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Strategies and New Technologies for Improving the Tolerance of
Lactic Acid Bacteria to Processing and Gastrointestinal Environments

XU Qiongyao, WANG Juan, LIAO Ning, LIU Guanwen, LI Yinghui, SHANG Xinzhe, GAI Yixuan,
WANG Congcong, SHI Junling’

(School of Life Sciences, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: The market and demanding of lactic acid bacteria and their products keep increasingly in recent years. However,
it is difficult to maintain the activity of lactic acid bacteria during the processing and storage periods due to the stress caused
by heating and oxygen exposure conditions for these anaerobic and heat-sensitive bacteria. This also causes a significant
reduction in the quantity of live lactic acid bacteria in the end products. The activity of lactic acid bacteria will further
decrease under the high acid condition in stomach and the high bile content in gut tract, which greatly reduce the end
probiotic efficacy of this kind of probiotic products. Until now, numerous efforts have been made to enhance the tolerance
of lactic and bacteria against heat, oxygen and gastrointestinal conditions, resulting in the emergence of several novel
technologies. However, it is still challenging to select the most suitable technologies for practical application, as the results
from various studies have not been thoroughly summarized and compared. In this study, the currently developed techniques
for improving the activity of lactic acid bacteria during processing, under gastrointestinal condition, and in intestinal
delivery are comprehensively summarized. The results from different studies are well compared. The application of
electrostatic spinning, electrostatic spray, emulsion droplet technology, polyphenol nano armor, and heat induction
pretreatment in the process of live lactic acid bacteria is also introduced. The information presented in this study can
provide useful guidance for further research and the application of the currently developed techniques.
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Table 1 List of bacteria that can be used in food

[LEi A
FHAE R Bifidobacterium adolescentis
BYIRUEHT B A Bifidobacterium animalis subsp. animalis
ST P FL A Bifidobacterium animalis subsp. lactis
PHIBRUB AT T Bifidobacterium bifidum
S AU FF TR Bifidobacterium breve
RGP ol Bifidobacterium longum subsp. longum
KU B LA Bifidobacterium longum subsp. infantis
AR Lactobacillus
WETRFLATFIA Lactobacillus acidophilus
Bl FUF Lactobacillus crispatus

TERFFFE AR Lactobacillus delbrueckii subsp. bulgaricus

PEPCFLFF AL A Lactobacillus delbrueckii subsp. lactis
& ECELFF A Lactobacillus gasseri
B - FLAF IR Lactobacillus helveticus
IR Lactobacillus johnsonii
SFURFETLF B LRy Lactobactius Kefiranofuciens subsp.
FLEEHT R Lacticaseibacillus
T FLEEAT Lacticaseibacillus casei
AT B FLAS AT I Lacticaseibacillus paracasei
FRAEL AT B Lacticaseibacillus rhamnosus
RRCFLEEAT R Limosilactobacillus
KRBT T Limosilactobacillus fermentum
B AR LA R Limosilactobacillus reuteri
FUAEFF 2R Lactiplantibacillus
T FLAEAT R Lactiplantibacillus plantarum
A FUAT R Ligilactobacillus
MR FLAT A Ligilactobacillus salivarius
JARFUAT R 8 Latilactobacillus
oty A LA Latilactobacillus curvatus
TG AR FLT Latilactobacillus sakei
HERRTA R Streptococcus
MR TR T VAT o Streptococcus salivAarius subsp.
thermophilus
FLERE R Lactococcus
FLERFLIR R 7L Al Lactococcus lactis subsp. lactis

FLURFLER A FLIE AP L2 BERL)

N R Lactococcus cremoris
IR R Propionibacterium
242 LG T 8 P I 4 30 o Propionibacterium freudenreichii subsp.
. shermanii
NRR & Acidipropionibacterium
FENRR R T Acidipropionibacterium acidipropionici
i8N ) Leuconostoc
e Leuconostoc mesenteroides subsp.
WML o SR L mesenteroides
FrER AR Pediococcus
FLRR Fr KA Pediococcus acidilactici
IO F Bk A Pediococcus pentosaceus
WRZRWE Weizmannia
BEASTAR 2 N Weizmannia coagulans
SYIER S Mammaliicoccus
AN BIER T Mammaliicoccus vitulinus
AR Staphylococcus
AW ER Staphylococcus xylosus
PR 2 BR A Staphylococcus carnosus
e E Kluyveromyces
Ly Ly
v v - A B Kluyveromyces marxianus

Lactococcus lactis subsp. lactis biovar

diacetylactis

A XN AT B J& ( Bifidobacterium) 7 70 . ZLAT B )&
(Lactobacillus) 8 F . 5 BR T JE (Streptococcus) 1 it |
FLEEHT B R (Lacticaseibacillus) 3 T KW LIS AT B&1
J& (Limosilactobacillus)2 Fh . FUFEATEE (Lactiplanti-
bacillus)1 F | BeGF AT B (Ligilactobacillus) 1 Fj |
A8 FLAF B (Latilactobacillus) 2 71 . LR H @
(Lactococcus)3 it . NIRFT T J& (Propionibacterium)
1 F . NBR & (Acidipropionibacterium) 1 F . B &3
PR & (Leuconostoc) 1 Bh . FrERH J& (Pediococcus)
2 Fh | BRR 2 [N E (Weizmannia) 1 #, SHHERTE R
(Mammaliicoccus )1 Fp | #EEREE (Staphylococcus)
2 B, e HERARE)E (Kluyveromyces )1 i, B il L
R FHZLER A ZLATF B R (Lactobacillus ) . FLEREE &
(Lactococcus) . B BB ER R (Leuconostoc) . AU A
J& (Bifidobacterium) . Fr BRE & (Pediococcus) . FEBR
B&E (Streptococcus )™
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Fig.1 Probiotic effects of lactic acid bacteria on human
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R SErE R FUAT IR BEASAE i 15 45 °C BYIREE
T A, BRI 45~50 °C BHFAAE IR IS FI) 41
M FOAFIE S S IR 7R RN 46 S FA A TR] BEAE A %L
Vel LI PR 2 2 TR TS T AU, e 2 s T
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] AV FIA LD LR B 7 T R P A TG PR S,
E—E R FH 2O M P AR R
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AT R i LR B AR g5 TR R v v, B

ZIPR T ZIAEIHEOR, Horh LIRS R AR 5L
SR, (R HAE FHRCR S I FHAERA G, B, Bl
JHEHZLIE AU AT B BB-12, Al T =
SRTE 60 °C EiRACHE 5 min S8R 8.31 1g CFU/g
MG PEFLRR A, AL HEAN R 7= AR R &5 T 4b
PRIE, WA 7.55 1g CFU/g; 7EFIFLIE IR AZE
BT B GLHE, GRS — AU/ RUBE AT TR 25 145
RS AR BT R P GRS, (A5 il A T35 B2
SUFES A ELS N T 0.49 F110.97 1g CFU/g!'),
Souza 551" FH 22 ZE KNGS FI1AR 260 B G0 2 B 2= 0E 2LAT
A T ESFLAT R RS ) ZUAEAT IR 55 = AP a5 A 1, P
WS IR, 7 PR AR T 2 DR,
{EVETREURIR = T 25 A A B SR AH DG AE (10° CFU/g) o
X FIRZE AR, v ARG ELIS s S5 350 &
ST, P ZE ZERRS R e i R X LR A
TEMT S5 Tt AP O LRV E AR, IF LA EIZLIE Fi
BRI A (I R e
1.3 BEATAE

JUria PREERE S SR W 2R PR AH DGR R 1Y
2k, P AR I IR ERIE R AR I, anE 2 B, &
R 2575 S 2L TR ™ AE BN, dE AR T R
IR HRPR v 25 RS DAL A RS0, sl it
U AL ZH N5 , S5 PRAAT v TR A (A 0 e
J3PN, X A 43T GroEL, DnaK., /MR
SRR Clp ATP [if§ (— i R A 52 451 85 71 5T 19 16 )
5. EATTRERE S B4 M N SZ R AR 1 S ST, 4
FEAMBRAG TE H W PEP CAnE 2 Fias) o SR, 3 e AL
B2 P EUER AR AR FTER AR, MR RNA 4525
YRSy FHka e PERSE A i sh i, B seT -,

AR EAE S HZ A, LI B ™ A I BRI R 1 3 AT
DnaK. DnalJ. HrcA. GroES. GroEL . Hsp84. Hsp&5.
Hspl00. Clp. HtrA il FtsH ££24 Hoib, 3@ i $45
SAFLER I 74 DnaK | Dnal, HrcA Z:HUME HBE

# 2 FURREMIS TR R T PR

Table 2 Protective agents commonly used in the spray drying process of lactic acid bacteria
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Fig.2 Heat stress response of lactic acid bacteria
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Lo T3 S FLIR R S TR AT I HEP L RE 77, M
FE TR R . Paéz 500 SRR I, THRATIA
AbFR(52 °C,15 min) A] DA B 3EHEE L. casei Nad Fl L.
plantarum 8329 TE T FEAGEAF A5 3

WSS, 45 At FH ARGE I A PR BB A% ) 25 42
1o FLIR TR A N L A, REAIRFLER TR A9 N T30,
H SR S AR A5 (5% 3) . 4N, Shin 4507
KR, FET IR, Sok B ImERE HL7 7E 52 °C FALE
15 min, A LARERAHM A DA RN TR Y LU, (i1
M35 THE e, RIRMAFIE LS T 103~105 1%; Sonia
LGS IS R, FERETRZLAF AT NCFM 7E 53 °C TRER
20 min JiF, AIHEEALE 65 °C FFEEZM 0.003% HEe
#] 0.5%, $&/= T 24 166 fi5; Zhang 3577 52 280, FH
0.5 mmol/Li{) H,O, 7E 37 °C FALEE 2 h FEUEf 7T
S5 T HRAL R, AR R 2R FLAT IR 1301 BOAFE M
3.7 logCFU/g ¥5hn%)] 7.8 1ogCFU/g, £ T 249 150 £i%;
Chen 5P W57 LB, H S ZLWREZLAT R M1 7E 37 °C
TNACER 1 h S PR TEESE TR T, A AR AN
SR 0.004% FEEE] 0.21%, FEE T 52.5 %5 SAMITHE
R B AE SR A, L) Sonia 28128 $2 HUAE 53 °C
TNREFE 20 min AR EIRBE R R (166 %) o SR, 7
LA A, AN RIS i BT FH R AR AR B i e, i
TR AATRLEE | BSFTRT, LR e i B T ARy T AR o
FEMRT FLES S i HL, AR AL RS TT BRI AT TR AP
T PRI AR, Rtk ASBE AT PR A 5 T A
IR T RO BRI R, TR 245
2z FE BRI ARETE, 0 T IR IR (A 4E 2 Fh K ZE U T
S PR T o

1.4 FHEGLMT

T g7 22 2 FH e 4L ith, A RS S b
FEH, PP AR SR G (AnEl 3 ) . B
FEH SRR W22k (BN #8 Sk ) Fnd b
WS A (G B 24 T T oloti ) i, (B, R
PG — BN R AT E AR S WIS R s s AR, 2R )5
P B AH S AR P SR g R L fer Al SR AE
HEF et se IR -SRI R ET 9K 7, MR TAk
2482 At e g 22 J LT AT LRKE T A BRSO TR
G AT HERT

B el G PR A Y, DL RS PR TR A R B
el H S EA AR (B ANV e @ £h) TR -G,
AT DA AR A SRS 4ETdh, X ARG s
B —Fr AL EEM . AR, B2 0 S H T
T AW T PR A — Lo A W hE P SR 9 B, g
WIREFHE . Irfsr= it A A WA M AT
i . BRI LB . 7 SRR e EAr, &
TR EY BT A A B

WA, AW H R R i 22 B R T
FLEREIIN T, Amparo 250 W57 & 81, LAk 4EZLiE Al
T2 2N LT, 8 e ST 22 BRIl B B4
B AT B FLIVFF Bbl2 HlFIREUEZE 20 °C LL N A7ETE
40 d, T H AR AT RN IR 1Y 2 4%, AR
= T AR G R i A e R e . RIS,
AW o, BRARTE SR 2= rh gl 22 R T A 3t
Feng 450 FHER 2 Mt/ IR SR LM v, 27 22 B R X e
YRR T T, RIARGEBEATLE 70 °C 7K
VEALEE 30 min J5 58420, TALE 1™ MAE X Fh 2%

F 3 PG N AL P FLIR TR A A S

Table 3  Effects of thermal adaptation treatment on the survival rate of lactic acid bacteria

A IR (%) oAb PR S BUHE S AT (%) 173 E =B UN
60 °C; 40 min 5.19 pH5.05 30 min 92.73 E. faecium HL7 [27]
65 °C; 20 min 0.003 53 °C; 20 min 0.5 L. acidophilus NCFM 28]

60 C;1h 0.01 0.5 mmol/L H,0, 37 C;2h 66.29 L. rhamnosus hsryfm1301 [29]

52 %C;2h 0.004 37%C;1h 0.21 L.kefiranofaciens M1 [20]

EH B
R
-
N
N
N

B3 b T L L T AR B 7

Fig.3 Schematic diagram of electrostatic spinning device and spinning fiber carrying bacteria®”
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=2 75%, ST RS EATRL B M W AT R AT
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Fig.4 Schematic diagram of impact aerosol technology
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