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RELEVANCE OF CULTIVATED MUSHROOMS USAGE IN FOOD  
AND PERSPECTIVES IN SAUSAGE PROCESSING

The article is devoted to the study of the relevance and prospects of the use of cultivated mushrooms in food 
in general and sausage production in particular. The mushroom production in China is growing fast. Due to 
the rich nutrition and health functions, mushrooms are favored by many consumers.

The article draws attention, that functional ingredients of mushrooms, as protein, polysaccharides, 
polypeptide, amino acids and triterpenes can be made into nutraceuticals. The abundant protein in mushrooms 
has good antioxidant, antitumor and immunomodulatory activities. There are many studies on the extraction, 
structure and functional characteristics of mushroom polysaccharides, peptides and protein, some of them 
have been commercialized as health products.

Mushrooms have been widely used in food because of their unique taste, flavor, high nutritional value and 
health benefits. The most common processed products of mushrooms are dry products and canned, pickled, 
sugar products.

Mushrooms are rich in nutrients and are known as “plant meats” and have become a trend food. In can 
be also introduced “vegan steak”. It was made entirely of mushrooms, has no meat and very popular locally. 
In China the eating mushrooms daily are considered a healthy diet.

Adding mushrooms to sausages can replace meat proteins and fats and has antioxidant effects. Thanks 
to a rich polysaccharides and polyphenols content, mushrooms can increase sausage oxidation stability. 
Mushrooms are a good and economical alternative to meat protein in sausage. Mushrooms can also make into 
a variety of beverage and seasoning. Adding mushrooms to foods to increase the flavor and nutritional value 
of the food is also one of the usage of mushrooms. Sausages using mushrooms as the main raw material will 
be an important application for mushroom in the future and have a good perspective.

Key words: cultivated mushrooms, nutritional value, nutraceuticals, functional polysaccharides, sausage.

Formulation of the problem. China is the coun-
try with the fastest growth in mushroom production 
in the world. The growth rate is far higher than the 
world average, accounting for a quarter of the world’s 
mushroom production and the total mushroom pro-
duction in 2019 reach 39 691 million tons. However, 
the current level of mushroom processing technology 
is relatively backward, more primary products, less 
product varieties and fewer high value-added prod-
ucts, which leads to increasingly prominent contra-
dictions in production and sales [1].

Edible fungus commonly known as mushroom 
refers to a large fungus whose fruiting body is larger 
and edible. There are two types of mushrooms: edi-
ble and medicinal [2]. Common edible mushrooms 
include Pleurotus ostreatus, Shiitake mushroom, 
Flammulina velutipes, Pleurotus eryngii, Agaricus 
bisporus, Coprinus comatus, Straw mushroom, Tre-

mella fuciformis, Agaric. Mushrooms are delicious 
and contain many flavor substances [3]. They are rich 
in proteins, amino acids, polysaccharides, dietary 
fiber, unsaturated fatty acids, nucleosides, mineral 
elements, and a variety of physiologically active sub-
stances, such as antioxidants ergothioneine, glutathi-
one and β-glucan.

Mushrooms have important antioxidant effects 
[4]. The water extract and alcohol extract of Coprinus 
comatus have certain clear ability to 2,2-diphenyl-
1-picryl-hydrazyl-hydrate (DPPH) radical, superox-
ide anion, hydroxyl radical, etc. [5] and also have 
hypoglycemic [6], antitumor and immunomodulatory 
effects [7], protective effects on the cardiovascular 
system [8], antibacterial, anti-inflammatory, weight 
loss and other medical care functions [9].

The incidence of obesity, diabetes, coronary heart 
disease and malignant tumors has remained high with 
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the development of modern material civilization. 
So, concepts of people nutrition and health care are 
undergoing significant changes. People’s pursuit of 
nutrition and health food is growing stronger. Due to 
the rich nutrition and health functions, mushrooms 
are favored by many consumers. Much research has 
focused on the development of mushroom products. 
Nowadays mushrooms are widely used in food indus-
try, and consumers can purchase their favorite mush-
room products from the market [4].

Analysis of recent research and publications. 
Mushrooms have the high moisture content and short 
storage period, in order to achieve long-term pres-
ervation, edible fungi are often made into dry prod-
ucts by simple different drying methods [10] and are 
often processed simply into canned, pickled, sugar 
products. So, simple processing is currently the main 
form of mushroom processing. These methods can 
better maintain the original shape and flavor of the 
mushrooms, meanwhile increase the visibility of the 
product. The simple form of processing makes mush-
rooms safer, convenient and hygienic to eat [11].

Functional ingredients such as protein, polysac-
charides, polypeptide, amino acids and triterpenes in 
mushrooms can be made into nutraceuticals. There 
are many studies on the extraction, structure and 
functional characteristics of mushroom polysaccha-
rides, peptides and protein, some of them have been 
commercialized as health products [12].

Mushrooms are rich in polysaccharides. They 
have the function of anti-tumor and enhancing immu-
nity. Nowadays, the biological effect of immune 
polysaccharides in mushrooms are getting more and 
more attention. Most of the polysaccharides in mush-
rooms were extracted and separated by water solution 
and alcohol extraction, which greatly improved the 
value of mushrooms and was the hotspot of current 
research [12–13]. Flammulina velutipes polysaccha-
ride nanoparticles have great application potential in 
the food industry, such as emulsifiers, enhancers and 
bioactive carriers [14]. The stem of Pleurotus ostrea-
tus contains more insoluble dietary fiber than the cap 
and is a valuable source of cell wall glucan, which 
can be used to prepare food additives.

Mushrooms are rich in amino acids. Various amino 
acids will form unique flavor polypeptides. These are 
the unique flavor substances of various mushrooms [15].

The abundant protein in mushrooms has good 
antioxidant, antitumor and immunomodulatory 
activities. So mushroom proteins have good product 
development potential. Protein in mushrooms can be 
extracted enzymatically. The essential amino acids 
of the obtained Pleurotus eryngii protein accounted 

for 40% of the total amino acid content of Pleurotus 
eryngii protein powder. The ratio of essential amino 
acids to non-essential amino acids is 0,65. Pleurotus 
eryngii protein is an ideal protein. The amino acid 
ratio coefficient of the protein product is 75,02, which 
is significantly higher than that of soybean protein 
61,22. The obtained protein has high quality and can 
be used for industrial production of Pleurotus eryngii 
protein products [16].

Setting objectives. Sausages are traditional meat 
products. They are very popular in many countries. 
However, meat contains cholesterol and a higher pro-
portion of saturated fatty acids than polyunsaturated 
fatty acids (PUFAs). It has been found that reducing 
the intake of red meat and meat products will reduce 
the incidence of cancers such as rectal and breast 
cancer [17]. Obviously, from a health point of view, 
excessive intake of meat products is not advisable, 
especially for some people with high fat content. On 
the other hand, meat is usually more expensive than 
vegetables. Therefore, more and more people are 
inclined to low-fat meat or vegetarian [18].

Presentation of the main research material. As 
a ready-to-eat product sausages are very popular with 
consumers due to its convenient consumption and 
long shelf life and its consumption is huge every year. 
Traditional sausages use meat as the main raw mate-
rial and contain additives such as nitrite and phos-
phate. Long-term consumption will bring hidden dan-
gers to human health. Vegetarian foods are becoming 
more and more popular with consumers. Mushrooms 
are rich in nutrients and are known as “plant meats” 
and have become a trend food in the United States. 
In United Kingdom was introduced “vegan steak”. It 
was made entirely of mushrooms, has no meat and 
very popular locally. In China the eating mushrooms 
daily are considered a healthy diet.

However, fat plays an important role in the qual-
ity of sausages. By stabilizing meat emulsions, fats 
can reduce the cooking loss of sausages, improve 
water retention capacity, provide juiciness and hard-
ness, and affect the quality and acceptability of sau-
sages (flavor, texture, taste, etc.). Generally, low fat 
sausage production have problems with poor texture, 
bad taste and mouthfeel. So, the way to find a suitable 
fat substitute has become a hot spot for researchers. 
At present, there are many studies about dietary fiber, 
isolated soybean protein, carrageenan, β-glucan, 
starch, oat maltodextrin and konjac as fat and meat 
substitutes, that improve the rheological properties 
and stability of low-fat meat products and attempts 
to eliminate product quality issues caused by fat and 
meat reduced [19].
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Dietary fiber has gel properties. Adding of dietary 
fiber to meat will reduce cooking losses, change pH, 
and increase emulsion stability, thereby improving 
the cooking yield of emulsion-based meat products. 
Therefore, dietary fiber-rich raw materials can replace 
fats in sausages [20].

Chia and oat emusion gels used as animal fat 
replacers in reduced-fat fresh sausages can lower 
cooking loss, significantly affect the microbial 
count in the sausage [21]. Konjac gel as pork back-
fat replacer in dry fermented sausages can increase 
hardness and chewiness and decrease cohesiveness 
of sausages [22]. Response surface methodology can 
be used to optimize the process conditions for mak-
ing low-fat sausages with oat flour instead of fat [23]. 
Furthermore, oat flour and carrageenan can be used in 
low-fat Frankfurters formulated [24], grain and fruit 
fiber can be used in low-fat dry fermented sausages, 
adding 1,5% fruit fiber can achieve a sensory quality 
similar to traditional high-fat products [25].

Replacing pork with 25% hydrated oats or 25% 
tofu can improve the acceptability of low-fat pork 
sausage [26], bulgur as meat replacement can be used 
in dry-fermented formulation [27].

It is possible to replace animal fats with plant 
oils, flaxseed oil is healthier than animal fat and 
can be used as an alternative to animal oils. Dif-
ferent ways of adding flaxseed oil will affect the 
basic properties of sausages, and affect how water 
and fat are bound, encapsulated flaxseed oil has the 
most significant effect on the physical properties of 
chicken sausage [28].

The main functions of proteins in meat sausages 
are gelling and related properties (e.g. meat particle 
binding and adhesion), emulsification and water 
retention. Vegetable protein also has this property, 
but the price of vegetable protein is lower than that 
of muscle protein. It can reduce the cost of sausage 
products. Moreover, many underdeveloped countries 
lack animal protein, which makes people increasingly 
accept lower-priced vegetable protein. Meat protein 
substitutes have also become research hotspots.

Protein rich in mushrooms is a high-quality pro-
tein containing all essential amino acids. The protein 
digestibility-corrected amino acid score is 0,91. The 
nutritional value is equivalent to that of meat. Mean-
while, mushrooms are rich in polysaccharides and 
polyphenols content. It can increase sausage oxida-
tion stability, so mushrooms are a good and economi-
cal alternative to meat protein in sausage [29].

Oyster mushroom and glutinous rice was used to 
replace the pork of traditional Thai fermented sau-
sage. The resulting sausage is superior to traditional 

fermented sausage in terms of calorific value and 
microbial standards when the ratio of mushroom to 
glutinous rice is 40:60 [30]. Partial replacement of 
meat in sausages with boiled mushrooms or fried 
mushroom powder can reduce the amount of soy pro-
tein in sausages and the calories in sausages [31].

Adding mushrooms to sausages improves the 
physical properties, nutritional value and antioxidant 
capacity of sausages. Straw mushroom can improve 
the physical properties of meat sausage, reduce its 
peroxide value, increase the content of protein and 
essential amino acids, and the P/S ratio of fatty acids 
in sausage [32]. Shiitake added to the sausage as a 
substitute for some lean meat can increase the mois-
ture, total dietary fiber, methionine, glutamic acid, 
cysteine and total phenol content and the antioxidant 
activity of sausage [33]. Adding Shiitake mushroom 
powder to the low-salt chicken sausage can increased 
the pH of the meat paste, suppress fat oxidation, and 
not destroy the color and sensory properties of the 
sausage. The Shiitake mushroom powder can be used 
as a natural raw material to improve the quality of 
low-salt chicken sausage [34]. Adding sun mushroom 
powder can increase the oxidative stability of pork 
sausages [35], 2,0% sun mushroom ethanol extract 
significantly improved the oxidative stability of pork 
sausages, which can be stored at 4 °C for 21 days [36].

The application of mushrooms in sausages dis-
cussed above is only using mushrooms as auxiliary 
ingredients. The addition of mushrooms is only a 
quality improver for traditional sausages, and meat 
is still the main ingredient. Compared with ordinary 
sausages, sausages with fresh mushrooms as the main 
material have many advantages in terms of nutrition, 
safety, cost and processing as mushrooms do not con-
tain cholesterol and have low saturated fat content 
and high protein content [37].

Some literature reported on mushroom sausage, 
but most of the relevant studies were using meat as 
the main raw material. The purpose of adding mush-
rooms to sausage was to improve the flavor, the 
nutritional value and health function of the sausage. 
Mushroom tissue is brittle and tender, rich in polysac-
charides, proteins and other biological macromole-
cules, so it is easier to crush and process into sausage-
like gelatinous foods. In order to make efficient use of 
mushrooms, it is a good way to using mushrooms as 
the main raw material to make a new type of vegetar-
ian sausage with the appearance and texture similar to 
that of traditional meat sausage. The new mushroom 
sausages have high additional value, nutrition and 
health care functions and will have a good develop-
ment prospect.
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Conclusions. Deep processing of mushrooms 
and increasing the additional value of mushrooms 
have become the focus of domestic and foreign mar-
ket competition. The future development of mush-
room deep processing should focus on the research 
and development of mushroom functional foods and 
ready-to-eat foods.

At present, the main product forms of mushrooms in 
China are dried and canned. The largest export volume 
of Chinese mushroom products is also canned mush-

rooms. The ready-to-eat product market has a single 
product category and few well-known brands, the mar-
ket for mushroom ready-to-eat food is huge in the future.

Development of mushroom instant food like 
mushroom sausage will increase the variety of mush-
room deep-processing products, increase the addi-
tional value of mushrooms, and help to solve the 
contradiction between production and marketing of 
mushrooms, so the development of mushroom sau-
sage has great economic and social value.
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Нан Хайцзюнь, Лі Бо, Степанова Т.М. АКТУАЛЬНІСТЬ ЗАСТОСУВАННЯ  
КУЛЬТИВОВАНИХ ГРИБІВ У ХАРЧУВАННІ ТА ПЕРСПЕКТИВИ ЗАСТОСУВАННЯ  
В КОВБАСНОМУ ВИРОБНИЦТВІ

Стаття присвячена дослідженню перспектив використання культивованих грибів у харчових 
продуктах загалом і ковбасному виробництві зокрема. Звертається увага на швидке зростання 
виробництва грибів у Китаї. Зазначається¸ що завдяки багатій харчовій цінності та функціональним 
властивостям гриби стають все більш популярними серед споживачів.
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У статті звертається увага на те, що через функціональні складники грибів, такі як протеїни, 
полісахариди, поліпептиди, тритерпени, можна віднести їх до нутрацевтиків. Багаті на білки гриби 
можуть бути гарними антиоксидантами та володіти протипухлинними та імуномодулюючими 
властивостями. Численні дослідження щодо структури та функціональних властивостей білків, 
полісахаридів грибів вказують на те, що це перспективний комерційний продукт для здорового 
харчування.

Гриби широко використовувалися у харчуванні завдяки унікальному смаку, аромату, високій харчовій 
цінності та корисності для здоров’я. Найпоширенішими продуктами переробки грибів є сухі продукти 
та консерви.

Гриби багаті нутрієнтами, через які їх ще називають «рослинним м’ясом», і можуть бути досить 
популярними. Їх також можна представити як «веганські стейки», що виготовлені повністю з грибів 
і не містять у своєму складі м’яса. Щоденне вживання грибів, зокрема в Китаї, вважається здоровим 
харчуванням. 

Додавання грибів у ковбасні вироби може замінити м’ясні білки та жири й матиме антиоксидантну 
дію. Крім того, одним із перспективних шляхів використання грибів є їх додавання у харчові продукти 
для збільшення смаку та харчової цінності. Ковбасна продукція з використанням грибів як основної 
сировини є одним із перспективних напрямів переробки цієї цінної сировини. Це дозволить збільшити 
різноманітність продуктів глибокої переробки грибів, надасть додаткової цінності грибам і допоможе 
вирішити протиріччя між виробництвом і збутом грибів, тому це має значне економічне та соціальне 
значення.

Ключові слова: культивовані гриби, харчова цінність, нутрацевтики, функціональні полісахариди, 
ковбасна продукція.


