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Resear ch of fermented sauer kraut and its advancement

ZHANG Yu-Long, HU Ping*, ZHAN Jian-Long, CHEN Yun

(School of Liquor & Food Engineering, Guizhou University, Guiyang, 550025, China)

ABSTRACT: Sauerkraut is one of the most popular products of fermented vegetables which are mainly

fermented with various vegetables by microorganisms. It not only remains their origina nutrients such as

vitamin C, amino acids, dietary fiber and other nutrients, but also contains the functional microbes such as

lactic acid bacteria. The microbial fermentation has an important effect on the pickled cabbage of quality and

flavor. Therefore, it is very important to study the fermentation mechanisms, microbial diversity and the change

of nutrients, flavors and chemicals in fermentation process. According to recent results, the fermentation

mechanisms, microbial diversity and nutritional composition of fermented sauerkraut were reviewed, and the

development direction of exploration of microorganisms from sauerkraut and large-scale production were also

proposed in this paper.
KEY WORDS: fermented sauerkraut; fermentation mechanism; nutrients; advancement

5l B 5
C
E&IWmA: (31260379)
Fund: Supported by National Natural Science Foundation of China (31260379)
*BHESE: , , E-mail: Is.phu@gzu.edu.cn

[6]

*Corresponding author: HU Ping, Professor, School of Liquor & Food Engineering, Guizhou University, Guiyang, 550025, China. E-mail:
Is.phu@gzu.edu.cn



12

3999

[7.8]

2 REFERSCHI AR

[10]

1300 ,

[11]

Pliniug*?

(9

[13]

[15]

13 ,
95% 18 2013 12

[17]

190 , 100

3 KBRS SRy A EEALH

acid bacteria, LAB)

3.1 WMEYINAEER
(D

@

[13,14] -

(Streptococcus lactis)
) 6- )

, 2000

[18]

(Yeast) (Lactic

(Acetobacter)

(Lactobacillus)
[19]



4000

(Lactobacillus plantarum) {8 (Lactobacillus
delbrueckir) (Lactobacillus acidophilus)
EMP , 1,6-
1,6- ,
[20]
(Leuconostoc) (Lactic acid bacteria)
(Lactobacillus) ,
HMP 3-
, , 3-
©)
(Bacterium acetic) ()
32 REMEA
, 1%
6.181x10° kPa,
3.040x10%-1.621x10° kPa®!,
1.013x10%-6.080x10” kPa
Na" Mg* K*' ca ,
33 BEEMER
: ( )

[22]

[23]

23 (24
4 AEBEMMRHRE
41 BEPUEMHARER

Fleming =

, 4
Leuconostoc mesenteroides, Lactobacillus brevis,
Pediococcus pentosaceus  Lact. Plantarum;
Leuconostoc mesenteroides,
Lact. Plantarum Lee ®
(denaturing gradient gel electrophoresis, DGGE)
W. confusa Leuc. Citreum Lact. sake  Lact.

curvatus  Kimchi 1995

[27]

[28-30]

(Lactobacillus plantarum)
(Lactobacillus brevis) (Lactobacillus
curvatus) (Lactobacillus acetotolerans)
(Lactococcus lactis)
, Lactobacillus plantarum C88 Lactobacillus plantarum

-1 (Lactococcus lactis)
[15,31-36]

Lactobacillus plantarum

Lactobacillus  mesenteroides Lactobacillus  casei

Lactobacillus plantarum
[37,38]

Lactobacillus acidophlus

42 BRRHPUFEMDTARER



4001

12 )
c By [39,40]
[41-43]
(
) ,
[30,49-52]
( %) B, ,
, 18
0.57 mg/kg-2.11 mg/kg (14,5554
4.3 BRI XKL 5 B i R
(55]
14 (56)

[17,57,58]

[37]

5 R 2
S 30k

, , .o [J.
, 2008, 8(2): 47-51.
Yin JX, Shen GJ, Shen R, et al. Isolation and identification of cholesterol-
degrading lactic acid bacteria from sauerkraut juice [J]. J Chin Inst Food
Sci Technol, 2008, 8(2): 47-51.
, . . [J.
, 2007, 4(154): 19-23.
Tian YF, Wu TX, Hu XY, et al. Application of Lactobacillus in food
industry [J]. Liquor- Making Sci Technol, 2007, 4(154): 19-23.
, . [J. ,
2009, 5(34): 43-46.
XuL, Dai YZ. Study on the effect of nitrite in sour soup of different lactic
acid bacteria[J]. Chin Condiment, 2009, 5(34): 43-46.
[J. , 2014, 33(8): 33-37.
Zhao GZ, Wang MY, Han JY, et al. Quality assessment of northeast
sauerkraut and screening of superior fermented strains [J]. China Brewing,
2014, 33(8): 33-37.

[D]. : , 2013,

Yu ZH. Screening Fermentation properties and in vivo Efficacy of
Cholesterol-Lowering Probiotic Lactobacillus plantarum Strains [D].
Changchun: Jilin University, 2013.

. [J. , 1994, 11(1): 45-47.
Li LQ. Sichuan food customs of ethnic minorities [J]. Chin Cuisine Res,
1994, 11(1): 45-47.

, . [J. ,
2012, 12(2): 1-6.
Lu XL, Ni HF. The research and application process on functional
strains for fermented vegetables [J]. J Chin Inst Food Sci Technol, 2012,
12(2): 1-6.

, . ( ) [J.
, 2012, (7): 45-48.
Li BS, Yang WD. Severa issues on the northeast sauerkraut (one of the



4002

(9

(10

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

acid pickling cabbage) [J]. Jilin Vegetables, 2012, (7): 45-48.

[M]. : ,2011: 1.
Xu Y. Fermented food science [M]. Zhengzhou: Zhengzhou University
Press, 2011: 1.

. [3. , 2010, 46(3): 1-5.
Chen G The history and development of chinese pickles[J]. Food Ferment
Technol, 2010, 46(3): 1-5.

(D]. : .

2011.
Meng XL. The application of lactic acid bacteria in fermented sauerkraut
[D]. Hohhot: Inner MongoliaAgricultural University, 2011.
Pederson C, Albury M. The effect of pure culture inoculation fermentation
of cucumbers [J]. Food Technol, 1961, (15): 351-354.

. ) . [J. ,
2011, (6): 10-12.
Ni HF, Deng M, Feng YL.
countermeasures of Northeast sauerkraut [J). China Condiment, 2011, (6):
10-12.

, , . (J.
, 2013, 39(2): 174-176.

Du S, Yue XQ, Wu JR, et al. Analysis of free amino acids in Chinese
naturally fermented sauerkraut [J]. Food Ferment Ind, 2013, 39(2): 174-176.

Industrial  Situation and  development

[D]. : , 2010.
Zhao Li-bin. Selection and inoculation of Dominant bacteria to enhance
nutritional quality and prebiotics capacity of Pickles [D]. Shihezi: Shihezi
University, 2010.

) . [J. , 2004, (4):
33-35.
Chen ZX, Dong Y. Research process of pickles commercial process [J].
Food Sci Technol, 2004, (4): 33-35.

[a. , 2014, 5: 241.
Huang Fei. Introduction to Korean kimchi and kimchi culture [J]. Sci
Technol Vision, 2014, 5 241.
[3. , 2014, 35(15): 166-171.

Gan Yi, Li HJ, Fu Y, er al. Changes in the physico-chemical and
microbiological characteristics of kimchi during manufacture [J]. Food Sci,
2014, 35(15): 166-171.

) , . [M]. , 2004.
Xie DP, Zhao GH, Chen XP. Food Biochemistry [M]. China Light Industry
Press, 2004.
Abdel-Rahman MA, Tashiro Y, Sonomoto K. Lactic acid Production from
lignocellulose- derived sugars using lactic acid bacteria: Overview and
limits [J]. J Biotechnol, 2011, 154(4): 286—-301.

. [M]. ,1985.
Qiao BF. Practical Microbia Technology [M]. Shanghai: Shanghai
Science and Technology L.iterature Press, 1995.

. , . [J.

, 2004, (1): 67-70.

Zhang JH, Shan Y, Li GY. Discussion on flavor developing effects of
vegetable juice fermented by lactic acid bacteria [J). Hunan Agric Sci,
2004, (1): 67-70.
) [J. , 1999,
119(4): 1-5.
Lin LQ. Flavor substance and its degradation chemistry of crucifer [J]. The

[24]

[29]

[26]

[27]

[28]

[29]

(30]

[31]

(32

[33]

[39]

[36]

Light Textile Ind Fujian, 1999, 119(4): 1-5.
[D].

, 2005.
Zhou XY. Studies on the flavor components and flavor adjustment of
fermented chili products[D]. Changsha: Hunan Agricultural University, 2005.
Fleming HP, McFeeters RF, Daeschel MA. The lactobacilli, pediococci,
and leuconostocs: vegetable products [M]. Boca Raton: CRC Press Inc, 1985.
Lee JS, Heo GY, Lee JW, er al. Analysis of kimchi microflora using
denaturing gradient gel electrophoresis [J]. Int J Food Microbial, 2005,
102: 143-150.

, . [J.
35(1): 74-76.
Zhong ZX, Guo J. Analysis of lactics population in fermentation of the
chinese cabbage [J]. Acta Microbiol Sinica, 1995, 35(1): 74-76.

, . . [J. ,
2014, 33(3): 24-27.
Zhang ZZ, Wang Y J, Shi BZ. Microbial flora anaysis in pickle production
[J]. China Brewing, 2014, 33(3): 24-27.

, . (3.
32(11): 222-227.
Meng XG, Tang Y. Screening of composite fermentation strains for pickled
vegetable commercialized in northwest china [J). Food Sci, 2011, 32(11):
222-227.

, 1995,

, 2011,

“ ” [D]. , 2011.
Zhang X. Study on the microbia flora of semi-finished products of “red
sour soup” in Guizhou [D]. Chongging: Southwest University, 2011.
, . [J.
, 2010, (9): 52-54.
Fang L, Zheng MZ. Isolation and identification of lactic bacteria in
sauerkraut juice [J]. Acad Period Farm Prod Process, 2010, (9): 52-54.
, . [
, 2010, 41(11): 125-131.
Zhang LJ, Meng XC. Isolation and identification of Lactobacilli from
natural fermented suancai [J]. J Northeast Agric Univ, 2010, 41(11):
125-131.
. . . J.
, 2007, 28(10): 83-84.
Ge QP, Zhou P, Song G et al. Isolation and identification of lactic acid
bacteria in sauerkraut juice [J). Scie Technol Food Ind, 2007, 28(10):
83-84.

[J. , 2009, 37(15): 6896-6898.
Hu SF, Wang YP, Hong AJ, et al. Study on the seperation and
identification of lactic acid bacteria from natural fermented pickle and
their physiological characteristics [J]. J Anhui Agric. Sci, 2009, 37(15):
6896-6898.
[D].
, 2012.
Li YL. The Isolation, Identification and probiotic properties of Lactic acid
bacteria from sauerkraut [D]. Hohhot: Inner Mongolia Agricultura
University, 2012.
[D].
, 2012.
Li CJ. Screening and research lactic acid bacteria of antibacteria property
and their bacteriocins in traditiona pickle [D]. Hohhot: Inner Mongolia
Agricultural University, 2012.



12 )

4003

(37

[38]

(39]

[40]

[41]

[42]

[45]

[46]

[47]

(48]

[49]

. [D].
, 2011.

Luan TQ. Suan Cai starter culture preparation and its flavour components

analysis[D]. Tianjin: Tianjin University of Science and Technology, 2011.

) . [J. , 2008,
29(11): 505-509.
Xu L, Da YZ. Effects of different lactic acid bacteria in sour soup on
volétile flavor compounds [J]. Food Sci, 2008, 29(11): 505-509.

) ) .o [J.

, 2013, 34(6): 75-78.

Chen B, Yuan T, Huang WW, et al. Purification and separation of peptide
metabolites from sauerkraut fermentation juice [J]. Food Ind, 2013, 34(6):
75-78.

. : [J. , 1996, 121(5): 35.
Liu EC. Lactic acid food: the medical efficacy of sauerkraut [J]. Food
Technol, 1996, 121(5): 35.

, , - [J.

, 2006, (2): 15-18.

Yang RL, Xiao GS, Wu XY, et al. Advance in study of fermentation
processing of vegetablesin china[J]. Storage Process, 2006, (2): 15-18.

. , . [J. .
2010, 31(21): 413-416.
Wang WD, Chen AH, Yang WG, et al. Advances in inoculated fermented
vegtables [J]. Food Sci, 2010, 31(21): 413-416.

, . [J.
, 2009, 37(2): 19-22.
Zhang Y, Meng XC. Isolation, identification and genetic diversity analysis
of lactobacilli from naturally fermented northeast sauerkraut [J). China
Dairy Ind, 2009, 37(2): 19-22.

, . [J. .
2005, (3): 41-43.
Huang YC, Zeng FK. The comparison of quality between the natural
fermented sauerkraut and the inoculated fermented sauerkraut [J). Food
Ind, 2005, (3): 41-43.

, , . [ )
2010, 35(6): 44-46.
Gong GM, Guan SM, Lv YT. Study on processing condition of lactic acid
bacteria inoculated fermented of pickled vegetable [J]. Food Sci Technol,
2010, 35(6): 44-46.

[J. , 2009, 35(8): 64-68.

Li JZ, Chen G, Zhang QS, et al. Dynamic changes and controls of nitrite
using direct vat starters in the pickled mustard [J]. Food Ferment Ind, 2009,
35(8): 64-68.
[J. , 2008, 29(4): 82-86.
Wang JJ, Wang SX, Ma W. Study on ready-to-use starter to produce
sauerkraut organic acids and flavor components [J]. Food Sci, 2008, 29(4):
82-86.
. [J.
( ), 2012, 28(10): 23-25.
Tian HM, Liu XR. Sauerkraut fermented by lactic acid bacteria and
screening of cheap medium [J]. J Chifeng Univ (Nat Sci Edit), 2012,
28(10): 23-25.

, , . [J.

, 2012, 33(16): 117-119.

[50] . —

Wu JR, Zhang M, Cai M, et al. Chemical composition analysis of naturally
fermented sauerkraut [J]. Food Sci, 2012, 33(16): 117-119.

, 2004, 21(4): 27-28.
Zhou WM. Hmong's delicious food-vinegar soup [J]. Jiangsu Condiment
Subsidiary Food, 2004, 21(4): 27-28.

(51 ' .

[J. , 2005, 26(9): 165-166.
Tang QL, Yang ZN, Wu TX. Study on the characteristic components in
fermented acidic liquid from Miao nationality in Guizhou province [J].
Scie Technol Food Ind, 2005, 26(9): 165-166.

[52] : . . [J

( ), 1999, 15(3): 13-17.
Wang H, Han CR, Wang JF. A study on the production of acid cabbage
through fast fermentaion by lactic acid bacteria strains [J]. J Hellongjiang
Commer Coll (Nat Sci Edit), 1999, 15(3): 13-17.

[53] ' ,

[J. , 2008, (9): 53-55.
Yan YL, Li XP, Chen XY. Study on the variance of nutrient components of
picklein nature fermentation [J]. China Condiment, 2008, (9): 53-55.

[54] . [D].

, 2013.
Du S. Studies on changes of flavor and texture in sauerkraut during natural
fermentation [D]. Shenyang: Shenyang Agricultural University, 2013.

(58] . : - [

, 2012, 37(7): 71-73.
Xiong Y, Xun SY, Sun D, et al. Determination of organic acids in sour
soup by high performance liquid chromatography [J]. China Condiment,
2012, 37(7): 71-73.

[56] . . _ [J

, 2007, 28(11): 108-110.
Zhu WX, Zhou XL, Zhang H, er al. Study on flavors of inoculated
fermented pickle [J]. Sci Technol Food Ind, 2007, 28(11): 108-110.

[57] . [D]. : , 2000.

Tian FW. Analysis of Kimchi flora and inoculated fermentation research
[D]. Wuxi: Wuxi University of Light Industry, 2000.

(58] , , — [

, 2009, 35(1): 150-156.
Zhang X, Zhao Y, Liu Y, et al. Analysis of the volatiles in two kinds of
korea kimchi by gas chromatograph-mass spectrometry with solid phase
microextraction [J]. Food Ferment Ind, 2009, 35(1): 150-156.

(1R Gk E)

fEZ &I

KEE, Wt FEARFEDIER
MEMEEYRA.
E-mail: Zhangy|340@126.com

O B FEARFEARER
HEDSEMEAR.
E-mail: Is.phu@gzu.edu.cn



