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Abstract

Within modern culinary education, education on sustainable development is essential for
vocational students. Using the example of sous vide, its suitability for addressing sustain-
ability in culinary education was investigated as well as the extent to which it is currently
implemented in Germany. Therefore, the literature on potential environmental, social,
economic and health impacts of sous vide was reviewed and its current implementation
in German culinary educational materials was analyzed. The literature review revealed
a number of sustainability aspects of sous vide. Despite being covered in textbooks, it is
not brought into a sustainability context. Moreover, existing sustainability concepts for
the gastronomy sector neither identify environmental conditions as a basic requirement
for any socio-economic activity nor illustrate interdependencies and trade-offs between
different sustainability dimensions. Therefore, the sustainability concepts and culinary
teaching and training materials currently used in German culinary schools do not support
the development of a systemic understanding and multi-dimensional engagement in the
training of future chefs.

Keywords: culinary education; sous vide; sustainable development goals; vocational
education and training; vocational education for sustainable development

1. Introduction
In the face of global challenges such as climate change and food security, a transforma-

tion towards sustainability is imperative. According to the UN’s Sustainable Development
Goals (SDGs) [1] achieving global sustainability depends on the knowledge, skills, values
and attitudes of current and future generations. For example, the twelfth SDG focuses on
responsible consumption and production by aiming to provide everyone with relevant
information and foster awareness for lifestyles that are in harmony with nature by 2030.
To reach all SDGs, we need an understanding of the complexity of environmentally and
socially responsible behaviors and recognize the need for a profound transformation of our
economic systems as well as our everyday lives and practices. Thus, education on sustain-
able development plays a pivotal role in equipping students with the knowledge and skills
to pioneer innovative and creative responses to societal and working process transforma-
tion, thereby achieving wider economic, social and environmental well-being [2,3].

In line with the UN’s ambitions regarding education for sustainable development [4],
Germany released a strategy report in 2002, outlining its plans to implement education for
sustainable development in primary, secondary and tertiary education [5]. With respect
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to vocational education and training (VET) in particular, this agenda is supposed to be
advanced and implemented through a specific national initiative, vocational education
and training for sustainable development [6]. Twenty-four years have now passed since
these declarations were issued, and this study focuses on German culinary education for
future chefs. Two major German national sustainability goals that are aligned with the
SDGs coincide here: education for sustainable development and sustainable nutrition and
food security [1] coincide As well as the apparent theoretical overlap between these two
goals and their crucial importance for creating sustainable food systems, these principles
also need to be incorporated into training of practical skills and in operational processes,
including food preparation and cooking itself, during VET in order to equip future chefs
with the necessary skills to foster sustainable development [7,8]. Understanding the charac-
teristics of restaurant products and their preparation processes is essential for a sustainable
catering industry [9]. German VET curricula outline the range of skills and competences
(professional, methodical and social) necessary to “impart the vocational skills, knowledge
and abilities (occupational competence [. . .] to engage in a form of skilled occupational
activity in a changing working world” [10]. Due to open curricula, teaching and learning
contents that support teaching these competences remain optional [11]. Based on these
national standards, educational researchers and textbook authors can decide how to design
particular teaching contents to achieve these overarching educational goals. This includes
providing adequate educational materials for sustainable development such as textbooks,
work books and digital educational materials for culinary education.

At the same time, consumer preferences and expectations are changing. Due to
an increasing awareness of the relationship between food production and consumption
and their impact on the environment, human health and planetary health, these issues are
becoming more and more important [12]. At the same time, novel trends in food preparation
and cooking such as sous vide are receiving public and professional interest [13]. These
changes should be reflected in culinary education.

1.1. Sustainability Concept for the Catering Sector

The three main interdependent pillars of sustainability—environmental, economic,
and social– can be applied to nutrition-related and culinary professions and more specifi-
cally to the catering business. In this context, a fourth dimension is added: health. Incor-
porated in fundamental environmental sustainability of food systems, economic viability,
social conditions and health outcomes are major, interdependent dimensions of sustain-
ability for a catering business (see Figure 1). The term “economic viability” emphasizes
the need to shift prevailing economic targets from direct growth to individual wellbeing.
This requires the inclusion of the external environmental, health and social costs of food
systems. Globally, these costs have been estimated to exceed the annual market value of
food system by $2 trillion [14].

While there are a number of concepts for a sustainable food system framework in
the literature [15,16], few sustainability concepts have already been applied specifically
to the catering sector or hospitality sector. One such concept is depicted by the ‘a’verdis
house’ by Roehl and Strassner [17]. The “house” is constructed with economic viability at
its foundation, “supporting walls” made up of health and desirability and a “protective
roof” comprising social and environmental aspects. However, the authors do not explain
how the economic viability of a business can form the basis of their conceptualization when
environmental and social conditions are effectively prerequisites for any economic activity.
Furthermore, interdependencies and trade-offs between dimensions of sustainability are
not considered.
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Figure 1. A sustainability concept for the culinary sector. Environmental sustainability (light green)
is the fundamental prerequisite for achieving sustainability in all dimensions, including social equity
(yellow), economic viability (blue) and human health (dark green) as well as their respective scopes,
such as labor conditions, safety and desirability. These factors are of crucial importance for a business’s
overall sustainability (own design).

Figure 1 displays a sustainability concept for the catering sector, which was developed
for this study. The overlapping circles model of sustainable development has been adapted
to illustrate interdimensional overlaps without hierachichal elements. This concept differs
considerably from the a’verdis approach in that it recognizes environmental conditions as a
prerequisite for all socio-economic activities. Human health and a productive and equitable
society both depend heavily on the global ecosystem. The environmental dimension
encompasses social equity, human health and economic viability, which are depicted
as subsequent, interdependent dimensions. At their intersections, sub-dimensions such
as food safety and the nutritional value of foods, occupational health and safety; labor
conditions including wages, benefits and social security; and the desirability of products
assessed in terms of taste, affordability, popularity and (perceived) health-promoting
properties are found. When applying this sustainability concept to culinary VET for
sustainable development in general and the teaching of sous vide in particular, its impact
must be analyzed from a variety of interdependent sustainability perspectives.

1.2. Sous Vide

Sous vide is a gentle cooking method that preserves flavors and nutrients. An increas-
ing number of restaurants and caterers are integrating sous vide in their menus [18–20].
First developed by French chefs in the 1970s [21], it has grown in popularity beyond
high-end gourmet restaurants since 2010. It is now increasingly also used widely in the
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catering sector (including in hospitals and nursing homes), in the food industry and even
in private households [13,18,22–25]. The term “sous vide” means “under vacuum”, i.e.,
food is vacuum-sealed in an impermeable, heat-resistant plastic bag using a vacuum sealer,
and then slowly cooked in warm water (or sometimes steam) at tightly controlled, low
temperatures [26]. Water temperatures range between 55 and 85 ◦C. The lower end is
typically used for cooking fish, seafood and meats, taking several hours, while the upper
end is used for cooking vegetables for a few minutes to several hours [25,27]. The sous-vide
method enables optimal cooking times and desired texture to be controlled as well as
greater reproducibility and consistent quality [18,26,28,29]. Foods cooked using sous vide
can also be cooled quickly and, if necessary, frozen and stored. When needed, they can be
regenerated at any time [30,31]. They can be marinated and seasoned before sous vide or
briefly roasted after sous vide to generate roasting flavors and colors [18,26,32]. However,
not all foods are suitable for sous-vide methods. For example, certain varieties of cabbage
and beans cannot be cooked using this method [18,26,32].

It is proposed that this cooking method provides culinary educators with an opportu-
nity to not only teach apprentices the technical aspects of sous vide but also to integrate
sustainability dimensions, such as environmental, economic, social and health impacts, into
their teaching and training. This enables active and critical engagement with these topics, as
well as the development of cohesive, forward-thinking and problem-solving competencies
in apprentices. However, this also requires sustainable approaches to be integrated into
educational materials such as textbooks, since it has been suggested that these directly influ-
ence content and teaching method [33]. Taking sous vide as an example, this study aimed
to evaluate the extent to which national guidelines for VET for sustainable development
have been formally and practically implemented in German culinary education to date.
First, we reviewed and summarized the current literature on the potential environmental,
economic, social and health-related sustainability issues of sous vide. Then, its general
coverage in current German culinary educational materials and how well it was put in a
sustainability context as part of practical educational approaches was analyzed. Finally,
the results of this analysis were discussed in relation to existing teaching approaches and
materials, as well as German culinary curricula.

2. Materials and Methods
2.1. Literature Review

An extensive, integrative literature review—including gray literature—of English
and German literature was conducted using Google Scholar to obtain an overview of the
sustainability aspects associated with sous vide.

Examples of search terms included “sous vide sustainab*”, “sous vide environmental
impact”, “sous vide health impact”, “Sous-Vide-Garen” and “Vakuumgaren”. Additional
studies were identified through the reference lists of relevant publications. The collected
literature was screened for relevance and used to summarize the current state of knowledge
regarding the sustainability implications of sous vide.

2.2. Textbook Analysis

The integration of sous vide in general as well as its sustainability-related aspects in
particular, was analyzed in textbooks, which are currently used in German public culinary
schools. These books were identified through informal conversations with vocational school
teachers as part of collaborative educational projects. Seven German culinary textbooks and
two exemplary workbooks were analyzed Five of these textbooks were designed to cover
all topics of a cook apprenticeship. Two of the books were designed to be used together
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(part 1 and 2) with one book covering the first year of the apprenticeship (Experience
kitchen 1) and the second book (Experience kitchen 2) covering years two and three.

The methodical approach of the textbook analysis is described in detail in Table 1.
First, we searched both tables of contents and indexes of all books for the terms ‘sous
vide’ and its German equivalent, ‘Vakuumgaren’. We then checked the resulting sections
for cross-references to the topic in other parts of the books as well as for any additional
mentions of these terms throughout all the books. All sections of the books that covered
sous vide were investigated using an analytical framework (see Table 1). Using an inductive
approach, we counted the number of references to environmental, health, social, economic
and desirability aspects. The “desirability/attractiveness” aspect was included in the
textbook analysis based on the a’verdis house [17] as it plays a central role in the out-of-
home sector (see also Figure 1). To this end, terms describing taste, texture, or appearance
were included. The operationalization of these five aspects, inclusion criteria, exclusion
criteria and coded text examples is shown in Table 2. If a statement in the textbook could
be assigned to more than one sustainability dimension, it was counted multiple times. For
instance, a statement about the energy consumption of sous vide was attributed to both the
environmental and economic dimensions.

Table 1. Methodical approach of the textbook analysis.

Objective Method

(1) Extent to which the topic of
sous vide is covered

• Pages listed in table of content:
The table of contents is searched for the keywords “sous-vide” and
“Vakuumgaren” (vacuum cooking) and a list of the relevant pages is
compiled.

• Pages discussing or mentioning sous vide:
(a) A list of pages that discuss sous vide in detail, e.g., in own sub-chapter

(=main text), is compiled.
(b) A list of pages (throughout the book) that contain additional short

sections about or mention the term sous-vide is compiled (see method
described in (4)

• Total number of these pages:
All pages that contain sections discussing or mentioning sous vide, are
counted.

(2) Topics or aspects covered in
the main text A rough summary of the content covered in the main text is given

(3) Links or references to further
information on subtopics related
to sous vide that are provided in
the main text

The text is searched for cross-references to aspects related to sous vide, as these can
help clarify the complex topic of sous-vide.

(4) Aspects of sous vide covered
in other (sub-)chapters

• The text is scanned via selective reading (skimming the text) to search for the
keywords “sous-vide” and “Vakuumgaren” in relevant chapters on the
following topics:
- Kitchen equipment/appliances and machines
- Preparation techniques
- Food preparation (cooking methods)
- Meat (slaughtered meat, poultry, and game)
- Fish
- Vegetables
- Egg dishes (especially hollandaise sauce and poached eggs)
- Preservation methods (especially vacuum sealing and pasteurization)
- Convenience.

• The aspects found are summarized.
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Table 1. Cont.

Objective Method

(5) Coverage of sustainability on
the pages of the compiled list

• The text is searched for both explicit mentions of the word “sustainability”
and explicit mentions of the dimensions of sustainability.

• The text is searched for sustainability-related aspects that are not explicitly
mentioned in the textbook in the context of sustainability but that were
identified in the literature review of this article.

(6) Type of issues or topics that
could be attributed to the
dimensions of sustainability
covered on the pages identified
in (1)

• The text is analyzed to identify aspects that could be linked to the various
dimensions of sustainability in the literature review, but were not directly
associated with the topic of sustainability in the textbook itself.

• These aspects were assigned to the appropriate dimensions of sustainability.

(7) Practice exercises on the topic
of sous vide

On the pages identified in (1), it is searched for exercises or suggestions for
independent (more in-depth) exploration of sous vide. The number of these
exercises is counted.

(8) Reference to aspects of
sustainability in the practice
exercises identified in (7)

It is checked if the exercises identified in (7) explicitly address aspects of
sustainability, or if they specifically encourage students to engage with aspects of
sustainability. The number of these exercises is counted.

(9) Type of competences
promoted on the pages
identified in (1)

It is assessed which dimensions of action competence according to the KMK [34]
are being promoted.

Table 2. Coding manual.

Category Name Definition Inclusion Criteria Exclusion Criteria Coded Text Example

Environmental
aspects

Terms describing
environmental

aspects

Packaging waste, plastic waste,
reusability of pouches, natural
resource efficiency, food waste,
cooking loss, energy efficiency,

origin of ingredients

Cooking loss (attributed to
economic dimension)

“Sehr geringer Stromverbrauch”
[35].

(very low power consumption)

Health aspects Terms describing
health aspects

Nutrient content, nutrient
retention, food safety, microbial

safety, hygiene, plasticiser, micro-
and nanoplastics

Work-related stress,
work-related mental and

physical health (attributed
to social dimension),

sensory aspects (attributed
to desirability)

“Beim Garen im
Niedrigtemperaturbereich sind
höchste Qualität und sauberes
Arbeiten unter hygienischen
Bedingungen ein Muss” [36].

(When cooking at low
temperatures, the highest quality

and clean working practices under
hygienic conditions are essential)

Social aspects Terms describing
social aspects

Work-related stress, relief during
peak times, level of difficulty in
use, work simplification, mental

and physical health

Other health-related
aspects such as nutritional

issues.

“Dass gerade Fisch ein ideales
Produkt für S-V Garen ist . . . Der

Fisch muss nicht unter
Beobachtung stehen” [35].

(The fact that fish, in particular, is
an ideal food for sous-vide

cooking. . . You don’t have to keep
watch over the fish)

Economical
aspects

Terms describing
economic aspects

Aspects regarding predictability
and efficiency of processes (time,

temperature, workforce
scheduling, overproduction, food
waste, cooking loss), managing

high number of guests with
high-quality dishes, costs and
investments, energy efficiency

-
“Der Gewichtsverlust ist gering”

[37]
(The weight loss is low.)

Desirability
Terms describing
taste, texture, or

appearance

Taste, aroma, texture, color,
appearance, tenderness, juiciness,

browning, Maillard

“Durch das Vakuumieren können
keine Aromastoffe ausgelaugt

werden” [35].
(Vacuum sealing prevents flavor
compounds from leaching out)
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In addition, the presence of exercises on sous vide was checked. If present, we also
checked whether the exercises contained aspects of sustainability or encouraged students to
consider sustainability issues. This comprehensive approach enabled all information on the
sustainability aspects of sous vide in the textbooks and workbooks to be gathered together.

3. Results
3.1. Literature Analysis of Sustainable Aspects of Sous Vide

The literature analysis revealed that sous vide is a multifaceted topic with a number
of environmental, health, social, and economic implications. In Figure 2, an overview
of all identified sustainability aspects and their potential interdimensional overlap be-
tween the dimensions of environmental impact, health impact, economic impact and social
impact is shown. This overlap is illustrated by the gradient color fill of the text boxes.
The four dimensions of sustainability of sous vide are described in more detail in the
following subchapters.

Figure 2. An overview of all sustainability aspects concerning sous vide, as identified in the literature
review. Their potential interdimensional overlap is indicated by their gradient color fills (light green:
environmental impacts, dark green: health impacts, blue: economic impacts, yellow: social impacts).

3.1.1. Environmental Impact

The use of natural resources, as well as the recycling or disposal of waste, play an
important role in the overall sustainability of the food system [38]. It has been demonstrated
that the total life cycle of one portion of food product results in lower global warming
potential when the sous-vide technique is used (2.664 ng) compared to traditional cooking
techniques such as boiling or frying (4.702 ng) [9]. The carbon footprint of sous-vide-cooked
food products depends on the electricity consumption (cooking temperature, treatment
time), water usage, and the carbon footprint of the bag and product itself (production,
transport) [39]. In addition to purchasing organic, seasonal and regional products, the
overall environmental sustainability of sous vide can be improved by managing waste
efficiency and using material, water and energy sustainably.
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• Origin of ingredients

The environmental impacts of sous vide can vary drastically depending on the type
of food (often fish or meat) and its particular production system. The impacts include
water and land use, fertilizer and pesticide application, greenhouse gas emissions from
production and transport, and biodiversity. They can accelerate environmental degradation
and the exploitation of land [40,41]. Additionally, sourcing food locally or regionally
produced foods from regenerative farms or from well-managed pasture-raised animals
can significantly impact the environmental sustainability, nutritional value and safety
of the food chosen [42–44]. Labels indicating organic or fair-trade production facilitate
the purchase of ingredients that are more environmentally and socially friendly [45,46].
However, most consumers would prefer to search for a single sustainability label that
addresses multiple dimensions of sustainability [47].

• Food waste and associated natural resource use

The sous-vide method can help to reduce food waste by minimizing cooking waste and
the perishing of fresh ingredients as well as preventing overproduction [48]. Additionally,
cooking losses can be reduced depending on the food product, temperature and time. It
has been demonstrated that losses can be as low as 8% for beef, 10% for chicken and 12%
for pork. Yield mainly decreases with increasing temperature [49]. Potato loss can also be
reduced from 5% to 2% when sous vide is used instead of traditional cooking methods
such as boiling or frying [9]. With approximately 5.5 million tonnes of avoidable food
waste generated in Germany each year [50], food waste reduction could play a significant
role in decreasing the use of natural resources such as irrigation water and land use in the
agricultural sector [38]. Furthermore, unlike boiling foods, the freshwater used for sous-
vide water baths can potentially be reused multiple times before cleaning the equipment
becomes necessary [51].

• Plastic waste

Every year, Germany exports around one million tonnes of plastic waste, primarily
in the form of plastic packaging made from polyethylene and polypropylene (which are
also used for vacuum bags), as well as polystyrene. This makes up one sixth of national
annual plastic waste. Proper recycling cannot be guaranteed in importing countries such
as Malaysia or Turkey, which are posing a threat to the local environment and human
health [52]. Using and disposing of a plastic bag for each food item stands in stark contrast
to sustainability goals, even if the bag’s chemical composition theoretically allows for
recycling [53]. However, if they are not recycled, plastic bags can pose a significant risk
to environmental health [54]. Reusable plastic bags with zip fastening and air valves
can be reused up to 50 times [55]. Suitable alternatives include reusable, heat-resistant
silicone bags that are free from plasticizers [56] as well as stainless steel containers with
lids equipped with air-valves [57].

• Energy

Głuchowski et al. [48] found that sous vide, including vacuum sealing, requires five
to ten times more energy than traditional cooking or steaming methods. Therefore, this
technique is only energetically efficient when used in large commercial kitchens [58]. Well
insulated and tempered water containers can keep total energy use relatively low [58–60].
Regardless of the steps taken to minimize overall energy use, using renewable energy
sources is the most effective way to reduce global greenhouse gas emissions.

3.1.2. Health Impacts

• Nutrition and Sensory Aspects

https://doi.org/10.3390/gastronomy4030016
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Because sous vide foods do not come into direct contact with cooking liquids and
are processed at lower cooking temperatures, they retain more minerals and vitamins
than foods cooked by other methods [32,61–64]. This is due to the protection of nutrients
susceptible to oxidation and heat degradation [18], as well as the preservation of plant
cell membranes that act as a physical barrier to nutrient leaching [65–67]. As a gentler
cooking method, sous vide also preserves color [61,67–69], texture [70,71], juiciness and
tenderness better than other cooking methods, especially with respect to meats [72,73].
It was shown that sous vide improves the quality of meat, including its sensory and
nutritional properties [74]. For vegetables, improved bioavailability and bioaccessibility of
phytonutrients have been observed [75]. Furthermore, the antioxidant activity and total
phenolic, carotenoid, glucosinolate and chlorophyll contents of broccoli were improved
with sous-vide processing compared to conventional thermal processing [76]. However,
some meat products require a two-step cooking method such as sous vide followed by
grilling, or searing in a pan followed by sous vide to generate roasting flavors and colors
thanks to the Maillard reaction [13,18]. Additionally, higher palatability of meat is achieved
at temperatures above70 ◦C. This is presumably due to the development of umami flavor
from nucleotides and volatile flavor due to degradation of amino acids [77].

• Plasticisers

Vacuum bags, which are primarily made of polyethylene or polypropylene [78,79], are
typically used for sous vide. Both materials are associated with low health risks [79]. Oz
and Seyvar [80] assessed the migration of bisphenol A (BPA) during sous vide and found
concentrations as low as 0.005–0.025 mg/kg in the studied foods. These concentrations
are below the current European Union threshold of 0.6 mg/kg of food [81] but above the
upcoming threshold of not being detectable with a limit of detection of 0.01 mg/kg of
food [82]. In a 2023 opinion paper, the European Food Safety Authority (EFSA) concluded
that dietary exposure to BPA was a health concern and recommended a tolerable daily
intake (TDI) 20,000 times lower than previously recommended (0.2 ng/kg body weight per
day instead of 4 µg/kg body weight per day) [83]. Due to this EFSA opinion, there is an
ongoing initiative to “impose a ban on the use of BPA in food contact materials (FCMs),
including plastic and coated packaging” [84]. However, vacuum bag producers often do
not list precise chemical compositions. Currently, customers must rely entirely on producer
information regarding BPA and other plasticizers. By sampling over 300 products, Yang
et al. [85] found that nearly all commercially available plastic products leached detectable
amounts of estrogenic chemicals, including those advertised as BPA-free. Some of these
products leached estrogenic chemicals at higher rates than products with declared BPA
contents [85].

• Micro- and nanoplastics

Conservative estimates of the amount of micro- and nanoplastic ingestion through
food on a per capita basis amounts to 39,000 to 52,000 particles annually. However, food
overconsumption, inhalation, and consumption of bottled water more than double these
estimates [86]. All foods containing such particles threaten human and environmental
health. The ongoing use of plastic products, such as vacuum bags used for sous vide,
further contributes to the accumulation of micro- and nanoplastics in our food systems [87].
One study compared the microplastic content of packaged salmon with and without oil
using sous vide at temperatures ranging from 45 and 80 ◦C and concluded that sous vide
can promote the release of microplastics from vacuum packaging. The highest amount of
microplastics was detected in the fish marinated with oil and subjected to heat treatment at
80 ◦C. However, all microplastic levels found were below the individual limit of quantifica-
tion [88]. While the direct health impacts of plasticizers from sous vide might be minimal,
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the indirect impacts from plastic use could pose an additional health and environmental
risk [87].

• Microbiological safety

To eliminate any microbiological hazards, the core temperature of food has to be
held at 72 ◦C for two minutes [89,90], which is equivalent to the pasteurization process.
Regular sous vide temperatures are below this specific threshold, which is offset by an
extended cooking time [26,32,68] at a minimum temperature of 60 ◦C, which is necessary
to ensure microbiological safety [91]. Although this is sufficient for food preparation, the
effectiveness of these conditions in eliminating microbial pathogens, including viruses,
parasites, and vegetative and spore forms of bacteria, is limited [92]—a fact that needs to be
kept in mind when handling food using sous vide. To ensure food safety, adding natural
antimicrobials, such as essential oils, has been shown to be effective [93]. Additionally,
recontamination of foods with microorganisms is prevented as long as foods stay within
vacuum bags [20,23,28]. Adhering to the cold chain allows for the safe frozen storage
of sous-vide foods for up to 21 days [57,94,95], which also suppresses the growth of
particularly resistant microorganisms, such as Listeria monocytogenes, Bacillus cereus and
Clostridium botulinum [23,27]. In compliance with general food safety rules, sous vide has
been safely practiced for years [96,97].

3.1.3. Social Impacts

In addition to fair wages, continued training, and additional benefits, efforts to ensure
the continued mental and physical health and resilience of workers are also critical for the
social sustainability of (catering) businesses [98]. Employment in the catering sector often
involves low entry qualifications and working under high time pressure. Although sous
vide takes longer to prepare than conventional techniques, it allows food to be prepared
in advance and shortens the time taken to prepare food before serving. This creates a
temporal buffer, which can facilitate kitchen management and reduce the workload of
kitchen personnel, especially during peak hours [30]. It also requires less preparation
such as adjusting cooking temperature or rotation, freeing up time for other tasks [99]. As
sous-vide food can be regenerated without specific professional qualifications, kitchen chefs
do not need to be present when food is ordered [95]. However, training of the operating
personnel remains necessary [100].

3.1.4. Economic Impacts

Sous vide has the potential to reduce labor, material and storage costs [74]. Since it
allows for better planning and management in the kitchen, sous vide can contribute to more
efficient personnel scheduling, which can lead to lower labor costs [30,95,99]. Additionally,
it can reduce or avoid food waste due to overproduction because dishes can be frozen and
reheated as needed without losing their sensory qualities. This increases the caterer’s ability
to offer a varied yet high-quality, reproducible menu. On a larger scale, reduced electricity
needs could provide an additional economic advantage [95]. For example, sous vide has
been shown to use less energy than oven cooking at low temperatures [101]. However,
there is a lack of scientific evidence on the energy use of sous vide. Additionally, lower
food waste during cooking and decreased seasoning requirements can lower the overall
demand for commodities, and reduce the costs—but also the environmental impacts—of
food production [20,48,99]. However, relatively high initial costs might create a potential
obstacle for businesses. Still, many caterers may already have the necessary appliances,
such as bain-maries [95,99]. Since sous vide may not offer nutritional, sensory or economic
advantages to all dishes, businesses must weigh the costs and benefits of using it for
individual dishes [102].

https://doi.org/10.3390/gastronomy4030016

https://doi.org/10.3390/gastronomy4030016


Gastronomy 2026, 4, 16 11 of 20

The brief overview on economic but also environmental, health and social impacts
of sous vide shows that the topic is highly suitable to engage students in multifaceted
sustainability issues and highlight trade-offs. In the following sub-chapter, the coverage of
sous vide in textbooks in relation to sustainability was examined.

3.2. Sous Vide in Textbooks for Culinary Students

As interest in sous vide grew, culinary textbooks began including procedures and
providing guidance for training trainees in sous-vide methods. Table 3 shows an overview
of the results of a text and keyword analysis regarding sustainability aspects in seven
German culinary textbooks and two exemplary workbooks. Though the specific focus
varied between textbooks analyzed, all of them cover the basic technical procedures of sous
vide and focus primarily on developing students’ professional competencies. However,
both “Die Lehrküche” (the teaching kitchen) [103] and “Gastronomie Grundstufe” (gastron-
omy basics) [104] include some technical inconsistencies and errors, e.g., grouping sous
vide with cook-and-hold methods. With a total of 19 pages (four pages main text and
references on 15 additional pages), the textbook “Pauli Lehrbuch der Küche” (Pauli textbook
of the kitchen) [105] covers sous vide most extensively and includes additional learning
material in the form of a short video on DVD. With the exception of one open assess-
ment task, being identical in two out of the five books (in the textbooks by Herrmann
and colleagues [103,104]), none of the textbooks offer accompanying exercises for students.
There is also an exercise to translate the French term sous vide in the textbook by Bartl
and colleagues [36]. An additional exercise can be found in one of the two workbooks by
Brandes et al. [106]. Thus, the educational scope in all seven analyzed educational materials
mainly focuses on technical knowledge of sous vide itself.

Table 3. Overview of the results of a text and keyword analysis regarding the coverage of the topic
sous vide and its sustainability aspects in seven German culinary textbooks (1–7) and exemplary
workbooks (8–9). This includes number of pages covering sous vide as chapter or sub-chapter (main
text) and the number of pages with additional references to sous vide in other chapters, as well as the
direct, explicit and indirect references to sustainability aspects of sous vide.

Included German Culinary Textbooks
and Workbooks

No. of
Pages

No. of Pages Covering
Sous Vide

No. of References to
Sustainability Aspects (No.

of Accompanying
Exercises)

Main Text Further
References Direct Indirect

Textbooks

1 Pauli Lehrbuch der Küche (Pauli textbook
of the kitchen) [105] 720 4 15 0 (0) 35 (0)

2 Der junge Koch. Die junge Köchin (The
young cook) [35] 1152 4 10 0 (0) 28 (0)

3 Die Lehrküche (The teaching kitchen)
[103] 672 2 3 0 (0) 15 (1)

4 Gastronomie: Grundstufe (Gastronomy
basics) [104] 397 2 2 0 (0) 15 (1)

5 Erlebnis Küche 1 Koch/Köchin (Experience
kitchen 1) [37] 344 1 3 0 (0) 3 (0)

6 Erlebnis Küche 2 Koch/Köchin (Experience
kitchen 2) [36] 480 1 2 2 (0) 15 (0)
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Table 3. Cont.

Included German Culinary Textbooks
and Workbooks

No. of
Pages

No. of Pages Covering
Sous Vide

No. of References to
Sustainability Aspects (No.

of Accompanying
Exercises)

Main Text Further
References Direct Indirect

7 Der Gast & ich—Koch/Köchin (The guest &
me) [107] 575 1 0 0 (0) 5 (0)

Workbooks

8 Arbeitsheft Koch/Köchin—Schülerausgabe
(Workbook cook—student edition) [106] 267 0 0 0 (0) 0 (1)

9 Arbeitsheft Gastronomie: Grundstufe
(Workbook gastronomy basics) [108] 120 0 0 0 (0) 0 (0)

Every textbook contains a chapter on sustainability in catering businesses. However,
the environmental and social dimensions of sustainability are barely acknowledged in the
majority of the analyzed books. Only the two most recent textbooks “Erlebnis Küche Band
1 und 2” (Experience kitchen 1 and 2) [36,37] briefly cover environmental aspects such
as energy consumption, food waste, regionality, seasonality and carbon footprint on one
page [37] and packaging and food waste, degree of processing, regionality, seasonality,
utilization of leftovers, nose-to-tail, and waste separation on two pages [36]. Nevertheless,
the information on sous vide provided in all of the textbooks lists a number of aspects that
could be placed in a sustainability context.

The “Pauli Lehrbuch der Küche” (Pauli textbook of the kitchen) [105] lists the most
sustainability aspects of sous vide with 35 hits, referring to health 13, economic aspects
eleven, desirability seven, and environmental and social aspects each two times. The
sous vide content in “Der junge Koch Die junge Köchin” (the young cook) [35] amounts
to 28 sustainability-related hits, referring to economic aspects each twelve, desirability
aspects ten, health aspects three, environmental two times, and social aspects one time.
In comparison, “Die Lehrküche” (the teaching kitchen) [103] and “Gastronomie Grundstufe”
(gastronomy basics) [104] refer to economic aspects six, desirability aspects six, health
aspects two times, and social aspects one time (15 hits altogether each). Together, the
textbooks “Erlebnis Küche 1” and “Erlebnis Küche 2” (Experience kitchen 1 and 2) [36,37]
contain 20 sustainability-related aspects including seven aspects concerning desirability,
seven economic aspects, and four health aspects, as well as one environmental and one
social aspect. Only three sustainability-related aspects were identified in the first book,
“Erlebnis Küche 1” (Experience kitchen 1). One aspect mentioned in “Erlebnis Küche 2”
(Experience kitchen 2) is explicitly put into a sustainability context (via a sustainability
icon) and refers to the energy consumption of sous vide (both environmental and economic
aspect). This is the only explicit connection between sous vide and sustainability in all
seven analyzed textbooks. In the textbook “Der Gast & ich” (the guest and me) [107]
only five aspects concerning the sustainability of sous vide are mentioned (desirability
aspects four times and economic aspect once). Potential issues stemming from, for example,
plastic waste and plasticizers, are not discussed in all educational materials included in the
analysis. The energy use of sous vide is generally described as low, likely because there is a
lack of scientific evidence.

In conclusion, all textbooks cover sustainability issues as well as sous vide. How-
ever, a general lack of information on environmental and social sustainability together
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with a lack of direct links to sous and accompanying exercises, means that students are
unable to establish a conscious relationship between the two topics and engage with
them comprehensively.

4. Discussion
The literature review revealed a number of aspects concerning the sustainability of

sous vide. It showed that sous vide provides an appropriate topic for integrating sustain-
ability dimensions in culinary schools—especially compared to other cooking methods.
While each of the analyzed textbooks cover sustainability to some degree in a separate
chapter and list a number of aspects of sous vide (e.g., desirability, economics) that could
theoretically be placed in a sustainability context, only one directly addresses one of these
aspects (energy consumption) and none provide indirect coverage in the form of accom-
panying learning materials. Based on the current outline of the textbooks, students may
therefore struggle to establish a conscious relationship between the limited and incomplete
information provided in the sustainability chapter and the chapters covering sous-vide
methods. During their careers, future chefs will likely encounter sous vide, as its utiliza-
tion in the catering sector is increasing [20]. Despite being outlined in current textbooks,
this cooking method is not yet included in standardized professional training programs
in Germany. Of the available online teaching materials, only one wall chart on cooking
methods from the Federal Office for Agriculture and Food (BLE) [109] mentioned sous vide.
Given the growing consumer interest in sustainably produced meals and services [110], the
lack of sous-vide training materials for apprentices highlights four shortcomings of current
German culinary education:

1. Although current training standards were updated in 2022, they have yet to explicitly
include technical skills for increasingly popular cooking methods, such as sous vide.
However, it has been recommended that sous vide be taught as part of in-company-
training in the context of topic ‘9. Processing meat and offal’ [111].

2. With less than ten years remaining to achieve the national and international goal of
implementing education for sustainable development, this goal was finally embedded
in the VET curricula in summer 2021. A new standard occupational profile was
adopted dictating that general skills in sustainability be taught in every VET [112].
Until now, this issue has received little consideration at a national political level [113].

3. Comprehensive sustainability issues that go beyond a catering company’s direct
economic sustainability are inadequately covered. Other dimensions need to be
integrated and/or set in a direct sustainability context. For example, environmental
issues such as packaging waste are often mentioned in textbooks without being set in
this context.

4. The widespread implementation of education on sustainable development requires
students to be exposed to the practical implications of meeting generally defined sus-
tainability goals. This can be achieved by creating teaching and training materials that
allow for active engagement and application during practical learning and everyday
working life (compare [114]). One example is the numerous implications of sous vide
for environmental, social, health and economic sustainability.

The literature review showed that the benefits and challenges of sous vide depend on
process conditions, such as temperature and time, as well as the food product. Given the
information currently available, further research is required on the full life-cycle impacts
and the safety and recyclability of vacuum bags. Restaurants and cafeterias have an impact
on both our food system and general food culture by preparing millions of meals every
day. Present-day culinary education should therefore aim to equip future chefs with
the knowledge and skills to make informed decisions and create healthy, nutritious and
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sustainable dishes. However, education on sustainable development has yet to be fully and
comprehensively implemented in VET of future chefs in Germany. Although environmental
protection has been part of the curriculum for several decades, a practical multi-dimensional
implementation of sustainability has yet to be achieved [115]. Nevertheless, even before the
revised national Vocational Education and Training Act [10] was passed in 2020, efforts had
already been made to advance culinary curricula by developing new frameworks [116–118],
extending the current national teaching standards and issuing various teaching and training
materials to support teachers and students in integrating sustainability themes in the
classroom [119–122]. Topics covered include the seasonal and regional sourcing of fruit
and vegetables, sustainable fisheries, food waste and organic and/or climate-friendly
meat sources.

However, the example of sous vide in particular, and an exploration of the current
educational literature in general, revealed that there is still a lack of practical approaches
and materials that enable future chefs to develop an integrated understanding of various
sustainability issues across time and spatial scales, throughout work processes such as food
preparation and cooking (compare [121]). Although materials on a variety of environmental,
social, economic and health issues exist, they generally discuss these issues in isolation from
the overall work process or food supplies. For example, although various environmental
issues relating to fisheries are outlined in a number of available resources, their associated
social, economic and health aspects are entirely omitted [119]. Similarly, educational
materials on planning a sustainable breakfast buffet or sustainable convenience food are
lacking [120]. Once again, the only sustainability dimension discussed is the environmental
sustainability of ingredients. Despite the comprehensiveness of our literature reviews in
both English and German within the narrow scope of the culinary education in Germany,
potential limitations to these findings might lie in the exclusion of research and gray
literature on the sustainability of sous vide published in other languages and potential
German training materials which may be subject to change and which might complement
those from the range of major textbook and workbook publishers that we assessed, as well
as the additional (online) resources we discussed above. The representativeness of the
text analysis of only two workbooks is another limitation of the study. Furthermore, it
focused only on the suitability of sous vide to implement sustainability aspects in German
culinary VET and only considered German educational materials. A comparison with
educational materials from culinary VET in other countries is also missing. Additionally, a
comparison with other, traditional cooking methods (e.g., traditional roasting, steaming,
boiling) is missing. However, extending the study to other countries and languages, as well
as to other cooking methods, would have gone beyond the scope of the study. Another
limitation of the study is inductive coding during the text analysis. This approach depends
heavily on the researcher’s interpretation; there is a risk of subjectivity and bias. This
is exacerbated by the single coder performing the analysis. Furthermore, as the coding
schemes are tailor-made, they are difficult to reuse. Replicating the research or comparing
the results is therefore complicated.

5. Conclusions
The literature review revealed that the topic of sous vide provides ample opportuni-

ties to implement sustainability and its interdimensional trade-offs in culinary education.
However, our findings regarding the availability of teaching and learning materials in
Germany contrast sharply with the concept of truly transformative vocational education
and training, which combines economic development, social equity and environmental
sustainability concerns [123]. There is a risk that culinary students will not being able to
develop a complex, systemic understanding of, and application of, sustainability princi-
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ples. To transform current culinary education towards culinary education for sustainable
development and thus pave the way not only for national but also global socio-ecological
transformations needed to create sustainable food systems, a successful nationwide im-
plementation through integrated teaching approaches and materials instead of the still
prevailing compartmentalized ones is urgently needed. Future research could focus on
developing and testing the effectiveness of practical applications of adaptable, transferable
teaching approaches, such as learning stations, which allow students to combine various
self-selected teaching modules on a range of sustainability issues. While integrating exist-
ing materials, these could be developed to cover new culinary trends, such as sous vide,
or air or vacuum frying, for which a range of sustainability issues could be presented and
discussed by students simultaneously.
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