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Editorial

Meat as part of the solution
Animal husbandry contributes to climate protection

A

t the World Climate Conference in
Glasgow, 45 governments committed themselves to follow the goal of a
sustainable agriculture and food production.
By investing money and resources they seek to
transform their agriculture to be more environmentally friendly and sustainable. Supporting countries declared their willingness to
provide a total of $ 4 billion for this purpose.
However, it has not yet been announced which
countries are going to back the project. The
money is going to be used, among other
things, to produce climate-resilient crops,
support gentle soil management and other
solutions, which are affordable and accessible
to hundreds of millions of farmers.
Methane emissions from livestock farming are
also repeatedly criticised and held responsible
for climate change. In the public debate,
greenhouse gases from so-called factory farming are also condemned. The agricultural
sector needs to respond to this development.
Farmers have to demonstrate that they are
committed to sustainable solutions and are not
ignorant of the dire situation. For example, it
is often forgotten that grasslands are inaccessible to humans as a source of protein. The
transformation of grasslands into a highquality food ressource only happens through
cattle grazing. What other cultivation methods
are there?
At the same time, help is needed – especially
for the world's small farmers – to adapt to food
systems, which are more resilient. This requires progress in the management of ecosys-

tems, food production and consumption to
incorporate agricultural cycles and make better
use of technologies. After all, cattle are indispensable for feeding the world – through their
contribution to maintaining soil fertility and
limiting climate change: in sustainable pasture
management, ruminants help with the storage
of carbon in the soil as humus. Cows, sheep
and goats are particularly important for the
circular economy on organic farms.
Further down the value chain, increased resource efficiency in slaughtering, processing
and retailing provides opportunities for climate protection. Last but not least, there is
communication: the industry will have to work
to add objectivity to the debate on meat and
climate. Because not all meat has the same
impact. For instance, meat from breeds of beef
cattle must be valued differently to meat from
dairy cattle, which have more than one purpose. Meat can be part of the solution for
climate protection. After all, it is an exceptional
food resource with a higher nutrient density
and more protein than any other food. There is
widespread agreement that meat and meat
products are of high-quality. Despite all of this,
agriculture and especially animal husbandry
needs to become sustainable and less ecologically harmful. This task also needs the utmost
governmental attention. France serves as a
great example of actively working on decreasing the impact of agriculture on climate
change. In 2017, the President of France himself stressed the importance by initiating a
broad-based participatory process to restructure the entire agricultural sector.

Gerd Abeln
Editor
FLEISCHWIRTSCHAFT
international
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Autochthonous starter cultures improve the quality of
traditional dry-fermented sausage

By Branislav Šojić, Vladimir Tomović, Predrag Ikonić, Bojana Danilović,
Snežana Škaljac, Marija Jokanović, and Bojana Ik

Vitamin E influences proteome profile of beef longissimus
lumborum muscle
By H. M. Kim, S. P. Suman, Y. Wang, S. Li, C. M. Beach, M. N. Nair,
C. Zhai, B. N. Harsh, D. D. Boler, A. C. Dilger, and D. W. Shike

Research news

5

Fleischwirtschaft international 4_2021

News
ASF

Significantly more cases
There has been evidence of African swine fever
(ASF) in 13 European countries so far this year.
Based on data from the Animal Disease Notification System, a total of 11,755 infections have
been detected in wild and domestic pigs in the
European Union, including Serbia, Moldova and
Ukraine. In the whole of 2020, there had been
12,315 outbreaks of ASF; this level is expected
to be exceeded this month.
In domestic pigs, the number of currently
reported ASF outbreaks is already well above
last year's level of 1,241 cases, at 1,676. The
inglorious front-runner here is Romania with
1,495 detections; this was 42% more than in the
whole of last year. In Poland, 119 cases of ASF
have been reported in domestic pig herds so far
this year, compared to 103 in 2020. In Serbia,

outbreaks have doubled from 16 to 32 cases. In
Germany, the three cases detected in July in
holdings in Brandenburg have been the only
ones reported so far. In terms of disease incidence in the wild boar population, there had
been a total of 11,074 detections of ASF in 2020,
according to the FLI; at the beginning of November 2021, the number of positive findings
was 10,079. Hungary accounted for most of
these, with 2,474; it was closely followed by
Poland with 2,311 and Germany with 2,198 infections in the black boars. In Bulgaria, the spread
of the animal disease in the wild boar population has noticeably decreased from 533 cases
in the previous year to 202 most recently; in
Slovakia, on the other hand, there has been a
significant increase from 388 to 1,498 cases.

World Climate Conference

30% less methane by 2030
The reduction is to be calculated in comparison with the year 2020. To this end, the countries joined the "Global Methane Pledge" initiated and signed by the EU and the USA in

The map of the countries participating in the
Global Methane Pledge with the silhouette of the
US Special Envoy for Climate Issues, John Kerry.
Photo: picture alliance / Reuters / Kevin Lamarque

September. However, it was regretted, particularly in EU Commission circles, that important
countries such as Australia, Brazil, China, India
and Russia have not yet joined the declaration.
However, countries that are responsible for
around half of the world's methane emissions
and at the same time represent around 70% of
the global economy are now involved. In addition to the initiators, the EU and the USA, the
signatories also include Germany and France,
Canada, Israel and Japan. Argentina and Ghana
are also among the supporters.
With regard to agriculture, the EU Commission had said that, among other things, work
would be done to accelerate the introduction
of emission reduction technologies through
wider use of carbon farming in member states
and through its strategic plans for the new
Common Agricultural Policy (CAP). In addition,
the production of biomethane from agricultural wastes and residues should be promoted.

GFI

New strategic partner of IFFA 2022
IFFA is the international B2B meeting place for
the meat and alternative protein industries.
The triennial event covers all the steps from
ingredients to processing to packaging. As
conventional, plant-based and cultivated meat
use largely the same processing technologies,
the leading equipment and ingredients suppliers will present their new developments for all
these sectors from 14 to 19 May in Frankfurt am
Main. The Good Food Institute Europe (GFI
Europe) is an international NGO working to build
a sustainable, secure and just food system.

GFI Europe will present itself at IFFA 2022 as
part of the IFFA Factory, the exhibition area
where production processes are shown in live
demonstrations. In addition, the institute will
enrich the lecture programme and topical
guided tours and, thus, offer IFFA participants
from the food industry an informative added
value. Besides GFI Europe, Messe Frankfurt has
managed to win BALPro as another important
partner for the new product field.
//www.iffa.messefrankfurt.com

6

Fleischwirtschaft international 4_2021

News
Ranking

The Top 100 in the industry
The industry ranking of the "Top 100 Companies in the Meat Industry",
which the editorial teams of afz – allgemeine fleischer zeitung and
FLEISCHWIRTSCHAFT are presenting for the 17th time this year, shows
what impact the turbulent year 2020 had on the industry and its company balance sheets. The slaughter companies delivered rather mixed
balance sheets, real leaps in growth were rare. When they do occur, it's
through corporate acquisitions. More often, you see decreased sales in
the "Top 100" rankings. Our current industry ranking of the "Top 100 companies in the meat industry" shows what impact this turbulence had on
sales in 2020. The consequences had a particularly severe impact on the
industry leader Tönnies (number 1 in the Top 100 ranking), which otherwise only knows growth. After worldwide sales of € 7.3 bn. in 2019, the
value fell in the first Corona year to € 7.05 bn.
The slaughter group had suffered particularly from the Corona outbreak in Rheda. For four weeks, Germany's largest slaughterhouse was
at a standstill and was initially also only allowed to restart with curbed
power. The resulting discussion about the widespread principle of work
contracts in the meat industry and the subsequent ban then presented
the entire industry with major challenges. The second major reason for
the "stagnation" of growth, as the Tönnies Group itself puts it: the pig
price. At the beginning of 2020, pork prices were still on the rise due to
strong demand from China, but this upward trend soon came to an end.
This was followed by import stops in important third-country markets
after the first ASP discovery in wild boar. As a result, the price fell successively from € 2.02 in March to € 1.19 at the end of the year.
Westfleisch regained second place in the ranking of the "Top 100" from
afz and FLEISCHWIRTSCHAFT. The Münster-based company increased its
turnover to € 2.83 bn. despite the adverse market situation and relegated its competitor Vion to third place. The Dutch-German slaughterhouse group only reported stagnating sales of € 2.8 bn. for the past year.
For 2020, the slaughterhouses for pigs and cattle delivered rather
mixed balances – in the top 10 pig slaughterhouses, only three companies show real leaps in growth: Böseler (20), Steinemann (24) and
Willms (11). Steinemann from Steinfeld in Lower Saxony benefited from
the takeover of the slaughterhouse of the Osnabrück producer group in
Georgsmarienhütte on 1 January 2020, making the biggest jump. As a

result, the holding company's pig slaughterings rose cumulatively to
€ 1.35 mill., pushing the Steinfeld-based company up to eighth place in
the top 10 pig slaughterers. Turnover increased by almost 50% to almost
€ 400 mill.
Beef production in Germany continues to decline noticeably. Nevertheless, two companies in the current top 10 of German beef slaughterers
managed to increase their slaughter figures: Westfleisch (2) successfully bucked the industry trend with a slight increase of 0.6% or 2,750
slaughters. And Attenberger (41) benefited from the takeover of the
slaughterhouse in Traunstein. Max Attenberger took over the business
with the newly founded Almrind GmbH. He comes from the family business Attenberger Fleisch, which operates the cattle slaughtering at the
Munich abattoir. At present, the Traunstein slaughterhouse slaughters
around 1,000 cattle per week. As a result, the Munich-based company
has increased its turnover by a whopping 40%: to € 210 mill. They now
rank 7th in the top 10 German cattle slaughterers.
The suppliers of poultry meat and corresponding products were severely shaken by the lockdown of the out-of-home market. Here, too,
some slaughterhouses were temporarily closed due to employee infections. These losses could not be fully compensated for by increased
sales via the food retail trade. At least sales prices rose moderately. As a
result, the balance sheets of poultry slaughterers often show just stagnating sales. Heidemark (17) and Sprehe (13), in particular, even recorded
a sharp drop in sales compared to the previous year.
r SI

Nabati

Sigma

Tyson

Suisag

Nabati Foods is partnering with
IMCD Japan, a leading specialty
chemicals and food ingredients
distributor, to distribute Nabati
Foods’ complete product line
throughout Japan.
The partnership will focus on
distribution via foodservice, industrial, and grocery channels. Nabati
Foods is sold under the brand
name Itaban in Japan. The deal will
include distribution of: Plant Eggz,
Cheeze: both cheddar style and
mozzarella style, plant-based
meats: Chick’n burger, F’sh burger,
Plant-Based Burger, and PlantBased Groundz and dairy-free
cheesecakes: blueberry, peanut
butter, chocolate, and tiramisu.

Sigma Alimentos of Mexico, the
parent company of Campofrio, is
selling six plants in the Netherlands and Belgium to the Ter Beke
Group. The transaction will be
completed in the coming months,
subject to approval by the relevant
competition authorities, the Mexicans say. The companies did not
disclose the financial terms of the
sale.
Specifically, the deal includes
five Belgian (Lievegem, Cornby,
Amando, Dacor, Champlon) and one
Dutch production facility, as well
as the Marcassou, Imperial, Stegeman, Leielander and Bistro brands,
according to a company statement.

Tyson Foods invests $ 355 mill. to
build a 400,000-square-foot manufacturing facility in Bowling
Green, Kentucky, USA. The factory
will produce Jimmy Dean and
Wright Brand's bacon-based products and is expected to create 450
full-time jobs. The company currently employs more than 3,900
people across Kentucky and has
operations in Claryville, Albany and
Robards. The company's investment in the food sector is in addition to those made in the beverage
sector and in agritech in Kentucky.
Here the Group owns more than
350 facilities. The opening of the
plant is scheduled for the end of
2023.

The Swiss pig breeding company
Suisag has founded its first foreign
subsidiary, Suisag DBN GmbH, in
Hesse. As Suisag announced at the
beginning of November, customers
in Belgium and the Netherlands are
also to be served from the German
location and offered more service
at a high level.
The internationalisation is intended to maintain the critical
population size for Swiss breeds
and to financially support the
breeding work in the Alpine Republic. According to Suisag, the demand from livestock farmers for
well-balanced mother pigs and
healthy quality piglets is increasing.

International distribution
expanded

//www.nabati.ca

Ter Beke acquires
Campofrio plants

//www.sigma-alimentos.com

In pork production, the end of the boom is in sight: both the supply of slaughter
animals is declining but so is demand in the domestic market. Photo: Imago / VCG

$ 355 mill. investment
in a bacon plant

//www.tysonfoods.com

First subsidiary
abroad founded

//www.suisag.ch
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News
Azelis

Collaboration with CP Kelco

Trade

Spain remains
top pork supplier

As reported by the Danish Agriculture and Food Federation (L&F)
based on data from Beijing Trade
Statistics, pork imports, including
by-products, decreased by about
252,000 t, or also 6%, to 3.93 mill. t
in the first three quarters of 2021
compared to the same period last
year. Around 77% of this was accounted for by fresh and frozen
products, which fell by 6% to
3.02 mill. t; the decline in offal
products was similarly large at 6.1%
to 907,400 t.
//www.azelis.com
Despite the recent slump in
Chinese imports, which in September amounted to just over 310,000 t,
Spain was able to expand its leadPork trade
ing position as a top supplier
thanks to high exports at the beginning of the year. The Iberians
increased their sales of halves and
The Brazilian Animal Protein Association (ABPA) recently reported that
cuts in the People's Republic by
112,200 t, including processed products, were sold on the world market
53.4% to almost 945,000 t comin September, which was not only 29.7% more than the same month last
year, but the most ever sold in a single month. Business in China played a pared to January to September
2020. Together with the byproducts,
noticeable part in this, as goods shipped there increased by 22% to
a total of 1.16 mill. t were sold there,
53,400 t compared to September 2020. The association firmly believes
that new export and revenue records will be achieved in 2021 as a whole. almost half more than in the prioryear period.
In the first three quarters, Brazilian pork exports increased 13.6% yearThe USA was way behind with
on-year to 868,800 t; the resulting revenue skyrocketed 22.9% to
601,100 t; this was also a good fifth
$2.06 bn. This is equivalent to around € 1.78 bn.
less than in the comparable period.
Although the Americans were able
to increase their shipments of
Zandbergen
by-products to China by 30% to
243,000 t, deliveries of fresh and
frozen products were down by
The Jan Zandbergen Group "Innovation that matters" – consisting of Jan
almost 223,000 t or 38.3% to
Zandbergen B.V., Diviande and the Future Food Group – is increasingly
358,100 t. Competitor Brazil, on the
focusing on modern concepts and product development.
other hand, increased its exports of
Van Bokhorst Architecten from Nijkerk are responsible for the design of frozen pork to the People's Republic
the new building, which will be located on the Electronenstraat in Veeby 17% to 402,600 t, and in the case
nendaal. At the new site, there will not only be enough space for the
of by-products by 81% to just under
activities of the research and development department (from a large
14,100 t, starting from a low level.
room for product development to a scullery, a refrigeration and freezing
In addition to Spain, many other
cell and a test room), but also for office facilities and conference rooms. EU countries also enjoyed higher
A separate fitness area is planned for employees, and a parking garage
export volumes to China; these
is to be built under the building. The total floor space is approximately
included the Netherlands, Denmark
3,000 m2. Completion is expected in the third quarter of 2022.
and France. In recent months,
however, their sales to China have
//www.zandbergen.com
also fallen sharply.
Azelis, a leading global innovation service provider in the specialty chemicals and food ingredients industry, announces the strengthening of its
worldwide partnership with CP Kelco. The new distribution scope extension
names Azelis as the exclusive distribution partner of CP Kelco across numerous countries and market segments. As of November 2021, Azelis will
be the exclusive distribution partner in Algeria, Egypt, Libya and certain
territories within the Middle East, including Saudi Arabia, Lebanon, UAE,
Qatar, Jordan, Oman, Kuwait, Bahrain and Iraq for the Food & Health market
segment, and in Northern Ireland for all applications.
Effective January 2022, Azelis will be the exclusive distribution partner of
CP Kelco in Belgium for all applications and will add the Food & Health
market segment in Russia, also becoming the exclusive distribution partner
for all applications in the country.

Brazil exported more

Construction started

The module is already fully
operational. Photo: VLAM

Animal Welfare

Belpork initiates
new module
Belpork has developed an animal
welfare module for the Belgian
pork industry. BePork stands for
high-quality Belgian pork. The
standards, which go beyond legislation, focus on animal health,
animal welfare, sustainability, food
safety and traceability and were
designed for the livestock farmers,
transport companies, slaughterhouses and cutting plants. This
cross-stage approach stands out
from other systems, as the latter
are often mainly limited to the
livestock stage.

Alternatives

Mealworm factory under
construction
The foundation was laid near
Rostock (Germany) for a factory to
produce proteins from mealworms.
The operator is Inova Protein GmbH.
Inova's concept is not only to
produce mealworms in Roggentin,
but also to process them directly
on site. The start-up company
plans to use the dried insects to
produce protein meal, insect oil,
chitin and fertilizer with applications in animal and human nutrition. The company expects to
produce 1.5 t of insect meal per
month. Especially in feed production, mealworms could offer an
attractive alternative.
r AZ
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News
Vion

BlueNalu

With the arrival of Dr. Mark Betzold (middle) as the new
Managing Director for Production and Technology (CTO),
Albert Handtmann Maschinenfabrik GmbH & Co. KG has
completed the restructuring of its corporate management,
according to the southern German company. As Commercial
Managing Director, Valentin Ulrich (right) is in charge of
Finance, Controlling, Services and Infrastructure (CFO).
Harald Suchanka (left) was appointed CEO, who is also
responsible for all sales activities of the machine manufacturer as CSO.
Betzold, who was born in Gräfelfingen, brings with him
the necessary expertise for his new task in the Filling and
Portioning Systems Division. After studying mechanical
engineering with a specialisation in production technology
and then earning a doctorate in engineering at the machine
tool laboratory at RWTH Aachen University, he spent more
than 15 years in practical work with management experience in various technical functions at the SIG Combibloc
Group, a leading systems and solutions provider for aseptic
packaging headquartered in Neuhausen, Switzerland.

Vion

..............................................................

Management team completed

Uwe Tost took over the position of
Director Supply Chain Pork Germany
at Vion on 1 October 2021. After
holding various management
positions, he has worked for Westfleisch since 2001, before moving
to competitor Tönnies in 2019. In
his new role at Vion, Tost is responsible for the entire Pork operations in Germany, including Livestock.
//www.vionfoodgroup.com

Advertisement

www.handtmann.de

BlueNalu appointed Lauran Madden, Ph.D., to chief technology
officer (CTO). As CTO, Madden will
continue to drive BlueNalu in its
next phase of growth, leading the
company through research and
development innovations in preparation for the initial market launch
of its cell-cultured seafood products.
Madden joined BlueNalu in 2018
as the first employee and has been
instrumental in developing the
technology strategy and leading
the research and product development (R&D) team. In just three
years, she has led the R&D team
through significant technology
milestones.
//www.bluenalu.com

Redefine Meat

Ponnath

Matthias Rensch
joins the Group

Hormel Foods announced the
advancement of Wendy Watkins to
the new post of senior vice president and chief communications
officer. Watkins continues her
stewardship of the Hormel Foods
corporate reputation, internal and
external communications, corporate social responsibility and
issues management.

Reinforcement by Nestle
and Unilever executives

Ponnath

Hormel Foods

Watkins advances
to SVP and CCO

DMK's (Deutsches Milchkontor,
Bremen) Chief Brand Officer
Matthias Rensch is moving to the
Ponnath Group, where he will initially assume responsibility for
marketing, sales and strategy
across all the group's activities.
Rensch has been with DMK for eight
years, where he will continue as
COO until end of March 2022.
r LZ
//www.ponnath.de

Scandi Standard

Tunestål will join the
company in May the latest

Redefine Meat

Hormel Foods

//www.hormelfoods.com

BlueNalu

Tost named Director Supply New chief technology
officer appointed
Chain Pork Germany

Redefine Meat Ltd announced two
new business leadership appointments. Ahead of the European
commercial launch of New-Meat
next month, Redefine Meat has
appointed Edwin Bark as Senior
Vice President and General Manager EMEA, and Adrian Sagman
(Photo) as Director of Global Sales
and Business Development.
//www.redefinemeat.com

The Board of Directors of Scandi
Standard appointed Jonas Tunestål
(Photo) as new managing director
and CEO. Tunestål is currently CEO
of KLS Ugglarps and Executive Vice
President of Danish Crown. Interim
managing director and CEO
Otto Drakenberg will remain with
Scandi Standard until Tunestål
joins the company.
//www.scandistandard.com
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Freezing

The defrosting system with the D-Icer ensures gentle and fast handling of any type of meat, whether beef, pork or chicken.

Defrosting – fast and in high quality
Increased use of frozen meat requires reliable thawing
The demand for raw material in the
meat industry fosters the need for
stocks of frozen meat, whether due
to market pressure, to guarantee an
uninterrupted supply of raw materials, or due to geographical location.
The growing use of frozen meat
requires reliable, quality thawing in
the least time possible. This article
presents a comparative analysis
between different types of industrial processes relative to the use of
the D-Icer thawing system. Its
characteristics and the keys to the
process are described, along with
the advantages offered by this type
of technology: less time, traceability; total control over the process;
improved yield; less space required
and product safety; along with
versatility, the possibility for modular growth and a rapid return on
investment.
By M. Xargayó, E. Fernández,
B. Riera, M. Garcia,
A. Cabezas and J. Lagares

T

hawing raw material has always
been a storage method used in
the meat industry to guarantee a
regular and standardised meat
supply, in terms of quantity and
quality, as well as economic value.
The increase in the use of this
resource is due to both the increase
in meat product consumption as
well as the difficulty, in certain
markets, of obtaining fresh meat
continuously. Along with freezing,
another process is becoming a
challenge for many organisations:
Effective industrial thawing.
The meat industry has many
different thawing processes: water
immersion, climatic chamber, radio
frequency, microwave, and even
combinations of some of these
processes. The majority of these
have one factor in common: the
process is static, which involves a
long processing time, without guarantees of a stable product, which is
minimally uniform and controlled.
Of all these, the most commonly
used to date are the climatic chamber and water immersion.

The thawing method used is a
determining factor for the raw
material to maintain the characteristics of the meat. Nevertheless, the
freezing and storage process that will
establish this quality after thawing is
no less important (BACKI, 2018).

Thawing systems
r Climatic chamber
This thawing system consists of
placing blocks of meet manually on
shelves within a climatic chamber
for air to circulate between them.
Though there are variations, it is
generally a long process, and depending on the product type and size
of the blocks, it requires 1–2 days. To
accelerate the process a temperature
gradient with high humidity (steam)
tends to be used to achieve an environment that promotes thawing.
Due to the long processing times,
which can take up to two days depending on the product and block
measurements, microbial growth
could be easily promoted. Another
important factor to highlight is the
need for a large thawing surface due

to the space this type of process
requires.
This system leads to significant
variability in the final product, with
differences in quality and the internal and external temperatures of the
meat, which can lead to dry or crusty
surfaces of the pieces. On the other
hand, there could be pieces where
the centre is still frozen, while others
are completely thawed. Losses in the
process tend to be high, leading to
considerable weight loss (4–6%),
both from water and proteins, thus
losing some of the properties that
cannot be recovered (PÉREZ-LINARES
et al., 2005).
r Water immersion
Water immersion thawing consists
of placing the blocks of product in
containers with water. Water is a
better conductor of heat than air, so
this process is faster than the climatic chamber. The biggest inconvenience is that the water cools rapidly
in contact with frozen blocks, so the
water must be changed or circulated
frequently, especially in the first few
hours. The primary drawback is a
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Freezing

Before D-Icer 4.0

After D-Icer 4.0

Poultry in particular, for example turkey breast, is transported over long distances. This cannot be done with fresh meat alone, which is why frozen goods are used.

greater loss and washing of proteins in the product, together with a
high risk of microbiological contamination, since a suitable habitat
for microorganismal growth is
generated.
Although this technology requires
a low initial investment, there are
cost overruns due to the large

amounts of water used, and in countries where this is a scarce resource,
the economic cost increases substantially.This process would not be
suitable for the thawing of smallsized raw material like ground meat
or cuts, as washing would exponentially increase the loss and risk of
contamination.

r Microwave (MW) or
Radio frequency (RF)
The principle of this technology is
based on the change of polarity of an
electromagnetic field where upon
vibrating the charges, heat energy is
generated, permitting thawing. In
reality, it is rarely used for total product thawing and is generally used

only to temper the blocks due to its
high energy cost. In these systems,
wide temperature variations are
produced, and there is little heat
penetration. The effect of both MW or
RF is superficial thawing that penetrates inwards to the centre of the
product. The major problem with this
technology occurs when the surface is
Advertisement
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Freezing

Defrosting - fast and in high quality

Before D-Icer 4.0

After D-Icer 4.0

Pork is now also traded globally in large quantities. The pork loin pictured here was transported frozen and thawed with the D-Icer.

already thawed, the electromagnetic
field continues acting and therefore
continues to generate heat, ending
up cooking the surface without yet
thawing the inner part of the block.
Although the process time is very
short, losses are fewer (KU, et al.,
2014) and a continuous process
could even be used; the major

problem is that once temperatures
of 0 °C are reached, points of superficial overheating can already be
detected in the meat (burnt areas).
In addition, it must be emphasised
that these are rather large lines that
are difficult to clean and sanitise.
This method is generally used only
as a complement to other technoloAdvertisement

gies to reduce the total process
time.
r Thawing drum
This is a process in which thawing
blocks of meat takes place within a
massaging chamber, using steam
and surface heat to create a suitable
environment for thawing. The
tilting of the drum serves to homogenize temperatures and separate
the blocks. Thawing in a drum is a
process that requires reliable and
widely tested technology to obtain
optimal raw material for industrial
processing. This technology has
many advantages compared to the
majority of technologies used for
thawing, since its success relies on
shorter process time and complete
monitoring of all phases of thawing, for the product and the factors
involved in the process.
There are different types of drums,
and though they may appear similar,
they do not all have suitable technology or the necessary control parameters. To achieve thawing in short
times and with optimal final temperatures, it is essential to have absolute
control over all factors and ensure
that the elements necessary for
thawing come into play to the right
extent and at the exact right time
throughout the process.
To meet all these needs, Metalquimia has developed the D-Icer
drum, capable of thawing any raw
material, applying the principles of
thermodynamics and energy transfer. The entire process is carried out
by controlling the input of steam into
a vacuum, avoiding the denaturation
of proteins or overcooking the surface of the product, and regulating
the environmental temperature
using thermal insulation. The movement of the drum promotes the

homogenisation of the product.
D-Icer thawing has severable settings
that can be controlled and adjusted
so that the final product is as close to
fresh or statically-thawed raw material as possible, but in less time and
with fewer losses.
To start the process, it is necessary to know the characteristics of
the product: what the blocks are
like, meat type, initial temperature,
and industrial aim of the product
(injection, grinding, cutting, etc.).
The importance of these factors will
determine the total thawing time,
which is shorter when the blocks
are smaller or have been previously
tempered (internal temperature
between –10 °C to –6 °C). There are
different options or complementary
technologies to accelerate thawing:
either tempering the product in a
MW or RF tunnel, or separating the
pieces that make up the block by
using a press. And if the final
product allows it, using a guillotine
to split the blocks into sheets or
smaller blocks. All of this will
depend on the final aim of the raw
material in question.
During the development of the
D-Icer drum, the variables that
directly affect the thawing process
were considered, and monitoring
systems were applied to each of
them to obtain total control and
oversight at any point in the
process. These variables are described below.

Temperature control
For fair comparison, the processes
were studied starting with an internal
block temperature of –18 °C / –15 °C
in all cases. The final desired temperature at the end of the thawing
process is set at 2 °C / 5 °C, ensuring
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Freezing
that once the process is complete, all
the meat is suitable for injection. If
the final product is intended for
cutting, it is recommended not to
fully thaw it all, attaining a temperature of –1 °C/–2 °C for optimal cutting without smearing.
During the first phases, high
energy input is required to obtain a
temperature increase of the product, until reaching an internal
temperature of –2 °C/–3 °C, controlling the surface temperature
through the thermal insulation. To
obtain this effect, it is necessary to
maintain an optimal environment,
so in the first phases the thermal
insulation requires higher temperatures, constantly controlled by
sensors installed in the drum.
This time can be considered a
critical point for thawing: when
more energy is required to go from
negative to positive temperature in
the product (CHEN, 1985). This
process is the one in which most
time is invested, as the heat energy
needed to achieve this change in
state must be added. Being an
endothermic process, the energy
input in heat form is absorbed by
the meat without increasing its
temperature. As not all meat mass
has the same “timing”, block thawing is carried out from the surface
inward and therefore the surface of
the product will thaw first, making
total external temperature control
of the mass essential.
In subsequent phases, the use of
the thermal insulation is needed to
maintain the temperature of the
mass at the optimal point. The
homogenisation of the temperature
of the meat mass is also promoted
by the rotation and tilting movements carried out throughout the
entire process and avoids prolonged
contact of the pieces with the thermal insulation.

Steam input to the vacuum
Steam input is a basic factor to
obtain an efficient process. But this
steam could not be used without a
vacuum environment inside the
drum. Therefore, the vacuum is the
key point for the added steam to go
from 100 °C at atmospheric pressure to under 33 °C upon coming
into contact with a strong vacuum
(0.05 Pa). The energy provided by
the steam upon condensing on the
surface of the product starts the
product’s thawing
The application of steam in the
process is generally carried out in

the first half of the process, when the
product is at negative temperatures
and has not yet reached the melting
point. This steam must be food
quality, so the line must use specific
filters to eliminate impurities
The amount of steam added
must be controlled during the
process to avoid an excess input of
water in the form of steam. This
control is carried out with established steam pressure and the load
cells upon which the drum is supported. The majority of meat types,
by their nature, tend to absorb the
added steam (parts from chicken,
turkey, pork shoulder, etc.), while
some barely absorb any water (pork
loin, pork shank). In the majority of
products, the final yield tends to be
positive, between 1–4% relative to
the frozen weight, while in other
thawing systems, these numbers
are negative.

4.0 Connectivity
All the variables involved in the
process are visible on the display
and can be exported in a report
form on any device. If a SCADAtype production information system is available, when connected to
the equipment, the current status of
the process can be viewed from any
device. This is the major advantage
of having 4.0 technology in any
equipment, being able to verify and
check any intermediate step of the
whole process minute by minute.

Advantages of the D-Icer
thawing system
All these factors help obtain a
quality final product in a short
process time. The advantages of
using a D-Icer drum for the thawing process are summarised in the
following points:
r Shorter thawing time
The reduction in thawing time is
one of its major advantages, speeding up the process from days to
hours, resulting in greater productivity that translates into greater
efficiency and safety.
As can be seen the times can vary
between three and fourteen hours,
depending on the product and its
initial temperature. There are many
factors that influence the total time,
such as the size of the blocks and
pieces. All of this is adjustable by
modifying the programme and
adapting it as needed. Other thawing systems are standardised and
do not allow for variation based on
the product, which does not allow
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Freezing

Defrosting - fast and in high quality
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These graphs show the relationship of time and temperature depending on the selected defrosting process. A direct comparison shows the process of six and eight hours in
length.

for thawing optimisation as with
the D-Icer system.
A clear example of the time variation caused by different initial conditions lies in beef products. Large
block pieces require longer times,
unless tempered before the process
or thawed as individual pieces. These
changes can lead to reductions of up
to 4 hours in final time. There are
other examples based on the size of
blocks made up of smaller pieces
like chicken breasts. Smaller blocks
help with easier separation of the
pieces, leading to clearly reduced
final times.
r Positive yields
The process yields can present an
increase of 1 to 4% above the initial
weight, as opposed to what occurs
in other thawing methods. These
increases can vary depending
mainly on the thawed product.
There are exceptions, such as pork
loin, which tends to have negative
yields.
r Optimisation of space and
resources
The use of the D-Icer drum allows
the reduction of space needed by
having high productivity, both for
the process times used as well as
the useful load capacity of the

various models of D-Icer (from 500
to 5,000 kg). Importantly, it also
allows for the possibility of modular
growth, adapted to the manufacturer’s needs.
r Food safety and hygiene
The use at all times of a vacuum
environment, together with short
process times and product temperature control, avoids excess temperatures at the surface of the product.
The ease of cleaning thanks to the
polished interior and CIP system
reduces cleaning time and aids in
sanitisation.
r Versatility
The versatility of the equipment is
not only based on the possibility of
defrosting any kind of meat with
different formats and initial temperatures, but also the possibility to
use the drum as a marinade by
absorption after thawing, optimising the process without interruptions or moving the product. Brine
can be loaded into the vacuum or
directly added and then the marinating programme starts.
r Return on investment
The reduction in process time and
positive yield from thawing allows a
greater volume of thawed meat to
be obtained per day than other

systems mentioned, leading to
production increases and profitability from the investment.

Conclusions
As it was already mentioned at the
start of this article, the large demand for products, combined with
price variability across the year and
the globalisation of the market, has
increased the need to use and store
frozen meat to maintain stable
production or reduce raw material
costs. To be able to guarantee a
standardised, quality product, as
well as a continuous supply for
industrial production, there must
be a fast, efficient, and reliable
thawing process in place.
From the thawing systems reviewed, including static thawing,
immersion, or MW/RF, these do
not offer complete solutions that
can satisfy the control and quality
requirements of the majority of
today’s enterprises. Resulting in:
long processing times, large plant
surfaces, loss of proteins and/or
surface cooking in some cases,
structural losses, and moreover, the
loss of control over the process and
the product itself. In contrast, the
use of the D-Icer system offers

major advantages relative to the rest
of the processes: speed, homogeneity, space optimisation, high productivity, food safety, and total
control over any phase of the thawing process; its variables, parameters, and control of the internal and
external temperature of the product. The process with the D-Icer
system in place is a clear alternative
to existing systems in order to meet
the market’s needs.
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News
World Climate Conference

Food Safety

Restructuring requested

USA fight against salmonella

Governments want to invest money and effort into transforming agriculture into a greener and more sustainable sector. The UK government,
which is hosting the global climate conference in Glasgow, said at the
weekend that supporters were ready to commit a total of $4 bn.
(€ 3.46 bn.) in public funds. The money will be used to make more climate-resilient crops, gentler soil management and other sustainable
solutions affordable and accessible to hundreds of millions of farmers,
among other things. However, which countries are supporting the
scheme has not yet been announced.
According to the UK Department of Agriculture (DEFRA), around a quarter of global greenhouse gas emissions come from agriculture, forestry
and other forms of land use. Therefore, there is an urgent need to reform
the way food is produced and consumed, especially as the demand for
agricultural products continues to increase due to the continued growth
of the world's population. Currently, forest land, agricultural soils and
important other ecosystems that played a crucial role in absorbing
carbon and cooling the planet continued to be lost. In addition, farmers'
livelihoods are also coming under increasing pressure as climate change
has a growing impact on farm productivity. To help farmers adapt and
make food systems more resilient for the future, the adoption of more
sustainable practices is essential. Specifically, the commitment made by
countries to more sustainable agriculture includes a pledge to support
internationally agreed "action agendas". According to DEFRA, these are
designed to identify steps that governments, farmers and others can
take to implement reforms and innovations to bring about the changes.

The US Department of Agriculture
(USDA) wants to further reduce the
load of salmonella in poultry products in order to counteract the
resulting and still too numerous
illnesses of consumers. As the
USDA stated, despite the steady
decline in salmonella contamination of poultry products, more
than one million people in the US
still contract salmonellosis each
year. About 23% of those infections are estimated to be due to
consumption of chicken and
turkey meat, he said. The goal, he
said, is to reduce the rate of
illnesses by 25% of the 2016–2018
mean, to 11.5 per 100,000 population, by 2030.
Therefore, he said, the Food
Safety Information Service will first
collect data to develop future
measures to prevent salmonella
contamination throughout the
poultry supply chain and produc-

23% of salmonellosis infections
in the US are due to consumption
of chicken and turkey meat.
Photo: Imago / agefotostock

tion system and better protect
public health. As new scientific
evidence suggests that not all
salmonella are equally likely to
cause human disease, the FSIS
will focus on the salmonella
serotypes and virulence factors
that pose the greatest risk to
public health, he said.
Advertisement
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Broiler Meat

The US is known for its love of poultry, even culminating in something called the Chicken Sandwich War. This is a marketing trend in the
history of fast food during which a great number of fast food chains introduced fried chicken sandwiches. The phenomenon began in 2019
and, as of 2021, is still ongoing. Photo: Imago / Westend61

In the country of chicken meat
Part 1: The dynamics of the US broiler industry
The focus of the two-part series is
on the dynamics and structures of
US chicken growing. This paper
looks at the historical success story
of poultry production in the US
and examines the country's basic
preconditions.
By Hans-Wilhelm Windhorst
he USA has been the leading
broiler meat producing country for several decades. In 2020, it
shared 17% of the global production volume, followed by China
with 12% and Brazil with 11%.
Behind Brazil, it was the second
largest broiler meat exporting
country, contributing almost 19%
to global exports. The USA was
the first country in which vertically integrated companies originated, which guaranteed quality
and safety of the product and

capita consumption made broiler
production the most successful
meat industry. In two papers, the
dynamics and spatial patterns
will be analysed. The first paper

Performance comparison
........................................

T

because of the progress in breeding were able to supply the consumers with a high quality protein to a reasonable price. A
continuously increasing per

The development of the basic parameters in broiler
growing between 1970 and 2020
Year
1970
1980
1990
2000
2010
2020

Growing period
(days)
56
53
48
47
47
47

Quelle: National Chicken Council

Live weight
(kg)
1.64
1.78
1.98
2.28
2.59
2.88

Feed conversion
rate
1 : 2.25
1 : 2.05
1 : 2.00
1 : 1.95
1 : 1.92
1 : 1.80
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deals with the dynamical development over the past 50 years,
the second will analyse the recent
spatial patterns of production
and trade.

Breeding is the
decisive parameter
With the introduction of breeder
lines for broiler growing in the
1950s, the success story of poultry meat production began. In the
following decades, the genetics of
the broiler lines improved continuously, resulting in shorter growing periods, a favourable feed
conversion rate and a higher
robustness of the birds.
Between 1970 and 2020, broiler
meat production increased from
3.5 mill. to almost 20 mill. t or by
573.4%. Figure 1 reveals the steep
growth of the production volume
between 1990 and 2000, a result
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Production
20

[1.000 . t]

15
10
5
0

.............................................

............................................

[mill. t]

Export

1970

1980

Source: KAUER based on USDA NASS

1990

2000

2010

2020

FLEISCHWIRTSCHAFT international 4_2021

Fig. 1: The development of the broiler meat production in the USA between the
years 1970 and 2020

of the fast increasing per capita
changes in the marketing of
consumption and of exports. In
broiler meat.
the following two decades, production grew by 2.8 mill. t respec- Changes in consumption
tively 3.4 mill. t, reaching a value and price
of almost exactly 20 mill. t in
To explain the dynamical devel2020, even though the Covid-19
opment in broiler meat producpandemic caused a temporary
tion, the development of meat
shutdown of some abattoirs and
consumption and of meat prices
further processing plants.
have to be analysed.
A closer look at the basic proFigure 3 documents the develduction parameters reveals that
opment of the per capita condespite the remarkable increase
sumption of the three most imof the average live weight, the
portant meat types in the anagrowing period was nine days
lysed decades. It is an obvious
shorter in 2020 than in 1970. The shift from red to white meat. The
continuously improved feed
per capita consumption of beef
conversion rate reduced the
fell by 11.6 kg or 30.3%, that of
production costs. This had farpork by 1.6 kg respectively 6.4%.
reaching impacts on meat conIn contrast, broiler meat consumption. The higher live weight sumption grew by 27 kg or
of the broilers reflects the
162.7%. The share of broiler meat
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Fig. 2: The development of the US broiler meat exports between the years 1970
and 2020

in total meat consumption increased from 18.9% in 1970 to
42.7% in 2020. This remarkable
shift was a result of lower consumer prices in comparison to
beef and pork, the lack of religious barriers to consume broiler
meat, the broad variety of meals
which can be prepared from this
meat type, its success in quickserve food chains and the opinion of many consumers that
white meat is healthier than red
meat.
The lower production costs for
broiler meat in comparison to
beef and pork resulted in considerably lower retail prices. In
2020, a kg of broiler meat was
4.30 $ cheaper than pork and
even 9.37 $ cheaper than beef.
Beside health aspects, the price

difference was the main reason
for the consumers to favour this
meat type. The consumers’ shift
to white meat is also reflected in
the change of the marketing of
broiler meat (Fig. 4). In 1970,
70% of the broiler meat was sold
as whole birds and only 4% in a
further processed form. Fifty
years later, the share of whole
birds had dropped to only 10%
while 50% of the meat was further processed. This also reflects
the dramatic changes in food
preparation and consumption. In
1970, the meals were still mainly
prepared at home, fifty years later
a growing number of consumers
ate their meals either out of
home or purchased prepared
food, which they only had to
warm up in a microwave.
Advertisement
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Fig. 3: The development of the per capita consumption of beef, pork and broiler meat in the USA between the years 1970 and 2020

Another factor
for success

between 1990 and 2000. Within
only 10 years, exports grew by 1.7
The shift from red to white meat
mill. t or almost 430%, and then
in the consumer preference of
again by another 837,000 t in the
meat consumption was not only a following decade. From 1.2% in
phenomenon in the USA but in
1970, the export share in producmany other countries. Here, too, tion grew to 18.5% in 2010 and
the lack of religious barriers, the
then decreased to 16.7% in 2020,
lower price in comparison to
a result of the Covid-19 panother meat types and the globali- demic.
sation of quick-serve restaurants
The dynamical development in
were important steering factors.
the USA has a parallel in Brazil,
Broiler meat followed the fast
which even surpassed the USA as
food outlets and further prothe leading broiler meat exportcessed products the leading food ing country in 2004. The value
retail stores.
per t of exported broiler meat was
Figure 2 documents the steep
as low as 570 $ in 1970, reached
increase of the export volume
666 $ in 2000 and 916 $ in 2020.
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Fig. 4: The developing of the broiler meat marketing in the USA between the
years 1970 and 2020

With a value of almost $ 3.1 bn.,
broiler meat contributed 15.5% to
the total value of livestock and
meat exports and 2.1% to the
overall value of agricultural exports. Even though the contribution to the total export value of
agricultural products may seem
comparatively small, it is the
economic base for 25,000 contract farmers, almost 410,000
directly employed workers in
slaughter plants and 1.6 mill.
workers indirectly employed in
the whole chain of broiler meat
production, processing and
marketing.

Summary and perspectives
The preceding analysis documented the remarkable dynamics
in broiler meat production, consumption and exports between
1970 and 2020. The ongoing
success in breeding which resulted in shorter growing periods
and an improved feed conversion
caused a continuous increase in
the domestic broiler meat consumption and a massive growth
of the export volume. Price, the
lack of religious barriers, the
broad variety of meals, which can
be prepared from this meat type,
and the growing importance of
health aspects in nutrition were
the main steering factors behind
the unparalleled success story.
The demand for broiler meat
will further increase in the next
decades, in particular in threshold and developing countries.
From this dynamics, the already

leading exporting countries will
profit. Despite the fast growth of
plant-based meat substitutes,
conventionally produced broiler
meat will remain a main protein
source for the growing global
population.
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News
Animal welfare

Man are not the benchmark
Questions on ethics in farm animal
husbandry are attracting more and
more attention in the social discussion and are having an influence on production, which is why
this topic was the focus of the
third Sunday Talk of the "Initiative
Dialog Milch" (Initiative Dialogue
Milk).
According to Prof. Peter Kunzmann from the Institute for Animal
Hygiene, Animal Welfare and Farm
Animal Ethology (ITTN) at the University of Veterinary Medicine
Hannover( TiHo), compliance with
the five freedoms is a basic requirement for animal husbandry.
"This principle includes freedom
from hunger, thirst and malnutrition, from discomfort, from pain,
injury and disease, from fear and
suffering, as well as the freedom
to act out normal behaviour,"
explained the habilitated philosopher.

Dr Kirsten Kemmerling, a lecturer
in the staff unit for farm animal
strategy at the Federal Ministry of
Agriculture and a dairy farmer,
made it clear that what is good from
the point of view of humans does
not necessarily have to be good for
animals. She pointed to the different temperature sensations as an
example. "We humans are happy to
be outside at 25 °C and enjoy the
weather. But the cow feels more
comfortable at 7 °C degrees and
goes into the shady barn under the
fan at 25 °C," the dairy cow farmer
said. She also said her experience
of the contentious issue of separating cow and calf early tended to
be positive. "We often observe that
the animals react very positively
when the calves go to the 'nursery
group' after their time with the cow
in the calving pen and the cows can
rejoin the herd," Kemmerling reported.

Legislation

Avian Influenza

At the Agriculture Council in Luxembourg, five EU countries, led by
Denmark, presented a paper pointing to the increasing desire of EU
citizens for more animal welfare.
This must be taken into account. To
this end, the five member states
want the requirements set out in the
farm-to-fork strategy to be incorporated into legislative texts. In addition to a revision of the current
requirements, they also call for new
specific legislation for animals that
are kept or traded in the context of
economic activities and for which
only very general or no legislation
exists to date. Germany Federal
Agriculture Minister Julia Klöckner
stressed that existing animal welfare measures need to be further
harmonized, improved and geared to
the needs of the animals. "With our
position paper, we are putting concrete proposals on the table for
individual farm animal species, but
also for domestic animals, in order
to improve animal welfare," the CDU
politician explained. The aim is to
move forward together at European
level and to initiate new, necessary
animal welfare measures in a coordinated manner.

In Germany the first case of H5N1
avian influenza was confirmed in a
farm poultry flock in the SpreeNeisse district. More than 200
ducks, geese and chickens, which
had previously shown symptoms of
the disease, were affected. The
responsible veterinary office initiated the measures provided for in
the Avian Influenza Ordinance
when the animal disease was
detected in a poultry flock.
Meanwhile, the highly contagious avian influenza has reappeared in a Danish farm animal
herd after months. According to
the State Veterinary and Food
Administration, the case involves a
larger turkey fattening farm with
about 28,000 birds in the municipality of Slagelse in western Zealand. The competent veterinary
authority has announced the
culling of the entire flock and has
also ordered the designation of the
usual quarantine and safety zones
here. The last outbreak of avian
influenza in the Danish farming
sector was recorded on 5 July.
Since September, around 50 cases
of infected wild birds have also
been reported.

Stricter rules
are demanded

Other cases in farm
animals

What is right for humans is not automatically right for animals.
Photo: Imago / ANP

Kunzmann also pointed out that
"what is a disaster from a human
point of view can be completely
different for the animal". With
regard to the often criticised
"turbo cows", Kemmerling pointed
out that these were generally kept
differently to animals with lower
performance. Such high herd
performances are only possible if
optimal husbandry and care of the
entire herd is guaranteed. Both

speakers emphasised that the
proposals of the Borchert Commission went in the right direction.
The ethics of farm animal husbandry must extend to the supermarket, they said, and society as a
whole must support this and
compensate the financial outlay of
livestock farmers for even greater
animal welfare.
//www.tiho-hannover.de
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Alternatives

How much longer will meat be made from animals? Photo: Imago / Science Photo Library

Global need for cell-cultured meat
Meat without animal suffering and environmental burden, but with taste and texture
The global meat industry is facing multiple
challenges ranging from interrelated ethical,
environmental, and business concerns. In the
future, the words “meat” and “animal” will be
decoupled. Meat without animals is the new
notion of cellular biotechnology using stem cells
and bioreactors as the basic platform to grow
healthy and nutritious cultured meat.
By Henk Hoogenkamp

H

uman food consumption is projected to almost
double by 2050 and demand is growing exponentially. Cultured meat products are an “and”, not
an “or” solution, and are the latest in a long history
of optimizing food security. Meeting the world’s
protein needs will require contributions from
large-scale production methods, including protein
regeneration, all the way to small-scale animal
farming. Cultured meat and seafood products will
all play an important role in contributing to a balanced nutrition and environmental concerns.
The primary concern of the meat harvest traditionalists is that cultured meat does not involve
raising and slaughtering animals. However, seen
from a different perspective, cultured meat is an
opportunity – not a threat – because it represents

a new and better manner to provide much needed
food for the global supply chain.

Global Challenges
Bioprocessing is the new way forward in the
production of meat without intensive livestock
farming. In the future, many high-value ingredients and products will be biomanufactured,
including cell-free methodologies for developing
more sustainable food for everyday life and overcome the limitations of conventional products
that need significantly more water, energy, and
land space. Hence, for companies to stay relevant,
it will be essential to diversify outside of conventional product portfolios to assemble nutritious
food products. These biomanufactured products
should mimic the culinary, nutritional and technological profile of conventional meat, using
precise and animal-free fermentation.
Growing meat without the use of animals is a
rapidly emerging and highly innovative technology. The time has come to move past the need for
conventional meat products and instead embrace
new foods such as “plant-meat” and cell-cultured
meat. The true benchmark for cultivated meat and
seafood lies in a high production volume at a
cost-efficient scale.

The Movers and shakers of change

The cultured protein industry continues to generate momentum. Currently, more than 80 start-ups
are working on developing cultivated meat and
seafood. It seems that multinational life-science
companies, as well as the legacy food and meat
processing industry, finally understand the potential of this emerging technology.
Even the world’s largest legacy food company
Nestlé has announced plans to enter this rapidly
emerging industry. Singapore has become the
first country to approve the commercialization of
cultured meat and seafood. Local player Shiok
Meats has introduced a cell-based crustacean and
is also set to launch a cultured minced shrimp
product in 2022.

Better and more
The development of human civilization was
largely enabled by the domestication of livestock
animals. In the future, cellular biotechnology is
going to be the second accelerator not only in
producing large quantities of cultured meat and
seafood, but also as a resource for leather, silk,
perfume, as well as vaccines and organs.
Conventional animal agriculture has almost
reached its maximum capacity, and new technolo-
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gies like cultured meat and bioengineered proteins are needed to lower the environmental
impact. As the global meat demand continues to
grow with approximately 2% each year, deforestation and the destruction of wildlife habitat are in
the focus of public outcry. Especially the continuing deforestation of the Amazon rainforest for
animal agriculture is an urging concern, while
fresh-water sources are diverted from droughtprone regions. Smarter ways to produce food and
meat for the daily diet are desperately needed to
alleviate some of these pressures.
Cultured meat and seafood may hit competitive
cost and environmental benchmarks by 2030.
Initially, Asia, North America, and the EU countries are seen as strategically valuable markets to
launch cell-based meat and seafood products.

Accelerated change
The use of animals as main food source can be
seen as the main driver of catastrophic global
collapse of biodiversity and thus responsible to
irreversibly damaging the fragile ecosystem. By
reducing livestock production, the rapid decay of
atmospheric cattle methane emissions will effectively improve climate conditions. To reinvent the
current food systems, it will therefore be essential
to halt the collapse of biodiversity and slow-down
climate change.
The controversy between meat consumption
and climate change is heating up. The most heard
arguments to eat less meat focus on the positive
impact on the environment and human health
conditions. Especially cattle and hog farmers are
an easy target for anti-meat activists and are being
subjected to one-sided criticism. Yet, most – if not
all – western countries are under pressure to
significantly reduce greenhouse gas emissions by
2025. Adhering to the EU targets, it will be necessary to tackle emissions head-on including the
traditional agricultural methods. After all, agriculture is the second-largest emitter, following transport emissions, at approximately 14% of total
emissions.

China calling the shots
When talking about meat consumption, something must be done, rather sooner than later. Take
for example China: In the 1960s, the average
Chinese person consumed less than 5 kg of meat
annually. Fast forward, in 2020 meat consumption
reached an astounding 63 kg per person. In 2022,
China will be responsible for 28% of the world’s
overall demand for meat, and for 51% of pork
products. Looking at these huge numbers, transformative protein selections will become impor-

tant. “Plant meat” and “plant milk” are one of the
choices, as well as cultured meat and seafood.
These choices need to be made to reduce manmade greenhouse gases.
It will be crucial to improve biodiversity and
boost alternative protein sources such as cultured
meat and seafood, soy, corn, wheat, fava, and pea
to meet the strict emission targets over the next
decade. China’s sign-off on carbon emissions will
be essential for global reductions. If not, all other
attempts will fail.

Cultured meat
The production of conventional meat in modern
times is far from ideal. Livestock are routinely
given antibiotics and hormones to accelerate their
growth and muscle mass. Unsanitary outdated
farming and slaughtering conditions may increase the risk of contamination from feces, as
well as other bacteria and viruses. Unlike in
factory-farmed meat, there is no use of contaminants and antibiotics in cultured meat products,
therefore it is not contributing to antimicrobial
resistance in human pathogens. Furthermore, it
comes with many benefits for human health and
environmental advantages, including “no-animalto-food” conversion as well as huge savings on
clean water and animal feed. Another major
advantage of cultured food is that the manufacturing companies will only produce the parts of meat
or seafood that consumers actually eat. In other
words, they effectively reduce food waste, while
providing year-round availability.
Cultured meat can be described in only four
words: Cells > Scaffolds > Media > Bioreactors. In
basic terms, cultured meat replicates conventionally
produced meat through stem cell and tissue culture.
Cultured meat will become a main disruptor of the
current meat industry. It is poised to significantly
expand humanity’s capacity to feed a growing global
population, while not only preserving the culinary
traditions and preferences, but also protecting the
planet. By its very nature, cultured meat will reduce
the need to breed, raise, and slaughter animals. It
should also be said that approximately 99% of all
animals used for food are intensively bred and
“farmed”. Hence, these products can be considered
as industrially grown and harvested.

Biomedical expertise
The ongoing challenges include finding better cell
lines and nutrient media to feed those cells,
scaffolding systems to shape the cells into tissue
meat, as well as building bioreactors for largescale production of meat that is eco-friendly and
ethically sound.

Cultured meat development is complex. It
crosses many scientific and technological disciplines such as biomedical applications and hardware engineering, which, when combined, will
ultimately create a new field of scientific expertise.
Scaffolds need to be designed to enable the
growth of different types of animal cells imitating
intramuscular fat as well as connective tissue.
Scaffolds provide a support structure for cellular adherence and various component cells of the
integral meat composition. They can be seen as
netting (e.g., made from soy protein), which
allows the cells to multiply and intertwine until a
certain predetermined shape has been formed.
Then, there are also developments to create plantbased microcarriers that will enable tiny particles
to which the cells attach while suspended in the
media. Some cultured meat companies use scaffolding systems called electrode spinning: a
three-dimensional nanofiber scaffold used for
regenerative medicine and tissue engineering.
This technology transforms different synthetic or
organic compounds into a structural replacement
for the non-muscle, non-fat (extracellular) protein
in all types of cultured meat, including factoring
in variables such as vitamins, minerals, and
growth factors.

Meat biomanufacturing
Technological advancement now makes it possible
to cultivate meat without animal serum. For
example, bovine identical serum can be synthesized. Cells can now be cultivated in bioreactors
using animal-component-free growth media. For
example, removing Fetal Bovine Serum (FBS)
from the growth medium is a great step forward
in bringing down the production costs and ultimately helping achieve price parity with conventional animal-raised meat. The latter is especially
true for beef.
Mosa Meat (Netherlands) and Upside Foods
(USA), as well as other start-ups have made major
process improvements by significantly reducing
the cost of the growth medium to enable large
output quantities of cultured meat. Specifically,
the removal of Fetal Bovine Serum: a substance,
which is not only expensive, but also ethically and
morally controversial because it is taken from the
blood of pregnant dairy cows during slaughter.

Growth media
The key growth medium ingredients are salts,
sugars, and proteins. An often-neglected part in
many publications and articles on cultured meat
and seafood is the importance of buffer and trace
elements as essential nutrients. Nutritious minerAdvertisement
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A 0.5 g sample taken can lead to 80,000 burgers
from one sample. Illustrations: Mosa Meat

Global need for cell-cultured meat
als for upstream and functional salts for downstream processes are needed to secure the
biotechnological performance. These bioprocessing salts need high solubility and the absence or at
least low levels of heavy metals and endotoxins. As
the cultured meat and seafood industry is maturing into a self-supporting business model, specially blended functional salt premixes will be
made commercially available, including certified
Kosher and Halal mixes.
The protein components are made from recombinant microbial systems, expressing proteins in
microbes such as fungus, yeasts, and bacteria.
Stabilizing the cell lines and cultivation in suspension, while optimizing the proliferation or speed
of multiplying, are all important processing steps.

Growing inexpensively
Cell-cultured media is the most expensive step of
the cultivation process and lowering the costs of
the base media will immediately translate to
refining sustainability, as well as to lower costs
across the value chain. The basal media is made
up of the nutrients that the cells absorb as they
grow or components that trigger the growth of the
cells. The ideal combination is using water, or
by-products from the food and feed industry that
have a low carbon footprint. Lowering basal media
costs can also be accomplished when pharmagrade ingredients are replaced with food-grade
components.
The process consists of replicating the natural
environment where the cells are multiplying into
trillions. It is important that the environment is
oxygen-rich and temperature controlled.

The advantage of muscle cells: they merge
naturally. Fibres from one sample, placed in a gel
that is 99% water, can grow to 800 mill. strands
of tissue.

Fat is key
Fat is where much of the distinctive flavor of meat
resides. In addition, meat flavor also comes from
the breakdown of collagen. Therefore, it will be
necessary to cultivate different types of cells to
truly simulate the desired meat flavor profiles.
Cultured fat – under development by a.o. Mosa
Meat, Perfect Day Foods, and Cubiq – is made
using different types of fat starting from stem
cells without the use of GMO material. These
companies are known for their creation of clean
fats by using cell-culture systems. It can be argued
that the inclusion of cultured fat will be cost
prohibitive, especially in products that traditionally contain high fat levels such as a beef burger.
Burgers typically have approximately 20% fat, a
level probably too high for cultured beef fat, even
though the flavor attributes improve considerably.
Subsequently, it is likely that at much smaller
inclusion levels, the cultured beef fat can be
infused with natural spices and flavors. Flavor
companies are expected to develop a range of
“flavor-infused” cultured fat products.

3D cellular agriculture technology

After reaching maturity, the muscle and fat
components are combined and prepared for
cooking.

Muscle meat is probably the most complex food
that exists. Not only in its raw form, but certainly
its transformation during cooking, creating complex sensory parameters delivering much-preferred culinary experiences. As for cultured meat,
it is far more difficult to create a perfect wholemuscle beef steak than a simple finely ground
hamburger. 3D bio-printing for cultured meat can
provide unique solutions to key problems, especially adjusting protein cells, fat, and other nutri-

ent components, as well as providing the desired
organoleptic properties. Crucial in creating a
cultured steak is the use of multi-material 3D
printing technology allowing different meat
fibers, connective tissues and fat cells to be layered in one single process. This technology needs
to fully replicate texture and mouthfeel for cuts
such as sirloin and rib-eye steaks.
A 3D replica of a conventional beef steak or
salmon loin is now within reach for cell-cultured
products. Not only replicating the appearance,
cutting properties and nutritional value but also
duplicating sensory qualities such as flavor and
texture.
For 3D printed products the challenge is to
create the right nutrients and combinations that
allow the multicellular matrix to simulate conventional muscle structure. The tools needed are a
strong bio-engineering platform, an animal-free
growth medium to nourish the cells and bioreactors to grow the tissue. Many of these tools have
been previously developed by the medical world
using bio-tissue engineering and the help of
scaffolds for medical organ transplantation.
It looks like 3D manufacturing technology
called stereolithography will be a possible contender to create a specific structure of muscle and
fat marbling and texture of a “real” structured beef
steak. 3D printing is well on its way to become the
choice for prototyping or a structured endeavor,
enabling rapid development at significantly less
cost.
3D technology has now entered the cultured or
clean meat vocabulary and it specifically allows
the combination of all cells that make up conventional meat simultaneously, such as muscle fibers,
fat cells, blood vessels, and connective tissues
(collagen).

Regulatory hurdles
Even though both Singapore and Israel have
already given regulatory approval for the consumption of cell-based meat and seafood, the
industry still faces major challenges in regulatory
approval in the US and the EU. The U.S. Food &
Drug Administration (FDA) will mainly oversee
the procurement of cell-collecting systems and
cell-culturing technology, while the Food Safety
and Inspection Service (FSIS) of the U.S. Department of Agriculture (USDA) will be responsible
for processing and labeling the products from the
harvested cell-based meat products.
A major and still unresolved challenge facing
the cultured meat industry in most countries, is
the lack of governmental regulative framework.
Except for Singapore, Qatar, and Israel, no jurisdiction has yet approved cultured meat to be
released for human consumption. This is mainly
because legislative approval will likely be slowed
down by the lack of detailed safety data from
large-scale consumer consumption studies, as
well as the opposition from the conventional meat
industry and farmers. Proactive regulatory action
is needed now that cultured meat is nearing
market introduction in the US and the EU. A
clarifying regulatory pathway needs to be agreed
upon between the USDA-FSIS and the FDA, as
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Mosameats goal is a burger that’s just like a
regular burger.

well as rulemaking by the European Food Safety
Authority (EFSA).

Labeling vs. name calling
Although in the early days of “alt-meat” many
name suggestions where used in articles and
publications, it is likely that within the USDA
there is now consensus to choose either “cellbased meat” or “cultured meat” as the name of
choice for consumer identification and recognition. The main rationale to choose one of these
names is that the cultivated meat is made in a
bioreactor. These names also help most consumers to understand that the new food products
are produced in a different way from conventional
meat .
The EU landscape, unfortunately, is quite
different from the US. Europe is rather conservative and cell cultivation ruling will need to be
approved by EFSA, which in practical terms will
likely be a major handicap to get these innovative
foods to market quickly. Most likely, China and
Japan will have regulatory approval for cultivated
meat before the EU does.

It is not an easy task for government regulators
to adequately differentiate cell-cultured products
from the conventional meat products. There are
opposing views between the animal farming
community and the cell-cultured disruptors. It is
no surprise that animal farmers prefer keeping
the monopoly of using the word “meat” so as not
to confuse consumers with emerging biotechnological methods of assembling or growing a group
of cells together in a bioreactor.
It will also be important to communicate via
label if growth-enhancing “additives” are used
when producing cell-cultured foods. The consumer has the right to know, so that informed
purchasing decisions can be made based on the
presence or absence of various support or processing additives in cultured products. Whatever the
regulatory outcome, it is important to acknowledge that scientific innovation and progress
should not be stymied. If cultured meat products
are equivalent to their non-biotechnological
counterparts, the new wave of food disruptors
should not be required to encounter any further
regulatory hurdles.

The marketing dilemma
Sustainable food supply is a defining issue of the
21st Century, and the main reason why there
currently is an emergence of alternative protein
sources creating innovative technologies to guarantee food safety for a rapidly growing world
population.
As frequently proven in the past, consumers are
usually hesitant to embrace new technologies,
which is also true for food products that are still
on the drawing board. Most consumers have
difficulty envisioning these products when they
are not physically able to see and try them. Consumers are usually notoriously skeptical of food
tinkering, especially when it is called “biotechnology”. For cultured meat companies, it is therefore

a smart marketing strategy to slowly and carefully
introduce their products to the market. Smart
public relation efforts are key to engage the ecoconscious consumer and share the advantages of
meat products which have always been deeply
embedded in religion, socio-culture, and culinary
enjoyment.
The demand for a more sustainable food system is truly global and rapidly growing, with
much of the shift being led by the sub-30 age
generation. However, when the new product that
looks and tastes great, becomes commercially
viable, consumers are likely to switch from old to
new and start enjoying meat products that can
now be eaten without the negative impact on
animal welfare and the environment.
Initially, cultured meat will cater to those consumers who prefer the texture and taste of conventional meat but do not want to cause animal
suffering and environmental damage. Specifically
the younger generations will be seen as the real
decision-makers on whether cell agriculture is
going to be a successful part of the global food
industry. Already, in a few countries, cultured
meat is available to affluent consumers in selected
restaurants. However, cultured meat ultimately
needs to achieve societal benefits not just fort the
happy few, but for the entire global population.

Henk Hoogenkamp
is Author and Protein Application Specialist.
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Grinding, Mixing, Blending
Inoctec | Handtmann

Quick and gentle mixing
Albert Handtmann Maschinenfabrik GmbH & Co
based in Biberach in Germany is part of the
widely diversified Handtmann Group of Companies and business divisions of filling and portioning systems. The portfolio is complemented
by process technology for cutting, linking,
mixing and ultra-fine grinding from Inotec
GmbH.
The unique and very gentle mixing technology of the Inotec VarioMix by Inotec (Germany,
Reutlingen) can be optimally used for numerous
applications in food production, e.g. for meat
and sausage products: salami and minced meat
products, finely ground sausage meat, mixing
in inserts as well as powdery and granular
products.
Especially sensitive and convenience food
products can be optimally mixed. The VarioMix is
characterised by extremely short mixing times,
gentle processing, optimized product homogeneity, cooking and cooling functions as well
as rapid emptying with minute amounts of
residual product.
The processes and individual products are
controlled by the universal and image-supported Process Sequence Control user interface. The clear and intuitive Touch iT control
system is used to enter the mixing parameters

as well as to automatically set and save all
product and production parameters. The
patented CamView system for visual process
monitoring ensures an optimal, continuous
process.
With the VarioMix, both aggressive and
gentle mixing are possible. The mixing spirals
operate in individually adaptable wave
patterns with independently adjustable
speed and direction of rotation.
The mixing volume of the VarioMix
ranges from 350 to 4,000 l and
always provides sufficient power reserves
thanks to generously designed drives. It is
therefore perfectly suited for the production of
a wide variety of products in small batches, but
is also ideal for rubbing large pieces of meat. A
large variety of different products can thus be
covered with a single machine. In addition, the
VarioMix is ideally suited for continuous use in
industrial high-performance production thanks
to its high-quality components.
Another key feature for gentle product processing is the emptying process via the tiltable
mixing tray, because the emptying process
cannot be any gentler. The patented, adjustable inclination of the tray up to an angle of
120 ° as well as the patented clip-on scraper for

With the VarioMix, both aggressive and gentle mixing
are possible.

the outer spindle ensure the gentle emptying of
mixed products of any viscosity. The perfect
harmony of highly effective VarioMix technology
and gentle emptying with the tiltable mixing
tray guarantee consistent mixing results.
//www.inotecgmbh.de
//www.handtmann.de

Marel

Flexible systems for a uniform grind and mix
Being a full-line partner for meat
processing companies all over the
world, Marel can offer an excellent
variety of meat preparation equipment, including grinders for both
fresh and frozen blocks, fat analyzers, mixers, emulsifiers for
sausage production, plus a wide
range of lifting, conveying, and silo
equipment. The focus is to create
the most efficient lines with fewer
operators and gentle handling of
the meat, as well as preventing
protein destruction.
All the components can be put
together to create a complete
processing line and are fully controlled by the Marel recipe
system. The

operator chooses the recipe on the
main operator panel, then the
system automatically changes all
the settings on the machines in
the line, including grinder settings,
belt speed, mixing program, etc.
The recipe system always guides
the operator step by step, and the
operator needs to confirm each
completed task before moving to
the next step. After each batch, a
report is stored in the database for
further documentation.

The Marel mixer portfolio is ideal
for mixed and ground meat products, offering single- and doubleshaft mixers with tank capacities
from 400 to 7,000 liters. They
perform quick, gentle, and homogeneous mixing of fresh or frozen
ground meat.
The square design of the mixing
bowl creates very efficient mixing,
shortens the mixing time, and
minimizes protein destruction. For
soft- or speed-mixing, two different types of paddle arrangements—side-by-side or overlap-

ping—are available. The frequency
converters on the mixer wings
make it possible to fine-tune the
mixing process. The result is consistent product quality, whether
the end-product is minced meat,
burgers, meatballs, nuggets, or dry
or emulsified sausage products.
Marel mixers and grinders offer
best-in-class hygienic design to
keep the risk of product crosscontamination to an absolute
minimum. They also reduce cleaning time and costs. The fully closed
cabinet encloses all the electrical
components inside a dry area to
eliminate the risk of damage from
cleaning.
//www.marel.com

The preparation line consists of an infeed
conveyor, a swing loader and infeed table,
a giraffe to feed the meat up to the belt
between the two SpeedMix mixing units and
last but not least a FatScan to analyze the meat
and measure fat content, moisture and protein.
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Eagle

Software improves item level traceability
Eagle Product Inspection (USA) is on
the move with its latest-generation
TraceServer software that captures
and records production data at
every pass, connects up to 32 x-ray
inspection machines at once and
consolidates information and images into an easily-accessible
centralized database. The tool
unlocks vital information which can
help manufacturers to set themselves apart from competitors in an
increasingly competitive and regulated marketplace.
From an intuitive dashboard with
machine status indicators to the
ability to print and export information from a centralized source,
Eagle’s TraceServer platform is
designed for optimal performance.
The software is scalable to meet an

Cik

Single-use Data Logger
impresses with price
The brand new LogTag series single-use temperature data logger
EnviroLog with integrated USB
connection and automatic PDF
report was designed as an extremely cost-effective and reliable
single-use data logger. EnviroLog
EV-16 by CiK Solutions GmbH (Germany, Karlsruhe) temperature loggers are the ideal choice for costeffectively monitoring large quantities of goods such as food or pharmaceuticals.
They are characterized by their
robust and durable ABS housing and
can be plugged directly into a USB
port on a PC. This automatically
creates a detailed PDF report so
that data can be evaluated easily
and simply at the destination – no
special software needed. For a more
detailed analysis, the data can be
downloaded with the free LogTag
Analyzer software. It measures and
saves real-time temperature readings within a range of –30 °C to
+70 °C with a battery life of approx.
6 months as well as a recording
capacity of up to 16,000 measurements while also being suited for
long-distance transports. The
logger is supplied preconfigured
with industry standard settings or
as requested by the customer.
//www.cik-solutions.com

operator’s unique needs and can be
installed on a network server or a
standalone PC. TraceServer software powers a wide range of Eagle
x-ray machines and is often combined with other technologies to
deliver best-in-class inspection and
traceability. For example, in often
challenging meat and poultry envi-

ronments, the robust Eagle Pack
400 HC x-ray machine equipped with
TraceServer software provides
product tracking through every
stage of production. Therefore,
companies with due-diligence
capabilities are able to enhance
product traceability and overall
quality assurance – all combined in

a sanitary design. For dairy processors that likewise have to oblige to
strict sanitation requirements,
Eagle’s Pack 400 HC 3-A Dairy Machine is designed to meet some of
the most rigorous standards in the
food industry.
//www.eaglepi.com
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Alco

Standardization improves the process
Developments in the food industry in recent
years stress the importance of sustainability,
ever-increasing expectations of quality standards and hygiene regulations, and fully automated production processes for meat processing companies.
For more than 40 years, Alco-food-machines
GmbH & Co. KG, a traditional family business
from Germany (Bad Iburg), has been very successful with its standardization line and meets
high quality demands to this day.
As part of the standardization line, the mixer
AMP has been further developed over the years
and designed for such market changes. Fast
mixing times, ideal homogeneity, reliable
processing, and tailor-made adaptations to
individual customer requirements – the mixing
technology delivers decisive competitive
advantages. Thanks to its sophisticated,
smart mixing technology, the AMP mixer is
suitable for standardizing and preparing, for
example, sausage and potato products,
molded products, delicatessen salads, processed cheese products, or blends for the
canning industry.
Sensitive and difficult-to-blend mixes as well
as a wide variety of popular and convenience
products can be mixed optimally and uniformly.
In doing so, the company has always paid
attention to detail: Desired results with constant fat / and lean meat content, homogeneous mixing of added spices as well as improved liquid absorption are achieved by the
Alco mixer AMP in a better and more reliable
way compared to other mixing machines. A
range of useful and optionally available features complement the mixing technology and
promote quality and taste improvement. In this
sense, a special benefit is provided by the
support of cooling and heating processes.
Steam nozzles placed in the mixing pan allow
direct steam injectiosn and, with optimum
steam distribution, ensure fast and at the
same time gentle heating or thawing of the
desired product. The cooling process is
carried out with the aid of cryogenic gases, which are
injected into the mixing
pan either via CO2 injection fittings in the hood
or via N2 injection from
the bottom.
The aim is
to cool the
compound
down to
–3 °C to
achieve
better
dimensional
stability for further
production processes.

Optional vacuum equipment allows optimized
protein digestion or reduced gas entrapment
and avoidance of cryogenic gas leakage in
subsequent cooking processes or in packaging. With a mixing capacity of up to a nominal
volume of 15,000 l, the AMP mixer is a reliable
and flexible partner for a wide range of products. The product mass is set in motion with
the aid of powerful mixing shafts, and the
direction of rotation and speed of the shafts
can be changed to achieve perfect mixing and
the greatest possible range of action.
In the field of hygiene, too, special attention is
paid to high-quality and durable components.
With clever features the specialists ensure
that, in addition to the ease-of-use of the
machinery, the cleaning process is likewise as
easy and thorough. Between the drive housing
and the mixing vessel, the shafts run through
free space to allow easy accessibility on the
one hand and to facilitate the cleaning
process on the other. Large, smooth surfaces
allow thorough cleaning to meet strict hygiene
regulations.
The mixer is supplied with pre-shredded raw
material by the grinder AMG via various conveyor systems. Designed for industrial meat
processing plants, the robust grinder delivers
maximum output and quality. A twin-screw
system and various cutting sets with optional
separation mechanisms are adaptable to
individual requirements and shred various
types of raw meat and fat as well as frozen
meat blocks down to a temperature of –18 °C.
Machines such as the mixer AMP and the
grinder AMG benefit from the field-proven
machine concept, with long running times and
minimal maintenance – even in continuous
operation.
//www.Alco-food.com

The standardization of a
line boosts the production
process.
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K+G Wetter

Technical details of machines ensure perfect cutting and mixing
Until a piece of meat is made into a sausage
and put on display for customers to enjoy,
every processing step depends on the details.
One of the decisive quality factors for the
quality of sausages, minced meat and other
products made in grinders and bowl cutters is
a clean and uniform cutting pattern. K+G
Wetter GmbH (Germany, Biedenkopf) continuously develops its machines to guarantee this
– always with an eye towards helping customers make the production of their highquality products as easy as possible.
Clever technical solutions guarantee a
clean cutting pattern on every machine. For
example the grinders: the hoppers have already been designed for an even pick-up of
product by the feeder worm. The twin-worm
principle ensures continuous material transport from the feeder worm to the meat worm.
The product flow is not disrupted and the
geometry of the meat worm ensures optimum
pressure built up in the direction of the cutting set. This is where the mincing process
begins, resulting in a product with a clear
cutting pattern and a light consistency.

The advanced Easy-Access function, here on the
Mixer Angle Grinder E 130 facilitates removal and
installation with a large access flap to the hopper.

The mixing function of the grinders expands
the application possibilities and saves time
and costs. The products are mixed quickly and
particularly thoroughly. This is ensured by the

perfect interplay of the feeder worm and
mixing shaft, which can easily be removed for
hygienic cleaning. The advanced Easy-Access
function on the Angle Grinder E 130 and the
Mixer Angle Grinders E 130 and G 160 facilitates
removal and installation with a large access
flap to the hopper.
The cutting space of the K+G Wetter bowl
cutters can be perfectly adjusted for all types
of sausage meat, from coarse to fine, thanks
to the removable baffle plate. The cast iron
body, a unique feature, worldwide offered
only by K+G Wetter, contributes not only to
smooth running and durability, but also to
optimal utilization of the cutting space geometry.
Due to reduced vibrations, the knives are
able to work particularly close to the bowl and
knife lid, resulting in an ideal chopping of the
products. Different types of knives and adjustable speeds for the bowl and knives enable the bowl cutter to process a wide variety
of raw materials into perfect sausage meat.
//www.kgwetter.de
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One process, one line
Inline processing combines technologies, plant design and resource flexibility
In times of declining margins, many companies
in the poultry processing industry are under
pressure to find new ways to increase profitability.
Inline processing enables new paths.
By Oliver Blaha

A

n employee takes a batch of chicken from a
container, loads it onto a cart and transports
it to a cold storage facility, where the poultry is
then held for 24 h before being taken to the
processing line. It's a fairly common scenario in
poultry processing. But this cuts into the margins of many poultry processors. Why wait 24
hours to process a batch of chicken when it can
be done in two minutes?
The principle of inline processing relies on a
product that is always in motion. In the case of
poultry processing, the inline approach means
the process from feeding and weighing to shipping the packaged end product. Inline processing combines automated technologies, improved plant system design and resource flexibility. The advantages are the following:

Higher speed
The technological advancement of a fully automated inline process allows multihead weighers
to work intuitively with compact packaging and
batching equipment, while check weighers
validate the weight of the finished package just
as quickly. Whether sorting by weight or producing fixed-weight batches within specific tolerances and predetermined quantities: An automated process increases the speed at which
meat is processed from its raw state to the finished product. Marinating can take place between weighing and packaging, which prevents
downtime and cleaning measures during product changes.

Improved accuracy
Inline processing of a product eliminates
breaks, avoidable transportation and sporadic

storage times. Unnecessarily moved products
can be lost, damaged and suffer quality degradation. Outside the process chain, product
weight accuracy, appearance, size and shape
can be affected. Labels are also easier to customize during processing – especially for packages with different weights, fill quantities or
product types.
Without inline processing, products can sit
for several hours. In that case, juices and moisture evaporate from the meat, reducing the
yield . The same problem exists when product
is unnecessarily transported from the processing line to storage. Excessive squeezing can also
remove moisture from the product, which in
turn reduces quality. This can reduce yield by
up to 1%. A faster process, more accurate
weighing and increased yield all add up to
improved product quality in the overall result.
For many poultry processors, inline processing is not an absolute concept. Companies do
not have to make a general decision, but can
instead implement it for parts of the process
that deem most promising. Some producers
rely partially on inline processing, while others
build their entire structures on it. Changes
from 50 to 100% inline are easily made. The
increased speed boosts productivity, and the
reduced product loss increases yield.

Practical example
English poultry processor Faccenda Foods installed two flexible and space-saving packaging
solutions for a modern poultry portioning line:
one for weighing and packaging chicken thighs
and legs, and another for weighing and filling
chicken fillets into trays.
The new systems use Ishida's spiral conveyor
multihead weigher technology. Instead of radial
chutes, the scales use screws that rotate on their
own axis for high-performance, controlled and
fully automatic product feeding to the trays. The
multihead weighers are combined with Rotobatcher systems. These deliver precisely

weighed portions to a series of packing stations
at a batching table, where an operator places the
product in a tray, which is then sealed.
The space-saving installation of the Rotobatcher directly below the multihead weigher
allowed Faccenda Foods an efficient layout for
processing legs and drumsticks. The four-scale
Rotobatcher combinations installed side by side
make the packing process more flexible because
suitable options are available according to the
sorting of the poultry.
The target weights for legs and drumsticks are
between 0.9 and 2.1 kg. Compared to the belt
sorting and packing system previously used, the
new line has reduced product loss by 30%. Total
output has increased by over 25%, with each
operator now processing 3.5 kg of product per
minute instead of 2.8 kg.
The chicken fillet packaging line uses a
spiral conveyor scale with 2 l trays. Scrapers
on the trays prevent product buildup. Target
weights range from 500 to 765 g at a speed of
around 40 packs per minute. Faccenda Foods
can process up to 1.5 million whole birds a
week, with the complete process from hanging to sealed packaging taking just nine minutes.

Cost efficiency through inline marination
Ishida Orbicote is also a new approach to automated marination. Among other things, the
system controls the amount of product and
marinade that go into the packages. Orbicote
weighs the meat before marinating. The multihead weigher directs each portion into small
drum bins, where it is turned in a set amount of
marinade. The meat, fully covered with marinade, is then ejected cleanly into the packaging
system.
How can the process be sped up to align with
the pace of the multihead weigher? It requires
up to twelve small drum containers arranged
orbitally close together and synchronized with
the multihead weigher and, for example, a
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The novel Orbicote marinier system ensures
lower costs and more speed. Faccenda
Foods uses multihead weighers with spiral
conveyors. The final packaging of the
poultry products is fully automatic.

downstream tray filling system. Through extensive testing, Ishida achieved the optimal configuration of drums as well as speed and number
of rotations for a thorough marination. As part
of this research and development program,
marinating specialists in the food industry
examined product samples processed with
Orbicote. The even distribution of marinade
met or exceeded a "satisfactory" rating in 500
tests, according to the company.
Orbicote ensures that the amount of marinade intended for a piece of meat not only
enters the package, but also mostly adheres to

the product. With conventional systems, up to
8% of marinade can be lost in the process. The
interface between the scale and the opening of
the rotating drums was designed to ensure a
clean and safe transfer. A volumetric dosing
system fills the marinade into the drums . Low
discharge heights and a gentle turning process
in the 30 cm diameter drums prevent mechanical damage to the product. In combination with
a 14-head weigher, more than 55 trays can be
filled per minute.
A patented function of the multihead weigher
makes it possible to detect and simultaneously

reject incorrect weights. Therefore, only correct
portions are transferred to the marinating
system. Because the scale does not lose an
entire cycle, speed and output can be kept high.
Rejection of the incorrect weights takes place
before the products enter the Orbicote system
so that no marinade is wasted. The system
assumes a buffer function in the event of a
product jam in the downstream equipment. It
then continues to operate trouble-free without
resetting. The drums do not empty until a tray
has been placed. If a full tray reaches the filling
point, no further product is added. If the scale
misses a discharge, the empty drum remains in
circulation.
This text was first published in Packreport 7-8/2021.

Oliver Blaha
is managing director of Ishida GmbH. The
Ishida Europe subsidiary responsible for
Germany and Austria has locations in
Schwäbisch Hall and Hamburg.
Author’s address
Oliver Blaha, Ishida GmbH, Max-Planck-Straße 2,
74523 Schwäbisch Hall, Germany
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Cultured foods – Microorganisms act in various ways and have been used since centuries to make food more tasty, nutritious, durable and safe.

Culture inside
The impact of the microbial ecosystem as integral element of food
In previous editions of FLEISCHWIRTSCHAFT international, the
fundamentals and background for
the use of selected cultures in
ready-to-eat food were described in
detail, especially in regards to the
inhibition of the growth of Listeria
monocytogenes. Based on practical
examples, the below article underlines the significance of the microbial ecosystem as characteristic
quality-determinant and integral
component of food as such. Finally,
the article shows how selected food
cultures can be integrated into
existing processing lines in a userfriendly way.
By Michael Erkes

A

quote from the best-selling
book "Gut – The inside story of
our body’s most underrated organ"
by ENDERS (2015) points out the
important function of helpful
bacteria for mankind: "Helpful
bacteria are an important part of
our life, and we are constantly
surrounded and covered by them.
Our ancestors had no idea of their
existence, but they intuitively did
the right thing: protecting their
food from the bacteria that make it
rot by handing it over to the care of
good bacteria. In other words, they

used bacteria to preserve their
food." The American author Sandor Ellix KATZ (2012) speaks in this
context even about a "co-evolutionary force". REDZEPI (2018), the star
chef and co-owner of the Copenhagen-based "Noma", one of the
best and most award-winning
restaurants in the world, considers
many of the good bacteria utilized
by humanity over the centuries to
be domesticated – and raise them
up along with our pet animals,
such as dogs or cats.
In recent years, the term "microbial terroir" has become more and
more common in both science and
top-level gastronomy (HARTMANN,
2019), thus raising awareness to the
fact that the natural microflora, i.e.
microorganisms and their metabolic products, has a significant
influence on the quality-determining parameters of food and must be
regarded as an integral part of it. In
other words: Every food, if we leave
exceptions such as canned or
"dead-sterilised" food aside, has a
spontaneous microbial flora that
develops dynamically over the
entire course of the product lifecycle and significantly affects
distinctive product properties such
as taste, flavour, appearance, texture, stability, digestibility and, last

product is a challenge. The pH
values (5.4 – 5.5) and the awvalues
(0.950 – 0.960) are quite high, so
many preservatives such as potassium sorbate, sodium lactate, acetic
or citric acid are usually added and
the shelf life is limited to 10 or
maximum 15 days in refrigeration.
In this particular case, it should be
checked to what extent a selected
culture, well adapted to the process,
can further stabilize the product,
while improving its sensory features. For this purpose, a standard
Control of the microbial
batch ‘Filet Americain’ was taken
ecosystem
from a daily industrial production
The following concrete showcase of and split into two batches (red and
green).
‘Filet Americain’ demonstrates
With no additional additives in
how this could look like in practice.
red batch, designated as the control
‘Filet Americain’ is a raw minced
batch, the green batch had the
beef spread, a product that is very
popular in the Netherlands and can culture SafePro B-SF-77 added on
be found on every Dutch supermar- top. SafePro B-SF-77 is a psychrotrophic culture composed of a
ket shelf. Be it a spread on bread
selected strain of Leuconostoc
for breakfast, or as a substantial
meal with an egg and French fries – carnosum and a selected strain of
Staphylococcus carnosus. Both
Filet Americain is a culinary combatches (red and green) were intromon and a ‘must’ in every Dutch
cuisine. However, the combination duced in a modified atmosphere
(70% N2 / 30% CO2) and stored at
of raw minced beef (about 2/3 of
the whole) and a paprika-domi10 °C for 15 days. After consultation
nated, orange and mayonnaisewith the manufacturer, a "worst
based sauce (about 1/3 of the
case" scenario was intentionally
whole) already implies that the
used, with a slightly longer storage
microbiological stabilization of this period and temperature around

but not least, safety. These influencing factors can be both positive
or negative – depending on the type
of microbial flora that is coincidentally present and appears during
the food product lifecycle. The
intended use of selected, safe and
approved food cultures can contribute decisively to tighter control of
this critical parameter and can
make a valuable input to a more
sustainable production and utilization of our food.
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Good bacteria keep it great for longer:
In cold-ripened minced meat
preparations such as Filet Americain,
selected food cultures can maintain a
superior product quality for longer,
while significantly reducing the risk by

L. monocytogenes.

10 °C, typical in the refrigerators of
many consumers. Figure 1 shows
the development of the total aerobic plate count of both batches
during the storage period of
15 days. In the control batch red
(without added culture), linked to
the spontaneous flora introduced

via the raw materials, ingredients
and process environment, we find a
total bacterial count just below
104 cfu/g at the beginning of shelflife. In the course of the storage
period, as of day 7, the total aerobic
plate count increased significantly
to a value of around 5x106 CFU/g.

This significant increase in batch
red is the clear illustration of the
exponential dynamics underlying
such microbiological processes.
The crucial question here is which
strains will prevail in this process:
It could be lactic acid bacteria with
beneficial impact on the qualitydetermining product properties
such as taste, flavour, appearance,
texture, stability. But it could be
also strains with adverse effects,
such as spoiling, gas- or peroxideforming strains, germs with transferable antibiotic resistance, or at
worst pathogenic bacteria.
By contrast, green batch with the
addition of SafePro B-SF-77 with
total germ numbers above

106 KbE/g shows a good inoculation
level of the added culture from the
beginning of the storage period and
remains constant in this range until
the end of the shelf-life. The result
of a metagenomic analysis carried
out on storage day 0 and 15, as
shown in figure 2, impressively
underlined that: The species
L. carnosum and S. carnosus added
via the culture SafePro B-SF-77
dominated the microbial ecosystem
of the product to 93–94% throughout the entire storage period of
15 days. At the same time, a significant reduction of Listeria monocytogenes was observed in a challenge
test being compared to the control
batch by the addition of SafePro
B-SF-77 (data not published, but
can be submitted on request).
A closer look at the background
flora, highlighted in red in figure 2,
allowed to gather interesting observations: At the beginning of storage
(day 0), this accounts for just over
6% of the total microflora, which,
transferred to the total bacterial
counts shown in figure 1, correAdvertisement
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Fig. 1: Development of the total aerobic plate count in "Filet Americain" with and
without addition of SafePro B-SF-77 over the course of 15 days of MAP storage
(70% N2/ 30% CO2) at 10 °C.
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Fig. 2: Proportional composition of the microbial ecosystem in "Filet Americain"
with addition of SafePro B-SF-77 at the beginning (day 0) and at the end (day 15)
of MAP storage (70% N2 / 30% CO2) at 10°C (meta-genomic analysis)

sponds to a germ density in the
range of about 104 cfu/g. It turns
out that this spontaneous or background flora remains at this level
over storage period and cannot be
eliminated. However, as seen in the
control batch (Fig. 1), uncontrolled
reproduction can be prevented by
the dominant culture SafePro
B-SF-77. In this regard, the showcase impressively points out that
the targeted use of selected cultures
won’t compensate for quality,

hygiene or raw material defects in
any way. Rather, this approach
provides an efficient, natural and
additional hurdle, that supplements
good manufacturing practice of
maintaining superior product
quality for longer. Or in short: Good
bacteria keep it great for longer.

Case-by-case assessment
Such processes are already successfully used in practice in numerous applications to improve

the safety and quality preservation
of foodstuffs all the way to the
fridge of the final consumer. The
presented practical examples
prove that selected food cultures
act as living microorganisms in a
wide range of applications and
throughout the entire product
cycle and, in most cases, remain
active until the end of the shelf
life. This starts right from the
beginning of the production
process and continues with the
packed and finally opened product.
These concepts provide a wide
range of opportunities to effectively address current challenges
such as e.g. food waste. And that's
just one of the reasons why
Chr. Hansen was awarded as the
world’s most sustainable company
during the World Economic Forum 2019 in Davos. In addition, as
described in detail in the two
previous editions of
FLEISCHWIRTSCHAFT international, there are further advantages
with regards to Listeria monocytogenes, since in many cases its
growth over the shelf-life period
can be excluded. The need for
process validation adapted to the
respective process conditions, e.g.
in the form of shelf-life studies
under reasonably foreseeable
conditions, has already been
pointed out.
When integrating such procedures into existing processing
lines, a thorough case-by-case
assessment is necessary as well. So
what do you need to look for when
implementing such technology?
First of all, cultures can be applied
either directly via mixing processes, as well as by means of
brine and spray-on / surface applications. Direct addition via the
mixing process, which has been
part of good manufacturing practice for decades for instance in the
area of raw sausage production, is
certainly the simplest option. Also
the addition via the curing brine,
which is then either injected or
added via tumbling processes, has
a long tradition in the area of raw
cured meats. In addition, a sprayon application can be also appropriate for either sliced, vacuum or
MAP-packed products. All three
processes are successfully applied
on an industrial scale.
It is in the nature of the matter,
that every implementation on an
industrial scale has to be adapted
to the given process conditions on

site. For this purpose, the specific
individual case in the processing
plant must be considered and
validated in detail. In all of the
above applications – especially the
spray-on application – the uniform
distribution of the culture plays a
decisive role. This, in turn, highly
depends on the specific surface
structure of the product. Therefore
a vacuum-packed hot dog sausage
is usually easier to treat than, for
example, lambs-lettuce leaves with
a more complex surface structure.
Such details are crucial, because
the desired target concentration in
general should be above
5x106 cfu/g, in order to achieve
corresponding effects as shown in
the preceding examples. Referring
to the guidelines of the German
Society for Hygiene and Microbiology (DGHM), such concentration
of food cultures would exceed the
limits set on the aerobic
mesophilic colony count for the
product categories of cooked meat
products (food category 3.1 emulsified sausages, cooked sausages,
cooked whole muscle products),
smoked salmon (food category 5.3)
and mixed salads (food category
12.1). However, the respective
footnotes a) and b) refer explicitly
to selected food cultures and
underline the fact that the use of
‘living microorganisms as a food
cultures’ for these product categories is appropriately anchored
within the microbial guidelines set
by the DGHM in Germany.

Transparent labelling
A look into retailer’s shelves in
France, Benelux, Great Britain and
Germany shows that numerous
examples of food products can be
found, that already use and transparently label the advantages of
selected food cultures. The possibilities are multifaceted: Raw
sausages, raw cured hams, bacon
and vacuum-packed hot dogs are
just as much a part of this as the
smoked salmon described in detail
in the previous issue or fresh cut
salads, there are examples of vegan
or vegetarian meat analogues, as
well as crevettes and so forth …

Culture makes the difference
This is where our joined excursion
into the world of good bacteria
ends. Over three editions, we
learned about the origins, background and modes of action for
the use of selected food cultures.
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In the second edition, Listeria
monocytogenes and the associated
risks in ready-to-eat foods were
examined in more detail. Finally, it
has been revealed how selected
food cultures, as an integral and
quality-determining component of
food, can be integrated into existing processing lines in a smart
way.
The conclusion is: On the basis
of a good manufacturing practice,
the targeted use of selected food
cultures offers manufacturers of
ready-to-eat foods an efficient,
additional hurdle and thus makes
a decisive contribution to stable
product qualities, optimized product safety and, last but not least, an
additional hurdle to Listeria monocytogenes. The practical examples
listed above demonstrate in which
form the targeted use of selected
food cultures offers valuable approaches towards a more sustainable production and utilization of
our food – via a principle which, to
conclude with Sandor E. KATZ, ‘is
so deeply anchored in our cultural
particulars’.
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1. ENDERS, Giulia (2015): Gut – The inside
story of our body’s most underrated
organ. Greystone Books. ISBN 978-177164-149-4. – 2. HARTMANN, Anna
Loraine et al (2019): Fermentation as a
driver for food innovation. Federation of
European Microbiological societies
FEMS Microbiology letters, 366. –
3. KATZ, Sandor E. (2012): The art of
fermentation. Chelsea Green Publishing.
ISBN: 978-1-60358-286-5. –
4. MARIANSKI, Stanley and Adam (2015):
The Art of making Fermented Sausages.
Bookmagic LLC; ISBN 978-0-98242671-5. – 5. REDZEPI, René. und ZILBER, David
(2018): The Noma Guide to Fermentation. Artisan Verlag ISBN: 978-1-57965718-5.

Michael Erkes,
Director Meat & Prepared
Food EMEA, is a trained meat
and food technologist. Since
2003 he has worked in
various positions at Chr. Hansen, where he
has focused on the use of beneficial
microorganisms in meat products and
ready-to-eat food.
Author’s adress
Chr. Hansen GmbH, Michael Erkes, Große
Drakenburger Straße 93-97, 31582 Nienburg,
Germany, demer@chr-hansen.com

Beck

New delicate liver sausage
A highlight for the counters is now
available with it’s varied and subtly
balanced mixes of spices presented by Beck Gewürze und Additive GmbH (Germany, Schnaittach).
The delicate liver sausage offers a
diversity of flavors that enthuses
every sausage fan. There are no
limits of the different tastes: Alter-

natively also available in flavors
with truffle, onion, chives, cranberry, apple, tomato or cucumber.
With these flavors, there's something for everyone. The basic
seasoning is for fine liver sausages
with an intensely strong aroma.
//www.beck-gewuerze.de

Liver sausage comes in many
flavors.
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Industry News
GoodMills Innovation

High-quality products
for plant-based meat

Although a universal system, every factory has its own installation.

CSB

All-seeing solution brings benefits for supplier
A bespoke IT solution from specialist provider
CSB-System is enabling one of Europe’s
leading meat suppliers to effectively control
its entire operation, ensuring valuable structure, transparency and efficiency. The Sopraco Group supplies custom meat – veal,
beef, pork, goat, game, and poultry – for
mass distribution, chain stores, butchers’
shops, and the foodservice sector throughout Europe. The wide choice of products
includes portioned, fresh, frozen, processed,
and cooked meats.
The company’s fully vertically integrated
operation covers the entire process with
specialist businesses focusing on different
areas. At the same time, this requires an
efficient IT system to manage the process.
Initially, the IT software to control operations
was developed in house. However, as the
company grew and developed, the IT system

became inefficient. The CSB solution provides
complete visibility throughout, thanks to
real-time product registration and monitoring
that cover all areas – livestock, slaughtering,
purchasing, receiving, production, QC processes, storage, picking and delivery. On the
production floor, data is captured in real time
using interfaced scales and the specialist
CSB-Racks.
This approach offers numerous benefits.
Sopraco now has a standard system that
ensures best practice, fast implementation,
and a single process across all its factories.
Equally important, the company has full
traceability throughout all its operations, and
the system is easily scalable as the business
grows or to meet the needs of a particular
customer or at one location.
//www.csb.com

Baumüller

Stainless steel servo motor series revised
The Nuremberg automation and drive specialist Baumüller Nürnberg GmbH has revised its
servo motor series. They are now equipped for
aggressive environments and industries with
high hygiene, cleanliness and corrosion protection standards. The series increases flexibility for linking to its customers’ machines.
In addition to the B14 flange option available until now, the B5 option is now also
offered for connecting the HYG1 to gearing.
With this new variant, the motor can now also
be attached to stainless steel gearings,
which facilitates its use in demanding appli-

cations such as in the food industry. Machines in food processing, beverage filling,
and the pharmaceutical and packaging industries must be quick and easy to clean. At
the same time, bacterial colonies must never
grow as a result of accumulated dirt or cleaning agents.
The company meets this requirement with
the HYG1. Classified under the IP69K protection class, it is quick and easy to clean,
thereby minimizing downtimes.
//www.baumueller.com

Visitors to this year's FiE in Frankfurt can discover completely new possibilities for purely
plant-based product concepts during a visit to
the GoodMills Innovation GmbH (Hamburg,
Germany): With Vitatex texturates made from
wheat, soy and peas, fish and meat products
can be nearly authentically replicated.
It’s undeniable that more and more people
are reducing their meat and fish consumption,
with many switching to a 100% vegan diet. In
order to be able to offer good and sustainable
alternatives that are sensorily and nutritionally
convincing, a high level of technological expertise is required.
With the Vitatex range of texturates made
from wheat, soy and peas, the company
presents a solution for high-quality, plantbased alternatives: From juicy tuna substitute
and vegan fish fingers, to crispy baked fish or
one of the countless popular meat applications
– all consumer products can be almost authentically imitated. Sensory-wise, Vitatex products
provide a realistic, fibrous texture and, nutritionally, they are convincing due to their high
protein content.
//www.goodmillsinnovation.com

Nubassa

New flavours for
autumn and winter
Autumn marks the beginning of the season of
hearty sausages, which should not be missing
from any sausage platters. Hearty head cheese,
tasty blood sausage variations and fine
sausages are the traditional sausage varieties
for this time of the year.
The production of the sought-after spreadable sausages succeeds easily and efficiently
with the Liver Sausage-Compound CL/AF.
Aromatic onions, fine pepper and slightly spicy
ginger are the flavour-giving components of
this seasoning. The included emulsifier and
colour stabilizer guarantee a smooth consistency and appetizing appearance.
For those who like it a little spicier, Nubassa
Gewürzwerk GmbH (Germany, Viernheim) recommends sweet and spicy chili-honey blood
sausages. With chili, fine pepper, aromatic
marjoram and trendy coriander, refined with
creamy honey, this spice preparation creates
unusual sausage creations with a unique selling point. The company has many other delicious seasoning compositions and recipe
suggestions in its program.
//www.nubassa.de

keller.mitausblick.de

REFLECTING TASTE

Mirror, mirror on the wall: Who makes the finest food of all? You. That‘s right, you – thanks to our systems
for smoking, cooking, baking, cooling and climate control, you benefit not only from outstanding performance
features but also from all the experience and expertise of Fessmann‘s multifaceted team of experts:
mechanical engineers and technology specialists, scientists and professional butchers. And you can taste
the difference. Find out more at www.fessmann.com

FESSMANN GmbH und Co KG • 71364 Winnenden • Germany

For foods in premium-quality

The industry counts on the Fessmann Turbomat Ti3000
The industrial system Ti3000 will get more than 1.5%
more yield as compared to other systems - at the tried
and tested FESSMANN quality! Completely made of
stainless steel and built steam-tight out of panels, the

Ti3000 is universally usable according to your specific
needs. The central unit technology also convinces with
its flexibility and best circulation air outputs at short
process times.

 Only one system for Smoking, Cooking, Drying and
Hot air cooking up to 170° C
 Central unit technology for higher yields
 Automatic CIP cleaning system
 TRIPLEX-insulation without thermal bridges
 Optionally: Automatic transport system
 Use of "over-length" supply trolleys and transport
frames
 FOOD.CON control for reproducible results
 Automatic door opener serially included
 Smooth circulation blower for consistent smoking
climate in the entire system
Ti3000 for 5 trolleys

FESSMANN GmbH und Co KG • 71364 Winnenden • Germany
www.fessmann.com • Phone +49 7195 701-0
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Starches

Natural
and stable

Luncheon Meat is often

Possibilities and limits
of the use of food starches
High sensory demands are placed
on sausages, meat products and
meat-based delicatessen products.
Food starches help to meet these
demands.
By Michael Weisenfels

A

s an energy reserve of plants,
starch is naturally present in
many foods. Chemically, it is a
carbohydrate (multiple sugar) that
is formed by linking many building
blocks of glucose (dextrose) and can
only be formed by plants. The
purpose of starch formation is to
store glucose in an insoluble and
thus osmotically ineffective form.
Starch can therefore be stored
without much water, i.e. more
compactly, compared to glucose. It
is thus one of the most important
reserve substances in plant cells,
while the animal or human organism uses glycogen ("muscle sugar")
as a carbohydrate store.
In water at a temperature of
about 50 °C, the starch grain swells
strongly and paste formation occurs. Thanks to this gelatinising
property, starch is used in the
production of foods that have to
meet high thermal or mechanical
requirements and therefore need to
be stabilised. For this reason,
starches are primarily used in the
production of preserves and for
binding soups, sauces and other
delicatessen products. For these
products, it is often not the native
but the modified form that is added.
In modification, the technological
properties of starches are altered by
chemical, physical or enzymatic
treatment processes in such a way
that cold-swelling or thin-boiling or
late-swelling modified variants are
created that can effectively support
specific technological requirements.

produced as a fully preserved
product in a can.
Photo: Imago / homestudio

Legal framework

Within the scope of German food
law, the Meat Ordinance ("FleischVerordnung") to regulate the use of
starch in the production of meat
products. If starch was added, this
addition had to be indicated in
connection with the sales description. The "Second Act on the Further Streamlining of Federal Law"
("Zweites Gesetz über die weitere
Bereinigung des Bundesrechts“) of
8 July 2016 abolished the national
Meat Ordinance as part of the
Europeanisation of food law. The
labelling of added starch in meat
salad bases, ready-to-cook and
ready-to-serve meat products via the
sales description is thus no longer
required. Since the use of starch in
these products has been common
practice for years, the consumer has
a well-founded understanding of
the trade from the point of view of
the legislator, so that no further
labelling is required. Practical
examples of products to which
these regulations apply are meat
farces (e.g. as ready-to-cook fillings
for roasts) or ready-to-cook masses
for meatballs.
However, this does not affect the
declaration in the list of ingredients. Accordingly, the guidelines of
the German Food Book for meat
products describe meat salad base
under 2.222.5 and explicitly refer to
a content of 2% starch. The guidelines list generally understandable
and customary designations of
foodstuffs and describe production,
composition or other characteristics
that are usually expected of the
respective foodstuffs. They describe, for example, which raw
materials are used in the production of the food and how high the
proportion of value-adding ingredients should be. They also describe
how much water or value-reducing

ingredients may be contained. If
necessary, they also indicate the
common manufacturing processes.
However, they are not legal regulations, but have the character of
expert opinions. They serve as a
guide for all those involved in
production, trade and food monitoring as a basis for assessing the
marketability of foodstuffs. They
are also used as a decision-making
aid in legal disputes. However, they

are not legally binding. Guidelines
are drawn up by the German Food
Book Commission. Its members
include eight representatives each
from science, food monitoring,
consumer organisations and the
food industry.

A wide range of possibilities
In delicatessen products such as
salads, a dressing or sauce is used
in addition to an ingredient. Salad
Advertisement
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mayonnaise is very often used for
this purpose and is also available in
the shops under the names salad
cream or yoghurt salad cream.
According to the guidelines of the
German delicatessen industry, a
minimum fat content of 50% is
sufficient and the addition of starch
is permitted. This quality is based
on the guideline published by the
"Bund für Lebensmittelrecht und
Lebensmittelkunde e.V. (BLL)"
published in January 2019 and
approved by "Kulinaria Deutschland e.V." (Association of Culinary
Food Manufacturers) published in
January 2019. It defines salad
mayonnaise as a delicatessen sauce
based on vegetable oil to which
starches, for example, are added to
thicken it.
A number of regional specialities, which are often based on
traditional production methods, are
produced without the direct addition of starches, but bring a considerable starch content due to the raw
materials used for them. For example, the Guidelines describe under
2.2313.5 the "Pfälzer Saumagen"
(the favourite speciality of a former
Chancellor of the Federal Republic
of Germany) and certify that this
product contains typical potato
pieces with a potato content of not
more than 40%. Of course, this not
inconsiderable potato content
entails a starch content that is also
present in the overall food product.
Other traditional regional specialities are described in the guidance
notes under 2.2313.12 and confirm
the use of starchy ingredients
such as barley, groats,
potatoes or
bread

Natural and stable

The mass for the preparation of meatballs can also be stabilised with starch.
Photo: Imago / Chromorange

rolls in these products. The use of
these ingredients is reflected in the
overall product.
Binding and fluffing agents also
contain starch. Therefore, the
guiding principles under 2.507.1 for
minced steaks confirm the usual
use of these ingredients and limit
their content via the starch content
in the dry matter of not more than
15%. Guideline number 2.507.2
defines the content of starch in the
dry matter of the finished total
product (i.T.) of not more than 20%
for German beefsteak and minced
beefsteak. Other similar products
are also produced with binding and
bulking agents. Under 2.507.8, the
Guidelines for these products
indicate a usual
additive

Starches can significantly improve the stability and flow properties of
delicatessen products. For example, the photo shows a German specialty, meat
salad. Photo: Imago / Westend61

resulting in a starch content of not
more than 25% in total. Also "Complete Packs" or "Compounds", as
used in the meat industry for the
production of these meat-based
convenience products, also contain
binding and fluffing agents and
thus starches.

International use
Starch and modified starch form a
flour-like, white powder that is easy
to spread. It can therefore be easily
incorporated into meat products
that undergo a mixing process
during their production. Very often,
this ingredient is added in combination with spices and other functional substances to the meat mass
during mixing and is evenly distributed in the mass to be filled and
portioned. In accordance with the
regionally applicable food law
regulations, for example, a proportion of about 5% of "Rusk" is
added to breakfast sausages
in some countries like the
UK. This is a kind of
breadcrumbs made from
rusk (double-baked,
slightly sweetened
dough). Of course, starch
enters the product via
this addition. Breakfast
meat (Luncheon Meat) is
also often prepared with this
ingredient. In this product,
starch serves as a stabilising component for the product, which is
subject to high thermal stress
during sterilisation. Very often,
Luncheon Meat is offered internationally as a canned product that
does not require refrigeration.

Sterilisation is necessary to ensure
food safety.
Other cooked sausage-like products with starch are also found in
the international sector, where they
comply with national food regulations. One example includes mortadella-like products with or without inserts, which are offered as full
preserves in casings for slicing that
do not require refrigeration. These
products are sterilised. In many
cases, high-density PVC casings are
used for covering, which are closed
with double clips to maintain food
safety.
Cured whole muscle products
with added starch can also be found
in the international range. Since the
starch is added to the muscle meat
via the injection brine and forms a
viscous suspension in the brine,
classic injection curing is almost
impossible for these products.
Starch-containing brines have such
a high dry matter content that the
holes of the needles in the brine
injector become blocked and therefore the desired even distribution in
the product to be injected is not
achieved. For this reason, massaging methods are suitable for whole
muscle products with added starch,
in which the starch-containing
brine is worked into the muscle
meat.
Starch is also used internationally to supplement or stabilise the
layer of mould on the surface of
mould-ripened raw sausage. In
addition to the possible improvement in appearance due to a closed
and uniform surface of the treated
product, in this application the
applied starch can have a buffering
effect on exuding liquid or liquid
condensing on the surface from the
outside.

Detection of starch
Normally, starch is confirmed with
the help of the Lugol's solution in
an iodine sample. The amylose
contained in starch is detected with
a characteristic blue colour. The
blue colour is produced in a reversible equilibrium reaction by the
inclusion of iodine in the waterdissolved amylose. In addition, the
presence of starch can be shown
with the help of a polarimeter by
splitting the starch by boiling with
acid and filtering it after adding
Carrez I and II. The optical rotation
can then be determined on a polarimeter, which allows a deduction
regarding the amount of starch.
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In the plant cell, starch is present
in different sizes and shapes as
organised starch granules, depending on the plant species. They can
be spherical, oval, lenticular or
spindle-shaped. The shape is originspecific and can therefore be used
for clear classification. The determination of the individual starch types
under the microscope is based on
the shape of the starch grains,
which are characteristic for the
respective parent plants in terms of
size, shape and stratification. The
size of the starch grains is always
unequal, but it does not exceed the
measure determined for each
species. The grains of potato starch,
for example, reach a size of 70 to
120 μm, the smallest are spherical,
the largest ovoid, usually with a
somewhat tapering end; their stratification is eccentric and usually
distinct. In wheat starch, large
grains of lenticular shape and
indistinct stratification are typical;
the kernel is centrally located.
Grains of maize starch are mostly of
the same size (10 to 18 μm), not
stratified, often with a three-rayed
kernel cleft.

Multifaceted raw material
In Europe, starch is one of the most
important renewable raw materials,
along with wood and sugar. Potato
starch, wheat starch and maize
starch are particularly widespread in
this region because the plants that
supply them can be grown here. In
addition to being used as stabilisers,
thickeners or sweeteners in food
production, starch and starch derivatives are increasingly being used,
for example, in paper production,
biofuel production or even as biobased plastics. In medicine, too,
starch and starch-based substances
are increasingly being used in
medicine to treat metabolic diseases.

Michael
Weisenfels
is a master butcher, food
technologist, technical
business economist and
specialist journalist. The graduate engineer
looks back on more than 40 years of
experience in the meat sector and was
editor of FLEISCHWIRTSCHAFT for more than
ten years before retiring in April 2021.
Author’s address
Michael Weisenfels, Bremer Str. 197, 27283
Verden, Germany, weisenfels@t-online.de

Metalquimia

New standard in sausage handling
Metalquimia S.A.U. (Spain) introduces the new
EvoLoader, the fully redesigned automatic loader
that sets a new standard in the handling of
sausages, cheese sticks and other food products,
surpassing even the advantages of the most demanding robot loaders.
The new sausage loader, patented by Metalquimia
with an up to 50% reduction of footprint loading

space, offers a maximization of packaging unit
capacity, increased productivity with no product
recirculation, gentle product treatment, and improved Food Safety. New operating 4.0 capabilities
also allow for in-line loading at 90 degrees, with
improved flexibility.
//www.metalquimia.com
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Packaging

Lightweights win over
refrigerator shelves
Packaging is becoming more consumerand environmentally friendly
The Corona pandemic is paralyzing the world,
and in many sectors of the economy life has
literally been at a standstill for a year. The packaging industry is different: hardly a day goes by
without news about packaging innovations.

I

n the meat and sausage sector, packaging
manufacturers are working at a high rate on
consumer- and environmentally-friendly packaging solutions. However, since packaging in
the meat sector must meet specific requirements for product protection, plastic cannot be
easily replaced by other materials. Given that
European Union regulations are obliging
manufacturers to produce only environmentally friendly packaging beginning in 2030, the
demand for recyclable packaging keeps continuously growing.

High demand for circular packaging

environments such as
coolers and refrigerators. Unlike similar PVDC-based shrink
films, which are not mechanically or
chemically recyclable, the bag can be
reprocessed in existing recycling streams
for PE, Amcor Ltd claims.

Schur Flexibles save 70% plastic thanks to
the switch from tray to tubular bag.
Photo: Schur Flexibles

Sustainability alliances
In order to reach the goal as quickly and efficiently as possible, cooperations and alliances
are often formed. For example, the international groups DSM, Sabic, Cespa, Fibrant and
Viscofan have joined forces to develop sustainable packaging for meat products. The result is
a recyclable barrier film for the production of
wrappers for a variety of meat products.
The wrapper produced by Viscofan consists
of several layers of different polymers. DSM
Engineering Materials provides its certified
circular polyamide (PA) Akulon CRC-MB while
SABIC contributes its certified circular polyethylene (PE) from the Trucircle portfolio. Both
products are based on used plastics that would
otherwise end up in landfills or be incinerated.
Mondi Group, in turn, has collaborated with
Austrian meat producer Hütthaler KG to develop a fully recyclable polypropylene (PP)
thermoforming film for meat and sausage
products. Hütthaler's request was to replace
the currently used film with a recyclable solution. The monomaterial film consists of a
barrier layer for food protection and extended
shelf life. The independent institute cyclosHTP GmbH, which is primarily concerned
with recyclability and product responsibility,
has awarded it with the highest recyclability
class "AAA".

The food packaging industry is facing major
challenges. Manufacturers usually work with
high-tech composite packaging that have to
fulfill several functions. These composites
protect against heat, moisture, oxygen and
ensure durability. To date, ultra-thin layers of a
wide variety of materials and plastics have been
used for this purpose. Unfortunately separation of the varying materials is only manageable at high cost, if at all. However, separation
by type is a prerequisite for a recyclable product.
Solutions that are as raw material- and energy-efficient as possible while still being
recyclable are highly sought after. Lightweight
packaging with equal or improved performance and greater stability is gaining ground,
making a significant contribution to sustainability and resource conservation. Less weight
Increased performance
not only helps to save raw materials, energy
for thermoforming sheets
and transport costs, but also optimizes handling.
The demands on thermoforming sheets for the
One example is manufactured by the packag- food industry are high: a high barrier effect to
ing group Amcor Ltd. The company recently
extend the shelf life of the packaged goods,
launched "Eco-Tite R," a shrink bag made of
sealability, printability, a suitable surface finish
polyethylene (PE) for fresh and processed
such as gloss and transparency, combined with
meat, poultry and cheese. The multilayer bag – the lowest possible film thickness and good
available in five or seven layers – does not use
thermoformability. Cast film extrusion has
polyvinylidene chloride (PVDC) but has a
established itself as the manufacturing process
PA/EVOH (polyamide/ethylene vinyl alcohol
for thermoforming films. Using triple-bubble
copolymer) barrier layer, which takes up less
technology, Kuhne Anlagenbau GmbH has
than 5% of the packaging material and therenow succeeded in producing films that, according to the company, have a thickness of only 80
fore does not impact recycling. According to
µm, in contrast to the conventional range of
the manufacturer, the bag has a high oxygen
150 to 180 µm thickness. Another bonus is
and water vapor barrier even in very humid

their good machinability during thermoforming, corners and curves of the thermoformed
packaging are designed to be just as stable as
their conventional counterparts. Currently
available triple-bubble films typically consist of
a 9-layer composite with EVOH and PA barrier
layers. Kuhne has now joined forces with a
European film manufacturer to develop a
5-layer PP-based monomaterial film. This film
consists of 95% PPand 5% foreign material
and is thus said to be easily recyclable.
For packaging minced meat in thermoformed packs, the Südpack packaging group
offers a solution using a Multifol Pure PP soft
film as the bottom layer and a peelable PPbased as the top. Compared to tray packaging
this solution requires only 55% of material.
The pack needed for packaging 1 kg of minced
meat weighs around 10.7 g. Depending on the
needs , this concept allows the production of
MAP- (Modified Atmosphere Packaging) or
vacuum packs.

The future belongs to the flow pack
The minced meat packaging of the future,
however, appears to be the flow pack. It makes
recycling particularly easy for the end consumer: after opening the packaging and removing the meat the film can be thrown out and
entered into the recycling process. According
to Südpack, their Flow Pack Pure PP tubular
bag film reduces the quantity of required material up to 60% compared to tray packaging. For
example, a flow pack made of Pure PP for 1 kg
of minced meat weighs only about 9.5 g. For
manufacturers, however, it is also an attractive
solution in other respects: thanks to its good
sealability, Flow Pack Pure PP can be processed
quickly and efficiently on all standard form-fillseal machines, even during high cycle rates.
For this type of production process, after the
minced meat is portioned, cut and in some
cases weighed, the individual portions are
placed on the infeed conveyor belt of the packaging machine with precise minimal spacing.
The minimum distance is ensured by appropri-
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ate speed differences. If, for example, a portion
is sorted out through the weighing system
during the production process, coordinated
interfaces in the downstream process register it
so that no empty packs are produced and no
packaging material is wasted.
High sealing quality and a gentle transfer
process are crucial for the shelf life and appearance of flow packaged products. A purposefully
"overblowing" of the packs fills them with gas
to such an extent that the packs can be stacked
on top of each other like pillows without the
minced meat portions actually lying on top of
each other. The function of "handle protection"
of the packaging is also largely ensured by this
overblowing of the tubular bag packaging.
Thanks to their high barrier properties the
thermoforming film and the tubular bag offer
the same protection as standard tray packaging. The integrated antifog effect prevents
fogging of the packaging and allows meat
lovers an unobstructed view of the product. In
terms of design, both solutions also offer great
creative freedom – they can be printed using
either flexographic or gravure printing. By
switching from conventional tray or thermoformed packaging to the mono-flow film, meat
producers can save up to 70% of plastic, according to Schur's estimates.

Trays are also changing

As expected, tray producers do not leave this
attack on their core business unanswered:
Pro-Pac Ostendorf Plastic Thermofolien und
Verpackungen GmbH & Co. KG, for example,
has launched Padless Pro, the first mono-MAP
tray for lightly juiced poultry and meat products without a suction pad. The "ultra-light"
tray for poultry and meat products is made
entirely of PP and can be sealed with commercially available PP top films. In this case a thin,
needled PP release film replaces the suction
pad, directing the escaping meat juices into the
tray bottom, thus preventing permanent contact with the product.
The tray base, in turn, consists of many
dents to safely absorb the liquid. Padless Pro is
holistically recyclable, according to the manufacturer. In the search for more sustainable
solutions, Multivac Sepp Haggenmüller SE &
Co. KG and DS Smith plc have joined forces to
develop the "Eco Bowl", a solution for fresh
food in modified atmosphere packaging (MAP)
based on corrugated board.
Eco Bowl is advertised as being a fully recyclable corrugated tray. It features a plastic skin
and top film, reducing the amount of plastic by
up to 85% compared to a conventional plastic
tray.

Biodegradable or recyclable?

As far as the biodegradability is concerned,
research and development are only at the beginning. In the field of biopolymers, for example,
consideration should be given to whey protein,
which has similar barrier properties to EVOH
or PVDC and therefore serves as a bio-based
alternative that is degradable in seawater. Sugarcane, algae, fungi, paper or lactic acid are other
raw materials equally suited for the development of novel packaging or bags.
One crux of innovative packaging concepts is
it must be clear to the consumer which material is biodegradable and which is recyclable for
it to be properly disposed. According to the
manufacturer, Bio-SamPak combines what was
previously considered incompatible: the novel
packaging for sausage and cheese offers the
same hygiene and shelf-life standards as plastic
and is biodegradable at the same time. The
bio-film was developed by Klagenfurt-based
mechanical engineering company S.A.M.
Kuchler Electronics GmbH together with a
film manufacturer. Bio-SamPak is a film that is
biodegradable, can be thrown on the garden
compost and still offers the "convenience" of
plastic.
r KAREN GELLRICH
This text was published first in Packreport 3/2021.

Advertisement

44

Fleischwirtschaft international 4_2021

3D-Printing

Food utilization to the fullest
The prospects of 3D-printing in the meat industry
edible powder of mealworm (Tenebrio molitorto) insect during preparation of 3DP wheat snack for
enhancing protein content. SOARES
and FORKES (2014) developed 3D
printed insect shape foods under
Insect Au Gratin project by using
insect powder obtained from crickets, silkworms and mealworms as
protein source and carrier in spicing, icing butter, chocolate and
cream cheese.

3D printing is used to formulate
three dimensional objects. The
development of novel meat products is possible with this technology. The texture and sensoric is very
important for determining its
acceptability in the market.
By Pavan Kumar, Akhilesh K.
Verma, Pramila Umaraw,
Nitin Mehta and Rajeev Ranjan

T

he ‘3D printing’ (three dimensional printing) or 3DP or additive manufacturing (AM) or SFE
(solid freeform fabrication) refers to
various computer controlled
process used to formulate three
dimensional objects by depositing,
combining and solidifying materials added mostly by layer upon layer
by using computer aided design
(CAD) software. It was first used in
food industry by researchers from
Cornell University by using
Fab@home printer using extrusion
technology (PERIARD et al., 2007).
This is a very sophisticated technology which makes it possible to
produces hypothetical three dimensional designs of unique and intricate shapes or geometries that
could otherwise not possible to
form manually by combining
material together in various layers.
By using this technology, it is possible to form product with hollow
parts, complex geometries, hollow
truss structures and internal structures with reduced weight, etc. This
technology can also be used in
formation of confectionery shapes
and colourful images on solid
surfaces (ZORAN and COELHO,
2011).
The various materials such as
liquid, powders, etc are fused together while depositing in layers
with predetermined thickness to
create complex structures
(NOORANI, 2017). This technology is
previously used for rapid prototyping by rapidly producing aesthetic
or functional prototypes. Later with
the marked advancement in computer technology makes this
process industrially viable method
for production and even referred to
additive printing. The technique is
very popular in polymer, metal-

Printing in meat industry

Fig. 1: Turkey with TGase3D printed into (a) truncated hemisphere and (b) cooked
sous-vide. Celery fluid gel (green fluid in c) was printed within the structure of
(d) turkey cube (LIPTON etal., 2010).
Image reproduced with permission from David Bourell

working, medical, aerospace, autoindustry, fashion field and inkjet
printing industry.

Printability of food material
Printability is very essential attribute as it regulates efficiency of
3D printing process. It refers to the
ability of the food paste to handled
and dispensed by a 3D printer and
forming a freeform structure after
deposition (GODOI et al., 2016). The
printability is affected by rheological and printing conditions of the
material (KIM et al., 2017). For
development of 3D printed meat
products, the assessment of printability of meat paste is very important as it affects the overall printing
design, organoleptic properties and
nutritive value.
On the basis of printability, SUN
et al. (2015) categorized food ingredients into three categories viz.
native printable, non-native traditional printable and alternative
ingredients. A material with native
printability possesses sufficient
flow ability and can easily extrude
through nozzle and does not require addition of any flow enhancer
substances. However in this some
materials have sufficient structural

strength to withstand the 3 D structures such as cheddar cheese
whereas some have low rigidity and
difficulties in maintain 3D structure or design such as Greek yoghurt. The materials not having
sufficient structural strength are
not suitable for 3D printing even
having sufficient flow ability. In
case of non-native printable traditional food ingredients, there is a
need to add flow enhancer substances to facilitate extrusion and
subsequent cooking operations
such as staple foods. The flow
enhancers are added to improve the
rheological and mechanical behavior during layer deposition during
3D printing process such as 1% fish
collagen in fruit and vegetable
blend to form edible pyramids
(SEVERINI et al., 2018), agar in celery
to form extruded gel (LIPTON et al.,
2010), addition of gelatin, starch,
gum, pectin, alginate (VANCAUWENBERGHE et al., 2017). Alternative
ingredients refer to emerging novel
source of functional compounds
having potential to be used in 3D
printing of food in development of
food with balanced nutrition, customized foods and traditional
foods. SEVERINIET al. (2016) used

Meat and meat byproducts are as
such not suited to 3D printing due
to fibrous nature and poor rheological and mechanical properties. This
has limited the application of 3D
printing technology in meat sector.
It is required to add certain flow
enhancer ingredients to improve its
rheological and mechanical properties to make meat and meat byproducts into paste like structure which
is compatible for 3D printing (LIU
and WANG, 2018). Meat and meat
products are processed at high
temperature during their preparations and thus 3D printing structure should withstand the cooking
procedure without undergoing
shrinkage at the same time should
maintain the complex 3D design.
Under 3D printing, various types
of food ingredients are combined.
This may open arena of unexplored
and unimagined opportunities and
benefits in food industry by significantly increasing value addition to
various products as formation of
novel textures and cater unique
nutritional advantages and eating
experiences. Under 3D printing,
various low value meat cuts such as
trimmings, offals and other wastes
can be used as paste for printing
and thus can be sufficiently utilized. DICK et al. (2019) also noted
that by using 3D printing technology, unlimited suitable modifications in food structures and food
interaction can be produced suitable for patient with dysphagia
patients with digestive problems,
chewing and swallowing difficulties
etc.
In near future, meat industry will
get cut-throat competition from
meat obtained from unconven-
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Design
.............................................

Source: PARA et al.
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Fig. 2: Hypothetical design of 3D printed meat ball, sausage and patties

tional sources as clean meat/ meat
analogues, meat from exotic
species, edible insects, in-vitro
meat, protein from plant, fungi and
algae, 3D printing, etc. BONNY et al.
(2017) postulated that the traditional practice of meat production
will continue but unconventional
protein sources can be potential
alternatives to low value inferior
meat cuts and meat products prepared by utilizing meat by-products
due to their competitive advantages
of nutritive value and scaling up of
process making these products

cheaper. Meat industry is adopting
improved breeding and managemental practices and newer technologies, adapting to consumer and
market demands to counter it and
remain viable and sustainable in
near future.
Meat producers are continuously
searching for advanced technologies for increasing their profit
margin and improve competitiveness such as efficient use of animal
by-products, value added cuts and
restructured meat (YEH et al., 2018).
Amongst emerging technologies in

food industry, 3D printing technology is very promising and has great
potential in meat industry in fabricating customized meat products of
desired shape, size and texture
from meat by-products (DICK et al.,
2019).
Enabling meat as ingredient for
3D printing requires meat to be
finely comminuted into paste with
small particle size that can pass
through nozzle during extrusion.
The degree of mincing affects the
textural properties of the product
and it helps in extraction of myofibrillar (actin and myosin) proteins
which stabilize the emulsion by
entrapping the fat molecules. The
amount of connective tissue and its
size also affect the printability of the
paste. For avoiding the problem of
clogging of nozzle, the particle size
of paste should be lower than the
nozzle diameter (DICK et al., 2019).
For improving extrusion ability and
proper binding of component,
various plasticizers are added into
meat for preparation of meat paste
such as addition of gelatin in fish,
pork and chicken slurry (LIU et
al.,2018) and TGase addition in
turkey and scallop paste (LIPTON et
al., 2010).

Printers and
printing parameters
The 3D printing comprises various
methodologies such as extrusion,
inkjet printing, bio-printing and
binding deposition but in food
industry including meat industry,

extrusion is most commonly used
technology due to its compatibility
to a wide range of food rheological
properties (GODOI et al., 2016). SUN
et al. (2018) described the basic
design of 3D printers as motor
driven print-head and a platform
attached to a stage with cartesian
configuration. These parts may
have various design and configuration, but at present most print-head
used for 3D printing due to their
suitability in printing meat paste.
The extruder can be either single or
double nozzle. At present lot of
research work is undergoing to
develop suitable 3D printing to
overcome the existing challenges of
setting properties, improved ink
storage, safety issue, temperature
control, extrusion quality and flow
in meat printing by adding meat
materials into the additive manufacturing process (FLM-food layered manufacturer) (WEGRZYN et
al., 2012; LIU et al., 2018).
There is need to proper maintain
the temperature while 3D printing
of meat throughout the hopper,
nozzle and platform with the help
of temperature controlling devices.
As meat is a very perishable food
and it rapidly spoil at higher temperature, thus while 3D printing, it
is crucial to maintain processing
temperature below 4°C in feeding
system and stage to prevent microbial spoilage (DICK et al., 2019). In
case of 3D printing not lacking
cooling device, the processing of
meat depends upon the initial
Advertisement
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temperature of meat paste when
filled in cartridge and total time
spent during at ambient temperature at cartridge and platform with
later affected by printing time,
volume of printed design, printed
objects per cartridge, etc. (DICK et
al., 2019).

Conditions for meat
HAO et al. (2010) noted that while
3D printing of meat, various factors
such as speed, height and diameter
of nozzle, extrusion rate, infill
percentage should be considered as
each of these factors determine the
desired geometrical dimensional
accuracy of printed materials individually as well as in combinations
to other factors. While adjusting
these printing parameters during
3D printing, the economic aspects
of the process should be given due
consideration such as lower printing speed and nozzle diameter
along with increased infill percentage leads to higher dimensional
accuracy but this combinations
consume lots of time and energy.

Designs and patterns
SUN et al. (2018) noted that during
3D printing of meat, it is possible to
make countless complex and intricate designs and cross-sectional
patterns with variable formulations
and combinations of suitable ingredients leading to production of
novel meat products previously
thought near impossible with
unique textures, mouth feels, and
nutritional composition. By incorporating various flow enhancer, it is
possible to form meat paste and use
it in formation of complex structures with modified nutritional
composition, flavours, textures and

Food utilization to the fullest
improving eating experiences. DICK
et al. (2019) noted the use of multihead printer to include various
ingredients in target sites within
printed paste such as seasonings,
slat, fatty slurries, etc. LIPTON et al.
(2015) suggested use of ingredients
with variable textures into one or
more patterns or increasing porosity or a printed meso-structure. The
nutritional composition of the
printed product can be regulated by
data driven process. The process
may be used for production of meat
products with hypothetical designs.
NOORANI (2017) proposed the whole
process as formation of scheme of
expected final product as a CAD
(computer added design) model
followed by changing it into .STL
(steriolithography) format with the
help of slicing software compatible
to 3D printers. The model is further
sliced into different 2D cross sectional layers as per desired design
and printing settings.

Extrusion, inkjet, binding
deposition or bioprinting?
For 3D printing of meat, various
methodologies are used such as
extrusion for paste like materials,
inkjet printing for liquid based
foods, binding deposition for
powder based foods and bioprinting for cultured cells are used
(GODOI et al., 2016). Inkjet printing
has several limitations in printing
complex structures (PALLOTTINO et
al., 2016). Out of all these available
methods, extrusion is most commonly suited used in 3D printing
of fibrous materials such as meat
(SUN et al., 2018). In this method,
paste-like material is ejected
through the nozzle and the whole
process is digitally controlled. The

stream through nozzle is deposited
in the form of cross-sectional layers
into 3D structure as per previously
designed format in CAD and .STL
file format.
There are various extrusion
technologies are available such as
syringe based, screw based or
air-pressure driven out of which air
pressure-driven is not preferred in
case of viscous paste materials due
to the problem of attaching material to the cartridge wall. The screwbased extrusion has screw conveyor
for allowing continuous feeding.
Mixing and deposition of meat
materials at the time of filling
minimize the risk of air entrapment (SUN et al., 2018). The entrapped air within meat paste cause
and cartridge may increase compressibility at the time of printing
and thus disrupting the continuity of
flow and inaccuracies (LIPTON et al.,
2010). The risk of air entrapment can
be avoided during the initial phase of
cartridge filling. This problem is
more encountered in air pressure
driven extrusion and this causes
problem in refilling and replacing of
cartridge and restricts the material
deposited per run leading to lesser
size of the printed meat product
(DICK et al., 2019).
Bio-printing use tissue engineering and it is still in development
phase in meat industry. FORGACS et
al. (2014) described the process of
bio-printing in which an inkjet
printer deposits cells into an
agarose gel support structure in
which these cells fused. After
fusion these agarose structure is
removed and these cells are put
into bioreactor at low frequency,
where these fused cells (tissue)
mature into meat fibres (SHER and

TUTO, 2015). The main hindrance
in its development and popularization remains high cost, sensory
attributes of the products and its
acceptance among consumers.
To improve the rheological and
mechanical parameters of meat to
enable it to form proper meat paste
and undergo extrusion during 3D
printing, various agents (such as
gelatin, hydrocolloids, fats) are
added to increase its viscosity and
binding properties. The viscosity of
meat paste is adjusted as such it
easily flow through nozzle and
sufficient enough to support the
subsequent layers and deposited
shape and maintain structural
integrity during 3D printing
(GODOI et al., 2016). The commonly
used agents in meat industry during processing such as thickeners,
binders, gelling, syneresis controllers, emulsifiers, textures stabilizers, etc. are used to regulate
viscosity and mechanical stability
of paste (MCARDLE et al., 2011).

Opportunities and Challenges
LIU et al. (2017) noted the issues of
printing precision and accuracy,
process productivity and production and production of multiflavour, multi-colour, multi-structures products as major challenges
in application of 3D printing
technology in food industry. Printing precision is very important for
success of 3D printing technology
in food industry. For designing 3D
printed food with high precision,
the knowledge of various printing
parameters and processing conditions such as rheological properties, particle size, nozzle diameter,
utilization of multi-nozzle printers, proper printing speed, print

Overview
.........................................

Tab. 1: 3D printing in the development of meat products

3D printed product
Turkey puree compatible for sousvide cooking method along with cube
containing celery fluid gel inside
3D printing of chicken, pork and fish
slurry
Fish surimi gel in screw-conveyor
extruder type 3D printer
Tuna puree for people with swallowing difficulties

Quelle: PARA

Methodologies
Turkey paste added with TGase as binder and bacon fat for improving flavor
and used truncated hemisphere extruder for printing

References
LIPTON et al., 2010

use of gelatin in pork as viscosity enhancer and utilized the paste for various LIU et al., 2018
3D printing purposes
1.5% NaCl in fresh silver carp fillet mince optimum for improving rheological WANG et al., 2018
and mechanical properties for 3D printing
Blending canned tuna in spring water for 5 min and 3D printed into a tuna
KOUZANI et al., 2017
shapewith pressure-controlled extrusion at 20 °C
FLEISCHWIRTSCHAFT international 4_2021
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Framework
...........................................................

Tab. 2: 3D printing parameters
S. No Printed parameters
1. Nozzle diameter

2.

Nozzle height

3.

Nozzle speed and
extrusion rate

4.

Infill Pattern

Particulars
i. As meat paste has large particles such as connective tissue, nozzle diameter of more than 2 mm is preferred
but it compromises the printing precision by depositing thick layers.
ii. In case of extrusion of fine meat paste such as meat emulsion, nozzle diameter of less than 2 mm used for
more précised and intricate structures without problem of clogging.
i. Equivalent to nozzle diameter for proper extrudate swell phenomenon leading to springiness of meat paste
affecting the dimensional accuracy printed structure
ii. Lower nozzle height than normal expands objects due to scattering of the deposited stream whereas the
larger nozzle diameter causes dragging of meat paste stream leading void fractions in the structures easily
altered during post-processing changes
i. Extrusion rate regulate volume of deposited material per unit time.
ii. Thinner streams and under deposition of meat paste during high nozzle speed.
iii. Thicker streams and over-deposition during higher nozzle speed.
iv. Under and over deposition on the meat paste stream and void fraction in case of nozzle speed and extrusion
rate not proper.
v. Stream diameter should be equal to diameter of nozzle.
vi. Void fraction determines the cooking process as higher porosity decrease the heat transfer and affecting
moisture and fat release.
i. Rectilinear or honeycombpattern form more anchor points within the structure for better binding of meat
paste in intricate structures

Quelle: Para

ing distance and post-processing
methods as baking, frying, cooking should be given due considerations and properly optimized for
better product development and
increase the process efficiency
along with improving cost effectiveness by reducing production
cost.
Further as we increase the
complexity of structures and ingre-

FLEISCHWIRTSCHAFT international 4_2021

dients, it also increase the complexity of the whole process of
printing and put a control system
and technical challenge (LIU et al.,
2017). LIU et al. (2017) noted that to
meet desired nutritional value and
structural design, in addition to
printing machine, there is requirement of printing methodologies,
food ingredients, prototype design,
compatible software, optimization

of various processing parameters,
consideration of post-processing
process such as cooking, etc.
The need of the hour is focus on
development of 3D printed meat
products with multiple flavours,
colours and intricate texture to
make these products popular
among consumers and overall
success of 3D printing technology
in meat sector.

Author’s adresses
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Utilization of skin and other
byproducts in meat processing
Byproducts obtained from poultry are a valuable
asset of poultry industry which is not being
utilised to its fullest potential. In the present era
utilization of animal byproducts is a golden path
for future food security and sustainability. Focus
is on mechanically separated meats.
By Pramila Umaraw, Akhilesh Kumar Verma
and Pavan Kumar

T

he utilization of animal byproducts and wastes
is not only essential to sustain the industry but
also important to reduce the environmental
pollutions. Byproducts sector from meat industry
is not getting due attention, though it has dynamic scope and multifarious benefits. The major
part of the by-products is considered as waste
which ultimately causes environmental pollution
and burden on the meat sector. If it is utilized in
well organized manner, it might serve as wealth
for sustainability of the industry. These edible
byproducts have traditionally been consumed
worldwide in varied forms which are in fact nutritionally attractive products. Now a day’s byproducts are considered as fifth quarter of carcass and
these are highly prized in South East Asia and
Africa, though demand is variable and low in
Australia and USA (FATMA and MAHDEY, 2010).
Non-utilization or under utilization of byproducts not only lead to loss of potential revenues but also lead to the added and increased
cost of disposal of these products. The edible
byproducts if harvested hygienically can easily be
turned into revenue generators. Traditionally,
many cultures have used these offals for culinary
preparations. Such knowledge and skills can be
popularised for better utilisation of offals. Edible
by-products such as blood, liver, heart, spleen etc
are nutritionally rich source essential minerals
and vitamins.
Efforts are being made to prepare value added
meat based convenience products using low value
meat components. It is estimated that during
slaughtering of birds, about 10 to 13% live poultry
weight is wasted in the form of skin, gizzard,
heart and other by-products. The nutritive value of
these edible byproducts in respect of protein and
fat is as good as lean meat. It is more advisable to
incorporate chicken giblets (heart and gizzard) in
the preparation of processed meat products if the
consumer is looking for low calorie diet having
high protein and polyunsaturated fatty acids.
Effective utilization of these by-products for
production of value added meat products is one
way to realize maximum returns from poultry

What can be used?
..................................................

Bring out the
full potential

Carcass

By-products
Edible

Skin
z

Emulsified meat
product
z
As binding agent
z
Gelatin
z
Collagen casings

MSM
Emulsified meat
products
z Restructured meat
products
z Fat replacer
z

Source: UMARAW, VERMA and KUMAR

Inedible
Organs

Blood

Emulsified products
Traditional products
z Speciality products

Emulsifying agent
Fat replacer
z Egg replacer
z Foaming agent

z

z

z

z
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An overview to highlight the full potential to utilise the poultry byproducts for commercialisation.

sector (Fig). The product made from such underutilized resources proved to be economical and
nutritive also. Value added products such as
sausages, patties, loaves, hot dogs and luncheon
meats are not only of low cost but also highly
nutritive. Preparation of emulsion type meat
products is a potential solution to achieve efficient
and effective utilization of spent hen meat.

Utilization of
mechanically separated meats
Mechanically separated meat is a byproduct
(MSM) of processing industry that is obtained
from deboning process. The skeletal bones obtained from deboning process are propelled by
augur- or press-type piston through sieve like
plates which separates edible tissues. KOOLMEES
et al., (1986) have reported that press type machines produce MSM with higher cartilage and
lower calcium content than augur type machines.
While the bone particle size is larger in press
types. The type of product obtained depends on
the pressure applied. A slurry or paste like product is obtained under high pressure while under
low pressure product similar to minced meat is
obtained.
The mechanically separated meat can be harvested from all food animals except from beef.
FSIS has banned MSM from beef due to the risk
of bovine spongiform encephalopathy. It has been
reported that MSM poultry meat is rich in protein
and has lower fat content than that obtained from
pork or veal but also has higher bone content
(KOOLMEES et al., 1986). Mechanically separated
meat from any species can be stored for upto
18 weeks in vacuum packaging (MIELNIK, et al.,
2002).
Mechanically separated meat (MSM) makes an
ingredient of excellent nutritional and functional

value for comminuted meat products. Mechanically separated meat has good emulsifying capacity, emulsion stability and water-holding capacity.
It has been used in varying proportions in a large
number of meat derivatives (minced meat,
sausages and other types of product). Generally, as
the proportion of MSM in the formula increases,
flavour and overall acceptability scores decrease,
the product is darker in colour, and tenderness
and juiciness scores rise. Mechanical separation
provides a means of harvesting functional proteins which can be used in the preparation of a
variety of further processed meat products. Mechanically separated poultry meat (also reported
as mechanically deboned poultry meat prior to
1995) has been widely utilized in further processed poultry meat products such as bologna,
salami, frankfurters, turkey rolls, restructured
meat products, and soup mixes. This low cost
meat source has led to poultry meat products
being more cost effective in the market place.
Mechanical separation of meat from the whole
carcass has not been a common practice.
As more mechanically separated poultry has
been used in further processed meat products,
functional attributes have become an important
consideration. Much of the mechanically separated poultry has been used in emulsified products. Thus, the effects of the mechanical separation process on salt-soluble proteins and fat content have been found to influence functional
properties. Mechanically separated turkey meat
has been found to have less salt-soluble proteins
(MCMOHAN and DAWSON, 1976) These authors
further observed superior emulsion capacity in
hand-deboned turkey as compared to mechanically separated turkey. However, water-holding
capacity appeared to be higher in mechanically
separated turkey. MAYFIELD et al., (1978) indicated
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that mechanically separated poultry with 12%
protein produced more viscous emulsion batters
and emulsion stability was superior to that noted
from sources containing 11% protein. Others have
reported that the mechanically deboned poultry
from different sources may exhibit variability in
emulsion characteristics and water-holding capacity (ORR et al., 1979). Skin content has influenced
the functional properties of mechanically separated poultry (FRONING et al, 1973; SCHNELL et al.,
1973) Higher skin levels decreases emulsion
stability and emulsion capacity, which are largely
related to the higher fat content contributed by
skin. However, SCHNELL et al., (1973) reported that
higher skin content increased organoleptic tenderness of frankfurters. There have been attempts by
some researchers to texturize mechanically separated poultry. ACTON, (1973) forced mechanically
separated chicken through a grinder path (cutting
blade omitted) with a 4-mm orifice. The meat
strands were heat set at 100 °C for 1, 3, 5, 7.5, and
10 min. Longer heating times and higher skin
content increased the shear resistance. Although
heating caused a loss of extractable protein, emulsion stability of extruded strands was improved.
LAMPILA et al., (1985) also texturized mechanically
separated turkey meat by extrusion and heat
setting. They proposed its utilization in restructured meat products. Modifying mechanically

separated poultry by centrifugation has been
investigated DHILLON, (1975).
Mechanically separated poultry is utilized in a
wide range of emulsified and restructured meat
products including frankfurters, bologna, breakfast sausage, nuggets, roasts, etc. Several of these
products are mixtures of meat from various
species. Its use requires good quality assurance
guidelines to avoid rancid meat. Parts to be
deboned should be fresh and held at near freezing
temperatures (1 to 2 °C). After separation, mechanically separated poultry must be incorporated
into a formulated product within a one day period
unless frozen and should not be held longer than
90 days in frozen storage.
Mechanically separated poultry meat was studied
as a fat replacer in mortadella sausages. In the
formulation for mortadella sausages beef and pork
fat was replaced at 0%, 20%, 40%, 60%, 80%, and
100% level with mechanically separated layer hen
meat (TRINDADE et al., 2005). The TBARS index,
sensory rancidity and lipid oxidation were not
affected by replacement but the textural and sensory
characteristics were significantly affected. The
consistency, sliceability, and colour intensity reduced with increasing level of replacement. The
limiting factor was the bone particles that affected
the acceptability. The authors concluded that maximum replacement should not be higher than 40%.

Conclusion

Utilization of poultry byproducts has bright scope
in the field of value-added convenience, emulsion
based products. Mechanically deboned meat
(MDM) from poultry carcasses works well as a
meat extender, when used soon after deboning.
MDM from red meat carcasses has good functional properties, and is now USDA approved.
Thus, byproducts form an important constituent
of the poultry industry that can tremendously
increase the revenue from this sector.
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The digital planning tool Building Information Modeling provides valid data as a sound basis for decision-making for
the client right from the start. Photo: ATP

A look into the future meat factory
What does the pandemic-proof production of tomorrow look like?
Foodfab, the specialist process and
building planners for the food
industry, is already well-prepared
for pandemic-proof production
thanks to integrated, BIM-supported masterplanning. The consultants argue that the future-oriented,
crisis-proof smart factory requires
sustainable, modular construction
methods.
By Michael Trautwein

T

he world was fully unprepared
for the corona pandemic. As a
result, the global economy has been
suffering severe losses for almost
two years. The closure of restaurants and the almost total shutdown
of tourism have had particularly
severe knock-on effects for the food
sector. Besides a loss of income,
meat processors have also been
affected by large-scale closures
triggered by infection levels
amongst employees. Now, thanks to
a fall in these infection levels and
the normalization of public life, the
sector is more optimistic. However,

‘carrying on working’ just like
before the crisis isn’t an option.
Companies must check whether
their practices are pandemic-proof
and address the new criterion of
“resilience” as they consider their
constructional and process-related
plans for the future.

A virus that fanned the flames
Whereas the subject of hygiene in
meat production before corona
primarily applied to the product
itself, attention has now shifted to
people and how they interact: It is
just as important to guarantee the
health of the workforce in order to
minimize or even eliminate the loss
of personnel or production.
To this end, it is essential to
consider the installation of new
ventilation plant and, in particular,
the personnel flows within a building: How is it possible to stop
people congregating and to maintain the correct distance? This is
why the optimization of the flow of
people in buildings and the spatial
conditions of each workplace are

central to preventing infection.
Such measures depend upon certain constructional characteristics –
or, in other words, pandemic-proof
production needs loads of space:
space that isn’t available in many
existing buildings. On top of this,
many of today’s production plants
are outdated and no longer meet
the needs of modern processes.
Here, the pandemic has merely

fanned the flames of change in the
interest of long-needed and urgent
reconstruction measures that
require professional support.

The masterplan as a basis for
making decisions
In this process, it is essential to
obtain advice from experienced
experts before starting to plan.
foodfab helps clients from the meat

In order to arrive at the right decisions regarding sustainability with the building
owners, many experts sit together at the table. Photo: ATP/Becker
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sions both during the design phase
and throughout the lifecycle of a
building. This covers not only the
core processes of the building but
also such factors as the site and
surrounding area.

Resource-efficient
and flexible

During planning, attention must be paid to every detail. Photo: ATP

industry to decide whether and
which constructional measures are
necessary in order to support the
core processes of their building.
Only when a corporate vision has
been translated into a realizable
project strategy should a feasibility
study be carried out as a basis for
determining the order quality.
Together with its parent company
ATP architects engineers, one of the
leading European provider of integrated design with BIM, foodfab has
been offering successful consulting
services and comprehensive masterplans with tailor-made, sustainable
concepts to its clients in the meat
industry across the DACH and CEE
Regions for 25 years. Its process and
operational planning work is based
on cooperation with interdisciplinary ATP teams, which, if required,
can deliver a full range of integrated
building design services from a
single source.
A masterplan from foodfab always takes the long-term development of a company into account by
investigating possibilities for constructional expansion. This simulation and analysis work benefits
hugely from the fact that the digital
planning tool Building Information
Modeling (BIM) has been used as
standard by ATP since 2012. From
day one of a project, BIM offers valid
data that provides the client with a
well-founded basis for making
decisions. Thanks to the BIM data
model, a building can be depicted as
a “digital twin” throughout all design and construction processes as
well as its entire operational life.
This enables the efficiency and
productivity of all production processes to be checked in advance and,
if necessary, optimized.

With BIM to the green factory
The ability of the digital twin of a
production plant to highlight po-

tential savings across its entire
lifecycle at such an early point in
the design process means that it
can also significantly increase the
building’s energy efficiency and
lower its environmental impact.
This minimizes the use of resources and waste in both construction and operation. And, as the
subject of sustainability became
even more relevant during the
pandemic, this is highly relevant
for any consideration of the future
of a production facility. The EU
Green Deal, which was presented
in 2019 and envisages a 55% reduction in CO2 emissions by 2030 and
CO2 neutrality by 2050, is also an
intrinsic part of the corporate
strategy of ATP and foodfab. As a
company heads towards “zero
emissions”, its planning team is a
strategic partner with huge responsibility because, at the end of the
day, the course taken by a building
is set during the design process,
long before the diggers start work.
In order to help clients take the
right long-term decisions, foodfab
also works permanently with experts from ATP sustain, the
Group’s research company in the
field of sustainability. These experts
address the implementation of
sustainability standards and building certification processes, which
address not only the ecological and
social but also the economic sustainability of food production.
Over the course of the past few
years, foodfab has witnessed growing environmental awareness in the
meat industry, amongst both producers and consumers. Economic
objectives are directly related to
product quality, healthy living and
working conditions, and an intact
environment. With the help of a
bespoke Climate Protection
Roadmap, foodfab shows clients the
potential for reducing CO2-emis-

In order to be able to combine
resource-efficiency with optimal
executional quality, foodfab argues
for modular construction methods.
Modular buildings meet the same
construction standards as those
built in-situ, but their realization
generates much less waste and
surplus material. Furthermore, it is
much easier to manage the waste
generated in constructing modular
buildings via recycling and the
close control of stocks of materials.
Individual modules can even be
dismantled and refunctioned or
renovated. This considerably reduces the demand for both raw
materials and energy. And just as
important for the client as constructional quality is maximum

flexibility. This is another reason
why foodfab has been focusing on
modular construction for so long.
For there is a cast-iron rule in
industrial building: Adaptability is
one of the most important factors
for a crisis-proof, long-term production facility and, hence, for
corporate success. Whether they
have to restructure their range,
respond to additional major contracts, or even deal with a pandemic and its rules about distances
between personnel – producers
must be ready to adapt if they want
to remain able to function and,
hence, compete.

Michael Trautwein
is Managing Director of
foodfab GmbH, a consulting
subsidiary of ATP architects
engineers.
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People first, technology second
Only with clear benefits does digitalization achieve the right goals
The Swiss Bell Food Group is in the
middle of its digital transformation.
CIO Sven Friedli emphasizes two
pillars: a reliable IT partner, like the
ERP provider CSB-System, and the
right technologies to achieve its
business goals.
By Timo Schaffrath

S

ven Friedli, Chief Information
Officer (CIO) of Bell, is convinced of the importance of digitalization: “Our Spanish ham
factories are a good example for
the benefits of digital solutions.
With a turnover of 15,000 t per
year, you always need up-to-date
inventory information, optimum
production, transparent warehouse management, and secure
traceability. For this, digital technologies are imperative.”
This is what it sounds like when
Friedli describes the advantages of
a digitalized value chain. Digitalization measures should always
solve a specific problem in the
company, and they should have a
positive effect on the quality of
data, the costs, or the sales. “With
digitalization, we aim to enhance
the fulfillment of our business
requirements and to work profitably in the entire group,” says
Friedli.

Up to one million hams dry and mature in the warehouses in Fuensalida, Spain.

Looking at the technologies
behind this strategy, you will
recognize most of the components: ERP, MES, supply chain
solutions, data terminals in the
internal goods flow and robotics
ensure the envisaged integration

A digitized value chain encompasses all areas of production and includes
people.

of business and IT. Software modules like production planning or
cutting planning are used to improve the transparency and to
achieve efficiency gains at different locations.
Founded by Samuel Bell in
Switzerland in 1869, the former
small-scale meat processing company evolved into an international
player with activities in 15 European countries, from Spain to
Romania. The product lines include meat and poultry products
as well as charcuterie and seafood.
Bell is also active in the convenience sector, producing everything from salads and sandwiches
to ready-to-eat pasta dishes, soups,
and more. The company employs
around 12,000 people at 63 facilities, and they have a huge network
of suppliers and sales partners in
the food industry as well as in the
IT sector who help them meet
customer demands.

IT partner as an important
pillar in the transformation
One aspect that is often underrated in the digital transforma-

tion is the significance of a functioning partnership between the
user and the ERP provider. Many
examples demonstrate that good
tools are just one important pillar
for the success of transformation
processes. Another, at least
equally important, pillar are the
people. The Bell Food Group
successfully cooperates with the
ERP industry specialist CSBSystem. “From among our digitalization projects, especially the
ERP projects at our Spanish
facilities have excelled with a high
implementation quality. Simply
because the collaboration between all parties involved ran like
clockwork, everyone spoke the
same language, and they all
worked towards common goals.
This is everything but self-evident.”
Decision-makers in the food
industry only know too well from
their own experience what Friedli
is talking about: value-adding
processes and complex IT and OT
structures that have grown over
years cannot be transformed at
the press of a button. Implement-
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The rapid availability of information in the ERP enables faster action and

The company serves many customer needs for product groups ranging from meat

adjustment of production.

and poultry to charcuterie products and seafood.

ing a software system for HR or
accounting is one thing. But digitalizing factory processes and
optimizing the shop-floor management is something entirely different. These undertakings are
change management rather than
mere technology projects. Besides
a suitable Factory ERP as the
central nervous system, the consultants play a crucial role, as they
know the software and the business requirements. For this, you
need a deeply rooted understanding of the needs and challenges of
the food industry. Genuine cooperation between the ERP provider
and your own staff, in local conditions, are essential to design optimal processes.
Friedli therefore expects the IT
consultants from their IT vendors
to feel at home in two worlds: in
IT, and in food processing. They

are in the same boat. It is therefore
important to have a common
understanding of the processes in
food production. A mere IT specialist without extensive industry
expertise could do little to help
move us forward. The entire CSB
project team have brought the
digitalization at the ham factories
to a new level.

Spanish ham factories reach
new efficiency levels
In fact, the ham production facilities in the Spanish ham regions
Extremadura and Castile-La Mancha have been brought to an entirely new efficiency level over the
past few months. Until recently,
redundant work steps and incomplete information were substantial
cost drivers. One of the most important requirements of the Bell
Food Group was the change from a

paper-based data capture and
execution to a digital information
flow, for example in the processing
of recipes, purchase orders, and
traceability.
On an area of 65,000 m3, with
120 full-time employees, and a
production capacity of 5,000 t of
raw ham (including the popular
“Jamon Ibérico”), the factory of
Bell Spain located south-west of
Madrid is one of the most important production facilities for the
company’s raw ham sales in Europe.
“It is a delicious and expensive
product that is produced on a large
scale,” Friedli says. “We are talking
about up to one million hams that
are hanging in our warehouses in
Fuensalida for drying and aging.”
With different breeds of pigs that
are processed in different types of
ham, with different curing and

aging times, depending on the
quality and the designated certification, the implementation of
traditional methods dating back
over a thousand years on a large
scale and in an industrial environment can be rather challenging.
In the past, the facility did not
really have an exact, comprehensive overview of the production
process. For stocktaking, for example, it took weeks to count all
hams. Now, Bell has introduced an
integrated supply chain solution
that tracks the entire process, from
the purchasing of the pigs up to
the sale of the ham. All information and data is available in a
single system across the entire
process so that stocktaking is
accomplished with a mouse-click –
just like checking revenues.
The quick availability of information in the ERP enables compaAdvertisement
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Digitalization
nies to act much quicker. Also in
labeling, the company saw rapid
progress thanks to the reduction of
errors. The installation of a ham
grading system has advanced the
integration of software and hardware.
In addition to that, ERP has
generated added value by optimizing order picking. While pickers in
the food sector often spend more
time on running, searching, and
printing than on the actual picking
process, the Bell Food Group again
counts on digital information
instead of paper forms. The use of
hand-held devices not only accelerates the processes, but also reduces the errors and, consequently, necessary rework.
The project was a huge success
and has helped Bell Spain to overcome problems in the production
processes by means of technology
– an achievement that was only
possible, as Friedli emphasizes,
because the IT team and the consultants at Bell Spain devoted a lot
of time to understand which problems the company was facing, and
how these issues could be solved

People first, technology secon
by means of technology. As part of
the process they have intensively
investigated the steps in production, the type of reports required
by the company, and the best ways
for generating useful data from
the various steps of the production
cycle.

Jointly implement
realistic use cases
Digitalization is nothing new for
the Bell Food Group and has been
in progress at many of the companies in the group for twenty plus
years. Office work processes, batch
processing, picking, inventory
management and machines have
been at least partly digitalized. In
Oensingen, Switzerland, a highbay storage facility controlled by
RFID was put into operation in
2005, which was really pioneering
state of the art in the meat industry
back then.
Now, the goal is to link the
single digital islands in an integrated network. In particular, the
acquisitions of the last few years
have to be incorporated in the
information technology to obtain

global data in order to get the big
picture. Austrian poultry specialist
Hubers has become part of the
corporate structure just like Eisberg AG in Switzerland and Süddeutsche Truthahn AG from Germany. Bringing new facilities on
board always entails the question
how to accommodate their IT: how
can the integration succeed despite heterogeneous maturity
levels of the different sites?
There is still a great deal to be
done. “We are aiming for operational excellence,” says Friedli
referring to the upcoming projects
they want to kick off together with
the CSB team at various locations
in Europe. One example for the
next level of productivity is the
Manufacturing Execution System
for cutting at a facility in Switzerland – also coming from CSB. The
group’s goal is to further enhance
data-driven decision making in
order to ensure its success. The
direct costing and marginal costing system currently in its pilot
phase is intended to bridge the gap
between shop floor and top floor.
Ultimately, this is about continu-

ous improvement of processes and
initiating new digitalization activities with the ERP. The goal is a
digital end-to-end chain from
forecasting to scheduling and
shipment, incorporating quality
assurance as well as cutting, packing, and logistics. Leaving the urge
for optimization aside, Peter Ettrich and Sven Friedli fully agree
that “it is important to know the
needs of the business units and to
consistently pursue them taking
an iterative approach. You only
achieve the right goals if the digitalization presents a clear benefit
for your business.”

Timo Schaffrath
is Head of Communications
at the ERP industry specialist CSB-System SE. He writes
articles, reports and
analyses about digitization in the global food
industry.
Author’s adress
Timo Schaffrath, CSB-System SE, An
Fürthenrode 9-15, 52511 Geilenkirchen,
Germany, Timo.Schaffrath@csb.com

JBT

Sesotec

Freezing vegan meat

Detection ensures perfect salami

Statistics from the Plant-Based Foods Association show that frozen
vegan meat keeps growing at a brisk pace. Not surprising, as frozen
meals bring multiple benefits compared to fresh food: higher affordability, better retention of vitamins and minerals, and extended expiration
dates. By freezing the product, the companies help reducing food waste
and make better use of resources. JBT's brand Frigoscandia is the
global leader in the art of freezing food.
Many manufacturers use nitrogen tunnels for freezing when setting
up a new production line. However, from a total investment perspective,
nitrogen comes with a high operational cost, why it is often more reasonable to invest in a mechanical freezer. Mechanical freezing helps
reduce production costs, consequently creating a more affordable
plant-based product once in the grocery store. The company uses three
main mechanical methods of freezing food: spiral, impingement and IQF
(individual quick freezing) or fluidizing.
Spiral freezing is ideal for large or thick products and heavy belt
loads, such as prepared meals, warm goods, nuggets and burgers. With
its compact, streamlined design, the spiral freezer can help minimize
the refrigeration footprint. Impingement freezing is best suited for
products with a high surface to mass ratio, for instance thin products
like burgers, where the heat can quickly be removed from the surface.
Individual quick freezing can also be used for small pieces of vegan
meat, e.g., for mince, balls and cubes. Adding true fluidization made it
possible to freeze any fresh fruit and vegetable as a separate entity.
Today, the IQF technology is still one of the most cost-effective ways to
create a fresh product that preserves its premium quality – months after
the harvest. The method benefits the user experience when opening
and handling the product.

The town of St. Stefan im Rosental,
located in the Styria region of
Austria, is home to Loidl Salami.
Founded in the 1960s, H. Loidl
Sausage Producers and Distributors GmbH & Co KG attributes their
rapid growth to the high quality of
their products. A superior eating
experience is ensured by a combination of handiwork and technical
controls behind the scenes.
After bowl chopping the meat
and carefully mixing all ingredients, the salamis are filled into an
air-permeable casing and closed

//www.jbtc.com/foodtech

In order to detect debris from
aluminum clips, the Loidl uses
technology from Sesotec.

on both sides with aluminum clips.
The salamis are then hung in the
ripening chamber where they will
remain for as long as three months.
Once ripe, some salami products
are packaged in slices. This requires removing the casing and the
aluminum clips by hand. In some
cases, residue from the aluminum
clips remains on the salami.
The standard metal detection
solutions Loidl had used up un til
that point were not sensitive
enough to reliably detect the metal
contaminants. So Loidl turned to
Sesotec in search of a solution for
detecting and automatically rejecting metal contaminants from
salami sticks with a length of 50 to
60 cm. The focus quickly turned to
methods using artificial intelligence (AI). Sesotec had been
actively researching these methods at the time of Loidl’s inquiry.
The two companies formed a partnership in the development of
“THiNK,” an AI software for metal
detectors.
//www.sesotec.com
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Smart Factory

The new pig slaughterhouse for CP Group in China was built using the BIM model, which not only determines the design and construction phase, but also serves as an
important tool for facility and lifecycle management.

The enterprise of the future

Fourth industrial revolution brings digitalization and sustainability into focus
The Covid-19 pandemic, climate protection
measures, skills shortages, rising inflation and
the raging African Swine Fever present companies with many new challenges.
By Christian Falkenstein, Shaarath
Thondanure and Yael Friedberg

T

he food industry consists largely of small and
medium-sized enterprises with production
sites in rural areas, which in many regions
ensure jobs are maintained and created. However, new solutions are also required to be successful in the future in an environment that
includes a highly competitive food industry,
rising costs and climate targets. Innovative
digitalization solutions mean processes can be
optimised, which in turn leads to cost savings.
Plus, there is the option of reducing food
losses and handling raw materials, water and
energy more efficiently. Climate change is another great challenge of our times; solutions and
strategies must be found to enable food production that is climate-friendly, sustainable and
economical at the same time. This also becomes
increasingly important with changing legal
requirements and constantly increasing CO2
costs.

digitalization in the food industry
digitalization and the optimisations it brings
offer diverse options to meet the challenges
faced by food-producing companies and society
in general. Production networking, automation
and digitalization secure the industry’s sustainability, and the smart factory model (smart and
networked factories) can be a key factor for the
future of food production. Implementing digitalization has to date differed greatly in the various
industries.

The food industry introduces digitalization
plans at a slower pace than other sectors, such as
the automotive industry. The reason for this lies
above all in the fact that the food industry is
frequently still dominated by manual processes
and the multitude of different products impedes
the use of universal automation solutions. digitalization, however, increasingly shapes the way
products are manufactured and the focus is
more and more on the concept of the “smart
factory”. These smart factories are highly digitised and networked production sites that work
almost entirely autonomously. Smart factories
can be used to optimise the most diverse processes throughout the entire value creation
chain and consequently increase efficiency and
productivity.

Factory planning with modern tools
Important in the planning and implementation
of a smart factory are the client’s requirements
and the target dates for the production programme, which this must define as precisely as
possible in the run-up to any planning project.
Many areas of a factory’s planning and operation
are now dominated by digitalization. The
method for working with BIM (Building Information Modelling) is therefore constantly making inroads in the construction planning sector.
A great variety of planning software is used in
most construction projects. BIM is a method for
planning and managing construction projects
with the aid of software. It is a new approach that
raises the planning from the 2D area into the 3D
area. This method processes the compiled threedimensional models in a joint project, which can
be monitored and worked on by all involved in
the planning – architects, engineers, suppliers
and further project participants. This produces a
continuous exchange of constantly up-to-date

information and planning statuses. The static
planning model can then also be fed with live
data from the production system and the entire
building, and consequently used long-term for
the building management as well.
Working with BIM therefore promotes cooperation and enables:
r Smarter decisions in the planning and construction process
r Virtual tours in the 3D model
r Future operating costs simulation and forecasts
r Collision-free planning
r Compilation of cost forecasts and schedule
sequences
r Support with certifications
r Basis for facility and lifecycle management
(cradle to cradle)
r Comprehensive project documentation
Process optimization is based on the analysis of
data from a production site’s various processes
and areas/departments. Data can be collected at
every point of a process via software, sensors or
image processing. Due to the high data volumes
(big data), it must be decided which data will be
specifically collected and analysed, in order to
improve the processes with the relevant findings. Data planning is therefore the key to automation, digitalization and the future of predictive process planning.

Requirements for
implementing a smart factory
The implementation of a smart factory requires
IT systems that can network, manage and simplify processes. Various control systems are used
within a company, and selected according to the
intended use. Enterprise Resource Planning
(ERP) systems usually form the cross-company
basis here. The ERP system can also be de-
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Smart Factory

The meat processing companies and slaughterhouses of the future will have completely new digital capabilities
at their disposal.

scribed as a “central nervous system” and is used
for planning operational resources. This supports the needs-based planning and control of all
business processes cross-departmental at company level. It connects the most diverse departments with one another – finance and accounting, HR, production planning and control,
purchasing and logistics, for example. ERP
systems enable complete, gap-free documentation and therefore simplify the traceability of
products.
The full potential of a smart factory very much
depends on successful communication, so its
successful implementation requires an infrastructure that enables data transfer. The more
automation and digitalization options are used,
the more data usually has to be transferred,
which is why the communication transmission
should be well-developed, in order to handle the
high data volumes required. The networks
(mostly still broadband, but more and more 5G)
must enable a high data transmission rate,
should have short latency periods, and be both
fail-safe and real-time capable. 5G can be used to
wirelessly connect everything within a production site, and combined with cloud solutions and
the right computer performance it helps provide
real-time communication.
digitalization and networking in the smart
factory can entail security risks, which require
comprehensive IT security management,
whereby the entire system and all its components must be protected. Cyberattacks can
massively damage a company, and the number
of attacks on food-processing companies is
increasing. The introduction of new technologies, which often communicate via wireless
networks and work with external cloud systems,
also increases the scope for attacks on these
companies, so evidently effective prevention and
defence are required.
digitalization and automation, often combined with artificial intelligence (AI), are the
basis for implementing a smart factory. Sensors
form the foundation for data collection at the
lowest operational level. They are the first step to
achieve the smart factory’s goal and can be used

at the most diverse points in the process to
collect data. A multitude of sensors are used in
the food industry to collect real-time data and
continuously maintain process lines, detect and
remove possible bottlenecks early on, to thus
prevent downtimes. Image processing is also an
extremely useful tool for quality assurance and
can also collect data throughout the entire value
creation chain. Robots and other assistance
systems, aptly-named “cobots” (collaborative
robots, which assist people) are used in processes to relieve humans of difficult work steps
or offer another form of assistance and consequently make the work easier and increase
productivity. This ensures the operators of mechanical equipment must only exert minimum
effort. In the future people will therefore take on
more controlling and guiding functions and
increasingly leave manual work to machines and
robots.

across and beyond their entire service life – from
construction to operation right through to dismantling.
The goal of every planning project should be a
climate-neutral factory, defined as a factory
operated with renewable energy sources, which
does not generate any climate-damaging emissions. Photovoltaic systems on factories’ roofs
and facades can, for example, deliver some of the
energy required for production. Further energy
requirements can be covered with biogas, pellets
or geothermal power, among other options.
Surplus energy can then be buffered or surplus
heat can also be passed on to neighbouring
factories via a local heat network.
Digital production processes will be connected, automated and flexible in the factory of
the future. The Internet of Things, analytics and
artificial intelligence will improve efficiency,
downtimes and maintenance, and in the bestcase scenario minimise the latter two. New
relationships develop between people and machines. Productivity and quality are increased
significantly. The smart factory is highly efficient
and sustainable. The concept of the smart factory will also make increasingly greater advances
in the food industry. The digitalization process is
critical for companies to stay competitive, and in
the years ahead the trend will intensify towards a
more highly automated and networked production environment. The smart factory can thus be
an effective way for many enterprises to achieve
the goal of working more transparently, more
sustainably and also more cost-effectively. A
step-by-step move towards a smart factory is
therefore the right way forward for most companies.

Christian Falkenstein
is the owner of Falkenstein Projektmanagement GmbH. In addition to factory planning, he

Sustainability
Sustainability is one of the most important focus
points of today’s society. Legal requirements are
increasingly stipulated to create a more environmentally friendly and more sustainable world,
and ensure that governments, companies and
individuals must commit to making more sustainable decisions. Numerous countries have
committed here to becoming climate-neutral by
2050 – a colossal feat with colossal changes for
all industries. digitalization and the Internet of
Things in particular are tools to make food
processing more sustainable. Climate goals can
be achieved with the use of renewable energies,
by optimising processes, flexible load management and the energy and resource savings
potential this entails, as well as the development
of newer, more sustainable products.
The factory building and production processes
have a significant impact on resource requirements. First of all, during the construction itself,
immense volumes of materials and resources
are consumed, and buildings then also influence
the amount of resources used and the energy
requirements during operation. Buildings must
therefore also be monitored for sustainability

is primarily involved in digitalization and green
factory engineering for the realization of a CO2
neutral factory.

Shaarath Thondanure
completed his bachelor's degree in biotechnology at the SRM Institute of Science and
Technology in Chennai, India. He is currently
pursuing a European Master of Science in Food
Science, Technology and Business from Anhalt University of
Applied Sciences and is conducting research on Smart Food
Factory.

Yael Friedberg
completed her bachelor's degree in food,
nutrition and hygiene at the AlbstadtSigmaringen University of Applied Sciences.
She is currently pursuing a Master of Science
in Facility and Process Design there, with a focus on production facility planning, and is conducting research on the topic
of Smart Food Factory.
Author’s address
Christian Falkenstein, Hauptstraße 53, 88326 Aulendorf,
Germany, christian@falkenstein.de
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24 – 26 November
Jakarta, Indonesia

5th International Livestock Trade Show in
Jakarta
Merebo GmbH ( +49 40 3999905-11)

24 – 26 November
Bangkok, Thailand

LogiMAT – Intelligent Warehouse
EuroExpo Messe und Kongress-GmbH,
Munich ( +49 89 32391-253)

22 November –
2 December
Online event

Fi Global / Hi Europe
akp public relations (

30 November –
2 December
Frankfurt, Germany

Fi Global / Hi Europe
akp public relations (

2 – 4 December
Istanbul, Turkey

Export Gateway to Africa
CNR Expo ( +90 212 465-7474 )

6 – 8 December
Muscat, Oman

Oman AgroFood
International Enquiries
( +961 5959111-250)

7 – 9 December
Casablanca, Morocco

Morocco FoodExpo 2021
Elan Exhibitions ( +90 555 7218429)

12 – 14 December
Cairo, Egypt

Food Africa 2021
IFP Egypt ( +20 2 2528 3101)

14 – 15 December
Amsterdam,
Netherlands

PLMA
Reed Tüyap Fuarcılık A.Ş.
( +90 212 867 11 00)

21 – 30 January 2022
Berlin, Germany

International Green Week 2022
Messe Berlin GmbH ( +49 30 3038-2275)

25 – 28 January
Moscow, Russia

Interplastica and upakovka
Messe Düsseldorf GmbH
( +49 211 4560-998)

27 February – 5 March
Hannover, Germany

AgriTechnica 2022
DLG e.V. ( +49 69 24788-900)

8 – 10 March
Stuttgart, Germany

LogiMAT 2022
Euroexpo Messe- und Kongress-GmbH
( +49 0 89 32391-259)

26 – 29 April
Cologne, Germany

Anuga Food Tec
Koelnmesse ( +49 1806 578 866)

3 – 6 May 2022
Milan, Italy

IPACK-IMA
Exhibitors (

14 – 19 May
Frankfurt, Germany

IFFA
Messe Frankfurt Exhibition GmbH
( +49 69 7575-6357)

8 – 10 March
Stuttgart

LogiMAT 2022
EuroExpo Messe- und Kongress-GmbH (
+49 89 32391-249)

23 – 25 June
Cancun, Mexico

23. World Meat Congress
Sales Executive TC Expo
( +52 (55) 4631 3907)

28 – 30 July
Kuala Lumpur,
Malaysia

International Seafood & Fisheries Trade
Sphere exhibits Malaysia
( +603 7989 1133)

21 – 25 August
Kobe, Japan

International Congress of Meat Science
and Technology
www.icomst2022.com

+49 6201 18898-15)

Looks and tastes like fish, but originates from a fermenter. The products of the US
company BlueNalu are soon to be launched on the market. Photo: BlueNalu

+49 6201 18898-15)

+39 023191091)

Cultured Meat

USA is the great pioneer

Cultured meat could largely replace
conventional meat in the coming
years. At least, that is the hope of
investors. The authors of the study
by consulting firm IDTechEx point out
that Singapore is the only country in
which meat produced from cell
reproduction can be sold. The
chicken nuggets of the US manufacturer Eat Just have been offered in a
restaurant since the beginning of
2021. Since 2015, dozens of startups have been backed by investors
with € 600 mill. IDTechEx expects
cultured meat to have a turnover
potential of one trillion euros in the
long term.
North America could become the
second region where cultured meat
may be sold. The study reports
speculation that approval of cellcultured seafood is imminent. For
imitation seafood, the regulatory
hurdles are lower, it said, because
the Food and Drug Administration is
solely responsible for approving it. In
the case of cultured meat, which is
produced from cells of farm animals
such as chicken, pork or beef, the
US Department of Agriculture is also
involved, which makes the approval
process more complex.
At present, the potential market
launches are still rumours, the
authors emphasise. There are no
official announcements yet to
suggest cultured meat could be
available in stores and restaurants
in the US anytime soon. However,
approval in the US would be huge for
the cultured-meat industry and
would likely bring a flood of fresh
capital. In addition, such a decision
would affect approval processes in
other regions. With 25% of compa-

nies and 21% of investment, Europe
is currently the second most important continent for the emerging
industry. The EU also has one of the
best regulatory frameworks for the
approval of cultured meat in the
world. Cultured meat is explicitly
mentioned in the "Novel Food Regulation". In it, the EU shows companies a clear path for approval. The
authors of the study see other
problems. They expect fierce disputes over the labelling, as has
already been shown with plantbased alternatives. In addition,
consumers and regulatory authorities in Europe have always been
opposed to biotechnological processes such as genetic engineering.
The study warns that this could
leave the EU behind in the next
generation of innovative foods.
//www.idtechex.com
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Autochthonous starter cultures improve the
quality of traditional dry-fermented sausage
By Branislav Šojić, Vladimir Tomović, Predrag Ikonić, Bojana Danilović, Snežana Škaljac, Marija Jokanović, and Bojana Ikonić

This study investigated the effect of using autochthonous starter cultures
(S1 - Staphylococcus xylosus 50% and Lactobacillus plantarum 50%;
S2 - Staphylococcus xylosus) on the oxidative stability and sensory quality
of traditional dry-fermented sausage (Petrovská klobása), subjected to two
different drying processes (traditional and industrial). Water activity
(aw value), pH value, free fatty acid content, thiobarbituric acid-reactive
substances (TBARS) value and sensory attribute of flavor were assessed.
Treatments subjected to industrial condition of drying led to lower aw values. The lowest pH values were determined in treatments inoculated with
Lactobacillus plantarum. Both of the starter cultures, S1 and S2 significantly
(P < 0.05) affected lipolysis and free fatty acid formation. The starter culture
addition efficiently reduced the TBARS value and enhanced flavor in treatments produced under industrial conditions of drying. This study shows that
the application of selected starter cultures could be a good solution in
order to enhance oxidative stability and flavor of traditional dry-fermented
sausages. The optimization of processing parameters is essential.

D

ry-fermented sausages (DFS) represent one of the most popular
dry-cured meat products in European countries considering their
unique fermentation flavors, high nutrition values, as well as important
health benefit for human beings (ŠOJIĆ et al., 2014).
DFS are conventionally produced by mixing fresh or frozen meat and fat
tissue (pork, beef) with the following ingredients: salts, additives (nitrites,
nitrates, glucono delta lactone, etc.), spices, sugars, starter cultures,
vitamins, fibers, etc. (TOMOVIĆ et al., 2020). The processing of DFS includes
the subsequent phases: cutting and grinding of meat and fat, seasoning,
stuffing into natural or collagen casings, fermenting, drying (with or
without smoking) followed by the ripening that provides typical flavor,
color and texture for fermented sausages (VAN BA et al., 2017). The processing of DFS is characterized by using diverse raw materials, relatively
high levels of fat (15–40%) and low temperature during drying (< 25 °C);
hence these dry-cured meat products have a strong risk of microbial
deterioration and lipid oxidation, which consequently reduce the shelflife of the product and have a significant health hazard to customers
(ŠOJIĆ et al., 2014; TOMOVIĆ et al., 2020). Lipid oxidation affects rancidity,
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» Starter culture
» Lactobacillus plantarum
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» Dry-fermented sausage
» Lipid oxidation
discoloration as well as accumulation of potentially toxic compounds that
are adverse to human health (HROMIŠ et al., 2017; HROMIŠ et al., 2013).
One way to retard the quality deterioration and to prolong the shelf-life of
DFS is the usage of biopreservatives, including starter cultures (BAKA et al.,
2011; CASQUETE et al., 2011; SUN et al., 2019; YU et al., 2021). The suitable
usage of starter cultures during DFS processing can guarantee a safe and
required technical performance (YU et al., 2021). Two main groups of bacteria isolated from the microflora of DFS are Lactic acid bacteria (LAB) and
coagulase-negative staphylococci (CNS). The most common LAB species
identiﬁed in conventiomal DFS are Lactobacillus sakei, Lactobacillus plantarum and Lactobacillus curvatus, while Staphylococcus xylosus and
Staphylococcus carnosus are the most frequently identified among CNS
(IKONIĆ et al., 2016). LAB produce satisfactory amounts of lactic acid to
decrease the pH, controlling the ripening processes and prevent the
growth of pathogenic and spoilage bacteria (ŠOJIĆ et al., 2016; VAN BA et al.,
2016; YU et al., 2021). CNS efficiently inhibit lipid oxidation, reduce nitrate to
nitrite via a nitrate reductase activity and accelerate the nitrosomyoglobin
formation (YU et al., 2021). It is well known that non-autochthonous starter
cultures could have a negative impact on the sensory properties of DFS, hence
the application of autochthonous starter cultures is necessary to achieve the
desired fermentation parameters specific to traditional DFS (CASQUETE et al.,
2011).
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Fig. 1a, b: Environmental temperature and relative humidity recorded throughout the drying of DFS in traditional (A) and industrial (B) condition

Petrovská klobása is a traditional DFS produced in the area nearby the town
of Bački Petrovac in the Autonomous Province of Vojvodina (Northern Serbia).
This DFS has been manufactured during the winter months, according to the
original recipe without any additives and starter cultures (ŠKALJAC et al., 2018). In
order to enable the production of Petrovská klobása outside the usual season,
the using of starter cultures is essential. Hence, this study assessed the effect
of two added autochthonous starter cultures (S1 – Staphylococcus xylosus
50% and Lactobacillus plantarum 50%; S2 – Staphylococcus xylosus) on the
oxidative stability and sensory quality of traditional DFS Petrovská klobása
subjected to two different ways of drying (traditional and industrial).

Materials and methods

Preparation of dry-fermented sausage (DFS)

Preparation of starter cultures

Lactobacillus plantarum and Staphylococcus xylosus were isolated from 15
samples of traditional DFS (Petrovská klobása) collected during 120 days of
ripening. Two starter cultures were prepared: S1 (Staphylococcus xylosus 50%;
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Fig. 2: Water activity of DFS produced in traditional (T) and industrial (I) conditions
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DFS (Petrovská klobása) was produced using traditional manufacturing
technology. The sausage batter was made from chilled lean pork and back
fat in relation 80 : 20. Pork meat and back fat were minced to 10 mm particle size and mixed with the following ingredients: red hot paprika powder

.........................................

.........................................

IC

Lactobacillus plantarum 50%) and S 2 (Staphylococcus xylosus). Preparation of
the starter cultures was performed by cultivation of Lactobacillus plantarum
and Staphylococcus xylosus in 500 ml MRS broth (Torlak, Beograd, Serbia) and
Mannitol salt broth (Himedia, India), respectively, and incubation at 30 °C
during 48 h. After the incubation, the cell suspension was centrifuged
(6000 rpm, 15 min.) and the cells were washed twice with saline peptone water
(0.8% NaCl, 1 g/l peptone). Bacterial cells were resuspended in saline peptone
water and the number of bacteria was adjusted to 108 CFU/ml according
to the turbidity comparison with 0.5 McFarland standard.
2-Thiobarbituric acid was purchased from Sigma-Aldrich GmbH (Germany). All other chemicals used were of analytical reagent grade.
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Fig. 3: pH value of DFS produced in traditional (T) and industrial (I) conditions

TC – traditional condition, control; TS1 – traditional condition with starter S1; TS2 –

TC – traditional condition, control; TS1 – traditional condition with starter S1;

traditional condition with starter S 2; IC – industrial condition, control; IS1 – industrial

TS2 – traditional condition with starter S 2; IC – industrial condition, control;

condition with starter S1; IS2 – industrial condition with starter S2

IS1 – industrial condition with starter S1; IS2 – industrial condition with starter S 2
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(2.5 g/100 g), table salt (1.8 g/100 g), raw garlic paste (0.20 g/100 g),
caraway (0.20 g/100 g) and crystal sugar (0.15 g/100 g). The obtained
sausage batter was divided into three equal batches. Starter cultures (S1
and S2) were added separately in two of them. Adequate amount of
suspension was mixed into the batches S1 and S2 in order to achieve the
final number of bacteria of 4.5–5 log CFU/g. The remaining batch was
used as control sample (C). All three batches were stuffed in collagen
casings (500 mm long and 55 mm in diameter) and divided into two equal
groups of raw sausages. One-half of each group was dried under traditional conditions (TC, TS1 and TS2) and the other half was dried under
industrial conditions (IC, IS1 and IS2). The traditional condition of drying
was characterized by low air temperature (average 7.75 ± 2.69 °C) and an
average RH of about 74.39 ± 8.98% (Fig. 1a). On the other hand, thermohygrometric conditions in industrial drying room were characterized by
relatively higher temperature (average 14.34 ± 0.62 °C) and an average RH
of about 80.78 ± 3.17% (Fig. 1b). The drying process of sausages lasted
until the required moisture content (<35%) was achieved (about 60th
day). After the process of drying, all six treatments (TC, TS1, TS2, IC, IS1
and IS2) were subjected to ripening in an industrial climate chamber
(t=10.01 ± 0.10 °C; RH=75.78 ± 1.17%) for another 60 days.

Water activity and pH determination
Water activity was determined using Testo 650 measuring instrument with
a pressure-tight precision humidity probe (Testo AG, USA). The pH value of
samples was measured using the portable pH meter Testo 205 (Testo AG,
USA) equipped with a combined penetration tip with temperature probe.
The pH meter was calibrated before the readings using two buffer solutions (pH = 4.00 ± 0.05 and pH = 7.00 ± 0.01 at 20 ± 2 ˚C). Water activity (aw)
and pH was measured on three samples from each batch in duplicate.

Determination of free fatty acids

Free fatty acids (FFA) content was determined using the ISO standard
method (ISO 660:1996) and calculated as mg KOH/g lipid. FFA content was
determined on three samples from each batch in duplicate (ŠOJIĆ et al.,
2014).

TBARS determination
TBARS (2-thiobarbituric acid reactive substances) test was performed on
three samples from each batch in duplicate according to the method
described in our previous study (ŠOJIĆ et al., 2014). TBARS values were
expressed as milligrams of malondialdehyde (MDA) per kilogram of sample
(mg MDA/kg).

Sensory analysis
Sensory analysis of flavor was performed by eight trained panelists with previous experience in evaluation of DFS. Flavor scoring was according to quantitative descriptive analysis, using a scale from 0 (atypical flavor) to 5 (optimal
flavor), with a sensitivity of 0.25 points.
Score distribution was thoroughly discussed until a consensus among
panel members was reached. Sausage samples were sliced into 4 mm thick
slices and served on white paper plates; each sample was identified by a
three-digit number.

Statistical analysis
Statistical analysis was carried out using Statistica 12.0 (StatSoft, Inc.,
Tulsa, OK, USA). All data were presented as mean values with their standard deviation indicated (mean ± SD). Variance analysis (ANOVA) was
performed, with a confidence interval of 95% (p<0.05). Means were compared by Fisher's LSD test.
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Fig. 4: Free fatty acid content of DFS produced by traditional (T) and industrial (I) condition
TC – traditional condition, control; TS1 – traditional condition with starter S1; TS2 – traditional condition with starter S 2; IC – industrial condition, control; IS1 – industrial condition with
starter S1; IS2 – industrial condition with starter S2

62

Fleischwirtschaft international 4_2021

Research & Development

Autochthonous starter cultures improve the quality of traditional dry-fermented sausage

Results and discussion
Values for water activity (aw value) of traditional DFS (Petrovská klobása)
are presented in Fig. 2. At the initial stage of drying, aw values ranged in
very narrow interval 0.957–0.961. During the drying and ripening, aw values decreased (P<0.05) in all six treatments (TC, TS1, TS2, IC, IS1 and IS2)
as the consequence of moisture loss. As expected, lower aw values were
registered with the treatments under industrial conditions (higher temperature). At the end of drying (60th day), aw values ranged between
0.893 and 0.923. The obtained values have a positive effect on the safety
of fermented sausages, because a low aw value (<0.930) better inhibits
the growth of some pathogenic bacteria (GE et al., 2019). Similar aw values
were registered in a number of dry-fermented sausages (CASQUETE et al.,
2011; CAVALHEIRO et al., 2019; GE et al., 2019; VAN BA et al., 2016).
The pH values of traditional DFS are displayed in Fig. 3. The initial pH
values were relatively low (5.41–5.51). During the drying period, pH values
gradually decreased in all six treatments (P<0.05). It could be the consequence of lactic acid formation (YU et al., 2021). At the end of drying, the
following differences in pH between the treatments were determined:
IC ≥ IS2 > IS1 > TC > TS2 > TS1. The obtained results suggest that the
fermentative effectiveness or acidifying activity depends on the processing procedures and the types of starter cultures inoculated (VAN BA et al.,
2016). Therefore, the higher pH values in the treatments produced under
industrial conditions could be attributed with the lower water activity of
DFS (Fig. 2). Probably, low water activity in industrial condition led to
prevents LAB and reducing formation of lactic acid. Regarding starter
culture, lower pH values were determined in treatments produced with
the addition of Lactobacillus plantarum (TS1, IS1) in comparison with
corresponding treatments (TC, TS2; IC; IS2). Finally, during ripening pH
values increased (p<0.05) in all six treatments, probably as the result of

formation of amino acids, peptides and amines, and simultaneous reduction of lactic acid compounds during proteolysis in DFS (KURĆUBIĆ et al.,
2014).
Free fatty acids (FFAs) are considered to be the primary substrates for
lipid oxidation, leading to the formation of aroma compounds. FFA contents of DFS are displayed in Fig. 4. The increased FFA content in the
control samples (TC, IC) was the consequence of endogenous lipases
activity, and the increased level in the inoculated sausages (TS1, TS2, IS1
and IS2) may be the result of both endogenous and microbial lipolytic
activity (ŠOJIĆ et al., 2014; XIAO et al., 2020). At the end of ripening the
following differences in terms of FFA formation between the treatments
were determined: IS2 > IS1 > TS2 > TS1 > IC > TC. The obtained results
suggested that the higher temperature under industrial conditions resulted in higher FFA contents. Findings are in strong agreement with the
results of our previous study (ŠOJIĆ et al., 2014). Furthermore, the addition
of both starter cultures led to increase the FFAs formation. Also, it should
be highlighted that Staphylococcus xylosus can more effectively improve
the level of lipolysis to promote the generation of FFAs in DFS produced by
both, traditional and industrial conditions. Similar results were observed
by XIAO et al. (2020).
Lipid oxidation was assessed by TBARS test (Fig. 4). At the beginning of
drying, TBARS values varied from 0.04 (IS2) to 0.09 mg MDA/kg (TS2). During
drying and ripening TBARS values significantly (P<0.05) increased in all six
treatments, as a consequence of lipid oxidation (ŠOJIĆ et al., 2014). At the end
of ripening the TBARS test exhibited differences between the treatments in
the following order: TS2 > TS1 > IC > TC > IS2 > IS1. Moreover, TBARS values in
treatments TC, IS1 and IS2 were 0.73, 0.40 and 0.49 mg MDA/kg, respectively.
In other treatments, TBARS values were above threshold for meat rancidity
(1.0 mg MDA/kg) (JIN et al., 2018). The obtained results showed that both of
starter cultures (S1 and S2) efficiently reduce lipid oxidation in DFS subjected
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Fig. 5: TBARS value of DFS produced by traditional (T) and industrial (I) condition
TC – traditional condition, control; TS1 – traditional condition with starter S1; TS2 – traditional condition with starter S 2; IC – industrial condition, control; IS1 – industrial condition with
starter S1; IS2 – industrial condition with starter S 2
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to industrial conditions of drying. It could be the results of antioxidant activity of endogenous peptides. Namely, IKONIĆ et al. (2016) suggested that the
higher temperature of drying and the addition of starter cultures (LAB and
CNS) accelerate proteolysis and synthesis of endogenous peptides (IKONIĆ et
al., 2016) with a strong antioxidant capacity (YU et al., 2021). On the contrary,
the addition of starter cultures in DFS produced under traditional conditions
had a prooxidant effect. It could be attributed with a lower pH values (Fig. 3),
and consequently the higher metabolic activity of LAB (BINGOL et al., 2014).
Hence, it should be highlighted that the antioxidative potential of starter
cultures depends on the processing parameters (e.g. temperature of fermentation, RH) (VAN BA et al., 2016).
The results of the sensory evaluation of the flavor of DFS are presented
in Fig. 5. The addition of starter cultures (S1 and S2) had a positive effect
on the flavor in DFS produced under industrial conditions, which results in
more intensive lipolysis and FFAs formation. The final (120th day) pH value
of about 5.4 corresponds to the high sensory quality of Petrovská klobása.
With the treatments IS1and IS2 the highest scores for flavor were determined, 4.46 and 4.82, respectively. The obtained results can be correlated
with minor changes due to lipid oxidation in treatments inoculated with
starter cultures (S1 and S2) and subjected to drying at industrial condition.

Conclusions
The lowest values of water activity were determined in DFS (Petrovská
klobása) produced under industrial conditions. The addition of starter
culture (S1 – Staphylococcus xylosus and Lactobacillus plantarum) had
the highest impact on decrease the pH values. Also, the starter cultures
addition (S1 – Staphylococcus xylosus and Lactobacillus plantarum and
S2 – Staphylococcus xylosus) accelerated the lipolysis of DFS. Further-

more, both of starter cultures showed antioxidant potential in DFS produced under industrial condition. Moreover, the addition of S1 and S2
enhanced the flavor of DFS. Hence, it can be concluded that the starter
cultures could be used as promising material for improving the lipid stability and flavor of DFS. The efficiency of starter cultures in DFS depends
on processing parameters, especially temperature. Insights into the
effects of starter cultures on the microbiological stability of DFS during
ripening and storage will be given in our next study.

Practical importance
The obtained results showed that autochthonous starter cultures, S1
(Staphylococcus xylosus and Lactobacillus plantarum) and S 2 (Staphylococcus xylosus) efficiently improved oxidative stability and flavor of traditional dry-fermented sausage (Petrovská klobása).
Acknowledgement
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Pig farming

Analysis

AI creates a good atmosphere
The German Federal Ministry of
Agriculture is supporting a project
for the further development of pig
farming within the framework of
the Federal Programme for Farm
Animal Husbandry. The joint
project involves the development
of an interactive, animal welfareoriented sensor system, according to the Lower Saxony Transformation Research Association
(Verbund Transformationsforschung agrar Niedersachsen).
The goal is to create an intelligent
barn environment for fattening
pigs and to optimize it according
to the "mood in the barn".
Not only are all automatically
measurable environmental parameters such as air quality, temperature and lighting conditions
recorded, but also animal activity,
animal sounds and lying patterns
via cameras installed in the barn.
An AI-based algorithm links this
data and uses it to actively control the barn environment. As soon
as the AI detects conspicuous

patterns, an occupation game
starts, which interactively
projects moving objects onto the
stable floor. This appeals to the
natural curiosity and intelligence
of the animals, which receive a
tasty "reward" when the game is
finished. The added value of this
system clearly lies in the area of
precautionary orientation, as it
already reacts to the smallest
changes and thus enables intelligent, animal-related environmental control.
This supports the livestock
farmer in digitally linking all the
data from the barn, evaluating it
and thus actively taking care of
animal health. The joint project is
coordinated by Verbund Transformationsforschung agrar Niedersachsen at the University of
Vechta. Other project partners are
Peter Kenkel GmbH, the Hanover
University of Veterinary Medicine
Foundation, the Fraunhofer Institute for Non-destructive Testing
and the start-up VetVise GmbH.

Danish pork contains
no drug residues
The annual analysis carried out
by the Veterinary and Food Directorate once again proves that
pharmaceutical and hormone
residues are not an issue in pork
produced in Denmark, as regular
veterinary inspections ensure,
among other things, correct
medication and compliance with
the prescribed waiting periods
and weaning periods.
According to the latest analysis by the Veterinary and Food
Directorate, pork from Denmark
can be enjoyed with a clear conscience, also with regard to
health risks from residues. During
daily sampling at pig production
and slaughter plants by the
Veterinary and Food Directorate,
the laboratory responsible had
found only one sample from a
sow - taken at a slaughter plant
– out of 8000 pigs tested, in
which the antibiotic limit was
exceeded.
//www.fachinfo-schwein.de
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Vitamin E influences proteome profile
of beef longissimus lumborum muscle
By H. M. Kim, S. P. Suman, Y. Wang, S. Li, C. M. Beach, M. N. Nair, C. Zhai, B. N. Harsh, D. D. Boler, A. C. Dilger, and D. W. Shike

Vitamin E is a lipid-soluble antioxidant that inhibits lipid oxidation and improves beef color stability. The molecular aspects of the effect of vitamin E on
fresh beef color, from the standpoint of lipid oxidation-induced myoglobin
oxidation, have been extensively studied. In contrast, the influence of vitamin
E on sarcoplasmic proteome profile of beef skeletal muscles is yet to be
investigated. Therefore, the objective of this study was to examine the effect
of vitamin E feeding on sarcoplasmic proteome of postmortem beef longissimus lumborum (LL) muscle. Beef LL muscle samples (24 h postmortem) were
obtained from the carcasses of nine (n = 9) vitamin E-fed (VITE; 1,000 IU vitamin E diet for 89 days) and control (CONT; diet without vitamin E) heifers. The
sarcoplasmic proteome was analyzed using two-dimensional gel electrophoresis and image analyses. Five differentially abundant spots were
identified using mass spectrometry, and all the spots were over-abundant in
CONT. The proteins in the differentially abundant spots were antioxidant
proteins (thioredoxin-dependent peroxide reductase, peroxiredoxin-6, and
serum albumin) and glycolytic enzymes (beta-enolase and triosephosphate
isomerase). The antioxidant proteins minimize the oxidation of lipids and
proteins in the muscle matrix, whereas the glycolytic enzymes generate
NADPH, which helps maintain the antioxidant proteins in their reduced form.
These findings suggested that the strong antioxidant activity of vitamin E
leads to less expression of antioxidant proteins and antioxidant-related
proteins in the VITE in beef skeletal muscles.

C

olor is the most important attribute influencing the customers’ beef
purchase decisions (MANCINI and HUNT, 2005; SUMAN et al., 2014). Various
exogenous and endogenous factors contribute to myoglobin redox stability and color stability in fresh red meats (SUMAN and NAIR, 2017; NEETHLING et
al., 2017). Lipid oxidation is a major endogenous factor contributing to
myoglobin oxidation and fresh meat discoloration (FAUSTMAN et al., 2010;
SUMAN and JOSEPH, 2013; RAMANATHAN et al., 2020). Vitamin E (α-tocopherol) is
a lipid-soluble antioxidant that inhibits the peroxidation of polyunsaturated fatty acids in plasma membranes (BUTTRISS and DIPLOCK, 1988). Extensive research documented that supranutritional supplementation of vitamin E to beef cattle improved steak color and lipid stability (FAUSTMAN et al.,
1989; ARNOLD et al., 1992; CHAN et al., 1996; SMITH et al., 1996). From this
standpoint, vitamin E supplementation is employed as an efficient preharvest strategy to improve color and lipid stabilities in fresh beef (FAUSTMAN et al., 1998).
Postmortem addition of exogenous vitamin E to ground beef in amounts
equivalent to those deposited by dietary supplementation was ineffective in
minimizing myoglobin and lipid oxidation (MITSUMOTO et al., 1993). These findings
indicated that endogenous vitamin E incorporated into cellular membranes via
dietary delivery functioned better than exogenous vitamin E mixed into ground
beef. LYNCH et al. (2000) studied the distribution of α-tocopherol in muscles
from vitamin E-fed cattle and observed that the highest concentration was in
oxidative muscles (e.g. psoas major), whereas the lowest concentration was
in glycolytic muscles (e.g. longissimus thoracis).
The molecular basis for the effects of vitamin E on beef color and myoglobin redox stability has been extensively studied using mass spectrometry, and these investigations focused on the mechanistic interactions
between reactive lipid oxidation products and myoglobin in postmortem
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skeletal muscles (LYNCH et al., 1998; ALDERTON et al., 2003; SUMAN et al., 2007;
YIN et al., 2011). Numerous metabolic and antioxidant proteins in the sarcoplasm are critically involved in the biochemical mechanisms governing
fresh beef color stability (JOSEPH et al., 2012; CANTO et al., 2015; NAIR et al.,
2016; NAIR et al., 2017; GAGAOUA et al., 2017; NAIR et al., 2018a, b; GAGAOUA et
al., 2018; MAHMOOD et al., 2018; GAGAOUA et al., 2020a). Nonetheless, investigations have not been undertaken on the potential influence of vitamin E
on the sarcoplasmic proteome components, which continuously interact
with myoglobin. Therefore, the objective of this study was to identify the
influence of dietary vitamin E on sarcoplasmic proteome of postmortem
beef longissimus lumborum (LL) muscle.

Materials and methods
Animal production and muscle sample collection

The muscle samples were obtained from the feeding study (HARSH et al., 2018)
completed at the University of Illinois. All protocols were approved by the
University of Illinois Institutional Animal Care and Use Committee (Protocol
#15008).
Eighteen Angus × Simmental heifers were used in a randomized complete block design with treatment factors including daily dietary inclusion
of no additional (CONT) or 1,000 IU Vitamin E/hd·d-1 (VITE). Heifers were
managed as a group on a trace mineral maintenance diet prior to trial
initiation and were administered 140 mg trenbolone acetate and 14 mg
estradiol (Component TE-H; Elanco Animal Health, Greenfield, IN). After
being weighed on days –1 and 0, heifers were stratified by bodyweight (n =
9 heifers per treatment). Diets were the same for both dietary treatments
with the exception of vitamin E inclusion in fed supplements. Diets were
formulated to meet or exceed NRC (2000) recommendations and contained
20% corn silage, 35% modified wet distillers grains with solubles, 35% dry
rolled corn, and 10% supplement (dry matter basis). Dietary vitamin E
(dl-alpha-tocopheryl acetate) was provided to VITE animals, and individual
feed intakes of all animals were collected using a GrowSafe feeding system (GrowSafe Systems Ltd., Airdrie, AB, Canada). Heifers were weighed at
28 day intervals and fed for ad libitum intake daily for a total of 89 days on
feed. Heifers were housed in 4.88 m × 4.88 m pens in a confinement barn
with slatted concrete floors covered by interlocking rubber matting.
On day 90, heifers were humanely slaughtered under USDA inspection at
a commercial slaughter facility. At 24 h postmortem, carcasses were evaluated for 12th rib back fat thickness, ribeye area, and ribeye marbling score
via camera grading. A 2.54-cm section of LL was excised from between the
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Functional roles
.......................................................

Tab. 1: Identity and functional roles of differentially abundant proteins in sarcoplasmic proteome of longissimus
lumborum muscle from beef heifers fed on vitamin E
Protein

Spota

1

2
3
4
5

Thioredoxin-dependent
peroxide reductase,
mitochondrial
Peroxiredoxin-6
Serum albumin
Beta-enolase
Triosephosphate
isomerase

UniProt
Accession No.
P35705

ProtScore/
Matched peptides
370.20/12

Sequence
coverage (%)
49.81

O77834
P02769
Q3ZC09
Q5E956

1428.21/23
2285.61/54
10787.41/63
2113.08/30

73.66
76.94
79.26
96.39

Function
Antioxidant

Over-abundant
treatmentb
CONT

Spot
ratioc
2.15

Antioxidant
Antioxidant
Glycolysis
Glycolysis

CONT
CONT
CONT
CONT

1.51
1.59
2.23
1.71

Spots are identified by UniProt accession number, ProtScore, number of matched peptides, and sequence coverage of peptides.
a
Spot numbers were based on gel image (Fig. 1)
b
CONT = Non vitamin E diet; VITE = 1,000 IU vitamin E diet for 89 days
c
Spot ratio of CONT/VITE
Source: SUMAN et al.

12th and 13th rib section, immediately vacuum-packaged, frozen, and
shipped to the University of Kentucky. The retail color stability data were
presented in HARSH et al. (2018) and indicated that, as expected, vitamin E
supplementation improved color stability and increased the retail display
life of steaks. The sarcoplasmic proteome from beef LL muscle was extracted as described by JOSEPH et al. (2012). Five grams of frozen muscle
tissue was thawed and homogenized in 25 mL ice-cold extraction buffer
(40 mM Tris, 2 mM EDTA, and pH 8.0). The homogenized sample was centrifuged at 10,000 × g for 10 min at 4 °C, and the supernatant (sarcoplasmic
proteome) was filtered and utilized.

Two-dimensional electrophoresis
Bradford assay was used to determine the protein concentration of sarcoplasmic extract (Bio-Rad, Hercules, CA, USA). The sarcoplasmic proteins
(900 μg) were mixed with rehydration buffer (Bio-Rad) optimized to 7 M
urea, 2 M thiourea, 4% CHAPS, 20 mM DTT, 0.5% Bio-Lyte 5/8 ampholyte,
and 0.001% of Bromophenol blue. The mixture solutions were stored into
immobilized pH gradient (IPG, pH 3-10, 17 cm, Bio-Rad). Gels were subjected to passive rehydration for 16 h. First dimension isoelectric focusing
(IEF) was conducted using Protean IEF cell system. The first active rehydration step was conducted with low voltage (50 V) and increased voltage
by stages, final rapid voltage ramping to arrive total of 80 kVh. Subsequently, the IPG strips were equilibrated with an equilibration buffer I (6 M
urea, 0.375 M Tris–HCl, pH 8.8, 2% SDS, 20% glycerol, 2% DTT) for 15 min,
followed by equilibration buffer II (6 M urea, 0.375 M Tris–HCl, pH 8.8, 2%
SDS, 20% glycerol, 2.5% Iodoacetamide) for 15 min. The second dimension
protein separation process was conducted by 12% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE, 38.5:1 ratio of acrylamide
to bis-acrylamide) using Protean II XL system (Bio-Rad). The gels were
stained by Colloidal Coomassie Blue for 48 h, destained until the background of the gels was cleared. The CONT and VITE samples were evaluated under the same conditions (two gels/sample), resulting in 36 gels.
The gels were scanned using VersaDoc (Bio-Rad), and gel images were
analyzed using PDQuest (Bio-Rad, Hercules, CA, USA). Firstly, spot detection was conducted and matched, then normalized (JOSEPH et al., 2012). The
spots were considered as differentially abundant when there was a 1.5fold or more intensity difference between CONT and VITE.

Liquid chromatography-electrospray
ionization-tandem mass spectrometry
Protein spots differentially abundant between CONT and VITE were subjected to mass spectrometric identification. The protein spots were re-

FLEISCHWIRTSCHAFT international 4_2021

moved from the gels and then subjected to dithiothreitol reduction,
iodoacetamide alkylation, and in-gel trypsin digestion. The peptides
formed were extracted and concentrated. Subsequently, the peptides
were injected for nano-liquid chromatography (LC)–tandem mass spectrometry (MS/MS) analysis using LTQ-Orbitrap mass spectrometer (Thermo
Fisher Scientific, Waltham, MA) coupled with an Eksigent Nanoflex cHiPLC™
system (Eksigent, Dublin, CA, USA) through a nanoelectrospray ionization
source. A reversed-phase cHiPLC column (75 μm × 150 mm) was operated
(300 nL/min flow rate) to separate the peptides. Water with 0.1% (v/v)
formic acid was the mobile phase A, and acetonitrile with 0.1% (v/v) formic
acid was the mobile phase B. A 50-min gradient was applied; initial 3%
mobile phase B was linearly increased to 50% in 24 min and further to 85%
and 95% for 5 min each, before it was decreased to 3%, and then the
column was re-equilibrated. The mass analysis method was consisted of
eight scan events per segment. The first scan event was an Orbitrap MS
scan (100-1600 m/z) with 60,000 resolutions for parent ions. This was
followed by data dependent MS/MS for fragmentation of the seven most
intense ions through collision induced dissociation.

MS/MS protein identification
The LC-MS/MS data were submitted to a local Mascot server for MS/MS
protein identification through Proteome Discoverer (version 1.3, Thermo
Fisher Scientific, Waltham, MA, USA) based on the Bos Taurus database
from National Center for Biotechnology Information (NCBI). The parameters
of the MASCOT MS/MS ion search were: trypsin digest with a maximum of
two miscleavages, cysteine carbamidomethylation, methionine oxidation,
a maximum of 10 ppm MS error tolerance, and a maximum of 0.8 Da MS/MS
error tolerance. A decoy database was conducted and searched. To distribute the confidence indicators for the peptide matches, filter setting
was used to determine false discovery rates. Peptide matches that passed
the filter associated with the strict false discovery rate (target setting of
0.01) were recommended as high confidence. For the MS/MS ion search,
proteins with two or more high confidence peptides were considered
unambiguous identifications without manual inspection. Proteins identified with one high confidence peptide were manually inspected and confirmed.

Bioinformatic analysis
An analysis of functional interactions between the identified proteins was
performed using STRING 11.0 (SZKLARCZYK et al., 2019), a software analyzing
protein-protein association networks with timely updates and various
bioinformatics information. In the protein-protein interaction network, the
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network nodes represent the proteins, whereas the lines represent the
predicted functional associations.

Five differentially abundant spots were identified from the gel image
analyses (Fig. 1). The identity and functional roles of these proteins are
presented in Table 1. All the identified proteins were over-abundant in
CONT compared with VITE. The differentially abundant proteins were involved in antioxidant mechanisms (thioredoxin-dependent peroxide reductase, peroxiredoxin-6, and serum albumin) and glycolysis (beta-enolase and triosephosphate isomerase). The network of interacting proteins
(Fig. 2) identified five key nodes in biological interactions. Interestingly,
antioxidant proteins were over-abundant in CONT, and it appears that
vitamin E supplementation provided antioxidant protection to the muscle
tissue resulting in low expression of endogenous antioxidant proteins in
VITE than in CONT.

Antioxidant proteins

pH 5

8

MW (kDa)
100

10

Source: SUMAN et al.
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Fig. 1: Coomassie-stained two-dimensional gel of the sarcoplasmic proteome
extracted from longissimus lumborum muscle of beef heifers fed on vitamin E.
Five protein spots differentially abundant in control and vitamin E-fed heifers
are encircled and numbered

Protein-protein interaction
.....................................................

Three antioxidant proteins were over-abundant in CONT. The proteins are
peroxiredoxins (thioredoxin-dependent peroxide reductase and peroxiredoxin-6) and serum albumin.
Peroxiredoxins are cysteine-dependent peroxidase enzymes, which
play critical roles in reducing peroxides in cells (KARPLUS, 2015; PERKINS et
al., 2015; CAO and LINDSAY, 2017). Mammalian peroxiredoxins have six isomers (i.e., PRDX 1 through 6). Thioredoxin-dependent peroxide reductase
(PRDX3) is a 2-Cys peroxiredoxin and is abundant in mitochondria, whereas
peroxiredoxin-6 (PRDX6) is a 1-Cys peroxiredoxin and is abundant in cytosol (RHEE et al., 2012). The main function of PRDX is antioxidant activity
(JACOBSON et al., 1989; CHAE et al., 1999; COX et al., 2009). PDRX reduces the
natural hydroperoxides (ROOH) through peroxidase activity (WOOD et al.,
2003). Furthermore, POYNTON and HAMPTON (2014) suggested that PDRX can
be used as a biomarker for oxidative stress.
The low abundance of PRDX3 and PRDX6 in VITE may be due to the
strong antioxidant effects of α-tocopherol. Vitamin E scavenges the
peroxyl radicals, which attack lipid to yield lipid hydroperoxides and lipid
radicals, and eventually block lipid peroxidation (BRIGELIUS-FLOHE, 2009).
Furthermore, α-tocopherol is the important lipophilic radical-scavenging
antioxidant in-vivo (NIKI, 2014). Therefore, the over-abundance of PRDX in
CONT group could be attributed to the absence of strong antioxidant
protection against the peroxyl radicals.
Due to their antioxidant activity, several studies reported that several
members of the PRDX protein family are related to meat color (GAGAOUA et
al., 2020a) and tenderness (PICARD et al., 2018; GAGAOUA et al., 2020b). WU et
al. (2016) compared color stability of LL and psoas major muscles (15 d
postmortem) from Chinese Luxi yellow cattle and observed the presence
of PRDX2 proteins in both muscles; however, a* value (surface redness)
was positively correlated to the level of PRDX2 in LL, whereas it was negatively correlated to the abundance of PRDX2 in psoas major. Furthermore,
PRDX3 and PRDX6 were identified in psoas major muscle, and both proteins
were negatively correlated to metmyoglobin reducing activity. Similarly,
GAGAOUA et al. (2015; 2017) documented that PRDX6 was positively correlated to a* value (surface redness) in beef longissimus thoracis muscles,
which may be explained by the antioxidant and phospholipase activities of
this protein. Furthermore, peroxiredoxin proteins were found to be related
to meat tenderness during early postmortem. JIA et al. (2009) studied the
7-day postmortem beef longissimus thoracis muscles separated into
tender and tough groups based on WBSF values and compared muscle
proteomes in both groups using muscle samples biopsied 4 days before
slaughter and samples collected 1 h postmortem. The protein PRDX6 was
found only in the tender group (antemortem and postmortem), and the
authors concluded that PRDX6 might be a potential biomarker for beef
tenderness. Similarly, GRABEZ et al. (2015) categorized early postmortem
beef semimembranosus muscles into two groups (tender vs. tough) based
on shear force and reported that PRDX3 was over-abundant in the mitochondrial proteome of tender group. Furthermore, POLATI et al. (2012) studied proteomic changes in beef longissimus dorsi muscle during prolonged

.................................................

Results and discussion

Protein spots

PRDX3

ENO3

PRDX6
TPI 1

Source: SUMAN et al.
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Fig. 2: Protein–protein interaction network of differentially abundant proteins in
the sarcoplasmic proteome of vitamin E fed beef longissimus lumborum muscle.
The interacting proteins were identified using STRING 11.0 software (SZKLARCZYK et
al., 2019). The nodes represent proteins from a Bos taurus database, whereas the
lines (light green = text mining evidence; purple = experimental evidence; black
= co-expression evidence; green = gene neighborhood evidence; blue = gene
co-occurrence evidence; light blue = protein homology evidence) indicate
predicted functional annotations. PRDX6 = peroxiredoxin-6; ALB = serum
albumin; ENO3 = beta-enolase; TPI1 = triosephosphate isomerase; PRDX3 =
thioredoxin-dependent peroxide reductase.
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mitochondria proteome aging, and PRDX1 was observed to decrease from
day 0 to 12 and increased from day
12 to 26 postmortem. The authors explained that the changes in the level
of PRDX1 are possible because the postmortem muscle is under stress,
during which the redox potential of the cells is very variable, and peroxiredoxins are involved in these cellular changes.
Serum albumin is a protein for the transport and storage of numerous
endogenous and exogenous biomolecules, and it is the most abundant
protein in blood plasma (KRAGH-HANSEN, 1981). Bovine serum albumin is a
single polypeptide chain (66 kDa molecular weight; 583 amino acid
residues) that shares approximately 76% sequence homology with human
serum albumin (ANAND and MUKHERJEE, 2013). The antioxidant activity of
serum albumin is the result of its ligand-binding property. Serum albumin is
well known for its ability to bind various bioactive molecules, including
metal ions such as iron and copper, which are known to promote oxidation
(ROCHE et al., 2008; BELINSKAIA et al., 2020). The over-abundance of serum
albumin in CONT also may be due to the absence of vitamin E, which is a
strong antioxidant (NIKI, 2014).
Several proteomic studies reported the presence of serum albumin in
fresh as well as cooked meats (GAGAOUA et al., 2020a; NAIR et al., 2018a).
MONTOWSKA and POSPIECH (2013) studied muscle proteins that are stable
during aging and thermal processing of different meats and observed that
bovine serum albumin is minimally degraded in cooked beef and is a relatively thermostable protein, which may be used as a biomarker for authentication of meat products. COSTA-LIMA et al. (2015) compared the sarcoplasmic proteome of longissimus thoracis muscles from ractopamine-fed and
control pigs and reported that serum albumin was over-abundant in the
ractopamine-fed pork. These authors argued that the increased abundance of serum albumin is possibly to protect muscle proteins against
reactive products of lipolysis caused by dietary ractopamine. DI LUCA et al.
(2013) evaluated proteomics of water holding capacity in pork longissimus
thoracis et lumborum muscle, and reported that the abundance of serum
albumin was lower in high drip loss samples compared to the samples from
low drip loss and intermediate drip loss groups.

Glycolytic proteins
Two glycolytic proteins (beta-enolase and triosephosphate isomerase)
were over-abundant in CONT. Beta-enolase is muscle-specific enolase and
is one of three enolase isoforms, which is abundant in skeletal muscles
(TRACY and HEDGES, 2000). Beta-enolase catalyzes the interconversion of
2-phosphoglycerate and phosphoenolpyruvate (PESHAVARIA and DAY, 1991).
Triosephosphate isomerase is another glycolytic enzyme, which catalyzes
the interconversion of dihydroxyacetone phosphate and D-glyceraldehyde
3-phosphate (BLACKLOW et al., 1988). Increased levels of these glycolytic
enzymes increase the activity of pentose phosphate pathway that generates NADPH, which helps maintain the antioxidant enzymes such as peroxiredoxins and glutathione peroxidase in their reduced forms (KONDOH et al.,
2007). Therefore, the over-abundance of glycolytic enzymes in CONT may
be a cellular mechanism to maintain the antioxidant proteins in their reduced state to counterbalance the oxidative stress (GAGAOUA et al., 2018).
Several proteomic investigations reported the relationship between
glycolytic enzymes and meat quality attributes (GAGAOUA et al., 2020a, b;
NAIR et al., 2018a, b). DI LUCA et al. (2013) compared three groups of pork
longissimus thoracis et lumborum muscles exhibiting varying degrees of
drip loss (i.e., high drip, intermediate, and low drip losses) and observed
that triosephosphate isomerase was over-abundant in low drip loss samples indicating that this protein may be utilized as a biological marker for
water holding capacity. HWANG et al. (2005) studied postmortem proteome
changes in pig longissimus muscle (days 1, 3, and 7) and found that
triosephosphate isomerase was positively correlated to shear force. Furthermore, JIA et al. (2006) analyzed proteome changes in early postmortem
(0 h and 24 h) beef longissimus dorsi and semitendinosus muscles and
observed that triosephosphate isomerase decreased in longissimus dorsi
muscle during 24 h postmortem. L AMETSCH et al. (2003) compared proteome
changes in pork longissimus dorsi muscle between 0 and 72 h postmortem
to identify proteins correlated to shear force and observed that
triosephosphate isomerase was over-abundant in 72 h postmortem sam-

ples, and the protein was negatively correlated to shear force. Additionally, previous proteomic investigations suggested that beta-enolase and
triosephosphate isomerase could be utilized as protein biomarkers for
ultimate pH (GAGAOUA et al., 2017; 2018) and color (NAIR et al., 2018a, b) in
beef muscles.

Conclusions
The results of the present study suggested that dietary vitamin E influenced the abundance of sarcoplasmic proteins related to antioxidant
activity and glycolysis in postmortem beef LL muscle. The strong antioxidant protection offered by vitamin E could have led to low expression of
antioxidant proteins as well as glycolytic enzymes that generate antioxidant metabolites in the VITE group, whereas the lack of such protection in
the CONT group may have led to increased expression of these proteins in
the skeletal muscles. Further studies should examine the influence of
vitamin E on the muscle proteome in live animals as well as perimortem
muscles to understand how this antioxidant modulates oxidative stability
of skeletal muscles.
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