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Fig.1 Osmotic pressure resistance curve of LCZ
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Table 1 Effect of different initial culture osmotic

pressure on LCZ growth
MRFBER RRWAREER RRXEKEFEM

mOsm-kg™! h! (ODgooun)

400 0.143 £ 0.006" 2.087 = 0.009*
600 0.149 = 0.006" 2.087 + 0.004*

800 0.152 + 0.005* 2.077 £ 0.018*
1 000 0.136 + 0.005" 2.038 +0.018*
1200 0.125 + 0.004¢ 1.983 + 0.004"
1 400 0.107 £ 0.004¢ 1.958 + 0.009*
1 600 0.095 + 0.003¢ 1.787 + 0.053¢
1 800 0.093 + 0.003¢ 1.842 +0.028"
2 000 0.087 + 0.003¢ 1.799 + 0.026°
2200 0.057 + 0.002¢ 1.494 £ 0.048°
2400 0.048 + 0.001" 1.448 + 0.053¢
2 600 0.044 + 0.007¢ 1.284 + 0.038"
2 800 0.037 + 0.004¢ 1.185 + 0.005¢
3000 0.034 £ 0.009" 0.850 + 0.023'
3200 0.020 + 0.002 0.708 = 0.002*
3400 0.016 £ 0.001' 0.602 + 0.013#
3 600 0.021 £ 0.002 0.515+0.011"

T AN TR 5 8 Bl 1] 25 5 8 3 (P<0.05) .

S TR R A A PR B AR AR R R e R R B — 2 FR
FERT, B 25 o8 A A0 oA A i A S 0E e . BRT, 7
S W R A AR S T Aok R HLRR R
SRR I A BE R B pHL, A 0 B AR (NaOH
Na,COs, Z7K%), ¥ pH W45 4k 45 3 Foilh A4 Kl
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Fig.2 Inhibitory effect of lactate on LCZ
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Table 2 Complete inhibition concentration of different salts

Eikos E FUBR 4% FACAH A4
T4 3 ] K JE /mol - L 1.4 0.7 1.4 1.4
Fp ) Bt % % B /mOsm - kg™ 3176 =20 2017 +8 320411 319815

2.3 HEAEMBRMGE

HHA PRI B 48 — S RERE 72 20 i A LR 21—
SE R JE A B T 20 M AR B S 8 1 TR R A AN T
M IE AR BB Ny AL S L o S
FRAEXT LCZ & 2 R 97V 98 R4 7], A BE5E
e AT 4 7 2R A BRI VR RTBO AR B PRI T, T
BEVE g —Fp AR L B 0, W T U TR RS
BB AP W0 A5 PF T AT X A0 T IR FAE A A
JiO R ) PR AP AR ML 254, T Bk 2 R I PR SR B, T
SRR AR A A3 P o A5 A O il =R 2 IR
WIAE K R T el e i e Rl LA i R A
SRR RS T () IS % By 4 A S i BRI, R &
2 MR C BB IE W AE FR 38 1 v VR D aa L B i
i BAT ORI E R AR B 7R R AR BE R
W (Streptococcus thermophilus )TF96 ) A K i &
R AR IR I e R AR R R SRR TR, 3¢
B SCPR O = 2 H R, ol A7 e T Sh AR A
JERRCH WA B E R Z —  HA RPN i

I

A P A BT 90 07 e AN [ 38 3 T 4 R O
FIBLRAP ORI LI 208 B30 | 16 bl
L-RAZRRTE 2 000 mOsm/kg DA B8 A EE A
B R VB B 55 TR 5y, £ 2 fHL AT LCZ
MY %, K 3 Al LI 2R AE 2 000 mOsm/kg
BB N RSO B3, RS0V BT i 3
PR VE LR A AR B e Z 3 7 & B |
Ay ik, X UEW] L— I 2R A Ry A 25 1 I 5T %
LCZ WY R B BA B ERYERH, BRAES
BT REVER ., 4l A S LA 2R 3g
SCARAP W BCRE i, 0 G, U8 1 S R 0 i
2 T AR 6 22 B Y2 000 mOsm/kg AR A5 1]
AEE LCZ 112 33 it 52 1l 5t A, B 2o e 53 a5 T
TR B B 0038 53 N R i T RE S R AL, BB Rk
VT o % P R B B 3 R DR I HE N 6 22 pH
3L RG R vh R WK Y- 14 52 BRA T RE 3298 3 I 3A 1

5/
AU
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Fig.4 Effect of L-proline addition on LCZ activity
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pH i BEAM RS % R I8 41 1,2,3)3 ANl 56 41 & %
B BRI SAERK ML, 78K FEL S E %
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Fig.5 Effect of L-proline addition on LCZ damage under hyperosmotic pressure
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Fig.6 Changes of osmotic pressure and cell density in different culture methods
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Fig.7 Changes of environmental biochemical indexes in different culture methods
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at the end of fermentation in different culture methods
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Damage Mechanism and Protective Measures of Lactate and Osmotic Stress

on Lactobacillus casei Zhang

Yang Xiongzhou, Wang Haogian, Zhang Jingwen, Huang Tian, Yu Jie, Zhang Heping"

(Key Laboratory of Dairy Biotechnology and Engineering, Ministry of Education, Key Laboratory of Dairy Products
Processing, Ministry of Agriculture and Rural Affairs, Inner Mongolia Key Laboratory of Dairy Biotechnology
and Engineering, Collaborative Innovative Center of Ministry of Education for
Lactic Acid Bacteria and Fermented Dairy Products, Inner Mongolia Agricultural University, Hohhot 010018)

Abstract Objective: To investigate the inhibitory effects of lactate and osmotic stress on Lactobacillus casei Zhang and
to find solutions. Methods: The organic salt stress and osmotic pressure stress were created by using sodium lactate, am-
monium lactate and sodium chloride, respectively, to determine the concentration of complete inhibition and plot the os-
motic resistance curve, and the physiological damage to LCZ and the protective effect of compatible solutes were ob-
served by measuring the density of the bacteria, the number of viable bacteria and cell damage. The key factors of os-
motic pressure elevation were explored by batch culture and constant pH batch culture, and the effect of osmotic pres-
sure reduction was achieved by diluting the fermentation broth, and the changes of bacterial density, viable bacterial
count and dry weight yield of the samples were measured after dilution. Results: L—proline has a significant protective
effect on LCZ biomass accumulation and cell activity under hypertonic environment, and the optimal addition amount is
2 g/L. The diluted fermentation broth treatment has a significant effect on the density and viable count of bacteria in
constant pH supplemented culture. The final fermentation broth ODgy,, and viable bacteria count could reach 19.68+0.429
and (3.439+0.110)x10" CFU/mL, which were 1.61 and 1.46 times of the undiluted treatment, respectively. Conclusion:
L—proline can alleviate the activity damage of LCZ under hypertonicity to a certain extent, and reducing the osmotic
pressure at the later stage of fermentation by diluting the fermentation broth treatment can greatly improve the fermenta-
tion level and cell activity, which can provide reference for industrial production and application.

Keywords Lactobacillus casei Zhang; lactate stress; osmotic stress; compatible solute; high density fermentation



