apple snack rich in ﬂavonoids from mandarin juice. The development of a functional product combining
apples with mandarin juice would be very interesting for several reasons. Manufacturing process, equipment
and raw materials needed are easily available so that its industrial implementation will not present major
problems.
It would
represent a novel product for the functional food industry, and the results obtained
Apple
impregnated
showed that the product combines the beneﬁcial effects of both sources into one food item, or even enhances
with high
flavonoid
the beneﬁcial
components
in the juice by protecting them through inclusion into a food structure. The snack
was made from
fresh apples and mandarin juice without the addition of some extra ingredient. Fruit derived
content
products are an emerging area within functional foods. There is a growing number of authors who argue that
consumption of foodstuffs can exert more beneﬁt than active components alone since the effect of single
compounds differs from the effect of their mixture and it is well established that the various provided by
foodstuffs can have a relevant synergic effect.
AIR DRYING
Humid air© 2012 Elsevier Ltd. All rights reserved.

Ø The bioac1ve compounds of mandarin LPJ
was successfully incorporated into the
Dry air at 40 C
structural matrix of fresh apple slices with
40 ºC
C 24 h
no nega1ve eﬀects on their an1radical
Carroll, 1996; Steinmetz & Potter, 1996). The great number of bioactive
1. Introduction
compounds present in citrus juices (including L-ascorbic acid, ﬂavoDried apple slices
capaci1es
following impregna1on and air
noids, carotenoids, and cinnamic acid derivatives among others)
is
The development of functional foods is on the rise as food manufacthought to be responsible for these effects. Similarly, apples are a
turers respond to increasing consumer demand.with
Naturalhigh
foods flavonoid
such as
good source of vitamins, minerals and dietary ﬁber. Recent drying.
studies
fruits and vegetables represent the simplest form of functional
foods
content
ο

ο

and can be a good source of functional compounds (Day, Seymour,
Pitts, Konczak, & Lundin, Fig.
2009).
For example of
some
common fruits,
1. Production
ﬂavonoid‐enriched,
such as citrus juices and apples which are highly consumed all over
the world, are rich in functional compounds. Consumption of citrus

have linked high apple consumption with decreased risk of cardiovascular disease,
diabetes and some cancers (Boyer & Liu, 2004; McCann et
dried
apple slices.
al., 2007).
From a manufacturing point of view, the technologies used to de-
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Pulsed electric field in combination with vacuum impregnation
with trehalose improves the freezing tolerance of spinach leaves
Pui Yeu Phoon a,1, Federico Gómez Galindo b,*, António Vicente b, Petr Dejmek a
a

Department of Food Technology, Engineering and Nutrition, Lund University, P.O. Box 124, SE-221 00 Lund, Sweden
b
IBB-Institute for Biotechnology and Bioengineering, Centro de Engenharia Biológica, Universidade do Minho,
Campus de Gualtar, 4710-057 Braga, Portugal

EXPERIMENTAL PLAN:

Received 1 October 2007; received in revised form 3 December 2007; accepted 9 December 2007
Available online 31 December 2007

1. Spinach samples were treated with ten trains of bi-polar, rectangular electric ﬁeld
pulses with a electric ﬁeld strength of 580 V/cm;
Abstract
2. immersion in 40% trehalose solu1on under vacuum for 20 min+ 2.5 h at
Pulsed electric fields in combination with vacuum infusion have been utilized to impregnate cells with trehalose, aiming at substanatmospheric pressure;
tially improving the freezing tolerance of spinach leaves. Spinach samples were first treated with ten trains of bi-polar, rectangular electric
fieldimmersion
pulses with a nominal
electric field strength
of 580
immediately immersed in a 40% (w/w) solution of trehalose under
3.
in deionised
water
at V/cm
4 °Cand
overnight;
vacuum for 20 min. The samples were kept in the trehalose solution for 2.5 h at atmospheric pressure, immersed in deionised water
4.
in frozen
liquid
nitrogen
in water
at roomThe
temperature.
at 4frozen
!C overnight,
in liquid
nitrogen 5)thawed
and thawed in water
at room temperature.
leaves were evaluated for cell damage with
microscopic observations and wilting tests. The results provided evidence that the impregnation with trehalose by the combined actions

ngineering 88 (2008) 144–148

147

Fresh spinach

Fresh spinach a[er freezing and thawing

PEF + VI spinach a[er freezing and
thawing

VI spinach a[er freezing and thawing

microscopic
observa1ons:
ﬂuorescein
diacetate used
to iden1fy viable
cells (bright
ﬂuorescence).

Fig. 4. The freezing tolerance of spinach leaves after diﬀerent treatments.
Left panel: Typical results (10 measurements) from the wilting test,
performed as described in the Section 2, showing the turgidity of the
amples. Right panel: Typical results (10 measurements) from microscopic
observations using fluorescein diacetate to identify viable cells. Viable cells
re distinguished by a bright fluorescence. (a) A fresh spinach leaf. (b) A
eaf frozen in liquid nitrogen for 7 s and immediately thawed in water at
oom temperature. (c) Spinach leaves subjected to ‘‘Process 1”, as
described in the Section 2 and schematised in Fig. 1. (d) Spinach leaves
ubjected to ‘‘Process 2”, as described in the Section 2 and schematised in
Fig. 1.

Wil1ng test:
samples turgidity

MAIN RESULTS:
impregna1on with trehalose by the
combined ac1ons of electric ﬁelds and
vacuum impregna1on dras1cally
improved the freezing tolerance of the
spinach PEF +VI probably allowed
trehalose uptake in extracellular and
intercellular spaces.

Int. J. Mol. Sci. 2014, 15

Examples
of VI applica1ons to modify physico-chemical and sensory aiributes
Table 1. Examples of applications of vacuum impregnation to modify physico–chemical properties and sensory attributes of products.
Raw Material

Composition of Vacuum
Impregnation Solutions

peppers (slices of 15 cm in length
and 1 cm in width)

lactic acid solution (pH 2.70)

mushrooms (Agaricus bisporus)
(cut in half)

lactic acid solution (pH 3.05)

zucchini (slices of 1.5 cm in
thickness and a diameter of
2.0 cm; the average weight
of each slice was 5 g)

lactic acid solution (pH 2.70)

papayas (cut into 4 × 2.5 × 0.5 cm
pieces (length × width × thickness))

55% and 65% (w/w)
sucrose solution

strawberry

65% (w/w) sucrose solution

rabbiteye blueberries

aqueous sucrose solutions
(600 g/kg)

plum (cut in slices of 4 × 1 × 1 cm,
weighting approximately 10 g)

40°, 50° and 60° Brix
sucrose solution

Int J Mol Sci. 2014 Sep; 15(9): 16577–16610.

Process Parameters
solution:sample mass ratio of 5:1;
p1 20 or 40 kPa
t1 2 or 5 min
t2 10, 15 and 30 min
solution:product ratio of 8:1;
p1 20 and 40 kPa
t1 2 min
t2 20, 40, 60, 120, 240, 300, 360 and 720 min
solution:product mass ratio of 8:1;
p1 20 and 40 kPa
t1 2 min
t2 20, 40, 60, 120, 240, 300, 360 and 720 min
p1 5 kPa
t1 10 min at 30 °C
steam blanching or microwave and osmotic
dehydration at atmospheric pressure or
pulsed vacuum treatments
p1 5 kPa
t1 5 min at 30 °C
solution:product ratio of 1:1;
p1 88 kPa
solution:product ratio of 10:1;
t1 10 min

Effect
increase of the acidification
degree in peppers

increase of the acidification
degree in mushrooms

increase of the acidification
degree in zucchini slices
decrease of aw

decrease of aw

shortenning of dehydratation
time in comparison with
soaking at atmospheric pressure
new product with
good visual quality and
satisfactory shrinkage

Re
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Examples of VI applica1ons to modify physico-chemical and sensory aiributes
Table 1. Cont.

Raw Material

Composition of Vacuum
Impregnation Solutions

apples cv. (cultivar). Granny
Smith (cylindrical samples
(2 cm height and diameter))

rectified grape must
(hypertonic solutions: 65°, 50°
and 30° Brix) and 3% (w/w)
high methoxyl pectin solutions

strawberry (10 mm slices)

50% (w/w) high fructose corn
syrup or 3% (w/w) high
methoxyl pectin solution
containing calcium and/or zinc

spinach (rectangular 3.0 cm long,
0.5 cm wide and 0.06 cm thick)

40% (w/w) trehalose solution

apple samples cv. Granny Smith
(cylindrical samples (8 cm height
and 2 cm diameter))

sucrose isotonic solution

zucchini (slices 0.5-cm thick)

maltodextrine solution
(7.5%–9%, 10%), NaCl
(0%–5%) and CaCl2
(0–1000 mM)

eggplant, carrot, oyster mushroom

33 g sucrose and 20 g
calcium lactate solution in
isotonic solution

Int J Mol Sci. 2014 Sep; 15(9): 16577–16610.

Process Parameters

Effect

p1 5 kPa
t1 5 min
t2 25 min in higher solution viscosity

improvement of mechanical and
structural properties of tissue,
notable reduction of freezable
water which could improve fruit
resistance to freezing damage

t2 55 min
p1 7 kPa
t1 15 min
t2 30 min
pulsed electric fields (580 V/cm) in
combination with vacuum impregnation
p1 86 kPa
t1 20 min
t2 150 min
p1 50 kPa
t1 10 min
t2 20 min
product:solution ratio of 1:3.3;
p1 2.5 kPa
t1 10 min
t2 30 min
p1 5 kPa
t1 10 min
t2 10 min

improvement of textural quality
and reduced drip loss of
frozen-thawed strawberries

improvement of freezing
tolerance of spinach leaves

increase of thermal conductivity
improvement of solute and water
gain and limitation of textural
and microstructural changes
notable impact on mechanical
behaviour of eggplant and carrot,
no effects in oyster mushroom

Ref
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Examples of VI applica1ons to modify physico-chemical and sensory aiributes
Table 1. Cont.

Raw Material

Composition of Vacuum
Impregnation Solutions

apple samples cv.
Granny Smith

CaCl2 solution (0.6%, 2.0% or
4.0% (w/w))

apple cv. Jonagold
(cut into 1 cm thick slices)
apples cv. Granny Smith
(1 cm cubes) strawberries
(cut in halves) and raspberries
strawberries (cv. Elsanta and
Darselect) (cut in halves)
peaches (cut in halves)

eggplants (slices of 1 cm trick)

10 mg/L ascorbic acid, 0.05 mg/L
4-hexylresorcinol, 5 mg/L calcium
chloride and 200 mg/L sucrose
high methylated pectin solution
preparation up to 3% (w/w) and/or
CaCl2, up to 6.5% (w/w)
high methylated pectin (from
Aspergillus aceleatus) containing
100 U/mL, 0.5% (w/w) CaCl2·2H2O
1% and 3% (w/w) of apple pectin
pectin methylesterase together with
CaCl2 (100 mg/L)

pectinmethyl-esterase derived from
Aspergillus niger and extracted from
orange and grapefruit and 4000 ppm
CaCl2·2H2O

Int J Mol Sci. 2014 Sep; 15(9): 16577–16610.

Process Parameters
p1 9.3 and 59.9 kPa
t1 4 min
t2 5 min
p1 8 kPa
t1 5 min
t2 5 min
p1 6.6 kPa
t1 2 min
p1 1 kPa
t1 5 min

Effect
improvement of texture
the same effect of dipping
and vacuum impregnation
regarding hardness
limitation of loss in fruit
firmness following
pasteurization
limitation of structural
damage during subsequent
rapid freezing processes

p1 85 kPa t1 30, 60, 90, 120 min

increase of firmness in
canned peaches

1st method:
p1 68 kPa
t1 15 min at 30 °C
2nd method: pulsed vacuum impregnation
p1 85 kPa
t1 5 min
release vacuum to atmospheric pressure
for 1 min reapply vacuum for 5 min and
release for 5 min

increase of firmness in
impregnated eggplants

Ref
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Examples of VI applica1ons to modify physico-chemical and sensory aiributes
Table 1. Cont.

Raw Material
watercress (leaves were selected
diameter 1.4 cm)

strawberry

strawberry slices

carrots (cv. Nantesa) slices
(20-mm diameter, 10 mm thick)

Composition of Vacuum
Impregnation Solutions
winter flounder antifreeze protein type
I solution (1 mg/100 mL AFP-I
ultra pure water)
12 g/100 g trehalose solution;
0.2 g/100 g solution unpasteurized cold
acclimated winter wheat grass extract
as a source of AFP and
12 g/100 g trehalose and 0.2 g/100 g
unpasteurized cold acclimated winter
wheat grass extract
CaCl2 solution (1, 10, 100 mM);
spermine solution (1, 10, 100 mM);
spermidine (1, 10, 100 mM);
putrescine (1, 10, 100 mM);
chitosan (1%, w/v) dispersed in
aqueous solution of glacial acetic acid
(1%, w/v), at 40 °C

pineapple
(slices 1 cm thickness)

chitosan- or casinate-based
film-forming emulsions

pear (Pirus communis cv.
Blanquilla) (cylinders 2 cm
height, 2 cm diameter)

isotonic sucrose solution (14° Brix)
containing trisodium citrate 2-hydrate,
sodium L-ascorbate, ethylenediamine
tetraacetic acid 2-hydrate disodium salt
and calcium lactate 5-hydrate and
4-hexylresorcinol

Process Parameters
p1 51, 58, 68, 85 and 101 kPa
t1 5 min

Effect
smaller ice crystals in
AFP-I impregnated (58 kPa, for 5 min)
frozen samples

p1 86 kPa

t1 5 min
p1 16.9 kPa
t1 8 min
p1 5 kPa
t1 4 min
t2 2 min
ratio of the weight of coating
solution:sample: 20:1;
p1 5 kPa
t1 3 min
t2 2 min
solution: fruit ratio of 20:1;
p1 5 kPa
t1 5 min
t2 10 min

improvement of freezing tolerance
of strawberry

effect of spermine and spermidine on
the increase of firmness, whereas
putrescine was not as effective
improvement of sample resistance to
water vapor transmission, better
preservation of color and mechanical
response during cold storage
extension of shelf-life in
pineapple-cereal system for caseinate
based coating

ascorbate and calcium lactate
in impregnated solution were the
most effective for extending the
shelf life of pear
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Examples of VI applica1ons to modify physico-chemical and sensory aiributes
Table 1. Cont.

Raw Material

Composition of Vacuum
Impregnation Solutions

apple cv. Jonagold
(1-cm thick slices)

ascorbic acid, citric acid,
4-hexylresorcinol, sodium chloride,
calcium chloride, sodium lactate,
calcium lactate and sucrose solutions

button mushrooms
(slice thickness was 6.5 mm
with a 3 to 5 mm cap length)

litchi cv. Rose

apple sticks

olive fruits cv. Domat
apples cv.
Granny Smith and
Stark Delicious

2 g/100 g ascorbic acid + 1 g/100 g
calcium lactate solution; 2 g/100 g
citric acid + 1 g/100 g calcium lactate;
1 g/100 g chitosan + 1 g/100 g calcium
lactate solution; and 1 g/100 g calcium
lactate solution
502 g/kg sucrose solution containing
4.9 g/kg cysteine + 20 g/kg ascorbic
acid + 0.134 g/kg 4-hexyl resorcinol
and 502 g/kg sucrose solutions also
contained 20 g/kg calcium lactate and
1 g/kg potassium sorbate
mass ratio of fruit:syrup was 1:17;
fructose isotonic solution (14.0°–15°
Brix) containing ascorbic acid
(0.5% wt/wt) and dry, food-grade green
apple flavoring (0.5% wt/wt)
NaCl (3%), NaOH (1.5%) and NaOH
(1.5%) + NaCl (3%) solutions
higher values of hardness, crispness,
juiciness and sourness in vacuum
impregnated Granny Smith apples

Process Parameters

Effect

p1 7 kPa
t1 5 min

effective inhibition of browning and
softening of apple slices during storage
by 1% ascorbic acid, 0.005%
4-hexylresorcinol, 0.5% calcium chloride,
20% sucrose in impregnated solution
vacuum impregnation with ascorbic
acid and calcium lactate at 6.7 kPa for
5 min and atmospheric restoration time
of 5 min was the most effective to limit
adverse changes of color in sliced
button mushrooms

t2 5 min
p1 6.7, 10.0, 13.3, 16.7 kPa
t1 5 and 10 min
t2 5 and 10 min
p1 76 kPa
t1 10 min
t2 10 min

samples were sensory acceptable up to
24 days

p1 28 kPa
t1 5 min
aroma enrichment
t2 2.5, 5, 12.5 min
p1 68 kPa

shortening the duration of
debittering process

the solution:fruit ratio
was 11:1;
p1 10 kPa
t1 30 min
t2 5 min

higher values of hardness, crispness,
juiciness and sourness in vacuum
impregnated Granny Smith apples

p1—vacuum pressure in the Vacuum impregnation (VI) process; t1—time in reduced pressure; t2—time in atmospheric pressure.

Use of vacuum impregna1on
for meat, ﬁsh and dairy products

APP: SALTING
Ø Sal1ng is a commonly used food preserva1on opera1on in meat,
ﬁsh, dairy and some plant products, such as pickles and olives
o[en coupled with fermenta1on processes.
Ø During sal1ng, two main phenomena occur:
- uptake of NaCl and other possible curing compounds
- loss of water and some internal soluble solids.
Ø The aim of this opera1on is:
- To reduce product water ac1vity aw in order to improve its
microbial, chemical and biochemical stability;
- To develop desirable ﬂavour characteris1cs.

APP: SALTING
TRADITIONAL PROCESS:
Ø dry sal1ng
Ø brining èalso combined with other opera1ons such as smoking,
acidiﬁca1on, air drying, in order to obtain stable productsèproduct
stability is promoted by aw and pH reduc1on and by the ac1on of
compe11ve microorganisms.
LIMITATIONS:
Ø long 1me processing (several days for big peaces)
due to the low values of salt diﬀusivity at the low
temperatures required to assure food safety
during the opera1on.
Ø management and waste recycling of great
amounts of brine
Ø requirement of very big sal1ng plants to achieve a
reasonable produc1on.

APP: SALTING
SALTING by BRINE VACUUM IMPREGNATION (BVI)
EFFECTS:
Ø reduce sal1ng 1me:
Ø ﬂaier salt distribu1on in the product
Ø higher process yields (lower weight loss)
Ø juicier product at equal salt content.
Ø In cheese (e.g. cheddar) beier elimina1on of entrapped gas and whey,
thus favouring pressing and elimina1on of mechanical openingsè close
structure, mechanical eyes disappear and texture becomes smooth
èlighter appearance of the cut surface.
Ø elimina1on of blood in meat products and whey in
cheese obtaining a safer product due to the reduc1on
of microbial growth.
Ø Reduced oxida1on in faiy ﬁsh (BVI reduces the
accessibility of oxygen to sample ac1ve points)

APP: SALTING
SALTING by BVI
LIMITATIONS:
Ø In meat, ﬁsh or cheese products, pores contain small gas phase
volume entrapped in a free liquid phase èit can impede the gas
out ﬂow (mainly in big pieces) and hinder the mechanical
equilibra1on process in the vacuum period.
Ø solid matrix more viscous than elas1cè pores collapse during the
compression step è no notable impregna1on occur during step 2
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Free fatty acid content of Manchego-type cheese salted
by brine vacuum impregnation!
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Abstract
A new salting method based on the brine vacuum impregnation of porous products was tested in Manchego-type cheese in order to
assess its e!ect on cheese lipolysis during ripening. This new salting method would allow a faster salt di!usion and a more
homogeneous initial salt distribution, and would reduce the disposal of brine. Salt-in-moisture content was evaluated in three di!erent
cheese zones during a 90-day ripening period in order to monitor salt penetration in the cheese. Lipolysis was evaluated by means of
gas chromatography of individual free fatty acids in the medium and internal zones of both cheeses salted by the conventional and the
new salting procedures. Free fatty acid concentration regularly increased during ripening. Short-chain free fatty acid content was
higher in the internal zone of conventionally salted cheeses than in the internal and medium zones of vacuum impregnated cheeses
from the "rst month after manufacturing, probably due to the low initial salt concentration achieved in the inner zone of
conventionally salted cheeses, which can enhance both bacterial and indigenous lipase activity. Panelists considered that conventionally salted cheeses presented a more intense aroma than vacuum impregnated cheeses, though no di!erences in global #avor
intensity were observed. ! 2001 Elsevier Science Ltd. All rights reserved.
Keywords: Lipolysis; Manchego; Salting
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The objective of this work was to study the inﬂuence of different salting procedures on the water loss
(WL) and salt gain (StG) kinetics of beef cuts. The following procedures were evaluated: wet salting at
atmospheric pressure; pulsed-vacuum wet salting (with application of one or three vacuum pulses); dry
salting; pulsed-vacuum marination in brines with acetic, citric or lactic acid; and pulsed-vacuum salting
in brines with partial replacement of NaCl by KCl. From the obtained experimental results, we veriﬁed
that the application of three vacuum pulses during wet salting increased the WL by 20% and the StG by
15% in comparison with the wet salting at atmospheric pressure. In contrast, addition of different acids in
the brine decreased the StG by 13e24% after 6 h of immersion. Moreover, results obtained with partial
replacement of NaCl by KCl revealed that the diffusion of Kþ is faster than of Naþ and also that KCl has a
smaller capability of reducing water activity. This demonstrates the importance of adjusting salting time
when using mixtures of NaCl and KCl for elaborating products with reduced Naþ levels.
© 2016 Elsevier Ltd. All rights reserved.
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Antimicrobial collagen casing incorporated with nisin was developed to inhibit foodborne pathogens and

spoilage bacteria
associated
with ready-to-eat
(RTE)
sausage.solu1on
Collagen casing
impregnated with
Collagen casing was impregnated
with
10,000
ppm of
nisin
atwasvacuum
10,000 ppm of nisin solution at vacuum pressure (-680 mmHg) under various conditions of a vacuum
range from 1501me)
to 600 s and
an atmospheric
to 90 t2
s. The(atmospheric
antimicrobial activity of
pressure of -680 mmHg ; t1time
(vacuum
from
150 time
to range
600froms 30and
the collagen casing impregnated with nisin was screened using the survival cell count method against
Listeria monocytogenes strain Scott A. After that, the most active antimicrobial casing was examined both
1me) from 30 to 90 s.
in vitro and in Vienna sausage. In vitro, the antimicrobial casing decreased L. monocytogenes by 2.8 log
Keywords:

Fig. 4. Number of L. monocytogenes Scott A of sausage storaged at 4 and 10 ! C for 90 days.

MAIN RESULTS:
Ø ON SAUSAGE: the an1microbial casing extended shelf-life of the sausage at least 90 days
at 4 °C and 49 days at 10 °C respec1vely; it reduced ar1ﬁcially inoculated L.
monocytogenes by 1.1 log CFU/g (>90% reduc1on) during storage at 4 C.
Ø Physical proper1es of the an1microbial casing and CTRL were not signiﬁcantly diﬀerent in
color, thickness and percent elonga1on (%E) but the tensile strength of IMP was higher
than CTRL.
Ø An0microbial collagen casing impregnated with nisin has the poten0al to control
foodborne microorganisms in order to enhance the microbial food safety and shelf life
of sausage.
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