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Effect of mixed bacterial fermentation on the quality of salt-free sauerkraut
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Abstract: Objective: To use lactic acid bacteria to ferment salt-
free sauerkraut. Methods: By considering the fermentation
characteristics and bacterial inhibition capacity of the strains,
lactic acid bacteria with high acid production capacity and
bacterial inhibition capacity were selected to make a mixed
ferment. Then, the fermentation process was optimized using
single-factor tests and surface Results:

response tests.

Lactobacillus  plantarum and Lactobacillus acidophilus were
selected as the fermenting strains with high growth activity, acid
production capacity and bacterial inhibition capacity, and fermented at
30 “C. The colour and odour of the sauerkraut prepared under this
process condition was good and the organoleptic quality was optimal.
Conclusion: Fermentation of sauerkraut with lactic acid bacteria under
salt-free conditionsis the most effective means of controlling the
fermentation process and optimizing product quality, ensuring stable
fermentation and high quality sauerkraut.
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Table 1 Sensory evaluation criteria of sauerkraut without salt
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Figure 1  Growth curves of 9 Lactobacillus plantarum strains at different temperatures
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Figure 2 pH of fermentation broth of 9 Lactobacillus plantarum strains at different temperatures
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Figure 3 Acid production of 9 Lactobacillus plantarum strains at different temperatures
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Figure 9 Changes of pH value and total acid content in sauerkraut fermented by different doses of lactic

acid bacteria inoculation without salt
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Figure 12 Changes of pH value and total acid content in sauerkraut fermented under different

amount of corn juice without salt
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Figure 14 Sensory score of sauerkraut fermented under

different amount of corn juice without salt
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Table 2

Level coding of Box-Benhnken center test factors

K A FLFRTE E T L ) BEMEM  C ERITH
Cmgmaiere * mogmaLive) i/l ek /g
—1 101 300 5.0
0 21 450 7.5
1 3:1 600 10.0
3 MWMEEREETRER
Table 3 Response surface test design and results
WS A B C Y BRIP4
1 0 0 0 46.30
2 1 0 —1 37.60
3 0 0 0 44.12
4 0 0 0 45.80
5 1 —1 0 40.32
6 —1 0 —1 39.87
7 —1 —1 0 33.81
8 —1 1 0 42.49
9 0 0 0 45.62
10 1 1 0 40.32
11 0 1 1 41.59
12 0 —1 1 36.89
13 1 0 1 43.06
14 0 1 —1 35.79
15 0 0 0 46.30
16 0 —1 —1 33.80
17 —1 0 1 39.41
x4 ERAEBRFTESH
Table 4 Variance analysis of regression model
SR PO AMmE ¥ FE P {E W
A 273.38 9 30.38  31.79  <C0.0001 = =
A 4.09 1 4.09 4.28 0.077 3
B 29.53 1 29.53  30.90 0.000 9 * %
C 24.12 1 24,12 25.24 0.001 5 * %
AB 18.84 1 18.84 19.71 0.003 0 * %
AC 8.76 1 8.76 9.17 0.019 2 *
BC 1.84 1 1.84 1.92 0.208 2
A? 12.35 1 12.35 12.93 0.008 8 * %
B? 92.23 1 92.23  96.52 <C0.000 1 % x
C? 65.04 1 65.04 68.07 <C0.000 1 * %
®"E 6.69 7 096
KA 3.48 3 1.16  1.45 0.354 3
ali i % 3.21 4 0.80
Rl 280.07 16

T« RREF(P<0.05); * x» R E(P<<0.01).

195



196

F % B A DEVELOPMENT &. APPLICATION

A5 [l U455 T8 Ty 22 43 07 , 45 BB CH 3T 40 6 3 A8 1 3L
i T 2 T LU 91 L T A B b A R ORI B R 2
Y Ep¥ =y

Y=45.6340.72A +1.92B + 1.74C — 2. 17TAB +
1.48AC+0.68BC—1.71A* —4.68B* —3.93C?, ©)

B8 4 T AT, 3R 56 A 7 Y e g TR AT AR A W 2 (P <<
0.0, Je T F H M 1.45, P {0 0.354 3. A8 F, i
B [ 09 5 AR P IR B0 4 A AR . BT Y e R
R?=0.976 1. B IEHE REL R =0.945 4, Ui B Z A% A mf
VLR 94.54 Y6 o o7 {H 19 A8 fk . B 5 B vl R I AC,
BC.A* \B* Hil C* 4% 25 R ALTE 1 35 5 i, 1 W] 2L 1R T &2 1
L 41 TR o 4 o £ R R WS N 5 %R T TG R TR SR 1 Uk
Heh A EEE N,

600

540

480

420

360

B AR i
Amount of strian inoculation/pL

BE 2568 | 20235F 2 A | ARENM

& 15 AT, & % TG h R % 8 B DT 43 3% 1A B S Jn &
S A8 A DG e 7 Y TR 8 o 5 L R R b kR LR A
ST A9 4 25 10 58 4 B d 3 46 v 4R S W R, TR1 T 23
AT, Y LR P A i — o i, LR I A T L AN R
K R R 1458 A FH XS R 43 R /0N L W) R AT A
V2%, I B AR 18, 55 2T 45 R —3L

R A A5 400 7 A2 45 B 8B IT 40 14 o R WU (B R 46,11,
W FLRR R 4% A & 476.13 pL.muwsns © mumans N
2.22 + 1, BERIFERME T 8.19 g, 454 bR M ¥ K
TR TR % 1 e A 4 0 O Dy FLR T B AP i 450 plL,
L, Bk immah 7.5 g, M5
B4R 46.81, TIKAS I B 2 4R,

Migmarn ¢ Mumans N 2

PFTF TG £k R 3 R
H@ﬂfim,%# 7ko

2010
< 9
o @
}’K_'—.
%27
H§6
g
-

1.5 2.0 2.5 - 1.5

FLIR B 4 i L 41 o gy 300°1. 0 zmmgrﬁamm
Lactic acid bacteria ratio [lb,)/ ['317 \a“\\c Lactic acid bacteria ratio
(a) AB%EnskA (b) ABR A (¢) ACHELRR

IS
£ &

S(‘?l’l sory scores
=

FkHE I

Amount of cornjuice added/g

RE PS>

Sensory scores

600
540

w2 s A, 5 7 g 60420
e 300 360 420 480 540 600 L 657300700 g\ % ‘(\a‘\
TR R Ui N
Amount of strian inoculation/pL ‘ ad’/ed{g e oy ‘(‘“
o¢
(d) ACHR A& (e) BCHERZMA (f) BCHRA i ]
B 15 v m @i R ZAE A

Figure 15
3 &5k

VL 2 Bk g 1R FLAT TR AL B8 7R b e 3% b 23 2 Hh i
9 MRA W FUAT I BT T %0 42, 0 26 i1 T R P BE L R A9 A
MFAFFEAERIAAT B D Z AL MR . 45 R KU 6
XA R EE T 9 BRAE W) FLAT B A9 R B 1. 2 B i
Xk RS AT T A BE 0 b A FLAT B suan-15 01
HE ) dmc ik o TR dcil AR IR BE 30 °C I R M B B4 O 3
HIZ R 0 & W T k. 30 C O R IR B2 v AR FLFF A
KLDS1.0901 £ 30 “CF A K iF M dm 4F .7 BR g ) £ L A
HRAEEBERIMRE. URRIO . SHI6E. 8%,
R AN BURZS N BB T 18 AR AT 255 3T 03 1 E R

Interaction results of surface response

TCERIR R B B T2 4. Beid BN mumane ¢
mumags N 20 1,250 g RIS MFLERE 450 pL, W%
Kt 7.5 g, BT R SR BCE R4l 46.81, A
¥ % WAL NS TG £ 7R 5% KUK 1 5% i)

Ja g it —

S ik
[1] CAI W C, TANG F X, ZHAO X X, et al. Different lactic acid
bacteria strains affecting the flavor profile of fermented jujube juice
[J]. Journal of Food Processing and Preservation, 2019, 43
(9): 14095.
[2] TAMANG J P, KOICHI W, HOLZAPFEL W H. Review: Diversity

of microorganisms in global fermented foods and beverages[J].



F&M | Vol.39, No.2

Frontiers in Microbiology, 2016, 7: 377.

[3] LI Q, KANG J, MA Z, et al. Microbial succession and metabolite
changes during traditional serofluid dish fermentation[J]. LWT-
Food Science and Technology, 2017, 84: 771-779.

[4] BELL V, FERRAO J, FERNANDES T. Nutritional guidelines and
fermented food frameworks[J]. Foods, 2017, 6(8): 65.

[5] SABO S S S, VITOLO M, JMD G, et al. Overview of Lactobacillus
plantarum as a promising bacteriocin producer among lactic acid
bacteria[J]. Food Research International, 2014, 64: 527-536.

[6] VRIE S, VAUGHAN E E, KLEEREBEZEM M, et al. Lactobacillus
plantarum-survival, functional and potential probiotic properties in
the human intestinal tract[J]. International Dairy Journal, 2006, 16
(9): 10181 028.

[7]1 SIEZEN R J, VLIEG J. Genomic diversity and versatility of
Lactobacillus plantarum, a natural metabolic engineer[J]. Microbial
Cell Factories, 2011, 10(S1): S3.

[81 ZAGO M, LANZA B, ROSSETTI L, et al. Selection of
Lactobacillus plantarum strains to use as starters in fermented table
olives: Oleuropeinase activity and phage sensitivity [J]. Food
Microbiology, 2013, 34(1): 81-87.

[91 GAO H, WEN J J, HU J L, et al. Momordica charantia juice with
Lactobacillus plantarum fermentation: Chemical composition,
antioxidant properties and aroma profile[J]. Food Bioscience, 2019,
29: 62-72.

[10] FUENTE B, LUZ C, PUCHOL C, et al. Evaluation of fermentation

assisted by Lactobacillus brevis POM, and Lactobacillus
plantarum (TR-7, TR-71, TR-14) on antioxidant compounds and
organic acids of an orange juice-milk based beverage[J]. Food

Chemistry, 2021, 343: 128414.

[11] KWAW E, MA'Y, TCHABO W, et al. Effect of lactobacillus strains

FMAE REABMLEBRRARFENZN

on phenolic profile, color attributes and antioxidant activities of
lactic-acid-fermented mulberry juice [J]. Food Chem, 2018, 250:
148-154.

[12] LI X, GAO J, SIMAL-GANDARA J, et al. Effect of fermentation
by Lactobacillus acidophilus CH-2 on the enzymatic browning of
pear juice [J]. LWT-Food Science and Technology, 2021, 147
(2): 111489.

[13] HASHEMI S M B, JAFARPOUR D, JOUKI M. Improving
bioactive properties of peach juice using Lactobacillus strains
fermentation: Antagonistic and anti-adhesion effects, anti-
inflammatory and antioxidant properties, and Maillard reaction
inhibition[J]. Food Chem, 2021, 365: 130501.

[14] YANG J, LU J, ZHU Q Z, et al. Isolation and characterization of a
novel Lactobacillus plantarum MMB-07 from traditional Suanyu
for Acanthogobius hasta fermentation[J]. Journal of Bioscience and
Bioengineering, 2021, 132(2): 161-166.

(15] QLR 2=, 8 LI, 55 R EERIXTI0 N BT sE )] &
ARk, 2021, 42(22): 171-177.

JINGTY, LI T, ZENG F K, et al. Effect of fermenters on the
quality of pickled radish[J]. Food Science, 2021, 42(22): 171-177.

[16] 5. BR 3% A= 9 & W 7 T 55 [D]. K i K Tl K 2%, 2018:
45-49.

FU X. Research on biological fermenters for sauerkraut[D]. Dalian:
Dalian University of Technology, 2018: 45-49.

[17] LI X, XU W, YANG J, et al. Effect of different levels of corn steep
liquor addition on fermentation characteristics and aerobic stability
of fresh rice straw silage[J]. Anim Nutr, 2016, 2(4): 345-350.

[18] CHEN A J, LUO W, PENG Y T, et al. Quality and microbial flora

changes of radish paocai during multiple fermentation rounds[J].

Food Control, 2019, 106: 106733.

(E#E% 119 )

[27) B i, m IR, HOHR AL v J0H PR o R O TR 00 a3 B L 0D S
5 U AR ST [9]. KRR 22 B 244, 2005, 12(3): 39-43.
MA L Z, MAN Q X, DAI R T. Isolation and identification of
spoilage bacteria of chilled meat and analysis on composition of
initial micro-organism[J]. Journal of Tianjin Agricultural College,
2005, 12(3): 39-43.

[28] BLAIOTTA G, PENNACCHIA C, VILLANI F, et al. Diversity and
dynamics of communities of coagulase-negative staphylococci in
traditional fermented sausages[J]. Journal of Applied Microbiology,
2004, 97(2): 271-284.

[29] OWUSU-KWARTENG J, TANO-DEBRAH K, AKABANDA F, et
al. Technological properties

and probiotic potential of

Lactobacillus fermentum strains isolated from West African

fermented millet dough[J]. BMC Microbiology, 2015, 15(1): 261.
[30] SHAH N, PATERL A, AMBALAM P, et al. Determination of an

antimicrobial activity of Weissella confuse, Lactobacillus

fermentum, and Lactobacillus plantarum against clinical

pathogenic strains of Escherichia coli and Staphylococcus aureus
in co-culture[J]. Annals of Microbiology, 2016, 66(3): 1 137-1 143.

[31] 2= K F°. AN [R5 B T 204 2 B AR X 35 4 PA) T i J5T ) 52 Wi
I HEE D] K& i ARORA%, 2020: 18.
LI D Y. Experimental study on the effects of different sterilization
processes and packaging techniques on the storage quality of
spiced beef[D]. Changchun: Jilin University, 2020: 18.

[32] S 3CHE, VR, e RBUA MR ER IR R 5 Nisin XF 5 bR 28 F6L4F 141 19
PR 1F)FF T 2 HLBR D). £ 5 BLA, 2019, 35(3): 15-19, 103.
SHI W Y, SUN Z. Synergistic effect and mechan ism of
e-polylysine hydrochloride and Nisin on Bacilluscereus[J]. Food &
Machinery, 2019, 35(3): 15-19, 103.

[33] P22, BHEIN, BRENAG. 28 70 F B 16 T 07 & HIL B A4 AT 50 08 e (D],
AR, 2010, 22(9): 878-885.
CHENG Q, HUANG S S, CHEN L M. Research advances on the
germination mechanism of Bacillus spores[J]. Chinese Bulletin of

Life Sciences, 2010, 22(9): 878-885.

197



