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Fermentation characteristics of Lactobacillus brevis and
Lactobacillus plantarum

TIAN Hui', MA Zhuo', CHEN Jiayi', YANG Hui', LI Yunfei', FAN Wenguang ",
REN Haiwei', WANG Yonggang', CUI Lijuan2

1 College of Life Science and Engineering, Lanzhou University of Technology, Lanzhou 730030, Gansu, China
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Abstract: [Background] The current studies about the fermentation of Chinese sauerkraut
mainly focus on Lactobacillus plantarum, while there are few reports on L. brevis in Chinese
sauerkraut. [Objective] To explore the fermentation performance of L. brevis and develop the
starter of Chinese sauerkraut fermentation, we designed two strain combinations (two strains of
L. brevis and one strain of L. plantarum) for fermentation to explore the effect of L. brevis on
the quality of Chinese sauerkraut. [Methods] The growth, acid production capacity, acid
resistance, and nitrite degradation capacity of single strains of L. brevis and L. plantarum were
measured. During days 1-7 of the fermentation with the two strain combinations, the acidity,
viable cell count, nitrite content, and texture changes of Chinese sauerkraut were measured.
[Results] L. brevis Lb-5-3 had slower growth and acid production rate, weaker acid tolerance,
and stronger nitrite degradation ability than L. brevis Lb-9-2. After the two strains were
respectively combined with L. plantarum Lp-9-1, their acid production significantly increased
and the pH value was the lowest (about 3.10) on day 3. The addition of Lp-9-1 delayed the
growth of Lactobacillus in Chinese sauerkraut and the viable cell count peaked on day 5. The
nitrite content of the samples inoculated with the combined strains varied gently from day 1 to
day 7 and showed no significant difference between the two combinations in the first 5 days.
The inoculation of Lactobacillus decreased the hardness and elasticity of Chinese sauerkraut,
and the hardness was the highest on day 3 of fermentation with the combination of
Lb-5-3/Lp-9-1. The sensory score of the Chinese sauerkraut fermented with Lb-5-3/Lp-9-1 was
the highest on day 3 of fermentation. [Conclusion] Therefore, the combination of L. brevis and
L. plantarum could produce Chinese sauerkraut with low nitrite content and good
comprehensive properties within 3 days. L. brevis in the strain combination did not affect the
acid production or nitrite degradation, while it affected the hardness and sensory properties of
Chinese sauerkraut. This study is of great significance to the performance evaluation of new
Lactobacillus strains and the development of starter for the production of Chinese sauerkraut.
Keywords: Chinese sauerkraut; fermentation characteristics; nitrite degradation; Lactobacillus
plantarum; Lactobacillus brevis
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(Lactobacillus brevis), T & B i [R] 59 2L0R & 18
HIAE I FLRT T (Lactobacillus plantarum)35E i,

S FURF TR FIAE W) LA B = B K I i A
)R LT Hor , %8 FLFF I (Lactobacillus brevis)
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Fit R AL B B i BT AT WEERIE SR
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e, HAERA R AR ER I RE ) EOKE
SFUON DU s rh 4y B AR B ) S FLFF T AR123,
R BRI S A PR R O 8.2

YL IR 98 . Nz, BN
B e R R 22— SRR T L4 R A T R AT,
WA E A P BT, S R SE R
JRUOL e A, AR FLRT I A AR R IR S I
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FFLMFA Lb-5-3. % #LFF I Lb-9-2 FiltH
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16S rRNA J:[H 9 GenBank J¥ %1 5 4 5 K
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Lp-9-1, %% 5 UM aoRIEM TR, A
N3N, B 1 ALTRE S EERP A FLFF A Lb-5-3,
55 2 dRE SR FLAT I Lb-9-2, 5 3 4R
FEAEY LA Lp-9-1.
1.2.3 BEHMERZE

WE 1A R, RSB SER fsg it o
VIR WANS S B S A g v S e R/ T
&b, HEEFERY 65 g, XY 30 g, M

A 500 mL ZE18 K, AR EE R 4%IH & kK (O
By, AR EF R, 1% (KRS580
Fe R T b, IR o R B RE 5)
BTERARWE 1B), M43 M~MER. Zit—
JE I (1) 58 R 3 K (K] 1C)
1.2.4  THELTEN E

MR S AE 2% R G A, BlE IR ] )
FER, BRI pH A AT I, 254 pH (&
257 3.0, 4.0, 5.0 I 6.0 FFEFEN E B3
ODgoo {H , Hd LA M FLFFE Lb-5-3. Lb-9-1
FAEPIFATEE Lp-9-1 B9 ODgoo {H, LABLFIBi 45
PR RR: 1 TR PR 1 B
1.2.5 THERIBEFIENE

VA R £k B 5 22 SCHR 19109 7 v , LA
MV AE TR ERBR VIR BE () B 22 5, LA 538 nm Ak
W S AL () Ay DR A k22 o STV T 6 7 Y s
2k ZE R 2, A5 R PE RN FE A 3=0.617 1x—
0.001 9, AHEMERE R*=0.994 8,

BEMIIE . MEFIREL 2 mL BB, BT
50 mL 50, Ik 35 mL iRAT, RhnJesk ot
RILFMFRIFW 2 mL, $25), #OLHEL R
3 min, FIMAIRRZZ AR 1 mL, E8E
50 mL, &5, EOGHFHELAH 15 min, FBEH
b A0, LI 2 7E 3 K 538 nm AbFOWOGAE . DA%
i 2R IR AU R VR s R B AR A 2
PR A An e M 2y BTSSR R 1 % 1

B 1 EESERYBESITIE
Figure 1

A: Y7y B: JHIRMEH]. C: M 52 A IR =%
The pickling process of sauerkrauts. A: Sauerkrauts being cut. B: Sauerkrauts being pickled. C:
Sauerkrauts being fermented completely.
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0.07 1.2.6 JRIFFIENE
006 Tocoonan PR ORI I RS, SR A% 4 5 mm
0.05 BT 2R AT 0 A S 3 o MRS HCk .
0.04 F B 60 mm/min, X 60 mm/min, 5
< 003k O 60 mm/min, FEAEFREE 40%, 2 Y 4 6]
0.00 - BIERy 5s, fil & sk 0.15 N, B R AR %
ool 100 Hz, 4R ASE 3 P,
000k 1.2.7 BEEH
ool . H 28 3k 55 I 1 A DGl N B3 20 L PPAY

0.00 002 004 006 006 0.10
Concentration (pg/mL)

2 PAHER B 0A R RO AR i 2

Figure 2 Standard curve of nitrite solution.

*1 ERBEEIFNIRE

N, ESE pHAE RN 3.8 B, MEREMIM . &,
B, ML T TRIXT 4 ZHBERRARE i B AR R P A R A ket
HEEATHT Y, 1643 100 430 BEMFEASHEA T 3 IRE &L
A, BARIRSERCE PEM bR ES I 121

Table 1  Sensory evaluation criteria of sauerkrauts
Tt H FHIE 44y
Item Characteristics Score
JGRES PR, JOEE, AEAEFE, Uit 0-8
Colour Black colour, without luster, floating film of mold, cloudy liquid
@EFERwIETL, TRY, Wit AER 9-16
Close to dark, without foreign matter, cloudy liquid
@ESHEE, WitiEsE 17-25
Fresh colour, clear liquid
R TERIENA B, AR, TR, s o) 55 xfE ) ok 0-8
Aroma Without inherent aroma of sauerkrauts, with rancidity, putrefaction, and other pungent and
unpleasant odor
TRBA T, TR RSk 16
Without inherent aroma of sauerkrauts, without objectionable odor
FURA MR, oA R 17-25
With sauerkraut aroma originated from lactic acid fermentation, without objectionable odor
AR PR RO, A A RURIE, AR . EIRSE 0-8
Taste Too sour or salty, with other unpleasant tastes, e.g., sour, musty, etc.
PRZHOE S, ToA RIKIH 9-16
Moderate sour and salty, without objectionable odor
LR EESE TR H 17-25
Delicious taste, moderate acidity
J5 b ST G RO 2%, T U A i 0-8
Texture Poor crispness, with chewing residue
SN W 2 o 16
Relatively poor crispness
i i e ki 17-25

With a crisp texture
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FONRNE, TR 21 N EAFE BRI,

FERRR IR RE M B 4 o, S
KX R A, Wtk Lp-9-1 7655 3 /e R 4R
pH E AW TR, HAEKMZ&RNBHEILA -3
M 78 Bk Lb-9-2 Y pH (B PR3 T FE27E 12 h FF iR,
X5 AR R AT RS WS s BRR Lb-5-3 11
pH {HTERT 18 /NI N P22, 18 h Z 7,
R AR PR RN, 5 A i S E R )
N

AT EA S REE ), AR IR &
B TP ) AT M SR AT AT FLIR R B, AR LR
M COy, — Jy M PR pH (EFEAL; J— I mide

12 -

11
10 -

O
T

OD(»(I(]
—_ O = N W Bk OO0 X®
T T T T T T T T T

Time (h)

B 3 BEHREKHLZ
2H 51 2% 55 1.3 (P<0.05)
Figure 3  Growth curves of different strains.

Different lowercase letters represent significant
differences between groups at P<0.05 level.

ARNG PR

0 3 6 9 12 15 18 21 24
Time (h)

B 4 BEHRSBRMEE ARG TR

2 5 B 3 (P<0.05)
Figure 4 Acid-production curve of strains. Different

lowercase letters represent significant differences
between groups at P<0.05 level.

BEDRA IR 25 0F, DI 78 ) 7L R & e 1 4k
SR EAT LR 40 DA 1 TR S R b LA B B 1 K o
BB, LA e e
2.2 BB

BRI PRI R P A& 5 BT, X F R Ak Lb-9-2 .,
Lp-9-1 Fl Lb-5-3, M, FE#E Lb-9-2 Hyif iR 1
AEfe ol , TR PR Lb-5-3 AN BRPEREfc 55, W% pH
B REAIG, SO A4 R IR B3 im0 3 B ek 1 2
K, SEOZALHEE TR H AR S
THERER, X 5EMEEPF T 25 LA —
B, HOZLER B R i 0 32 B 1
il L 1R 0 S0 T ) 5 DT 9 AR, 5 i
PRRE R P ARAT, HEmE T AR A
2.3 HFHRPERR I AEER 2 M A8

TR PR B A S A R AR PR BE AN & 6 BT, TR AR
Lp-9-1 BRMEUASRRERVERES LT, MRS
50%; BEAKR Lb-5-3 B M Al FR #h Mk RE RS Ik T
Lp-9-1, FEfitRL3K55] 45%; THHk Lb-9-2 [&fit
WAKTRERVEREIR TS, FEAREZ1N 30%.
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12 %
6
L by,
N & L5
i Lb-9-2
9t a N Lp-9-1
By

OD, 600

S —m N W ks 03 X
T

6.0

5 EHREMESN ARG FRAUERE
PRANIE] pH Ak BR8] ) 22 57 1 34 15 (P<0.05). AN[H]
KREFRACEAAE pH A [5] B R Ab R 22 [1] 1) 22 55
% (P<0.05)

Figure 5 Acid tolerance of three strains. Different
lowercase letters represent the  significant
differences between groups of the same strain but
different pH at P<0.05 level. Different capital
letters represent the significant differences between

groups with different strains at the same pH at
P<0.05 level.

60

B (¥4
(e (=]
T T

Degradation rate (%)
(V%)
(e}

20+
10+
O 4
Lb-9-2
Strain
B 6 BELHEEEFERIERE AR/NSFEAA
FL 5 22 5 1835 (P<0.05)
Figure 6 Nitrite degradation abilities of three strains.
Different lowercase letters represent significant

differences between groups at P<0.05 level.
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PRAREO LR TR R A IV T R 3 Rl i A
B TR 5 0 5 TN S A PR b 38 o TC B o, g
YT R 5 — R SRR A I s A%, 1 HAS [R] A
R S R A 4 5t A% A AR ) B, 2
S5 RTV N I e P F 45 380 5 A A LUl TR 1 e 7L
FRB LS5 i 1 S0 T 4 L AT B A o I A
i ERATL P K VA 1R R A DR B EA T IR AT, 1Y
TIE S LA A SIS Rk 9 1 R R
2.4 WEABEEKRX
241 BE

32 kgL AR pH MIZRaniE 7 froR, Xt
FIH A KB, R4 3 Ku, pH (MR 5L,

—v— Lb-5-3
7.0 - —a— [b-9-2
~ge Lb-5-3/Lp-9-1
6.5 et Lb-9-2/Lp-9-1 o
6.0 & o Without inoculation

55¢
= 5.0f
45+
40+ &
35¢
301

Time (d)

E7 BRXAEIEPD pH sk
BEAC R 4L 22 57 .35 (P<0.05)

Figure 7 The pH curves of sauerkraut samples
during fermentation. Different lowercase letters

represent significant differences between groups at
P<0.05 level.
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HAESS 5 REFFERIERAR, WA 415 A W]
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R SHEP 2T LG 5 R WA 5E i R B
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PR SETR B 1Y) F R Rk — S5 R A —F,
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PR S A I R v 0 7 IR TR TG P A2 Ak an 1] 8
Jis, MREETREF IR, WA & IR A ()
B, ANH B Lb-9-2 7E55 3 KA 236
KA, AT REAY i R 48 FLFF I Lb-9-2 M B Pk ik
Hy=mR Jrsk, FREEXE N, X FLAFE Lb-9-2 1Y
PHIERABE; MW 3 K25, BEE KRR
] AR A, PR B 3 Lb-9-2 fik iR FR P I SR AL
PRI ERRAER, TR RE Lb-9-2 ME W EOTih
BT RS X TRIEMW AR KA, B

3 84l

E

S 81°F

[~

< 78t

& 75t

£ 72¢

3

S 69b%

2 66f

Q

g ld ~- Lb-5-3/Lp-9-1

» T & ~a- 1b-9-2/Lp-9-1

= 0.9 - —o— Without inoculation

.J 1 L 1 1 1 1 1
1 2 3 4 5 6 7

Time (d)

B 8 ERXAEBIEPREREIMZE
5 B 52 5 L 2(P<0.05)

Figure 8  Viable counts curves of inoculated
strains in sauerkraut during fermentation. Different

lowercase letters represent significant differences
between groups at P<0.05 level.
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i, WARKEET . SHTHE 3, RS
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W, DS TRTRE 5% A A FUAF 8 A AT R0
243 IHEREBESETK

MR = A I L B TP RS T v B A R £R X
AN 9 FroR, X AREERN A SR Kk B,
TEES 3 RN EL & ik B, SRS
D DR - B i TR (2 T R 5 I
VIR SR E, REERR D ILRRE AR G
WAL, 7R, RIE B IEASE, ML
A1 LT A AT R A0 TR SR A AR AR ) R
K, AR R, R R R 5 A6 O A

—v— Lb-5-3
—A—Lb-9-2
0.055 [ - Lb-5-3/Lp-9-1
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»g 0.045 [ flag
& 0.040 [
3.
= 0.035 [
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=)
8 0.025[
Q
= 0.020 [
Z 0015
0.010 @b '
0.005 O,

B9 EERABRIBEPHIBEEREEEMHE A
[F]/NE TR R AL 5 2 7 B3 (P<0.05)

Figure 9 Curves of sodium nitrite content in
sauerkraut juice during fermentation. Different

lowercase letters represent significant differences
between groups at P<0.05 level.
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MRERPY, M T ARBEFNA, X F Rtk Lb-5-3 Al
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FUAFH, FLRE & S AL, KEZR, ok
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SRR, fEEBEE pH EAKT 5 B, A
ik ARR KA o 2, LR A ™ A KiE R
T T 2% TR 0 A A A RIS PR i 9 7
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B AR &R 7 R Y BRI,

S iR e S — o A AR LA s SO 1 1 1k
S RO R ER R 7 A WA BR R A TR IR
WAERRERAFAE T R Z 83t H iR i il
FREb A ik R ERAY . b PBRREARDY, H
H A W) A i 2 B S o R TR AR A R R R .
ST FUAF B AR A e T ) I A S i Rk P T 9%
R, EZRGIPEbREPE , BT TSR
HEFAEET 20 mgkg, WHIEA7h, B
i fofF D IV e B e BR R 0.15 g/kgs BN AR
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Er KT P i A R ) R TR S 1Y) 4
SRR P XFEREE T RS R R o AR Ay
Mol A Y, 560 FLAT B 5 A8 0 SLAT 181 150 A ik
(M R SR AR RE 1, BRI, 8 R TR S Hh
FHFLIR T 7T DA BRSE R AR Bom e, M
MFF A ARl . B FRIIREE
2.4.4 BRIERATFIE

TR S R A P v A S A B AR Ak an %1 10 B
N, PR TR ]R3, R R TE A K
Lb-5-3/Lp-9-1 45 3 KB 235 A i A5 AL iR A
KA, o A A4 AR Tl A 2 32 A R I o A

200 - —v— Lb-5-3

—4— [b-9-2
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160 + & Without inoculation
z
> 140 -
A
€ 1200 9
T
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80

60

Time (d)

B 10 BRABISEDPRTZBEEHTHE AW
/NG R B 22 5 835 (P<0.05)

Figure 10 Changes in hardness of sauerkrauts
during fermentation. Different lowercase letters

represent significant differences between groups at
P<0.05 level.
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Table 2 Results of sensory evaluation of sauerkraut
K5t Sample A Aroma  Jiiih Texture W5 Taste % Colour 24> Total score
Lb-5-3 17 19 20 21 77
Lb-9-2 18 22 21 22 83
Lb-5-3/Lp-9-1 19 21 23 22 85
Lb-9-2/Lp-9-1 12 14 16 15 57
K3 FP Without inoculation 14 17 18 16 65
“rLbs3 BRI S e, DR R A S
ol o LS ILp .| LR T DR S SR S0, WA s
________ -9-2/Lp-9-

-0 Without inoculation

Elasticity (mm)
o

Time (d)

B 11 EABEREPREEENTE  AFH
/NG FEHRER AL 22 5 1B 3 (P<0.05)

Figure 11 Changes in the elasticity of sauerkrauts
during fermentation. Different lowercase letters

represent significant differences between groups at
P<0.05 level.
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