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THE ASSESSMENT OF THE SENSORY QUALITY OF THE SAUERKRAUT FROM 

ORGANIC AND CONVENTIONAL FARMING 
 

Summary 
 

Sauerkraut is a popular food product in Poland. The consumption of sauerkraut, according to different sources, ranges 

from 4 to 5 kg/person/year. The objective of this study was to provide information on the nutritional and health properties of 

sauerkraut and to assess some selected distinctive features of sensory quality of sauerkraut from organic and conventional 

farming. The hypothesis of the study assuming that organic sauerkraut has a better tastiness, has been verified positively. 

The assessed types of sauerkraut have significantly different taste and aroma, the consumers have valued the organic sauer-

kraut significantly higher than the sauerkraut from conventional farming. A high level of positive correlation (0.994) be-

tween the organic and conventional products has been determined. 
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KONSUMENCKA OCENA JAKOŚCI SENSORYCZNEJ KAPUSTY KISZONEJ 

Z PRODUKCJI EKOLOGICZNEJ I KONWENCJONALNEJ 
 

Streszczenie 
 

Kapusta kiszona jest bardzo popularnym produktem żywnościowym w Polsce. Spożycie to kształtuje się według różnych źró-

deł od 4 do 5 kg/osobę/rok. Celem pracy było przybliżenie wiedzy na temat właściwości odżywczych i zdrowotnych kapusty 

kiszonej oraz ocena wybranych wyróżników jakości sensorycznej kapusty kiszonej otrzymanej z kapusty uprawianej w spo-

sób ekologiczny i konwencjonalny. Postawiona w pracy hipoteza o wyższej smakowitości ekologicznej kapusty kiszonej zo-

stała zweryfikowana pozytywnie. Oceniane kapusty kiszone znacznie różniły się smakiem i aromatem, zdecydowanie wyżej 

konsumenci ocenili kapustę z produkcji ekologicznej. Stwierdzono bardzo wysoką korelację dodatnią (0,994) pomiędzy pro-

duktami ekologicznymi a konwencjonalnymi. 

Słowa kluczowe: kapusta kiszona, ocena sensoryczna, konsument, żywność ekologiczna 

 
1. Introduction 

 

 In the recent years, the consumers have been paying more 

and more attention to the quality of food. It results from, 

among other factors, a wide range of food products on the 

market and the difficulty in choosing the right product. How-

ever, the growing awareness of the consumers regarding the 

nutritional quality and value of food has become a new fac-

tor. Increased demand for organic food, which is considered 

to be healthy, tasty and of high nutritional value, has been 

observed. The production of organic food based on special 

norms, is regarded as environment-friendly. 

 The cruciferous vegetables (Brassiceae) belong to the 

plant products which are the basic food products for the cit-

izens of many European and Asian countries. The vegeta-

bles of this family are produced in various agricultural sys-

tems and with the use of various organic methods. 

 The cruciferous vegetable family (Brassiceae) includes 

a great number of vegetables, such as cabbage, cauliflower 

or kale. There are numerous varieties of cabbage, but one of 

the greatest significance is the headed cabbage, including 

the following varieties: the white cabbage (Brassicaol-

eracea. L. var. capitata f. alba), red cabbage (B. oleraceav-

ar. L. capitata f. rubra) and Brussel sprout (B. oleracea L. 

var. gemmifera Zenk.). Cabbage is an essential element of a 

human diet, especially in Europe and Asian countries. The 

vegetables of Brassiceae species have been gaining popu-

larity as they contain numerous compounds which have a 

positive influence on the human health, including glucosin-

olates and polyphenols [8, 19]. The glucosinolates are ac-

companied by myrosinase, an enzyme responsible for the 

glucosinolates hydrolysis to numerous bio-active com-

pounds such as thiocyanates and isothiocyanates, which in-

hibit the growth of microorganisms and have anticancero-

genic properties [11]. The most significant polyphenololic 

compounds are the derivatives of quercetin and kaempferol 

[24]. The cruciferous vegetables are also the source of vita-

mins C and E, β-Carotene, luteine and DL-α-tocopherol. It has 

been proved that the compounds are powerful antioxidants and 

they protect cells against oxidative stress. Therefore, they may 

prevent from numerous chronic diseases such as neoplasms, 

cardio-vascular diseases and diabetes [19]. 

 The presence of bio-active compounds in the Brassiceae 

family and their anti-oxidant properties depends on numer-

ous factors, including the genetic traits (the species, variety, 

part of the plant), climate conditions, the soil composition 

and fertility, agronomic treatments, the harvesting condi-

tions, storage and processing [1, 9, 22]. The common meth-

ods of the processing of Brassiceae include blanching, boil-

ing and freezing. One of the most commonly used methods 

of cabbage processing consists in fermentation. Sauerkraut 

is a very popular and often consumed vegetable in Poland, 

its consumption is about 4 kg/year/person [25]. The cab-

bage both from organic and conventional farming is used 

for the production of sauerkraut. 

 Generally it shall be deemed that organic food is more 

healthy and tasty as no synthetic fertilisers, chemical prod-

ucts as pesticides and herbicides, are used in the production 

process,, whereas the cabbage processing involves natural 

additives [26]. The processing itself is subject to develop-
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ment and the organic sauerkraut has been present on the 

market for several years. 

 The objective of the study was to assess selected dis-

tinctive features of sensory quality of sauerkraut from or-

ganic and conventional farming. 

 The hypothesis has been presented in this study that or-

ganic sauerkraut has a higher level of tastiness than sauer-

kraut from the conventional farms. 

 

2. Cabbage fermentation technology 

 

 The technology of cabbage fermentation is very simple. 

The ingredients used in the fermentation process are: cab-

bage, common salt and water. The certified cabbage from 

organic farms is used in the production of organic sauer-

kraut and the fermentation process runs spontaneously. 

 A fresh headed cabbage Brassicaoleracea L. var. capi-

tate is the best variety of cabbage to be used for fermenta-

tion. A stored cabbage loses its bio-active compounds de-

pending on the storage conditions and period. The studies 

have confirmed that even the storage of cabbage in con-

trolled atmosphere causes the amount of vitamin C and 

chlorophyll to decrease [10, 14, 30]. The research has 

shown that the cabbage from organic farming contained 

more bio-active compounds than the cabbage from conven-

tional farming, but the storage stability of those compounds 

in different farming systems was diversified [6]. 

 The fermentation process involves the bacteria present on 

the surface of crushed cabbage leaves and bacteria present in 

the air of the room where the process takes place. The fermen-

tation is started by the heterofermentative bacteria of lactic ac-

id, such as Leuconostoc mesenteroides which produces mainly 

acetic acid and lactic acid. Further fermentation takes place 

with the use of Lactobacillus plantarum [3, 31]. 

 The spontaneous fermentation might cause differences in 

the composition of microbiota, which may be the reason of the 

quality change of sauerkraut. For the standardization process 

the starter cultures are used in the industrial production [29]. 

Most frequently they include the bacteria cultures isolated 

from sauerkraut, such as Leuconostoc mesenteroides, Lactoba-

cillus plantarum, Lactobacillus casei and Lactococcus lactis. 

The studies with these starter cultures have been conducted in 

China, among other countries. The bacteria used in the indus-

trial fermentation were isolated from sauerkraut which under-

went a traditional fermentation process. This sauerkraut should 

be differentiated from kimchi, the sauerkraut produced in some 

of the regions of China, but mainly in Korea and Taiwan [4, 

23]. In the sauerkraut produced with the use of starter cultures, 

the fermentation process is controlled, and the quality of 

product is standardized. In the spontaneous fermentation 

the quality depends on many factors [29]. 

 In order to improve the taste and the aroma, the addi-

tions of dill, carrots and apples are used in the fermentation 

process. These additives are more often used in the organic 

production of sauerkraut. Their role is to improve the taste 

of the food. A great number of spices also have a therapeu-

tic effect and facilitates digestion. However, the microbio-

logical purity of these spices is a great problem. The collec-

tion of spices and preparation technology are traditional and 

fosters the habitation of bacteria, mould and fungi in the 

dried plants mostly. The general amount of microorganisms 

in spices may come up to 109 in 1 g. In the industrial pro-

duction of spices the radiation sterilization is used [4, 23]. 

An excessive addition of spices in the organic production of 

sauerkraut may interrupt the spontaneous fermentation and 

result in a “wild” fermentation. 

 The direction of fermentation and the quality of the 

fermented cabbage are also influenced by the amount of 

salt. The research conducted in China has shown that the 

amount of lactic acid has increased with the increase of salt 

concentration. The higher concentrations of salt successful-

ly inhibited the growth of fungi and E. coli. For compari-

son, a high concentration of salt slowed down the maturity 

of cabbage and inhibited the metabolism of the lactic acid 

bacteria [32]. 

 The content of sodium in sauerkraut is essential as an 

excessive amount of sodium is associated with an increased 

blood pressure and it is a risk factor for cardio-vascular dis-

eases. This is the reason for the calls of the health organiza-

tions and consumers organizations for reducing the amount 

of sodium in food. The actions concerning this problem are 

also directed towards the process of cabbage fermentation. 

The studies have shown that the amount of salt in sauer-

kraut may range from 15.0 to 22.5 g kg-1 NaCl [23]. Nu-

merous experiments resulting in the reduction of the 

amount of NaCl in the cabbage fermentation process have 

shown that the reduction of the amount NaCl to 5% and the 

addition of various chemical compounds such as KCl, HCl, 

MgSO4, SiSO2 result in the reduction of the salt amount, 

however it changes the taste of the sauerkraut, which must 

be concealed by spices. Moreover, the cabbage becomes 

less crunchy [31]. 

 Another direction of research on cabbage fermentation 

included actions aiming to enrich this product with seleni-

um compounds. The role of selenium is to prevent from 

chronic diseases related to oxidative stress. According to 

Penas et al [18], the addition of selenium salt has increased 

the content of glucosinolates and se-methylselenocysteine 

improving the antioxidative ability and potential anti-

inflammatory properties of sauerkraut. 

 

3. Health properties and the presence of anti-nutrients 

in sauerkraut 

 

 The health properties of sauerkraut are connected first 

of all with the content of such compounds like polyphenol 

compounds, vitamins C, E, K, carotenoids, flavonoids, sul-

phides, fiber, selenium, zinc, manganese, potassium, iron 

and the others. The compounds characterized with high an-

tioxidant and antiradical activity play particular role among 

these compounds.  

 The sauerkraut processing procedures in an increased 

temperature such as blanching, pasteurization, sterilization 

cause the antioxidant properties of sauerkraut to decrease. 

On the other hand, the fermentation of sauerkraut causes 

increase in the content of antioxidant compounds and vita-

min C [5, 17]. 

Glucosinolates draw the biggest attention out of all the sub-

stances occurring in cruciferous vegetables. Until not long 

ago these compounds had been considered as anti-nutrients 

[13, 28]. They have a very complex chemical structure, 

over 200 compounds have been discovered until now, and 

they hydrolyze to isothiocyanates, thiocyanate, nitriles and 

indoles. These compounds have a very unpleasant taste and 

smell, they cause irritation of the alimentary tract, they also 

have goitrogenic properties. They get decomposed during 

cooking and they evaporate with steam. The latest research 

has confirmed that glucosinolates have the ability to inhibit 
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cancer processes. Fresh and sour red cabbage and fresh 

white cabbage and sauerkraut indicate the highest antioxi-

dant activity out of cruciferous vegetables [12]. During 

fermentation the decomposition of glucosinolates takes 

place and the intensity of this process depends on the fer-

mentation temperature and the population of lactic acid 

bacteria [15]. 

 Besides the anticancer effect, sauerkraut has a positive 

influence on blood pressure, immunity system, it enhances 

metabolism due to the content of fiber, it has weight loss 

properties, reduces the level of cholesterol and has effects 

on lipid metabolism, it increases iron absorption [25]. 

 Following to the microorganisms’ functioning in food, 

free amines having strong effects on the organism, called 

biogenic amines, come into being. This process also occurs 

during sauerkraut fermentation. It has been found out that 

histamine is created in sauerkraut in the biggest amount. 

The content of histamine in fresh vegetables depends on the 

type, species, degree of maturity and on processing and 

storing of the products. Histamine indicates psychoactive 

and vasoactive properties which can induce toxicological 

effects.  

 Histamine in high concentration causes headache. Other 

biogenic amines include: tyramine inducing migraines and 

arterial hypertension, spermine and spermidine which are 

less toxic, however they enhance the negative effect of his-

tamine. Studies have confirmed that the microorganisms 

used in the fermentation process have effect on the amount 

and type of the created amines. The total concentration of 

the biogenic amines in sauerkrauts was lower when the 

fermentation was conducted with L. mesenteroidesrather 

than with L. plantarum [16]. 

 

4. Material and methods 
 

 The sauerkraut from organic and conventional farming 

was the material for studies. In both cases the cabbage was 

subject to fermentation in special fermentation tanks, next it 

was put to jars in order to undergo pasteurization. The or-

ganic product was properly marked with a control unit cer-

tificate. The conventional product had the basic information 

regarding the product and the supplier, however, no infor-

mation was given whether any other additions had been 

used in the fermentation process, such as acid addition, 

which is a common procedure in the conventional farming 

and it provides microbiological protection against the 

growth of any undesired microorganisms.  

 The samples of sauerkraut from the organic and conven-

tional farming were coded. The packaging compliance was 

assessed in terms of the requirements of the Regulation of 

the Ministry of Agriculture and Rural Development on La-

belling of Foodstuffs for Particular Nutritional Purposes of 

23rd December 2014 and of The Act of 25 August 2006on 

Food and Nutrition Safety [20, 21, 27]. The labels of the 

examined products included the basic information such as: 

name of the product, net weight, name of the manufacturer, 

batch number, ingredients and minimum expiry date, 

whereas the organic sauerkraut also had the relevant organ-

ic food certification marks. All captions were in Polish, 

they were legible and permanent. There was no information 

about the presence of allergens on the labels of either the 

organic or conventional product. 

 A sensory analysis was carried out by means of a five 

point grading scale for quality factors. The following pa-

rameters were assessed: the appearance, colour, aroma, 

taste [2]. The scaling method which allowed for a digital 

expression of the examined parameters (taste, aroma, ap-

pearance, colour) was used for examining the quality of the 

sauerkraut, taking into account the ranking scale of particu-

lar factors. The organoleptic analysis was performed ac-

cording to Five Point Scale instituted by Tilgner (1 point 

means disqualification whereas 5 means very good). MS 

Excel sheet and Statistica 12 package for data statistical 

analysis were used for the calculation of the final score of 

the organoleptic analysis. The following significance coef-

ficients were assumed: 0,5 – taste; 0,3 – aroma; 0,1 – ap-

pearance; 0,1 – colour [7]. 

 

5.Test results 

 

 A consumer-like assessment of sauerkrauts has been 

performed and participated by 58 young women aged 20-

26. The persons assessing the sauerkraut did not eat or 

drink directly before tasting, nor did they smoke cigarettes, 

which could have affected their objective sensory percep-

tion. The samples, all formerly cooled down to 6°C, were 

served on white plates directly before the assessment. Fol-

lowing to the assessment the average score from 1.25 to 5 

points was awarded for the organically farmed sauerkraut 

whereas the score from 1.25 to 4.5 was awarded to the con-

ventionally farmed sauerkraut (Fig. 1). 
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Source: own work / Źródło: opracowanie własne 

 

Fig. 1. Organoleptic assessment of sauerkraut from organic 

and conventional farming 

Rys. 1. Ocena organoleptyczna kapusty kiszonej z gospo-

darki ekologicznej i konwencjonalnej  

 

 The results were subjected to statistical analysis, by 

means of one factor variance analysis, at p=0.05 signifi-

cance level, using the data statistical analysis package Sta-

tistica 12. No statistically significant difference (p<0.05) 

was indicated in the assessment of sauerkraut from conven-

tional and organic farming (p=0.094). 

 It is difficult to discuss the results obtained from the 

study due to the fact that no research in terms of the sensory 

assessment of sauerkraut from organic and conventional 

farming has been conducted so far. 

 

 The assessed sauerkrauts significantly differed from 

each other in terms of taste and aroma, the consumers val-

ued the sauerkraut from organic farming remarkably higher. 

A very high positive correlation (0.994) has been confirmed 
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between the organic and conventional products (Tab. 1,  Fig. 2). 

Table 1. The sensory quality assessment of sauerkraut from organic and conventional farming 

Tab. 1. Ocena jakości sensorycznej kapusty kiszonej z gospodarki ekologicznej i konwencjonalnej 
 

Subject of the evaluation Organic [Χ ±SD] Conventional [Χ ±SD] Grade 

Appearance 3.76 ±1.16 3.67±1.15 0.1 

Colour 3.52±1.16 3.69±0.90 0.1 

Aroma 3.60±1.09 3.19±1.08 0.3 

Taste 3.60±1.23 3.24±1.30 0.5 

Overall rating 3.61±0.97 3.31±0.92  
 

Source: own work / Źródło: opracowanie własne 

 
Source: own work / Źródło: opracowanie własne 

 

Fig. 2. Quality factors of the organoleptic assessment of sauerkraut from organic and conventional farming 

Rys. 2. Czynniki jakościowe oceny organoleptycznej kapusty kiszonej z gospodarki organicznej i konwencjonalnej 

 

6. Summary 

 

 Sauerkraut is a valued food product in Poland and in 

many countries of Europe and Asia. This thesis presents the 

actual status of knowledge about the dietary and nutritional 

importance of sauerkraut. The difference between the or-

ganic and conventional sauerkraut lies in the method of its 

fermentation. The fermentation is spontaneous in the organ-

ic process whereas it is controlled by starter cultures in the 

conventional process. 

 The approach to anti-nutrients contained in cruciferous 

vegetables has changed following to the research carried 

out by many scientists. Sauerkraut is characterized by the 

higher content of vitamin C and glucosinolates than fresh 

cabbage. In the course of myrozinase glucosinolates get de-

composed to isothiocyanates, thiocyanates, nitriles and in-

doles. The fermentation process increases the content of 

these compounds. It has been indicated that the products of 

glucosinolates decomposition, together with polyphenols, 

determine the antioxidant properties of sauerkrauts. 

 Presently, the research on sauerkraut is oriented on in-

creasing the sauerkraut value by reducing the use of salt 

during the fermentation process and using the addition of 

other substances, such as selenium, which might cause that 

sauerkraut would be considered as functional food.  

 Polish consumers highly rate sauerkraut and they use it 

for fresh meals, sauerkraut soups and for the traditional dish 

called bigos. 

 Sauerkraut obtained from the cabbage grown on organic 

and conventional farms was subject to assessment in this 

study. Young women who consumed sauerkraut very fre-

quently and willingly valued the sauerkraut from organic 

farming higher, pointing at its better taste and aroma. They 

also paid attention whether the texture that is crispiness of 

the organic sauerkraut was higher. The price was a factor 

limiting the frequent consumption of sauerkraut of organic 

origin. 

 

7. References 

 
[1] Aires A., Carvalho R., Rosa E.: Glucosinolate composition of 

Brassica is affected by Postharvest, Food processing and my-

rosi­nase activity. J. Food Process. Preserv., 2012, 36,  

214-224. 

[2] Babicz-Zielińska E., Rybowska A., Obniska W.: Sensoryczna 

ocena jakości żywności, Akademia Morska w Gdyni, Gdynia 

2008, 56-58. 



Maria ŚMIECHOWSKA, Paulina WITT „Journal of Research and Applications in Agricultural Engineering” 2017, Vol. 62(4) 
172 

[3] Beganović J., Kos B., Pavunc A.B., Uroić K., Jokić M., 

Šušković J.: Traditionally produced sauerkraut as source of 

autochthonousfunctional starter cultures. Microbiol. Res., 

2014, 169, 623-632. 

[4] Benerjee M., Sarkar K.: Microbiological quality of some re-

tail spices in India. Food Research International, 2003; 36: 

469-474. 

[5] Ciska, E., Honke, H.: Effect of the pasteurization process on 

the content of ascorbigen, indole-3-carbinol, indole-3-

acetonitrile, and 3,30-diindolylmethane in fermented cabbage. 

J. Agric. Food Chem., 2012, 60, 3645-3649. 

[6] Gałązka-Czarnecka I., Krala L.: Stabilność przechowalnicza 

zawartości związków w wybranych owocach i warzywach  

z upraw ekologicznych i konwencjonalnych. Chłodnictwo, 

2012, t. XLVII, 7-8, 50-54.  

[7] Gawęcka J., Jędryka T.: Analiza sensoryczna. Wybrane me-

tody i przykłady zastosowań. Akademia Ekonomiczna w Po-

znaniu, 2001, 57. 

[8] Halkier B.A., Gershenzon J.: Biology and biochemistry of 

gluco­sinolates. Annu. Rev. Plant Biol., 2006, 57, 303-333. 

[9] Korus A., Lisiewska Z.: Effect of preliminary processing and 

method of preservation on the content of selected antioxida-

tive compounds in kale (Brassica oleracea L. var. pacephala) 

leaves. Food Chem., 2011, 129, 149-154. 

[10] Krala L., Witkowska M.: Kinetyka degradacji witaminy C  

w warzywach kapustnych przechowywanych w kontrolowa-

nej atmosferze. Przem. Ferment. Owoc-Warzyw., 2005, 12,  

30-32. 

[11] Kuroiwa, Y., Nishikawa, A., Kitamura, Y., Kanki, K., Ishii, 

Y., Umemura, T., Hirose, M.: Protective effects of benzyl 

iso­thiocyanate and sulforaphane but not resveratrol against 

initia­tion of pancreatic carcinogenesis in hamsters. Cancer. 

Lett., 2006, 241, 275-280. 

[12] Kusznierewicz B., Piasek A., Lewandowska J., Bartoszek A.: 

Właściwości przeciwnowotworowe kapusty białej. Żywność 

Nauka Technologia Jakość, 2007, 6 (55), 20-34. 

[13] Kwiatkowska E., Bawa S.: Znaczenie substancji uznanych za 

antyodżywcze w profilaktyce chorób cywilizacyjnych. Med. 

Rodzinna, 2007, 2, 36-40. 

[14] Lee S.K., Kedar A.A.: Preharvest and post harvest factors 

influencing vitamin C content of horticultural crops. Posthar-

vest Biology and Biotechnology, 2000, 20 (2),  

207-220. 

[15] Palani K., Harbaum-Piayd B., Meske D., Kepple J.K., 

Bockelmann W., Heller K.J., Schwarz K.: Influence of fer-

mentation on glucosinolates and glucobrassicin degradation 

products in sauerkraut. Food Chem., 2016, 190, 755-762. 

[16] Peñas E., Frias J., Sidro B., Vidal-Valverde C.: Impact of 

fermentation conditions and refrigerated storage on microbial 

quality and biogenic amine content of sauerkraut. Food 

Chem., 2010, 123, 143-150. 

[17] Peñas E., Limón R.I., Vidal-Valverde C., Frias J.: Effect of 

storage on the content of indole-glucosinolate breakdown 

products and vitamin C of sauerkrauts treated by high hydro-

static pressure. LWT - Food Sci. Technol., 2013, 53,  

285-289. 

[18] Peñas E., Martinez-Villaluenga C., Frias J., Sánchez-Martínez 

M.J., Pérez-Corona M.T., Madrid Y., Cámara C., Vidal-

Valverde C.: Se improves indole glucosinolate hydrolysis 

products content, Se-methylselenocysteine content, antioxi-

dant capacity and potential anti-inflammatory properties of 

sauerkraut. Food Chemistry, 2012, 132, 907-914. 

[19] Podsędek A.: Natural antioxidants and antioxidant capac­ity 

of Brassica vegetables: A review. LWT- Food Sci. Technol., 

2007, 40, 1-11. 

[20] Regulation (eu) no 1169/2011 of the European Parliament 

and of the council of 25 October 2011 on the provision of 

food information to consumers, amending Regulations (EC) 

No 1924/2006 and (EC) No 1925/2006 of the European Par-

liament and of the Council, and repealing Commission Di-

rective 87/250/EEC, Council Directive 90/496/EEC, Com-

mission Directive 1999/10/EC, Directive 2000/13/EC of the 

European Parliament and of the Council, Commission Direc-

tives 2002/67/EC and 2008/5/EC and Commission Regula-

tion (EC) No 608/2004. http://eur-lex.europa.eu/legalcontent/ 

EN/TXT/PDF [dostęp: 10.05.2017]. 

[21] Rozporządzenie Ministra Rolnictwa i Rozwoju Wsi w spra-

wie znakowanie poszczególnych rodzajów środków spożyw-

czych z dnia 23 grudnia 2014 roku. Dz. U. 08.01.2015 r.,  

poz. 29. 

[22] Šamec, D., Piljac-Žegarac, J., Bogović, M., Habjanič, K., 

Grúz, J.: Antioxidant otency of white (Brassica oleracea L. 

var. capitata) and Chinese (Brassica rapa L. var. pekinensis 

(Lour.)) cabbage: The influence of development stage, culti-

var choice and seed selection. Sci. Hortic., 2011, 128, 78-83.  

[23] Schweiggert U., Carle R., Schieber A.: Conventional and al-

ternative processes for spice production - a review. Trends 

Food Sci. Techn., 2007, 18, 260-268. 

[24] Singh J., Upadhyay A.K., Prasad K., Bahadur A., Rai M.: 

Variability of carotens, vitamin C, E and phenolics in Brassi-

ca vegetables. J. Food Comp. Anal., 2007, 20, 106-120. 

[25] Szwejda-Grzybowska J.: Właściwości prozdrowotne kiszonej 

kapusty. Przem. Ferment. Owoc-Warzyw., 2010, 5, 22-23. 

[26] Śmiechowska M.: Organic food in the opinion of Polish con-

sumers on the background of Europen trends. Polish Journal 

of Commodity Science, 2007, 4(13), 44-55. 

[27] Ustawa z dnia 25 sierpnia 2006 r. o bezpieczeństwie żywno-

ści i żywienia.[Dz. U. 2006, Nr 171, poz. 1225]  

[28] Vig A.P., Rampal G., Thind T.S., Arora S.: Bio-protective 

effects of glucosinolates - A review. LWT - Food Sci. Tech-

nol., 2009, 42, 1561-1572. 

[29] Wiander B., Ryhänen E.-L. Laboratory and large-scale fer-

mentation of white cabbage into sauerkraut and sauerkraut 

juice by using starters in combination with mineral salt with a 

low NaCl content. Eur. Food Res. Technol., 2005, 220,  

191-195. 

[30] Witkowska M., Krala L.: Wpływ kontrolowanej atmosfery na 

jakość kapusty włoskiej przechowywanej chłodniczo. Chłod-

nictwo, 2006, t. XLI, 4, 52-56. 

[31] Wolkers-Rooijackers J.C.M., Thomas S.M., Nout, M.J.R.: 

Effects of sodium reduction scenarios on fermentation and 

quality of sauerkraut. LWT - Food Sci. Technol., 2013, 54, 

383-388. 

[32] Xiong T., Li J., Liang F., Wang Y., Guan Q., Xie M.: Effects 

of salt concentration on Chinese sauerkraut fermentation. 

LWT - Food Sci. Technol., 2016, 69, 169-174. 

 


