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Abstract: Lactic acid bacteria (LAB) have extensive applications in food and medicine fields.
They are used as starters and functional probiotics in food fermentation. The activity and
performance of LAB are influenced by various environmental stresses involving osmotic pressure,
temperature, oxygen, acidity, and bile salts. Edible LAB can provide numerous health benefits.
However, their viable counts decrease during production, storage, and digestion. This paper
systematically discusses the different stressful environments faced by LAB during production,
storage, and digestion, as well as their stress responses. Furthermore, this paper summarizes
existing high activity protection strategies and mechanisms from two aspects: isolating from
stressful environments and enhancing strain resistance. This review aims to provide theoretical

support for LAB strain engineering and product development.
Keywords: lactic acid bacteria; stress; stress response; protection mechanism
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Figure 1  Stress of LAB in different environments. Created with BioRender.com.
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*1 AREIFUER 7R LABRIS T
Table 1 Effect of different pretreatment methods on LAB

Methods Strains Term Results Mechanisms References
Heat Enterococcus 52 °C 15 min Increased tolerance to H,0,, [4]
faecium ethanol, acid, and alkaline
stresses
Tetragenococcus 45°C 1.5h  Seven-fold increase in Involvement in energy metabolism and [87]
halophilus survival in ethanol-stressed  upregulation of membrane transporter
environments protein genes
Lactobacillus 65 °C 40 min Increased stability when [15]
acidophilus stored at 37 °C and 42 °C for
one week
Lactobacillus 45°C 30 min  Freeze-drying survival rate  Changes in key enzymes of glycolysis [88]
acidophilus increased from 39.1% to and Na*-K* ATPase and increased
56.3% galactose production
Cold Streptococcus 10°C2h Increased tolerance to gastric [89]
thermophilus fluids
Lactobacillus 10°C2h Lyophilisation survival rate  Expression of two cold shock-induced [79]
delbrueckii ssp. increased by 16.06% genes and six heat shock-induced genes
bulgaricus were upregulated
Lactobacillus 20°C1h Inducing cross-stress and Up-regulation of the expression of the [90]
kefiranofaciens increasing resistance to other molecular chaperones DnaK and GroEl
adversarial environments
Lactobacillus 10°C2h Increased synthesis of cyclopropane fatty [91]
helveticus acids and enhanced cell membrane
fluidity
Lactobacillus -5°C2h Extended shelf life Production of surface proteins [92]
brevis
Acid Lactobacillus pH 4.5 100-fold increase in survival Intracellular malate and histidine [81]
casei 10 min atpH 2.5 accumulation
Lactobacillus pH3.01h Increased survival rate after [93]
plantarum 180 days of storage at room
temperature
Lactobacillus pH 5.0 MRS  Freeze-drying survival rate [79]
delbrueckii ssp. increased to 68.3%
bulgaricus
Lactobacillus pH4.52h Increased lyophilisation Genes involved in fatty acid synthesis [94]
plantarum survival and amino acid metabolism and sugar
metabolism were significantly
upregulated
NaCl Lactobacillus 0.6 mol/L Increased synthesis of surface proteins [95]
acidophilus NaCl
Lactobacillus 0.4 mol/L Increased lyophilisation Up-regulation of K* transporter-related [96]
plantarum NaCl survival trkA gene increases cell membrane
unsaturated fatty acid content
(§28)
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(Zi3R1)

Methods Strains Term Results Mechanisms References
Lactobacillus 0.2 mol/L Increased accumulation of the [97]

delbrueckii ssp.  NaCl

compatible solute glycine betaine

bulgaricus
Lactobacillus 2% NaCl 2 h Increased glucose utilisation Increased activity of glycolytic enzymes  [98]
delbrueckii ssp.
bulgaricus
H,0, Bifidobacterium 1.5 mmol/L Up-regulation of genes encoding [99]
animalis H,0, thioredoxin systems and divalent cation
transporter protein genes
Lactobacillus 0.5 mmol/L  Increased survival in Enhanced regulation of amino acid [100]
rhamnosus H,0, sublethal conditions metabolism and group sensing pathways
Bifidobacterium 210 ppm No loss of viability after [101]
dissolved 35 days of storage
oxygen
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