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delicate texture that hand-treatment is ruled out. This results in a much-more-compact bloomy rind on the surface of 
the cheese. 

Safety and quality: two sides of the same coin 

For a scientist, it is always deeply satisfying to see scientific findings confirmed in practice. Last year’s Farmhouse 
and Artisan Cheese & Dairy Producers European Network (FACEnetwork) scientific conference on raw-milk products 
underscored the fact that with raw-milk cheeses, food safety and food quality are two sides of the same coin (Link). 
This truism is borne out by Agnès’s day-to-day experience. Her uncompromising pursuit of top quality also ensures 
the ability of her cheeses to meet ever-more-stringent food-safety standards. 

 

A small aside from a personal perspective: Unfortunately, the ever-stricter food-safety standards are not always 
based solely on scientific considerations. Thus, for example, the limits for coli bacteria in cheese made from heat-
treated milk make sense, since coli bacteria cannot survive the heat treatment. The presence of coli bacteria in 
cheese made from heat-treated milk is a sign that either the heat treatment was faulty or that hygiene post-heat 
treatment was inadequate. With raw-milk cheese, however, the detection of coli bacteria is not indicative of 
inadequate hygiene during manufacture, since coli bacteria may be naturally present in small quantities in even the 
‘cleanest’ raw milk. Coli bacteria are environmental microbes the vast majority of whose strains are completely 
harmless for us humans. The law recognises this. It is a pity that some market participants make demands that go 
beyond the legal requirements. This can put raw-milk cheese manufacturers at an unfair competitive disadvantage. 
An interesting talk (Link) on this subject was actually given at the above-mentioned conference. Agnès, however, is 
clear about wanting to meet all the standards with her cheeses, even when these standards exceed the legal 
requirements. 
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Lactic flavours are meant to develop 

Wherever possible, the artisan cheeses are wrapped in 
see-through film. As a sign of transparency, Agnès 
wants consumers to be able to see and check the 
cheeses before buying them. 

For Agnès, it’s very important for the lactic, creamy and 
buttery flavours of her cheeses to develop to their full 
potential, and she is outstandingly successful in 
achieving this aim. Common to all the sampled cheeses 
are their marvellous creaminess, delightful melt-in-the-
mouth quality and lingering echo on the palate. 

• With ‘Galette’, the fresh goat’s milk is 
unmistakeable without being overpowering. The 
flavours recall a walk in Jura in the spring across blooming meadows and through damp woods. The cheese’s 
rind is pleasantly fuzzy. ‘Galette’ will no doubt appeal to many people who might otherwise prefer to give 
goat’s cheese a wide berth. 

• ‘Galait’ – ‘Galette’s’ brother cheese – is made from cow’s milk. Its amazingly delicate rind is a delight. The 
flavour is very mellow and extremely well-rounded, redolent of warm raw milk fresh from the cow, herbs, 
roses, and even a bit of honey. The mushroomy, ammoniacal smell that is otherwise typical of quite a few 
soft cheeses is absent in ‘Galait’, which is no bad thing. 

• A chameleon of a cheese, ‘Écru’ is a bit mystifying, since it behaves like a young Gorgonzola on the palate 
despite not being a blue-veined cheese. It is also very fruity with a perceptible vanilla flavour. 

• ‘Fort A1652’ whisks you away to the Med. This cheese would shine on any Mediterranean cheese platter; 
no one would suspect that it was made in the Swiss Jura and ripened in a bunker in the Vaud Prealps. Very 
spicy with flavours of nuts and of very ripe and dried fruits. 

In keeping with the season, we decided on a selection of berries for the pairings. 

• Mild-flavoured soft cheeses such as ‘Galait’ pair well with blueberries. The combination intensifies the vegetal 
flavours (grassy, herby, mossy and woodsy), and the finish is prolonged. 

• Spicy soft cheeses such as ‘Fort A1652’ and blackberries file down each other’s sharp edges: the spiciness 
of the cheese and the tartness of the berries are lowered a notch, better showcasing the variety of flavours 
and even possibly revealing new facets, such as a subtle barrique-matured note. 

• By contrast, strawberries and raspberries resisted pairings with the different cheeses. Even so, another very 
exciting effect was noted: the berries cleansed and refreshed the palate. This ‘cleansing’ intensified the 
berries’ flavours, as with a syrup – probably because the nerves are wide awake due to the cheese. The 
refreshed palate was then ready to enjoy the next cheese. This discovery creates a space for ideas on new 
ways to enjoy cheese, such as cheese-berry skewers for an apéro or new dessert creations. And yes – 
strawberries and raspberries can make a contribution to any cheese platter – and not just optically. 

The pairings with the berries have confirmed for us yet again the amazing versatility of cheese in combination with 
other foods, with new and sometimes surprising discoveries always being possible. 
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7 Experiential Cheese Dairy in Goldingen 
Voyage of Discovery to Wisi’s Experiential Cheese Dairy in Goldingen 

An outstanding master teacher 

Our sixth journey takes us to the See-Gaster District in the Canton of St. Gallen to the experiential cheese dairy in 
Goldingen, where Alois (‘Wisi’) Pfister proves daily that sustainability and superb dairy and meat products are by no 
means mutually exclusive. 

100 years of circular economy 

Wisi feeds the leftover whey from cheese production to his herb-
reared pigs (Link). The animals’ feed is supplemented with a natural 
herb mixture, yielding high-quality meat with an outstanding taste. 
The cows’ and pigs’ slurry is used to fertilise the meadows, resulting 
in a closed-loop supply chain that Wisi’s grandfather and great-uncle 
maintained when they took over the cheese dairy in Goldingen in 
1924. Today, they also know just how to spread the slurry without 
putting undue strain on the climate or our nostrils. Very little sorrel 
grows on the meadows in Goldingen – a sign that there is no 
overfertilisation with slurry. For Wisi, the daily interlude with his pigs 
is a treasured counterbalance to his work in the cheese dairy. 

Wisi considers himself one of the “old guard”, since upholding tried-and-tested traditions is important to him. However, 
the way he handles his smartphone demonstrates that he also appreciates and knows how to take advantage of the 
benefits of progress. 

Mutual trust between farmers and cheesemaker 

Wisi has a great deal of sympathy for the farmers who supply him. He 
is aware that their job nowadays is exceptionally demanding and that 
they have to meet a wide range of (sometimes contradictory) 
requirements. By the same token, the farmers know the importance 
of high milk quality in the production of raw-milk cheeses. The friendly 
banter during the twice-daily milk deliveries is testimony to their 
mutual appreciation. 

In Goldingen there is a seasonally adjusted pricing system for the 
milk. This is intended to prevent too much milk being supplied in the 
spring, as experience has shown that less cheese is consumed in 
summer. 

No ‘anonymous’ milk 

It is simply not possible to produce high-quality and safe raw-milk 
cheeses from just any raw milk supplied by road tankers from an 
unspecified place. The cheesemakers need to know the farmers 
really well, and the farmers must know their cows equally well. It is 
important to identify and voice any discrepancies – no matter how 
small – in a timely manner, and to look for a solution together. 

Wisi always hangs the board with the milk-quality test results next to 
the doors, where it can easily be seen by all. 
  

https://kraeuterschwein.ch/
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Inspired by Fredy Bieri 

Fredy Bieri was the pioneer of raw-milk cheese in the 
Zurich Oberland. He was also the inventor, 
personification and trailblazer of the ‘natürli’ quality label 
(Link). His goal was to ensure the livelihoods of village 
cheese dairies and preserve the associated traditional 
cheese culture in the region. Since 1995, ‘natürli 
zürioberland ag’ has offered an extensive and varied 
range of high-quality cheeses and dairy products from 
small regional cheese dairies. 

Fredy Bieri also convinced Wisi to forgo the thermisation 
(subpasteurisation) of the evening milk and to bank on 
the benefits of raw-milk cheese. At first, Wisi only took 
the plunge with his semi-hard cheese specialities. 
Encouraged by his success here, he then also followed 
suit with his Appenzeller cheese. Today, Wisi is probably the only cheesemaker to produce Appenzeller from, and 
not just with, raw milk. 

Natürli is Wisi’s main sales partner. The glut of cheeses in Switzerland and in the main export countries also poses 
major problems for natürli. To remain successful in future, Fredy Bieri’s vision must be developed further. Raw-milk 
products have a wide range of health benefits that are still not given their due, as shown by an overview of the 
literature (Bachmann et al., 2020) and a scientific conference (Bachmann et al., 2024). 

Wisi sends a large proportion of his cheeses to ripen in natürli’s amazing vaulted cellars in Saland, Canton of Zurich 
(photo), which further strengthens their close partnership. 

Fermentation takes time 

As Wisi is fond of saying, “fermentation takes time”. 
Unsurprisingly, we discovered the odd quirk or two in his 
methods. For example, he doesn’t add water to the milk, 
as this dilutes not only the lactose but also quite a few 
more valuable constituents. He adds significantly less 
rennet than normal, so the coagulation time is 
correspondingly longer. This has the side benefit of 
allowing us to enjoy breakfast together in peace. The 
temperatures and times are appropriately adjusted so 
that syneresis (curd-particle contraction and whey 
expulsion) and the acidification process still occur within 
the intended timeframe. The parameters for producing 
Appenzeller cheese and its specialities have the odd 
subtle nuance for the creation of unique products. There 
is, however, one thing they all have in common: Wisi swears by the use of Liebefeld raw mixed cultures, virtuosically 
combining four at once. A bit of yoghurt, which he has made himself from past batches for years, is also always 
added. All of this takes place at an incubation temperature that you won’t find in any manual on the subject. 

In Wisi’s opinion, the rennet-whey test is the most informative analysis. For it, after the addition of rennet to the kettle, 
a milk sample is taken and incubated for 1 day, during which time a cheese stick forms in the test tube (Photo). The 
consistency of this cheese stick, the measurement of the acidity level and a small swig of the whey impart valuable 
information to Wisi on milk quality and fermentation progress. Occasionally the rennet-whey is incubated for a second 
day and examined once more, allowing further conclusions to be drawn. 
  

https://www.naturli-ag.ch/en/
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Not all tools disinfected immediately after each use 

All equipment and facilities coming into contact with the milk or with 
the fermenting cheese are spick-and-span, as they are thoroughly 
cleaned after use. Otherwise it would be impossible to produce such 
outstanding cheese. 

Despite this, Wisi is aware that he is also reliant on the existence of 
a healthy house microbiota and would never disinfect his saltwater 
bath or the wooden boards in the cheese cellar. The house microbiota 
occupies ecological niches which could otherwise be usurped by 
adventitious, possibly undesirable microorganisms. 

Four strong mainstays 

Three mainstays have already been mentioned in the above 
paragraphs: the herb-fed pigs, marketing via natürli and the 
Appenzeller cheese, whose production volume, quality assessment 
and marketing are managed by a trade association. 

The fourth mainstay is direct sales on an impressive scale. By his own 
account, Wisi does not just have customers, but a veritable fan club 
as well.   

Raw-milk cheese dairies make excellent teaching operations 

Wisi is also fond of saying that producing raw-milk cheese requires a 
keen feel. You are working with nature; every day is special. He feels 
certain that separation of the cream in the evening milk overnight in 
the kettle can vary according to the phase of the moon. There may 
also be minor deviations in curdling, acidification or syneresis 
requiring slight adjustments in the production process. This keen feel 
is best learnt from seasoned professionals. Wisi also attaches great 
importance to the training of apprentices. Currently he is master to an 
apprentice, Kevin, whom he is wholeheartedly committed to initiating 
into the fascinating art of cheesemaking. 

Successors wanted 

To judge by the obvious pleasure that Wisi takes in his work, the 
Goldingen cheese dairy is the ideal employer and workplace and 
represents a unique opportunity for any cheesemakers who are keen 
to take their destiny into their own hands and who prefer to work from 
home. 

Unfortunately, Wisi’s search for a successor has been unsuccessful 
to date. It would be a brilliant result if this report encouraged a suitable 
candidate to apply. 

The Pfister family and their cheese dairy were portrayed in the series 
‘Wohl bekomms: Käse, Laib und Leben’ [‘Bon Appétit: A Day in the 
Life of a Cheese Dairy’] from Servus TV (Link). This highly watchable 
film gives us a glimpse of Wisi’s fascinating craftsmanship and 
fulfilling life. 
  

https://www.erlebniskaeserei.ch/.cm4all/mediadb/.film.mov/video.mp4
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The most important things in life 

We chose Goldinger ‘Gourmet’ cheeses for the sensorial description. The cheeses were ripened for 4, 9 and 14 
months respectively in natürli’s vaulted cellars in Saland (Canton of Zurich). 

• After 4 months’ ripening, Goldinger Gourmet delights with a very agreeable mouth feel and a mild taste 
composed of milky and flowery facets. Very refreshing (crème fraîche) as well as a touch on the sweet side 
(honey). It’s a cheese that will have you coming back for another piece, where just a little is not enough. It’s 
also a cheese that promises great potential for an extended ripening. 

• After 9 months the cheese is very savoury, even slightly piquant. The flavour has gained a great deal of 
complexity and now also encompasses smoky facets, bacon, onion and caramel. A distinctive umami note 
now enriches the taste. The cheese mentally transports us to an alpine cheese dairy. 

• The 14-month Goldinger Gourmet is a big surprise. We had expected it to be even more savoury, perhaps 
even a bit too savoury. How wrong we were! The cheese delights us with its lovely harmoniousness. As we 
chew, the crystals crunch seductively. The cheese melts wonderfully on the palate, and the flavour is 
incredibly well-rounded. In addition, nutty, fruity (e.g. dried apricots), earthy and woody flavours can now also 
be detected. 

For the pairings (‘marriages’) we plumped 
for a selection of regional beers, since beer 
is also Wisi’s preferred tipple with his 
cheeses. 

• The Pale Ale (beer too dominant) 
and the Pilsner (overpowering 
flavour of hops, too bitter) refused 
to marry with any of the cheeses. 

• We really liked the wheat beer with 
the 4-month-matured cheese: the 
pairing was highly invigorating, 
refreshing and fruity, and with a 
surprising vanilla note. The ideal 
combination for the first half of a 
football match, quelling hunger and 
thirst like a charm and lending 
increased dynamism to the 
atmosphere with each bite and sip. 

• For the second half of the match, we recommend the combination of a pale beer with the 9-month-old 
Goldinger Gourmet. The beer tones down the cheese’s pungency and the cheese tempers the bitterness of 
the beer, with a marvellous caramel flavour soaring above it all. A combination that awakens all the senses 
and has a wonderfully long echo, so that one’s attention is now completely focused on the match. 

• And after the match, there’s either cause for celebration, or a disappointment will need to be digested. For 
both scenarios, the combination of the 14-month Goldinger and a lager is ideal. What brilliant flavour 
fireworks – leading to the abiding realisation that there are far more important things in life than football. 

  



A Voyage of Discovery into the World of Raw-Milk Cheeses  

 

Agroscope Science  |  No. 217 / 2025 31 
 

8 Organic Cheese Dairy in Burgrain 
Voyage of Discovery to meet Martin at the Burgrain organic cheese dairy 

Experience the value chain up close 

Our seventh journey takes us to the Erlebnishof Agrovision Burgrain AG educational farm in Alberswil, Canton of 
Lucerne, where visitors can experience the entire value chain for organic foods at close hand. Promoting rural and 
artisan occupations is an important part of the ethos here. 

Grass-fed dairy cows and winter calving 

The cows on the Burgrain organic farm are entirely grass-fed and 
calve seasonally. In late autumn they are dried off ready for calving 
early in the year. In winter their diet consists entirely of hay, then from 
April onwards they graze on pasture. No supplementary feed is 
provided, except for hay in times of drought. To ensure a year-round 
supply of milk for processing, a group of 20 cows are dried off earlier 
in the season for calving in December. 

Whilst 100%-grass-fed cows may not produce exceptionally high milk 
yields, this method of feeding is very natural, simple and low-cost. No 
feed is supplied that could be fed directly and much more efficiently 
to humans, such as cereals or soy. Smaller Holstein cows efficiently 
convert pasture grass into milk with a high fat and protein content. 

Dora, born 2014  

In the milking parlour is a list of the names of the cows and their sires, 
dams and granddams, along with their years of birth and number of 
lactations. What is particularly striking is that half of Burgrain’s cows 
boast four or more lactations. Top of the leader board is Dora with 
nine lactations to her name. Extensive rearing means that the cows 
here live much longer. A typical Swiss dairy cow has an average 
lifespan of five or six years and has 3.5 lactations in this time before 
being removed from the production process. In some countries, the 
average number of lactations is even lower, although cows can live for up to twenty years (Source: bio-aktuell, Link). 

Another striking aspect of the milking parlour is the level of professionalism on evidence. Strict routines are followed 
to ensure that the high standards of hygiene for milk used in the production of raw-milk cheese are scrupulously 
upheld. It thus comes as no surprise that routine monitoring in the cheese dairy confirms the high microbiological 
quality of the milk. 

Large fluctuations in yield and content 

Over the course of the lactation, milk yields generally decrease whilst  
fat and protein content increase. Since all the Burgrain cows calve in 
late winter, this means that considerably less milk is produced in 
winter, the cows are ‘awash with milk’ in spring, and fat and protein 
content are usually at their highest in autumn. 

Forage quantity and quality are also important factors. With a fully 
grass-fed herd, this of course means the quantity and quality of the 
grass and hay. Here, the weather plays a key role, as shown by the 
fac that over the past four years, the milk content (fat + protein) on 
the Burgrain farm in August has ranged between 8.52% (2021) and 
7.38% (2023). 

https://www.bioaktuell.ch/aktuell/meldung/milchkuehe-nutzungsdauer-23-04-2018
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Annual milk yield is approximately 350,000 litres. Right after milking, the milk, still warm from the cow, is taken on 
foot to the cheese dairy in the electrically-powered milk tank. Chilled overnight to 6°C, it is reheated the following 
morning, then added to the freshly-milked morning milk for processing. 

High degree of flexibility and expertise 

Organic cheese dairy manager Martin Stadelmann and his team have 
plenty of challenges to contend with: large variations in the milk 
(quantity and content) on the one hand, and in sales on the other. The 
growing popularity of raclette and fondue have significantly boosted 
demand for cheese in the cold season. 

A great deal of experience is required to decide which type of cheese 
to produce when, so that the cheeses are always ready for sale at the 
ideal degree of maturity. Because of the variations in fat and protein 
content, a sure instinct is also needed to guarantee that coagulation 
and fermentation are in the right range. Important control parameters 
at this stage in the milk pre-ripening process are temperature and 
length of time between the addition of starter cultures and renneting. Pre-ripening controls the lactic-acid fermentation 
process and largely determines coagulation properties. Both factors influence subsequent syneresis – i.e. curd-
particle contraction and whey expulsion. Here too, temperature and duration can have a major bearing on cheese 
characteristics. 

Spectators welcome 

At Burgrain, the production of organic foodstuffs is appealingly 
showcased. There are no secrets here, and visitors are allowed to 
watch (almost) everything – on the pastures, in and around the cow 
shed, and of course in the organic cheese dairy. 

Built ten years ago, the dairy still looks spanking new. Everything is 
on one level, and the set-up is highly functional. Another striking thing 
about the Burgrain dairy is it spotlessness. Impeccable hygiene, and 
hence thorough cleaning, is clearly part and parcel of artisan raw-milk 
product manufacture here. 

Spoilt for choice 

Visitors can experience at close quarters a dozen or so different 
organic cheeses, a fondue mix, butter, and a assortment of yoghurts, 
yoghurt drinks and quark (a type of curd cheese) being made largely 
by hand using artisan methods. A conscious effort is made to use the 
most environmentally friendly manufacturing processes as well as 
regional raw materials wherever possible. Working in harmony with 
nature and forging connections with rural culture clearly lie at the 
heart of everything they do. For example, milk from Jersey cows from 
a neighbouring farm is specifically used for yoghurt production. This 
very rich milk produces a deliciously creamy yoghurt without the need 
to add industrially manufactured milk powder. 

Burgrain dairy products are served on site in the farm restaurant and in its own farm shops, as well as in organic 
shops and supermarkets throughout German-speaking Switzerland through its own distribution platform. 

A keen eye for detail 

Martin and his team are eager to further enhance the quality of their products. Currently, they are working on making 
to make the texture of the cheese a little creamier and the flavour a little richer. A keen eye for detail makes all the 
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difference, as impressively demonstrated by the precision with which a pre-pressed block of cheese is cut into eleven 
cheeses of equal weight. 

 

A microbial coagulating agent is used instead of calf rennet so that the cheese can be labelled ‘vegetarian’ – another 
area where a great deal of specialist knowledge and expertise are required. 

Milk leaves its mark 

For the sensory description, we chose three semi-hard cheeses and one hard cheese, all made from 100% raw milk, 
as you would expect. The four cheeses have very distinct characters. You can easily spot the influence of variations 
in the milk composition. The Burgrain farm has taken a bold and commendable stance in refusing to make any 
compromises within their grass-fed dairy system in order to produce cheese of more uniform quality. Quite the 
opposite, in fact: they aspire to being able to make high-quality dairy products from any sort of milk, and acknowledge 
that seasonal variations are simply part of the equation. To ensure success here, highly skilled cheesemakers are 
required, as are consumers who understand the importance of working hand-in-hand with nature at Burgrain. 

• The Mutschli (aged for two months) was made in mid-November, at a time when the cows are coming to the 
end of their lactation period. And it’s not just the experts who can spot this influence. All in all, the flavours 
are slightly tangier and more rustic. Despite this, the Mutschli wows us with a fresh acidity, a buttery note 
and pleasantly sweetish flavours like caramel and vanilla. The cheese melts deliciously on the tongue and 
has a slightly sticky, floury finish that is not at all unpleasant. 

• The mild Bläsi (aged for four months) has a pronounced oniony flavour which is quite unexpected, very spicy 
notes and a fresh, palate-cleansing acidity. 
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• The stronger Bläsi (aged for nine months) spoils us with its cornucopia of flavours: floral, grassy, citrussy 
notes, bouillon (umami) and even dried fruit (plums). The presence of a few crystals creates an exciting 
crunch that adds to the delight. 

• The mountain cheese (a twelve-month-old hard cheese) is at peace with itself. The flavours are less intense 
than we expected, but all the more eclectic. Every bite unearthed a new flavour, including ones not normally 
associated with cheese, such as cooked vegetables, morels and forest floors. This treasure trove of flavours 
adds up to a delicate and beautifully balanced triumph. 

For the pairings, we decided on a selection 
of homemade jams and jellies that are on 
sale in the farm shop. 

• The dandelion jelly has its work cut 
out competing with the cheeses, 
and its delicate flavour is soon 
overpowered. Interestingly though, 
the cheeses taste slightly more 
mellow and mature when paired 
with it. 

• The spruce-tip jelly intensifies the 
Mutschli’s rustic notes wonderfully, 
with the combination of the two 
energetically waltzing around our 
mouths. 

• The elderflower jelly pairs 
wonderfully with all the cheeses. Its distinctive flavour shines through without masking the flavours of the 
cheese, creating a deliciously harmonious effect. The sweetness of the jelly and the acidity of the cheeses 
complement each other perfectly. Children of all ages will be delighted by the tastebud-tickling gummy bears 
forming on the palate when the elderflower is paired with the stronger Bläsi. 

• The quince jelly is not picky either: it pairs well with all the cheeses, contributing plenty of freshness and a 
lovely harmony. 

• The damson jelly pairs beautifully with the stronger Bläsi. It tempers the cheese’s sharpness, seduces you 
with its oriental flavours and is reminiscent of a walk in the autumn sunshine. Then comes the finish – and 
the finish is simply ‘awesome’: very fruity (not just damsons), redolent of freshly baked muffins, biscuits or 
similar, and incredibly persistent, without losing any of its magic. 
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9 Comparative Study of Cheeses from Raw and 
Thermised Milk 

From the seven expeditions to artisan cheesemakers, a total of 24 raw-milk cheeses were selected for sensory 
description and analytical testing. To better rank the analytical results, 24 cheeses made from thermised milk were 
also tested in parallel. These cheeses were also produced in artisan cheese dairies throughout Switzerland. All 
dairies stated that their milk was thermised at 68 °C for 15 seconds. When selecting the cheeses for comparison, 
care was taken to ensure that the cheeses in both groups were as comparable as possible in terms of milk 
provenance (cow, goat), cheese firmness (hard, semi-hard, soft), milk fat content (all full-fat) and degree of maturity. 
This comparability was only achieved in part, however, as the cheeses made from raw milk had matured for an 
average of 1.6 months longer than those made from thermised milk (Table 1). 

Table 1: Degree of maturity of the cheeses [mean values ± standard deviation] 

Factor Level N Degree of maturity [months] 

Milk Raw 23 6.1 ± 4.5 
Thermised 23 4.5 ± 3.1 

Firmness of cheese Hard 5 9.6 ± 4.2 
Semi-hard 33 5.7 ± 3.4 
Soft 8 1.0 ± 0.7 

Soft goat's-milk cheeses 2 0.9 ± 0.2 

 

Semi-hard cow’s-milk cheeses were the largest group by far, since very few cheese dairies in Switzerland produce 
soft cheeses from raw milk. Conversely, hard cheeses are rarely made from thermised milk, as heating the curd to 
temperatures above 50 °C has a similar effect on the microbiota. 
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On average, raw-milk cheeses had a higher fat content and lower water content than those made from thermised 
milk. The lower water content is most likely the result of raw-milk cheeses being matured for longer on average. 
Overall, fat content was significantly above the minimum 45% in dry matter for full-fat cheese. The raw-milk cheeses 
averaged a maximum fat content of just under the maximum of 55%. The high fat content can be explained by efforts 
to produce cheeses of peak deliciousness. 

Table 2: Composition of the cheeses [mean values ± standard deviation] 

Factor Level N Moisture 
[g / kg] 

Fat 
[g / kg] 

FDM 1) 
[g / kg] 

MFFB 2) 
[g / kg] 

Salt 
[g / kg] 

Calcium 
[g / kg] 

pH value 

Milk Raw 
 

23 366.0 ± 
58.6 

344.1 ± 
28.8 

543.5 ± 
18.3 

555.6 ± 
65.3 

15.2 ±  
3.3 

6.5 ±  
1.3 

5.97 ± 
0.37 

Thermi- 
Sed 

23 394.0 ± 
56.3 

319.9 ± 
28.0 

529.0 ± 
30.7 

577.6 ± 
63.4 

16.9 ±  
5.3 

6.6 ±  
1.1 

5.82 ± 
0.33 

Firm-
ness 
of 
chee-
se 

Hard 5 316.2 ± 
41.1 

361.8 ± 
19.4 

529.6 ± 
6.9 

494.2 ± 
50.5 

13.0 ±  
5.0 

8.5 ±  
0.6 

5.67 ± 
0.14 

Semi- 
hard 

33 364.5 ± 
29.0 

337.1 ± 
24.7 

530.1 ± 
24.1 

549.3 ± 
29.4 

17.3 ±  
3.6 

6.7 ±  
0.7 

5.87 ± 
0.31 

Soft 8 483.6 ± 
30.1 

292.5 ± 
22.3 

566.1 ± 
21.2 

683.4 ± 
26.1 

12.6 ±  
5.0 

4.6 ±  
0.5 

6.13 ± 
0.51 

Soft goat's-milk  
cheese 3) 

2 545.5 ± 
3.5 

232.5 ± 
6.4 

511.5 ± 
17.7 

710.5 ± 
10.6 

8.4 ±  
0.6 

4.3 ±  
4.5 

5.88 ± 
1.33 

Analysis of variance 4) 
Milk ** *  **    

Firmness *** *** *** *** ** *** + 

Milk x Firmness   +  *   

1) Fat content in dry matter 
2) Moisture content on a fat-free basis 
3) Excluded from the analysis of variance 
4) p-value: *** = < 0.001, ** = < 0.01, * = < 0.05, + = < 0.1 

Cheese calcium content was higher with increasing firmness. This is because pH value decreases less during lactic 
acid fermentation, so less calcium is washed out of the cheese curd via the whey. 

In mature cheeses, however, pH value rose as firmness decreased, which can be explained by the more-rapid 
breakdown of lactic acid by the microbiota on the surface of the cheese. 

Soft cheeses made from goat's milk had a higher water content than those made from cow's milk, as experience 
shows that syneresis is significantly less intense in goat's milk. 
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The lactic-acid content confirms the slower breakdown of lactic acid by the microbiota on the surface of firmer 
cheeses, as suggested by the higher pH (Table 2). As expected, galactose could not be detected in either the semi-
hard or hard cheeses, as the milk sugar in these types of cheeses is normally completely fermented. 

Table 3: Content of fermentation products [mean values ± standard deviation] 

Factor Level N Total 
lactate 
[mmol/kg] 

D-lactate 
 
[mmol/kg] 

L-lactate 
 
[mmol/kg] 

L-lactate 
 
[% of total] 

Galac-
tose 
[mmol/kg] 

LAP 1) 
 
[IU/kg] 

OPA 2) 
 
[mmol/kg] 

Citrate 
 
[mmol/kg] 

Milk Raw 
 

23 73.8 ± 
38.3 

30.9 ± 
24.6 

42.9 ± 
20.7 

64.3 ± 
21.0 

0.1 ±  
0.3 

36.3 ± 
34.1 

344.2 ± 
163.6 

1.9 ±  
2.2 

Ther-
mised 

23 74.6 ± 
46.1 

26.4 ± 
21.0 

48.2 ± 
34.0 

56.9 ± 
28.0 

0.1 ±  
0.4 

12.1 ± 
9.5 

205.4 ± 
140.5 

1.4 ±  
2.2 

Firm-
ness 
of 
chee-
se 

Hard 5 128.1 ± 
38.1 

63.2 ± 
26.8 

65.0 ± 
38.8 

49.3 ± 
17.0 

0.0 ±  
0.0 

17.3 ± 
23.4 

320.1 ± 
175.2 

2.8 ±  
3.3 

Semi- 
hard 

33 74.5 ± 
36.0 

27.2 ± 
17.5 

47.3 ± 
26.4 

60.1 ± 
22.1 

0.0 ±  
0.0 

22.6 ± 
29.8 

305.1 ± 
158.0 

1.4 ±  
2.1 

Soft 8 39.1 ± 
32.9 

12.8 ± 
18.8 

26.4 ± 
17.3 

69.5 ± 
36.8 

0.4 ±  
0.7 

34.9 ± 
18.8 

121.3 ± 
115.5 

2.1 ±  
1.6 

Soft goat's-
milk cheese 3) 

2 19.8 ± 
27.9  

0.0 ±  
0.0 

19.8 ± 
27.9 

100.0 ± 
0.0 

0.2 ±  
0.3 

21.9 ± 
23.4 

57.3 ± 
34.7 

0.8 ±  
0.0 

Analysis of variance 4) 
Milk      * **  

Firmness ** *** +  **  **  

Milk x Firmness         

1) Leucine aminopeptidase 
2) o-Phthaldialdehyde (a method for measuring free-amino-acid content) 
3) Excluded from the analysis of variance 
4) p-value: *** = < 0.001, ** = < 0.01, * = < 0.05, + = < 0.1 
 

Proteolysis was more advanced in raw-milk cheeses, as shown by the LAP and OPA values. Given that the 
differences were highly significant, this cannot be explained solely by the greater maturity of the raw-milk cheeses; 
rather, it is an indication that the raw-milk microbiota contributed significantly to proteolysis in the cheeses. 

A counteracting effect was measured in the firmness levels. With increasing firmness, the LAP value was lower and 
the OPA value higher. This can be explained by the fact that the OPA value measures a product of proteolysis with 
free amino acids, whilst the LAP value measures the activity of the enzyme leucine aminopeptidase, which is released 
during the lysis of bacteria. Consequently, the OPA value is lower in soft cheeses due to their shorter maturation 
times, whilst the LAP value is higher in soft cheeses due to the use of cultures with higher LAP activity and more-
rapid lysis. In addition, the influence of the raw-milk microbiota is greater. Despite lower LAP values in hard cheeses, 
the OPA values rise to higher levels over the longer ripening period. 
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The most striking difference in volatile carboxylic acids was the significantly more intense lipolysis in soft cheeses, a 
direct effect of mould growth on the cheese surface.  The lipase from the mould led to the release of n-butyric and n-
caproic acids, which then diffused into the cheese. 

Table 4: Content of volatile carboxylic acids [mean values ± standard deviation] 

Factor Level N Total 
volatile 
carboxy-
lic acids 
[mmol/kg] 

Formic 
acid 
 
 
[mmol/kg] 

Acetic 
acid 
 
 
[mmol/kg] 

Propio-
nic acid 
 
 
[mmol/kg] 

Iso-
butyric 
acid 
 
[mmol/kg] 

n- 
butyric 
acid 
 
[mmol/kg] 

Iso-
valeric 
acid 
 
[mmol/kg] 

n- 
caproic 
acid 
 
[mmol/kg] 

Milk Raw 
 

23 35.8 ± 
24.3  

2.7 ±  
1.9 

24.1 ± 
14.3 

5.1 ± 
10.9 

0.2 ±  
0.3 

2.5 ±  
4.0 

0.4 ±  
0.7 

0.7 ±  
1.3 

Ther-
mised 

23 31.8 ± 
27.2 

2.0 ±  
1.5 

19.9 ± 
13.2 

6.1 ± 
14.3 

0.6 ±  
1.6 

1.7 ±  
3.4 

1.0 ±  
2.8 

0.5 ±  
1.4 

Firm-
ness of  
chee-
se 

Hard 5 31.2 ± 
15.3 

3.3 ±  
2.2 

25.5 ± 
12.9 

0.5 ±  
0.7 

0.2 ±  
0.2 

1.2 ±  
0.8 

0.2 ±  
0.2 

0.2 ±  
0.2 

Semi- 
hard 

33 37.3 ± 
28.3 

2.6 ±  
1.6 

24.3 ± 
13.8 

7.7 ± 
14.4 

0.5 ±  
1.3 

1.0 ±  
0.6 

0.9 ±  
2.4 

0.2 ±  
0.2 

Soft 8 21.0 ± 
11.8 

0.7 ±  
1.0 

10.1 ± 
7.6 

0.1 ±  
0.3 

0.1 ±  
0.1 

7.1 ±  
7.0 

0.2 ±  
0.4 

2.6 ±  
2.4 

Soft goat's-
milk cheeses 1) 

1 19.7 ± 
13.8 

0.6 ±  
0.6 

10.4 ± 
5.9 

0.2 ±  
0.3 

0.0 ±  
0.0 

5.3 ±  
4.3 

0.0 ±  
0.0 

3.1 ±  
2.7 

Analysis of variance 2) 
Milk         

Firmness  ** *   ***  *** 

Milk x Firmness         

1) Excluded from the analysis of variance 
2) p-value: *** = < 0.001, ** = < 0.01, * = < 0.05, + = < 0.1 
 

Contrary to expectations, thermisation of the milk did not lead to lower propionic acid levels in the cheeses. Prevention 
of secondary fermentation is one of the main reasons for thermising milk. 
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In the case of raw-milk cheeses, propionic acid content was elevated at two cheese dairies (X and Y). Some of these 
cheeses also had an elevated histamine content (Figure 2), indicating gaps in the monitoring of raw-milk quality. 

 

 

 

 

 

 

Thermisation at 68 °C for 15 seconds should actually be sufficient to completely eliminate the propionic acid bacteria. 
Nevertheless, significant secondary fermentation was measured in four cheeses, which can be explained either by a 
very high propionic acid bacteria content in the raw milk, faulty thermisation, or recontamination after thermisation. 
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Figure 1: Propionic acid content 
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No statistically significant differences were found for biogenic amines. However, it is striking that total biogenic amines 
in raw milk cheeses were higher by a factor of three, which cannot be explained solely by their somewhat longer 
average maturation period. 

Table 5: Content of biogenic amines [mean values ± standard deviation] 

Factor Level N Total 
biogenic 
amines 
[mg/kg] 

Hista-
mine 
 
[mg/kg] 

Tyra-
mine 
 
[mg/kg] 

Cada-
verine 
 
[mg/kg] 

Isopen-
tylamine 
 
[mg/kg] 

Phenyl-
ethyl-
amine 
[mg/kg] 

Putres-
cine 
 
[mg/kg] 

Trypta-
mine 
 
[mg/kg] 

Milk Raw 
 

23 459.3 ± 
468.7  

174.1 ± 
337.0 

177.3 ± 
215.9 

78.1 ± 
125.9 

0.0 ±  
0.0 

16.8 ± 
33.9 

12.8 ± 
30.9 

0.0 ±  
0.0 

Ther-
mised 

23 153.6 ± 
306.9 

62.6 ± 
123.5 

25.7 ± 
52.1 

58.5 ± 
193.6 

3.1 ± 
14.9 

0.6 ±  
2.9 

2.5 ±  
6.8 

0.6 ±  
2.8 

Firm-
ness 
of 
chee-
se 

Hard 5 92.2 ± 
133.8 

62.9 ± 
132.1 

16.2 ± 
18.9 

13.2 ± 
29.6 

0.0 ±  
0.0 

0.0 ±  
0.0 

0.0 ±  
0.0 

0.0 ±  
0.0 

Semi- 
hard 

33 364.6 ± 
447.3 

153.5 ± 
293.2 

118.3 ± 
180.8 

70.3 ± 
168.1 

2.2 ± 
12.4 

12.1 ± 
29.1 

7.5 ± 
23.4 

0.4 ±  
2.3 

Soft 8 200.8 ± 
391.9 

7.9 ± 
15.2 

85.2 ± 
190.5 

94.5 ± 
188.7 

0.0 ±  
0.0 

0.0 ±  
0.0 

12.8 ± 
27.4 

0.0 ±  
0.0 

Soft goat's-
milk cheeses 1) 

2 229.4 ± 
307.8 

20.9 ± 
29.5 

173.9 ± 
229.3 

18.9 ± 
26.7 

0.0 ±  
0.0 

0.0 ±  
0.0 

15.4 ± 
21.7 

0.0 ±  
0.0 

Analysis of variance 2) 
Milk         

Firmness         

Milk x Firmness         

1) Excluded from the analysis of variance 
2) p-value: *** = < 0.001, ** = < 0.01, * = < 0.05, + = < 0.1 
 

Levels of all biogenic amines were lower in the hard cheeses than in the semi-hard cheeses, despite the hard cheeses 
being matured for an average of four months longer. Many biogenic amine-forming bacteria were therefore unable 
to survive the above-50 °C scalding temperature and/or to compete with the thermophilic starter cultures. For this 
reason, hurdle technology has also proven effective in reducing the risk posed by biogenic amines. 

With soft cheeses, the ripening period is usually too short for significant amounts of biogenic amines to form. 

Histamine is the most relevant of the biogenic amines. Cheeses with an elevated histamine content are perceived as 
piquant and burning in the mouth, as histamine irritates the mucous membranes. Many consumers find such cheeses 
unpleasant and give them a wide berth. In about one per cent of the population, the consumption of histamine-rich 
foods – especially in combination with alcoholic beverages – can lead to pseudoallergic reactions with symptoms 
such as diarrhoea, malaise, skin redness and nausea. In cases of contamination with Lentilactobacillus parabuchneri, 
cheese histamine content increases steadily during maturation, leading to serious cheese defects, since histamine 
formation also produces gas (CO2). For this reason, Agroscope recommends that producers of raw-milk cheese in 
particular include Lentilactobacillus parabuchneri as a quality criterion when assessing milk quality. 

. 
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Monitoring of raw-milk quality at cheese dairies X and Y was inadequate. Unsurprisingly, individual cheeses from 
both of these dairies also had higher propionic acid levels (Figure 1). 

Experience from various practical studies shows that there are cheese dairies whose cheeses chronically exhibit 
elevated histamine levels. In such cases, milk samples from all farmers should be tested for the presence of 
histamine-producing bacteria to identify suppliers whose milk is contaminated with Lentilactobacillus parabuchneri. 
Agroscope has developed new biochemical and molecular-biological methods for this purpose. Only through the 
systematic decontamination of milking equipment at such suppliers is it possible to reduce the histamine content and 
eliminate the associated problems with cheese quality (Ascone et al., 2017).  

The results presented here show that it is possible to produce cheese of any firmness from raw milk that contains 
very little or no histamine. However, thermisation of the milk alone is not sufficient to prevent the formation of 
histamine. 

 
  

Cheese 
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Cheese 
Dairy Y 

Raw-milk cheeses Cheeses from thermised milk 
 

Figure 2: Content of histamine 
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Using 16S rRNA gene amplicon sequencing, the metagenome of each of the 24 cheeses made from raw and 
thermised milk was also determined. The different species from which a signal could be measured were subdivided 
into four groups (Table 6): 

• Thermophilic-starter lactic-acid bacteria were detected in all firmness levels, but their relative abundance 
was highest in the hard cheeses. 

• Mesophilic-starter lactic-acid bacteria were rare in the five hard cheeses examined, as they were unable to 
survive the scalding temperature of above 50 °C and/or compete with the thermophilic starter-cultures. The 
proportion of mesophilic cultures was higher in cheeses made from thermised milk than in those made from 
raw milk. 

• Non-starter lactic-acid bacteria, which can contribute significantly to the development of a well-rounded 
flavour, were very significantly reduced by thermisation. 

• The relative abundance of non-lactic-acid bacteria was very low overall and there were no significant 
differences. 

Table 6: Relative abundance of bacterial groups in the metagenome [mean values ± standard deviation] 

Factor Level N Thermophilic- 
starter lactic-
acid bacteria 
[%] 

Mesophilic-
starter lactic-
acid bacteria 
[%] 

Non-starter 
lactic-acid 
bacteria 
[%] 

Non-lactic- 
acid bacteria 
 
[%] 

Milk Raw 23 69.47 ± 32.90 13.41 ± 27.60 17.08 ± 25.55 0.04 ± 0.05 
Thermised 23 63.99 ± 30.45 31.92 ± 31.52 3.93 ± 6.02 0.15 ± 0.41 

Firm-
ness  

Hard 5 90.18 ± 7.79 1.17 ± 1.88 8.61 ± 7.52 0.03 ± 0.05 
Semi-hard 33 64.65 ± 33.34 22.53 ± 33.64 12.71 ± 22.02 0.11 ± 0.34 
Soft 8 70.84 ± 31.33 25.41 ± 27.52 3.71 ± 7.57 0.03 ± 0.02 

Soft goat's-milk cheeses 2) 2 25.45 ± 35.75 72.84 ± 38.15 1.40 ± 1.98 0.31 ± 0.42 
Analysis of variance 3) 
Milk  + *  
Firmness  * +  
Milk x Firmness  *   

1) Excluded from the analysis of variance 
2) p-value: *** = < 0.001, ** = < 0.01, * = < 0.05, + = < 0.1 
  

The most common species within the group of non-starter lactic-acid bacteria was Lacticaseibacillus paracasei, which 
typically ferments citrate in the cheese, thereby influencing flavour- and eye formation (Table 7). 

The second-most common species within this group, especially in semi-hard cheeses, was Lentilactobacillus 
parabuchneri, which can lead to the undesirable formation of histamine in cheese. In the 48 cheeses examined, the 
correlation coefficient R2 was 0.37 between the relative abundance of L. parabuchneri and the histamine content. 
Only in two cheeses with an increased frequency of L. parabuchneri was no histamine measured. A single cheese 
showed an increased histamine content without L. parabuchneri being detected in the metagenome. 

Enterococci, which can act as a hub for the transmission of antibiotic-resistance genes, were rarely detected. Only 
goat's-milk cheese made from raw milk exhibited a significant relative abundance (0.5%). 
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Table 7: Relative abundance of non-starter lactic-acid bacteria in the metagenome 

Species Relative 
abun-
dance  
(%) 

Cheeses from raw milk Cheeses from thermised milk 

Cow’s milk Goat’s 
milk 

Cow’s milk Goat’s 
milk 

Hard 
 
(n=2) 

Semi-
hard 
(n=17) 

Soft 
 
(n=4) 

Soft 
 
(n=1) 

Hard 
 
(n=2) 

Semi-
hard 
(n=17) 

Soft 
 
(n=4) 

Soft 
 
(n=1) 

Lacticaseibacillus 
paracasei 

> 10 
1-10 
0.1-1 
0.01 - 0.1 
< 0.01 

1 
1 

7 
4 
2 
3 
1 

1 
1 
1 
1 

 
1 

1 
1 
 
1 

2 
6 
6 
1 
1 

 
 
 
4 

 
 
 
 
1 

Lentilactobacillus 
parabuchneri 

> 10 
1-10 
0.1-1 
0.01 - 0.1 
< 0.01 

 
 
1 
1 

1 
5 
5 
2 
4 

 
1 
1 
1 
1 

 
 
 
 
1 

 
 
 
 
3 

 
2 
3 
5 
6 

 
 
 
 
4 

 
 
 
 
1 

Lactiplantibacillus 
plantarum 

1-10 
0.1-1 
0.01 - 0.1 
< 0.01 

 
 
1 
1 

2 
6 
4 
5 

2 
1 
 
1 

 
 
 
1 

 
 
 
3 

3 
 
 
13 

 
 
 
4 

 
 
 
1 

Lactiplantibacillus 
pentosus 

1-10 
0.1-1 
0.01 - 0.1 
< 0.01 

 
1 
 
1 

2 
3 
1 
11 

2 
1 
 
1 

 
 
 
1 

 
 
 
3 

 
3 
3 
10 

 
 
 
4 

 
 
 
1 

Levilactobacillus 
brevis 
 

1-10 
0.1-1 
0.01 - 0.1 
< 0.01 

 
 
 
2 

 
 
 
17 

2 
 
 
2 

 
 
 
1 

 
 
 
3 

 
 
 
16 

 
 
 
4 

 
 
 
1 

Weissella spp. 0.1-1 
0.01 - 0.1 
< 0.01 

 
1 
1 

4 
6 
7 

 
1 
3 

 
 
1 

 
 
3 

1 
 
15 

 
 
4 

 
 
1 

Pediococcus spp. 0.1-1 
0.01 - 0.1 
< 0.01 

 
1 
1 

2 
6 
9 

1 
1 
2 

 
 
1 

 
 
3 

 
1 
15 

 
 
4 

 
 
1 

Limosilactobacillus 
fermentum 

0.1-1 
0.01 - 0.1 
< 0.01 

1 
 
1 

2 
 
15 

 
 
4 

 
 
1 

 
 
3 

 
 
16 

 
 
4 

 
 
1 

Loigolactobacillus 
coryniformis 

0.1-1 
0.01 - 0.1 
< 0.01 

 
 
2 

1 
2 
14 

 
2 
2 

 
 
1 

 
 
3 

 
 
16 

 
 
4 

 
 
1 

Enterococcus spp. 0.1-1 
0.01 - 0.1 
< 0.01 

 
1 
1 

 
1 
16 

 
1 
3 

1  
 
3 

 
1 
15 

 
 
4 

 
 
1 

Lactiplantibacillus 
paraplantarum 

0.01 - 0.1 
< 0.01 

 
2 

2 
15 

 
4 

 
1 

 
3 

 
16 

 
4 

 
1 
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The relative abundance of non-lactic-acid bacteria in the metagenome was very low overall, suggesting a high level 
of food safety. Escherichia coli, coagulase-positive staphylococci or other potentially pathogenic bacteria were not 
detected in any of the 48 cheeses. Metagenome analysis is also not the most suitable method of analysis for this 
purpose. 

Propionibacterium freudenreichii, Acidipropionibacterium jensenii and Acidipropionibacterium thoenii were the most 
abundant non-lactic-acid bacteria and were detected in cheeses with an elevated propionic acid content (Figure 1). 

Table 8: Relative abundance of non-lactic-acid bacteria in the metagenome 

Species Relative 
abun-
dance  
(%) 

Cheeses from raw milk Cheeses from thermised milk 

Cow’s milk Goat’s 
milk 

Cow’s milk Goat’s 
milk 

Hard 
 
(n=2) 

Semi-
hard 
(n=17) 

Soft 
 
(n=4) 

Soft 
 
(n=1) 

Hard 
 
(n=2) 

Semi-
hard 
(n=17) 

Soft 
 
(n=4) 

Soft 
 
(n=1) 

Propionibacterium 
spp. and 
Acidipropioni-
bacterium spp. 

1-10 
0.1-1 
0.01 - 0.1 
< 0.01 

 
 
 
2 

 
2 
2 
13 

 
 
 
4 

 
 
 
1 

 
 
 
3 

1 
2 
 
13 

 
 
 
4 

 
 
 
1 

Corynebacterium 
spp. 

0.1-1 
0.01 - 0.1 
< 0.01 

 
 
2 

 
1 
16 

 
 
4 

 
 
1 

 
 
3 

1 
1 
14 

 
1 
3 

 
 
1 

Staphylococcus 
spp. 

0.1-1 
0.01 - 0.1 
< 0.01 

 
 
0 

 
2 
15 

 
 
4 

 
 
1 

 
 
3 

 
1 
15 

 
 
4 

 
 
1 

Hafnia spp. 0.1-1 
0.01 - 0.1 
< 0.01 

 
 
2 

 
 
17 

 
 
4 

1  
 
3 

 
 
16 

 
 
4 

 
 
1 

 

Among the staphylococcus species, Staphylococcus xylosus and Staphylococcus sciuri were each detected once in 
semi-hard cheeses made from raw milk. In semi-hard cheeses made from thermised milk, the species detected was 
Staphylococcus equorum. 

The species Hafnia alvei was found in the metagenome of goat's cheese made from raw milk. These are commensal 
bacteria of the gastrointestinal tract that are not normally pathogenic. Hafnia alvei is listed by the EFFCA (European 
Food & Feed Cultures Association) as a microorganism suitable for use in food. 
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In terms of the volatilome findings, there was a statistically significant difference between cheeses made from raw 
and thermised milk. Using OPLS-DA (orthogonal partial least-squares discriminant analysis), it was possible to clearly 
separate the 24 cheeses (Figure 3). This means that thermising the milk leads to a changed volatilome in the cheese 
and thus also to different organoleptic characteristics. Raw-milk cheeses also exhibited a greater spread (variance), 
suggesting a greater heterogeneity of the products. 

 

 
OPLS-DA is a controlled statistical method for group separation and identification of key attributes that differ between 
predefined sample categories, often used to identify biomarkers and analyse complex datasets. It separates the total 
variability into a predictable and an orthogonal component, resulting in better class separation and interpretable 
results that can be visualised in so-called score plots. 

 

 

 
  

Figure 3: Separation of cheeses from raw (Raw) and thermised (Therm.) milk in the volatilome 

Grafik 
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10 Requirements for a Future-oriented Production System 
for Raw-Milk Cheeses 

Based on findings from the literature (Bachmann et al., 2020), from the scientific conference on raw-milk products 
(Bachmann et al., 2024) and from the seven excursions we made to artisan cheesemakers, we identified a total of 
fourteen requirements that must be complied with when producing raw-milk cheeses to ensure that they have a 
comparable level of food safety to those made from pasteurised milk. These requirements can be broken down into 
four categories: people, milk, technology and framework conditions. 

 

Conscious consumers 

Framework 
conditions 

Requirements 
for the 

production of 
raw milk 
cheeses 

People 

People with a compelling mission 

Practice-oriented research Well-trained professionals at all 
levels 

Networks for sharing experiences Thorough cleanliness along the 
entire value chain 

Efficient and effective monitoring 
programs 

Sensory quality checks with trained 
senses 

Active cultures with high 
biodiversity 

Technology Milk 

Healthy animals 

Freshly processed every day Trust between farmers and 
cheesemakers 

Proven hurdle technology Daily quality tests 

 

 

These requirements are described in detail in the chapter ‘REQUIREMENTS FOR A FUTURE-ORIENTED 
PRODUCTION SYSTEM FOR RAW-MILK CHEESES’ in the second edition of the reference book ‘Cheeses and 
Microbes’ by the American Society for Microbiology, due to be published by Wiley in 2027. 

 

 
  

Figure 4: Requirements for a future-oriented production system for raw-milk cheeses 
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