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Sous vide processing: a viable approach for
the assurance of microbial food safety

Helen Onyeaka,a* Ozioma Nwabor,b Siwon Jang,a KeChrist Obileke,c

Abarasi Hart,d Christian Anumudua and Taghi Miria

Abstract

As consumer needs change, innovative food processing techniques are being developed that have minimal impact on food
quality and ensure its microbiological safety. Sous vide (SV) is an emerging technology of cooking foods in vacuum pouches
at specific temperatures, which results in even heat distribution. Presented here is an overview of the current state of the art
in the application of SV techniques for processing and preserving foods. Unlike the conventional thermal food processing
approach, the precise nature of the SVmethod improves food quality, nutrition and shelf-life while destroyingmicroorganisms.
Foods processed by SV are usually subjected to temperatures between 50 and 100 °C. Although sufficient for food preparation/
processing, its effectiveness in eliminating microbial pathogens, including viruses, parasites, vegetative and spore forms of
bacteria, is limited. However, the inactivation of spore-forming microbes can be enhanced by combining the technique with
other non-thermalmethods that exert negligible impact on the nutritional, flavour and sensory characteristics of foods. In addi-
tion to exploring the mechanism of action of SV technology, the challenges related to its implementation in the food industry
are also discussed. SV method potential, applications, and impacts on spore-forming microbes and spore inactivation are
explored in this review. Through the debate and discussion presented, further research and industrial applications of this food
processing method could be guided.
© 2022 The Authors. Journal of The Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of
Chemical Industry.
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INTRODUCTION
In order to meet the changing taste of the consumer, new food
processing technologies need to be developed. Several novel,
emerging and green technologies are being developed and
refined with the aim of preserving the sensory and nutritional
qualities of food, its safety and shelf-life. Unfortunately, most of
these technologies are limited due to high energy demand, cost
or long-time input which may adversely affect food properties.
Sous vide (SV) is one of the emerging food technologies that
focuses on minimal heat treatment of foods, involving intermedi-
ate cooking at precise temperatures and times using heat-stable
vacuum pouches.1 The technique is typically employed by profes-
sional chefs at low temperatures of 50–65 °C to ensure optimal
sensory and nutritional quality are developed and preserved.2

Other temperatures employed in SV ranges from 50 to 75 °C for
fish, seafood and meat processing, maintained for several hours
or even days, while high temperatures of 90–100 °C are used for
vegetable processing for a few minutes.3 Recently, the potency
of the technique has become evident from the effective results
achieved in the processing of meat,4,5 vegetable and plant-based
food,6-9 and fish treatment.10-12

Due to the low and precise temperatures used, and the minimal
impact on food's organoleptic and nutritional properties, SV tech-
nology is gaining popularity. It is well known that sensory and

flavour properties are important criteria from the consumer
perception and acceptance of the organoleptic attributes of food
and the physiochemical changes which occur in food during pro-
cessing.13 Although the culinary aspect of the SV technique has
been well established, scientific research on the microbiological
safety aspect is still to be fully considered and remains a con-
cern.14 The evaluation of this aspect of the technology by review-
ing and analysing literature would provide bases and insight that
will guide further research. Currently, in contrast to its previous
position as a fancy technique for individual caterers, SV is increas-
ingly accepted by the mass production sector as a method of
processing food.
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The major benefit derived from the application of SV technol-
ogy is optimal quality preservation without alterations of the
organoleptic properties of the food. Compared to traditional
cooking methods, the precise temperature control employed in
the technique gives more choice over doneness and texture.
Additionally, the use of heat-stable vacuum pouches improves
shelf-life and can enhance taste and nutrition.2 However, this
technique's low cooking temperatures could provoke microbio-
logical concerns on the safety of the food products due to non-
conformation to pasteurization standards/processes.2 It follows
that the survival of injured foodborne pathogenic microorgan-
isms post-treatment may pose a threat to food consumers or
result in microbial-mediated degradation of the product and a
shortening of its shelf-life.
In recent years, ready-to-eat meals without extensive thermal

processing have become more popular. As a result, the food
industry could adapt this technique to meet this need. In the SV
technique, foods undergo minimal heat treatment, retaining their
freshness, flavour, texture and even colour, and maintaining their
microbial safety at the same time.15 A variety of foods are regu-
larly subjected to this treatment, including fish fillets and beef.
However, it is important to fully understand the microbiological
implications of this technique with respect to the control of path-
ogenic organisms in foods and elongation of the shelf-life of
foods.16 The present review analysed the heat treatment intensity
(major factor for SV operation) and the effect on food quality and
composition, food-contaminating organisms and bacterial spores,
viruses and parasites. The study also explores and highlights the
advantages and disadvantages of the technology. By in highlight-
ing mechanisms of action and impact on spore formers, future
research perspectives can be informed.

HEAT TREATMENT INTENSITY
Heat treatment intensity is regarded as one of the determinant
factors in SV operation. However, heat treatment intensity is
essential, especially in meats, to obtain a tasty and safe product.
Depending on the exposure time, heat intensity indicates the
extent to which the food can be cooked, and impact on the essen-
tial characteristics which the consumer prefers, such as taste, del-
icacy, colour and appearance.17 On the other hand, heat
treatment can contribute to loss of nutritional changes in meat
quality due to lipid oxidation and changes in several segments
of protein fraction. Evidently, the SV method is considered to be
one of the techniques of heat treatment of food products. The
characteristics of this method are pronounced when it is used to
vacuum pack products and pasteurize foods in order to prolong
their shelf-life. It is well known that heat treatment intensity is
associated with the temperature of exposure, which is also
expected to exert some impact on spore-forming bacteria. Even
if the temperature is high enough to cook the food, could it be
high enough to inactivate spore-forming microbes? Although
precise temperature control aids to control and promote the
cooking process and texture of the product compared with the
application of traditional cooking,2,12 the temperature should be
sufficient to inactivate spore-forming bacteria.
Generally, it has been established that SV uses low temperatures

of 50–80 °C with longer time, depending on the type of food. In
other words, when SV is applied, each food product has a specific
temperature range; for instance, meat is cooked at a temperature
between 55 and 80 °C. At these temperatures, myoglobin can be
denatured entirely and, similarly, the colour of the meat changes.

However, the change depends on the type of meat and could be a
result of the evolution of flavour and texture. At low temperature,
the juiciness of meat is maintained, thereby improving its
flavour,18 but in the case of poultry meat cooked at low tempera-
ture there is a tendency for pink colour defection, which affects
the appearance and causes consumer complaints concerning
the impression of uncooked or bloody meat.19

The heat treatment of meat conducted by Jaworska et al.20 was
carried out in two stages: the process of boiling in water, followed
by SV cooking. In the former stage, chicken meat was cooked in a
pot, which was heated on a 3.5 kW induction cooker. The temper-
ature of the cooking was about 100 °C in 75 mL unsalted water.
However, the latter stage, involving low-temperature SV, was con-
ducted using a Hendi low-temperature cooking unit (Hendi,
Gądki, Poland). In this system, 20 L water was used, and the meat
sample was cooked at 76 °C for 60 min; then the equilibrium
temperature–time was measured. Interestingly, the breast meat
was cooled to room temperature (20 °C) and weighed to deter-
mine the efficiency of the cooking process, which was done after
the heat treatment. The obtained result of 88.5 and 71.0 g kg−1

was reported for the cooking yield using the SV method and tra-
ditional method of cooking in water, respectively. This shows that
the cooking yield using the SV method for processing poultry
meat is higher than that of the traditional method of cooking in
water. In addition, from the result, it was observed that sensory
quality by the SV method was higher in terms of colour tone, ten-
derness, juiciness and overall quality. On the other hand, the SV
method of processing poultry meat was lower in terms of odour
and flavour as compared tomeat subjected to traditional cooking.
In conclusion, the study recommends further research on the use
of spices to improve the flavour characteristics of SV-treatedmeat.
In another study, reported by Duma-Kocan et al.,21 cooking and

baking at 80–90 °C and 150–175 °C, respectively, decreases the
water content in the dorsi muscle of wild boars as a result of the
density of the tissue structure and the fat content in themeat after
an increase in the heat treatment. This development contributes
more to a favourable texture parameter such as hardness and
and gumminess. Interestingly, heat treatment intensity influences
the increase in yellow colour and the brightness of meat. After dif-
ferent heat treatments, the average protein content in dorsal
muscles was at a similar level. A statistically significant relation-
ship was also found between water content and adhesiveness
and resilience, as well as a negative relationship between fat con-
tent and adhesiveness in cooked meat at 90–100 °C.
It is said that SV heat treatment intensity is convenient and

offers storage stability, especially when used in vacuum-packed
food products (broiler and hen fillets). A study conducted by
Ramane et al.22 aimed to evaluate the effect of a fruit–vegetable
additive on the chemical and sensory parameters of heat-treated
vacuum-packaged poultry meats (broiler and hen fillets). The
evaluation of heat treatment intensity showed that there was no
significant difference in aroma, colour, flavour or aftertaste of
heat-treated vacuum-packaged hen and broiler fillet, but the tex-
ture of the broiler fillet product was said to be more tender than
that of the sample from the hen fillet.22 Considering the effect
of heat intensity on microbes and food quality, this depends on
the type of microorganism.23 Li and Gänzle24 reported that the
reduction in the number of vegetative cells and elimination of
pathogenic microbes in food was the result of heat treatment
and cooking. According to the researchers, a heat treatment tem-
perature of 71 °C may not be enough to effectively decontami-
nate pathogenic E. coli strains in meat; hence, there is need to
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optimize the conditions of heat treatment for effectiveness inacti-
vation. In spite of this, some pathogenic Escherichia coli, such as
the E. coli AW 1.7 isolate from beef, have been found to be heat
resistant, raising questions about the effectiveness of the method
toward inactivating pathogens in beef processing.However, the
effect of heat on E. coli depends on the variability of the strain
and properties of food formulations, including salt and water
activity. It is worth knowing that heat induces the alteration of
E. coli cells including membrane, cytoplasm and ribosomes, as
well as DNA, specifically on protein misfolding and aggregation.
Similarly, in a study by Rodrigo et al.,23 most vegetative cells in
food are killed at a sterilization temperature above 110 °C in the
food industry. Examples of such vegetative cells pertaining to
the safety of heat-treated foods include Salmonella, Listeria, Cam-

pylobacter and E. coli. These microorganisms contaminate foods
such as meat, milk, vegetables, fish and eggs. Therefore, if these
food products are not properly stored and heat treated, this
becomes a problem. From the literature, microorganisms are said
to bemore resistant to dry heat than wet heat. For this reason, it is
recommended that wet heat be used in food preparation to
enhance microorganism inactivation.23 In most cases, heat can
activate, deactivate, damage, mutate or cause complete inactiva-
tion of bacterial spores, depending on its intensity. In the case of
increased temperatures above the optimum for growth, this
would result in microbial inactivation, inability to initiate germina-
tion and possible deterioration. Additionally, bacteria that are
damaged by heat are more susceptible to antibiotics that under
normal circumstances would not be able to destroy them. As a
result, the membrane is affected by heat, which alters the activity
of the antibiotics at the surface. Different factors influence the
amount of heat that bacterial endospores absorb. The factors
are classified as follows: microorganisms during sporulation;
microorganisms during storage of the spores that are produced;
consequence of treatment given before, during and after treat-
ment and nature of the medium; and microorganisms during
the recovery of survivors.23 An SV cooker (or cooking under vac-
uum) uses advanced packaging and processing techniques to
cook food inside a vacuum. Figure 1 illustrates the sequential
steps involved in preparing food with the SV method using spe-
cially designed equipment. With this technique, raw, minimally
processed or precooked foods are vacuum-packed in laminated
plastic pouches or containers, and heated at precisely controlled
temperatures in a convection steam oven or water bath. SV cook-
ing method takes two forms: cook-hold and cook-chill. Cook-hold
involves packaging, vacuum packaging, heating or pasteurizing,
finishing and serving; whereas cook-chill involves packaging, vac-
uum packaging, pasteurizing, rapid chilling, refrigerating or freez-
ing, reheating or rethermalizing, finishing and serving. A detailed
review of this has been reported elsewhere.2

EFFECT OF SV PROCESSING ON FOOD
QUALITY AND COMPOSITION
In hotels and restaurants, SV technology has traditionally been
used by chefs. However, the technique is gaining a more signifi-
cant interest, with various researchers evaluating its success in
food processing. It has been reported that temperature and time
are parameters that determine the outcome of the process,4,25

and these parameters are believed to be helpful in retaining desir-
able attributes in foods. However, it was discovered in the treat-
ment of mackerel fillets by the SV processing method that the
variations in time and temperature did not influence the

formation of primary and secondary products of lipid oxidation,
nor increase the yellowness of the fish.26 On the other hand, it
was found that bolognaise meat sauce and chicken tikka masala
processed at 70 °C for 90 min, and at 90 °C for 45 min, provided
convenient, high-quality refrigerated foods with extended durabil-
ity.16 Notwithstanding, SV-cooked chicken breast and sliced pota-
toes treated at 80 °C for 10 and 30 min showed significantly
increased flavour intensity, juiciness and moistness of the chicken
and potato, respectively, compared to non-vacuum-packed freshly
cooked products.27

According to the study, the technique could potentially
enhance the organoleptic quality of food. This is evident from
the application of the technique in cooking fish portions for
20 min at 90 °C, which resulted in a final product with improved
colour and high sensory acceptance.28 In comparison with tradi-
tional cooking, it has been reported that SV (low temperature,
long time) cooking of lean tuna resulted in better preservation

Figure 1. A typical flow diagram of the SV technology cooking process.
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of its quality.29 Similarly, there was an improvement in the lipid
profile and sensory attributes of salmon cooked using the SV pro-
cess.30 To assess the suitability of fresh vegetables such as pota-
toes for minimal processing, Rizzo et al.31 conducted a study
using the SV packaging method in association with rosemary
essential oil (REO). This was used to evaluate the quality preserva-
tion of sliced potatoes. The findings from the study demonstrated
that the use of REO and SV packaging had a positive effect on the
texture of the product and also limited the growth of mesophilic
bacteria and Enterobacteriaceae. The authors recommend SV as
a valid and promising technology for the preservation of sliced
potatoes. In a similar study carried out by Amoroso et al.,32 the
benefit of SV cooking on the nutritional value of sliced potato
was considered. The study involved the use of SV packaging
method with REO as a good strategy for the preservation of sliced
potatoes over refrigerated storage up to 11 days. It was reported
that the presence of REO had no direct effect on the nutritional
content of the cooked potato. Evidently, potato slices treated with
SV and REO at 105 ± 5 °C/15 min cooking temperature and time
retained all the nutritive compounds (ascorbic acid and total poly-
phenol content) of the potato sample considered in the study. In
another study, which evaluated the quality of chicory stems
cooked using conventional and innovative (SV) methods, it was
found that the SV technique had a minimal impact on lightness
and total colour difference quality parameters. Based on the
results of the sensory analysis, SV products were rated higher
on nutritional attributes than other cooking methods, since the
SV process condition had no impact on total phenol content or
antioxidant activity.33

Consequently, ham prepared using the technique at 61 °C had
a higher moisture content and redness, whereas that cooked at
71 °C showed higher cooking loss rate, lightness and volatile
basic nitrogen values, with texture analysis indicating more
tender meat for the treatment group compared to the control.34

Subsequently, the examination of SV-treated largemouth bass
(Micropterus salmoides) revealed stable protein secondary struc-
ture and lower lipid oxidation.35 This suggests less impact on
food quality, flavour and nutritional characteristics. Similarly, SV-
processed beef subjected to in vitro simulated gastrointestinal
protein digestion revealed increased protein digestibility, solubil-
ity and release of free amino acids and minerals.36 These studies
reaffirmed that the technique could potentially extend food
shelf-life with little or no impact on quality and sensory attributes.
Table 1 presents possible temperature–time combinations that
could be utilized in SV cooking for the inactivation of foodborne
microorganisms for shelf-life extension. The two main process
variables controlled were temperature and processing time
(Table 1). Nevertheless, depending on the type of food, the
shelf-life of the food products increases from 5 to 42 days. As

expected, the longer the processing time, the longer is the food
shelf-life (Table 1).
The magnitude of heat treatment a food receives depends on

the specific risk factors associated with the food, including possi-
ble foodborne pathogens. This is the usual guide for conventional
cooking approaches to classify foods into lightly processed
with minimal heat treatment and dwell time, pasteurized, and
botulinum cook at the extreme. This classification scheme can
also be applied in SV cooking as advisory heat treatment proto-
cols for foods.41 The selection of a specific pasteurization or steril-
ization protocol for a food during SV cooking is usually based on
the heat resistance (D-value; decimal reduction time) of the possi-
ble contaminating organisms. Also, consideration is made for the
thermal death time (Z-value), which is utilized in the selection of
an appropriate time–temperature relationship to inactivate possi-
ble contaminating bacteria. Overall, models can be utilized to
extrapolate the bacterial kinetics in relation to the processing con-
ditions under SV treatment, in order to avoid over-processing,
accounting for the survival of pathogens in such treated foods
and resuscitation during hold time. Thus, for the safety assurance
of SV-processed foods, predictivemicrobiology andmodelling are
important in the selection of treatment protocols applied to food
for the removal of possible pathogens and the extension of shelf-
life of a food using multifactorial predictive models, with data
extrapolated from published articles in journals which are orga-
nized and categorized using online databases, including the
COMBASE, for easy retrieval, analysis and collation.41

EFFECTS OF SV PROCESSING ON FOOD-
CONTAMINATING ORGANISMS
The ability of processing technology to inactivate spores and
spore-forming microbes determines the safety of food. Therefore,
inactivation of spoilage and foodborne microorganism remains a
fundamental goal of food preservation and shelf-life extension.
Microbial contamination of food is a leading cause of food spoil-
age, foodborne disease outbreaks and food product recalls. Glob-
ally, the contamination of foods by microorganisms has resulted
in food product recalls with an economic cost running into mil-
lions of dollars. Thus food preservatives and preservation tech-
niques are required to control microorganisms and their effects
on foods effectively and efficiently. In this context, it is imperative
to analyse and evaluate the ability of the SV technique to inacti-
vate spore-forming microbes and spores, improve food safety
and extend shelf-life. The low-temperature range applied in SV
technology has attracted several criticisms, as it could be insuffi-
cient to assure microbiological safety of food as a preservation
technique.

Table 1. Selected thermal processing time and temperature for SV

Temperature and time Type of food Shelf-life Type of bacteria Reference

70 °C for 40 min Eggnog, crab cake and breast meat 6 days shelf-life Enterococcus faecalis 37

70 °C for 100 min Raw sausage, raw ham 21 days shelf-life Enterococcus faecalis 37

70 °C for 1000 min Thigh, wings and legs 42 days shelf-life Enterococcus faecalis 38

70 °C for 2 min Canned food, juice, beer 5 days shelf-life Listeria monocytogenes 39

80 °C for 26 min Sweet potatoes, chicken breast Maximum of 8 days shelf-life Clostridium botulinum type E

70 °C for 2 min Milk, low-alcoholic beverages Short shelf-life reliable storage temperature Listeria monocytogenes 40

80 °C for 4.6 min Cup cakes Maximum 10 days shelf-life Clostridium botulinum. 40
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In light of this, research on the shelf-life extension effects of the
technique has demonstrated that microbial growth is reduced
after treatment. Hence a synergistic effect has been proposed;
for instance, SV combined with other preservation treatments
such as high-pressure processing (HPP) for beef steak42 could
prove more effective for extending the shelf-life of food products.
The treatment of ham with SV alone brought about the inactiva-
tion of contaminating microorganisms,34 and when used in com-
bination with modified atmosphere or soluble gas stabilization
packaging of salmon loins was effective in inhibiting the prolifer-
ation of Listeria spp.43

In another study, evaluation of themicrobiological quality of SV-
treatedmuscle cuts of pirarucu showed the absence of Salmonella

spp. and sulfite-reducing clostridia, and a maximum count of 3.5
log CFU g−1 for mesophilic and 2.67 log MPN g−1 coliforms.44

Furthermore, a decrease in total mesophilic aerobic bacteria
count of ∼2 log CFU g−1 was observed for turkey cutlet samples
prepared at 65, 70, 75 °C × 20, 40, 60 min cooking temperature–
time combinations.25 Similarly, the extension of the shelf-life of
crab lumpmeat, resulting in a final product that was microbiolog-
ically safe without any organisms present in all treatment settings,
has been reported.45 It is clear that the technique possesses the
capability of reducing microbial load during food processing. Is
this technique effective by itself in inactivating spore-forming
microbes responsible for food spoilage? Analysing published arti-
cles will help answer this question.
A more recent study showed that supplementation of the SV pro-

cessing method with lauric arginate increased shelf-life and beef
quality and reduced the Listeria monocytogenes population.46 Simi-
larly, a rainbow trout processed by this method (90 °C for 3.3 min)
and stored at 2 °C showed absence of Staphylococcus aureus, Bacillus
cereus, Clostridium perfringens and L. monocytogenes.45 Additionally,
neither aerobic nor anaerobic sporeswere detected in the trout sam-
ples.47 An SV-cooked salmon slice at 90 °C for 15 min and stored at
2 °C showed lower growth rates of mesophiles and psychrotrophs.
S. aureus, B. cereus, C. perfringens, L. monocytogenes and aerobic/
anaerobic spore-forming bacteria were detected in the samples after
45 days of storage.48 In this way, vegetative cells processed by the
SV method are likely to germinate. While some of these studies
showed and confirmed that the technique destroyed spore-forming
microbes, reducing food spoilage due to microbes and extending
shelf-life, it was less effective when it came to mesophiles and
psychrotrophs. To validate these studies, an evaluation study on
SV-cooked and processed mussels revealed that, with the addition
of brine products, the shelf-life was extended by an additional
30 days.49Hence it also important to examine the impact of the tech-
nique on the activities of bacterial spores, viruses and parasites,
which is presented in the following sections.

EFFECTS OF SV PROCESSING ON BACTERIAL
SPORES
Unlike vegetative bacterial cells, bacterial spores such as those of
Bacillus and Clostridium are often resistant to food preservatives
and preservation techniques, presenting unique safety concerns
to food producers and processing industries. They are sensitive
to pH > 4.4 and are considered to be an important pathogen in
heat-treated foods as a result of their ability to produce spores
and toxins. Interestingly enough, the recommended shelf-life
is limited to 10 days unless the storage temperature is below
2.5 °C, when the shelf-life should not exceed 90 days. Therefore,
unlike other technologies, the application of SV technology can

prevent spores of non-proteolytic bacteria from outgrowing and
producing neurotoxins without altering the nutritional value or
organoleptic properties of the food.3 This is attributed to the
shelf-life and storage temperature of SV. It has been reported that
SV vacuum packs contain some degree of residual oxygen, which
is not sufficient to inhibit the growth and reproduction of Bacillus
and Clostridium usually found in food products.50 Hence the high
temperature posed by SV can injure bacterial spores (Bacillus and
Clostridium), which may or may not be able to recover and grow.
The germination of microbial spores in food under favourable
conditions might lead to food contamination, spoilage and dis-
ease outbreaks.51 Spores are a protective form of microorganisms
and have an inherently distinct conformation that gives them the
ability to withstand and to resist unfavourable environmental
conditions such as high temperature, radiation and toxic com-
pounds.51,52 By definition, bacterial spores are said to be the struc-
ture that is produced by stressed bacterial cells. They are known
to cause infection as a result of their intrinsic resistance. The opti-
mal temperature for growth of most pathogenic bacteria is
between 30 and 50 °C, where growth and reproduction of bacte-
ria are initiated. In order to inactivate food pathogens such as Sal-
monella species, L. monocytogenes and E. coli, the core
temperature of food during processing should not drop below
54.4 °C and cooking should be held for up to 6 h.53 Cooking foods
with SV at 70 °C for 2 min can achieve a 6-log reduction of the
most heat-resistant vegetative pathogen (L. monocytogenes) for
foods with a shelf-life of less than 10 days. For foods with a
shelf-life of more than 10 days, cooking at 90 °C for 10 min
(or equivalent) will result in a 6-log reduction of C. botulinum
spores.53 Studies have demonstrated that the presence of patho-
gens in cooked SV foods originates from the rawmaterials as they
survive cooking.3 The storage of SV-processed food in vacuum
pouches, however, is a safe and effective method for preventing
recontamination. In order to inactivate bacterial spores effec-
tively, the SV method should be used in conjunction with other
non-thermal methods, such as ultrasound and supercritical car-
bon dioxide. A variety of bacterial spores can cause diseases such
as tetanus, anthrax and botulism, while others can be used in bio-
technological applications such as probiotics and biocides.54 They
possess protective layers such as coat and cortex in their resting
state, which allow them to endure adverse conditions.51 Hence,
when conditions improve, the spores become active, germinating
into the vegetative form of the bacteria;51 examples of bacteria
producing spores are B. cereus, C. botulinum and C. perfringens.
The question is whether the temperature range applied in
the SV technique is sufficient to inactivate spores. They are
heat resistant and usually cannot be killed during processing
without compromising the nutritional attributes. Depending
on the temperature applied, spores inactivated by heat could
germinate and grow if the process of cooling the food to ≤5 °C
is prolonged.55

SV, known for its minimal heat treatment nature, could be ade-
quate for vegetative cells but ineffective in inactivating bacterial
spores such as those of C. botulinum and B. cereus and also
L. monocytogenes, which are considered to be major microbial
hazards.56 In an SV-processed food at 77 °C and 94 °C, it was
found that there was a 3-log reduction in the population of
B. cereus, from 0.5- to 1.0-log. This suggests spores regerminated
within 1 day at 10 °C.57 However, SV has been shown to be effec-
tive in inactivating microbial spores when combined with other
methods or used as an adjuvant method and inhibit spore germi-
nation/outgrowth.58-60 Table 2 presents some of the substances
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and processes which, in combination with SV, can enhance its effi-
cacy in the prevention of microbial growth and enzyme activity of
food products, referred to as hurdles.
In Table 2, it can be observed that there are three types of hur-

dles present for SV operation. Hurdle technology is employed in
the preservation of meat and seasonal or regional fruits and veg-
etables. It can provide variable results depending on themicrobial
stress reactions in food preservation. The aforementioned hurdles
include physical, physiochemical and microbiological hurdles
(See Table 2). It is obvious from this that basic determining factors
are mainly related to the physiochemical hurdles involved in food
preservation. This is because they are combined to achieve certain
food quality and stability in terms of temperature, pH, redox poten-
tial, water activity, etc.
Numerous studies have focused on the effect of SV cooking

based on the storage stability of meat.1,65,66 It has been reported
that anaerobic conditions present inside the SV package allows
the growth of C. botulinum, which, if it is a toxigenic strain, can
result in cases of botulism.1 Further studies on the production of
toxins by C. botulinum spores have shown that the addition of
sodium lactate to low-temperature-processed SV beef, chicken
breast and salmon resulted in a delay of toxigenesis in all three
products, as shown in Table 3.67

It is clear that at low storage temperature there is an enhancement
of the ability of SV treatment to inhibit toxigenesis of C. botulinum in
beef, chicken and salmon products. Considering the low levels of

bacterial spores in meat used in the study and thermal processing,
the use of ≥2.4 g kg−1 sodium lactate at a storage temperature of
≤12 °C inhibits toxigenesis for a period of 3–6 weeks, which is their
anticipated shelf-life.67 Similarly, a study evaluating the effect of SV
treatment on chicken products infused with sodium lactate on bac-
terial spore C. perfringens outgrowth in vacuumpackaging68 showed
that temperature abuse of products for a period of 24 h or longer in
the absence of sodium lactate results in the growth of C. perfringens
from a spore inoculum. The findings demonstrated that the
C. perfringens might germinate and grow to unsafe levels if the SV
products are poorly handled and temperature abused for a relatively
long period. It has also been reported that co-inoculation with a
protective culture such as Pediococcus spp. could not inhibit toxin
production in SV inoculated with C. botulinum.69

Experimental work was conducted by Farkas et al.70 in 2002 on
smoked–cured pork in stewed bean sauce inoculated with psychro-
trophic B. cereus, which is more heat and radiation resistant than
spores of non-proteolytic C. botulinum. The meals were treated with
combinations of pasteurizing heat treatments and γ-irradiation of
5 kGy following vacuum packaging.70 In combination with medium-
dose γ-irradiation and/or nisin addition, SV cooking significantly
improved microbiological safety and keeping quality of the meals.
Recentworkhas suggested that theuse of a non-thermal foodproces-
sing technique coupled with an antimicrobial peptide like nisin will
significantly increase the inactivation of bacterial spores,71 though
the result showed that heat sensitization of the bacterial spores could
result in survival after irradiation. Conclusively, adding nisin may
increase the antimicrobial effectiveness of physical preservation treat-
ments, but adverse sensory effects limit the amount of radiation or
concentration that can be used.70

A study byMiguel-Garcia et al.72 on C. perfringens spore outgrowth
from pre-inoculated SV-processed pork revealed a significant impact
of the treatment against C. perfringens that provides a degree of pro-
tection against the pathogen under mild temperature abuse of
≤15 °C conditions. The study advocated the maintenance of a good
cold chain to guard against C. perfringens in SV-processed pork meat
marinated with tomato sauce. At a temperature of 15 °C, the
combination of nisin and pediocin prevented the outgrowth of
Bacillus subtilis (SV product in mushroom) and Bacillus lichenifor-

mis (SV product in shellfish salad).59 Both nisin and pediocin are
well-known biopeptides that are effective against Gram-positive
organisms and the spore-forming bacilli and clostridia.73,74 By
combining SV and these biopeptides, package swelling due to
bacterial growth can be avoided, as well as ensuring safety when

Table 2. Types of hurdles for sous vide and cook–chill processes61-64

Physical hurdle

Physiochemical

hurdle

Microbiological

hurdle

Heat processing Water activity Competitive

microflora

Storage temperature pH Starter culture/

outlook

Packaging Redox potential Bacteriocins

Photodynamic inactivation Salt Mould and yeast

Ultrahigh-pressure processing CO2, O2 Enterbacteriaceae

and antibiotic

Ultrasonification Organic acids,

spices and

herbs

Antibiotic

Table 3. Toxicity time of Clostridium botulinum in SV product with respect to storage temperature, sodium lactate and product type effects67

Sous vide product Sodium lactate (g kg−1)

Rate of production of toxin (days)

4 °C 8 °C 12 °C 30 °C

Beef (65–70 °C; 22–25 min) 0 90 8 4 1

2.4 >90 90 >40 3

4.8 >90 >90 >40 6

Chicken (65–75 °C; 25–30 min) 0 90 16 12 2

1.8 >90 60 >40 4

3.6 >90 >90 >40 6

Salmon (65–70 °C; 22–25 min) 0 60 8 4 1

2.4 90 12 6 2

4.8 >90 >90 >40 4
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it comes to heat-resistant bacterial strains. According to this
study, nisin was the most effective for reducing thermal resis-
tance of B. subtilis, whereas pediocin was more effective for
reducing thermal resistance of B. licheniformis.59

EFFECTS OF SV PROCESSING ON VIRUSES
AND PARASITES
Noroviruses and hepatitis A virus (HAV) are the twomost common
human viruses that cause foodborne infections. Hepatitis E virus
(HEV) is considered an emerging foodborne virus. It has been
reported that evaluation of the heat inactivation of norovirus
and hepatitis E virus is limited due to the lack of culture methods
that help to determine viable virus particles in food products.75

Hence, viruses do not grow on foods, but with a low infectious
dose of 10–100 particles there is a tendency and the possibility
for low-level contamination to readily result in infection due to
exposure.
A study conducted by Greening et al.76 showed that viruses

were relatively stable at 37 °C and could retain infectivity for days
or weeks at 4 °C as well as remain infectious following freezing. It
has been shown that feline calicivirus (FCV-F9) and murine noro-
virus (MNV-1) inoculated into spinach were inactivated at 56 °C
with decimal reduction time (D-values) of 0.16 (72 °C) to 14.57
(50 °C) and 0.15 (72 °C) to 17.39 (50 °C), respectively.77 In another
study with oysters, both MNV-1 and Tulane virus (TV) were
inactivated relatively faster when SV treatment was applied
above 58 °C. After 1 m of thermal processing at 67 °C for MNV-1
and 63 °C for TV, the viral load was below the detection limit.78

Similarly, in non-vacuum-packed dried mussels, there was a
3.16-log reduction of HAV at 60 °C.
The inactivation of parasites in the food industry is commonly

processed by thermal control, such as heating or freezing.79 One
of the most common foodborne parasite infections is toxoplas-
mosis, caused by Toxoplasma gondii. Generally, the tissue cysts
of T. gondii in meat are inactivated at a minimum cooking temper-
ature of 67 °C.80 However, this parasite has been shown to be
inactivated by even lower heat treatment of 49 °C for 5.6 min,
55 °C for 44 s and 61 °C for 6 s using pork meat.81 Similarly, in a
non-vacuum-packed thermal inactivation test of the infectivity
of Trichinella spiralis-contaminated pork, it was shown that the via-
bility of the parasite declined in <2 min at 60 °C82 while the
oocysts of Cryptosporidium parvum and Cryptosporidium hominis

in milk and water were inactivated at 71.7 °C for 15 s83 and
64.2 °C for 2 min.84 These treatments are effective in the elimina-
tion of parasites, below the standard temperature requirements
of 75 °C for 20s and 60 °C for 45 s, to lose the infectivity of Crypto-
sporidium parvum.85

ADVANTAGES AND DISADVANTAGES OF SV
COOKING
Although the focus of the review is on food safety, it will be of
interest to highlight the advantages and disadvantages of SV
cooking. This section is of essence as it is dedicated to the argu-
ments or consideration for and against the technique within
and outside the context of food safety. The technique has been
proven to preserve the mineral content of food products,86

improve protein digestibility and solubility,36 and preserve the
methylglyoxal scavenging potential of meat.87 Other advantages
of SV technology include prevention of aerobic bacterial growth,
minimal loss of volatile flavour compounds and moisture, unal-
tered sensory qualities, preservation of the nutritional value of
food, minimization of the generation of chemical species known
for their deleterious effects on human health, such as heterocyclic
amines and polycyclic aromatic hydrocarbons, juiciness, tender-
ness of meat and prevention of oxidation of plant pigments.3

The advantages and disadvantages of the SV are summarized in
Table 4.
Although SV technology possesses several advantages, one

major limitation and drawback relates to the microbiological
safety of SV-processed food when treatment is undertaken alone.
SV technology has been reported to effectively inactivate aerobic
and vegetative cells of bacteria such as Bacillus and Clostridium

spp. In addition, SV cooking involves specialized equipment and
training. Overall, themain problem associated with SV is mild heat
treatment and anaerobic conditions, as well as decrease in the
admissibility of the method by food processors and regulators.90

CONCLUSION AND FUTURE PERSPECTIVES
The use of SV cooking methods satisfies current consumer taste
and demand for fresh food that has not been subjected to high-
temperature treatments. However, even though this technology
improves food organoleptic and nutritional attribute, concerns
about the microbiological safety of processed foods still remain.
This challenge can be addressed by supplementing SV cooking
with other hurdle technologies for the improved elimination of
microbial pathogens in foods. Although this could alter the con-
cept of SV cooking, such treatments are able to achieve commer-
cially sterile foods using temperatures below those obtainable
during conventional cooking. Future applications of SV technol-
ogy should explore the development of standardized equipment
that can be precisely controlled to obtain even cooking. Also,
treatment parameters such as temperatures and cooking time
should be optimized for different food types and classes. In the
context of food safety and spore inactivation, future perspectives

Table 4. Advantages and disadvantages of sous vide technology53,88,89

Advantages of sous vide Disadvantages of sous vide

Presence of centralized production —

Decreases the cost of raw materials —

Production range is enlargeable —

Prolonged shelf-life at 0–3 °C Requires staff education cost

Maximum keeping of aroma, texture, flavour and nutrients Cost of equipment is high

Diminished post-process cross-contamination risk High psychotropic Clostridium botulinum spore risk if product is undercooked or

temperature abuse exists

Microbial food safety using sous vide www.soci.org
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must, however, be directed towards synergistic effects in combi-
nation with non-thermal food processing technologies.
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