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Detoxification of lactic acid bacteria to mycotoxin: a review
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Abstract: Mycotoxins are widely present in agricultural products, posing a severe threat to
human and animal health. As a group of recognized safe microorganisms, lactic acid bacteria
have great application potential in the biological detoxification of food, with low cost and no
adverse impact on food quality and the environment. By reviewing the recent research progress
in this field, we introduced the detoxification effects (inhibition of fungal growth and adsorption
and degradation of toxins) of lactic acid bacteria on several common mycotoxins in food and
feed, with focuses on the practical application of lactic acid bacteria in biological detoxification.
This review aims to provide theoretical guidance for the application of lactic acid bacteria in
food preservation.
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FLIR BE 2 LI 77 R AU R ™ AR Y
— A FRGAGY, HHrc &k 288
300 Fht. EIEEER R Y NFISI YT S AN A )
RorTais, MREBG R, BRgEy i,
BR A M54, T 5 22 Al ACRE AR,
ILERBRZE . MBS MGRRE R, H2
SIRIES . ERZ MR R, HlER
(aflatoxin, AFT) . & >K 7R % % i (zearalenone,
ZEN)., &7 % & (patulin, PAT), #li&E%E A
(ochratoxin A, OTA). ﬁi%ﬁ%(fumonisin, FB)
BEPEROR, KHARPEANZE, X A&
2P 1 B KR

BB B A BOR B R T LA KA T KRy
U, NREUREME M Z A, W2 ams
b 25 5 TR R LADRBRE B 128 Pl B i
F)— TIUIF T I, AL SR B EL I B R Y AL 2
T A R PR 2 HACRIRT , AR
BIEWA, L& 7 (lactic acid bacteria, LAB))™
2T il R AT, [ R 2 1 1 TR A 18—
W oA LAB X B B 2R 28 HAT BRI
HYUN . RemthsR . ZetEmSEIiA, A
AERMERENC, ARifiRLXF LAB
PR BT BE R 1S, AR TP TE LAB i 7 8¢
LT Y A AR 2R A A DA W R R A A Y
ELHBE R T o ASCRSE T4k LAB X 5§
R YRR A SCHRIE , JFX BRTWFSE
A0 Ry FRAE AR R BRI 7 1 Vi 1 R B2, LA
N LAB TEFLIE 75 3 15 B A J7 T i ik — 28 i
M=%

1 LABXtEHZZWEH

LAB JZRE 1 & 35 W) S AR ™ AR FLAR Y
— R RV, EEAATE T4 AL
FIRIRNAR B =R, AR B F 200
WL R, HA o A I R B v g . o

FEFRH], LAB A LU i 40l 7 2 2 0 A 4 A e
MER#ER 2 Moy ", 78 LAB B K
ML BN e R TRE o S IN AN A Wi o1 N 7 N
WYL, (2 LAB BA ) iEPimEiE k. R IE
Zhao ZPRIG R, LAB S AYFLIR . ALK
1 2R X R4 9k )1 7 (Fusarium graminearum)
M i % (Aspergillus niger) . >k i 2% (Aspergillus
oryzae) Fil#5 [ 25 (Asper gillus flavus) HA I B TG 14 ;
PLA niger fERTE/RTE, HFLBRUREE A 30 mg/mL
BN A 65.06%, LERWIE A 15 mg/mL Af
MR RIEH] 66.94%, X4 2 FHIRIR G IHID B % 15
ik 84.74%. Vimont S5 & B G FLATF 1A
A B IR R WA 1.38 mmol/L
Xof BRI A 22 R LA B AR, T2 R A
6.9 mmol/L B HLA R EEH]

LAB X O A L3 85 2 W 1E 1 3 2d 1o
W B AR A, DY i 2 B2 LAB X H. W 5 % 1)
WeRHVE T . Horb, WEEERR . MRWERERR . S JRE
1 HLAh 200 R R SR 19 52 2% X 4% A X — 2o A
B E BB, I HRHaE 5B R
FRERMWIGEWRE . LAB QIEHE | EHikAE,
BYREZNER pH AR FREE A L, 4k
i LAB X EL I # R (R A VE @ LAB 7
A= A 1 N S P
1.1 LABHIIEHE{EH

HFE" RS HERNAERA R, fEREAK
B BesE s IR 8, BRIl s m A K
RENS A WOk S FLIR B 3= )7 42 . LAB i EL IS
Py A ) 2 Ao (1) LAB ZERT BRI
AP AR, mommALR™, SEOR
5 pH FEMK, PREIAEMERNAK, T
Z B0 A FUUEY) . (2) LAB TEA K AR Y i
i P BE RS 5 O L AR KA IR B30 s
B3, AN BIFTE AR A R 2R B A A R A X
¥ R (Penicillium expansum) il JK 25 1 (Botrytis
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cinerea) S5 A7 I A AE K HAT —E YIRS,
FLIR T S HOR VR, AT LG, SR o 4
m=E 1 PR,

T LAB X9 st g1 A% 300 il ML A 58 43
e, BRZHEMRAN NI HEIHSE Z B ILD
KR ILE 58, Hd AU 7 A 90N b 2
LAB il B 5 AR K 0 fe s AL O B HLRR Y
PR R AR 2557 F 51, X 2853 F7EAIX pH
Whivh b F A, SRS U MR A i AR
AT R AL AH G A 20 i SR AR P E 5 24 LAB ™
A A BLRR A BB YR T, AR R
pH, R pKa FIEEE FEHEK 00 7 &, i
o T AR MBS, AR DA PR 7T DL B K
PR 27 2ok 200 B B 4 B S5 A 5, RS R IR 5
JEL ST # BE I BT 30 77, 51 AR A N pH
AR, SECEA ARG, tish, FmaT
HEB SR M SN pH AL, [
AT LA 3 i B R AR Y B G R
L R FLAT B A T A i —Fh R IR )
5T, 115 LAB BARK A& Fl A 038 P o 92 3R 9T
B QTR 2O 2L P E M M s B
TEM RN, B RN R S
SR A M A AR, JF ] DNA Gk,
IS A AR K FEEAET, LAB dixd
WRMAIAR . WER . o H il 85 R Lk
NADH A AME, W Tz o AL A B
PE, LS AR EE SR, Ak i B R T
FIVEE (1T EOW DR AN B AR, A e,

LAB HUi s R 75 —FibLsil i LAB
FEERIAE RN, Yang V183 28 HR7
AT 3R 1) LAB T bk, 7EPAIERSE pH FH Bt 48
EE I J5 0 25 R (Listeria. monocytogenes)
A1vb 55 FL B2 FT 14 (Lactobacillus sakei)4: KA —
EMEIER, BAEEZ R EAMEE .
S TR 3R 52 Ml 240 RS 7 e A, ) DNA R

Fr A il ff 2% FQRA P A0 2 1k 5 2 FC B4 40 o
32 5 Wy BB P O A R R R, SR
YR T RE A AR E Y . TR R A F b 1 i
PO BRI L, BIRET3h iik,
YN T RE TS R, U A B B, B SR
Ny, SENE SR s ATP 1A
AL, AR 206 P2, Ak, —egiE R
A LA |G R A i S AE LR B BR T R AFAE Y
LT, LA TS5 AR g 25 A 1 B s 2 1
FUREE PRI R SAMIIELS &, 7ERE B AL
LR ik BR A 2 A FH 5 005 D 1T R PN S A L
2, DRI 55 % S A AR Hox A K 40 i B A )
1.2 LABMEEZZHREEAR
1.2.1 LAB % AFT B91EH

HR A B A C A FATF ST 48 T U 2 AFT 7]
DL LAB A RESS 5, H BAG M7 T 4 id 14
a3 e A0 55 A B FARY . LAB 41 BE (1 A
gy, WIKEKE . BKLA YRR A RS A
SYERERT S AFT KAV . 2725 L
AVERPY, R4 Chlebicz %P i 7L ERAT
FA) 200 R R R SR . 22 R Al B R B o UK
M HEAE 454 AFB,, LAB-AFT B &¥IHfaE
PR LAB VRN 0 1A 3 i — A
FiEbR. Martinez %5075 & B R A0 AL AT 14
(Lactobacillus rhamnosus) RC007 HE % W ffF 2 1%
1 61%I1 AFM,, TEME G HRA —E
EME, T HAAESE SR R, LR A AR AS AE K
MRS AR AFM, Rtk /N ARG ]
[N T AFT YR Af 2 5 T g R i) AFT
BIRAL . R, B, AR, B HAT
KF LAB G FR AFT (05T E24EH7E LAB 1Y
WeBHVE AT, JCiedn st anfeT, LAB #FEA WK
M AFT MBE YT, K& LAB 4iiffiXT AFT 9
W B R P i, Tian PR EL, 5
AL, KIGHE Y FLFF 5 (Lactiplantibacillus
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Table I  Antifungal properties of lactic acid bacteria

Source LAB Fungi Antifungal References
substance

Fermented milk
product

Cocoa bean

Yogurt

Sourdough

Barley
Fermented

cassava

Algerian raw

milk samples

and traditional
fermented product
Food samples
from Argentina

and Peru

Malaysian
fermented foods

Wheat

Date processing
waste

Traditional
Egyptian
buttermilk
Silage, cucumber,
apple, soil

Lactobacillus plantarum,
Furfurilactobacillus milii,
Lentilactobacillus parabuchneri
Lactobacillus fermentum,
Lactobacillus plantarum

Lactobacillus reuteri

Lactobacillus plantarum

Lactobacillus plantarum
Lactobacillus pentosus,
Lactobacillus plantarum,
Lactobacillus brevis,
Lactobacillus delbrueckii,
Lactococcuslactis,
Lactobacillus fermentum,
Leuconostoc mesenteroides
Lactobacillus plantarum,
Lactobacillus paracasei,
Leuconostoc mesenteroides

Pediococcus pentosaceus,
Leuconostoc mesenteroides,
Lacticaseibacillus paracasei,
Lactobacillus paracasei,

Companilactobacillus farciminis, Aspergillus westerdijkiae, Penicillium

Levilactobacillus brevis
Leuconostoc mesenteroides,
Lactobacillus plantarum,
Lactobacillus rhamnosus

Lactobacillus rhamnosus

Lactobacillus spp.

Lactobacillus plantarum

Aspergillus clavatus, Penicillium
caseicolum, Mucor racemosus

Aspergillus flavus, Penicillium
citrinum, Aspergillus niger,
Aspergillus fumigatus

Penicillium Chrysogenum,

Mucor racemosus

Fusarium verticillioides, Fusarium

graminearum, Fusarium moniliformis,

Penicillium roqueforti, Penicillium
camemberti, Penicillium expansum,
Aspergillus parasiticus,
Aspergillus niger

Penicillium expansum

Penicillium oxalicum,

Aspergillus niger

Mucor racemosus, Penicillium,
Yarrowia lipolytica, Aspergillus,
Aspergillus flavus, Paecilomyces

Aspergillus flavus, Aspergillus
parasiticus, Aspergillus carbonarius,
Aspergillus niger, Aspergillus
welwitschiae, Aspergillus steynii,

verrucosum

Aspergillus niger, Aspergillus
parasiticus, Penicillium rogueforti,
Eurotium rubrum, Monilia sitophila
Aspergillus flavus, Aspergillus
parasiticus

Penicillium chrysogenum,
Aspergillus niger

Aspergillus parasitica, Aspergillus
flavus, Aspergillus carbonarius

Aspergillus parasiticu,
Aspergillus flavus

Fatty acids,
acetate

Phenyllactic acid

Reuterin

Gallic acid,
caffeic acid,
syringic acid

Organic acid

Lactic acid

Lactic acid,
acetic acid

No data

Low molecular
peptides

Lactic acid,
acetic acid
Lactic acid

Organic acid,
hydrogen
peroxide
Hydrogen
peroxide

[14]

[15]

(9]

[16]

(17]
(18]

[19]

(21]

(22]

(23]

[24]
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plantarum)Xf AFB, HA HRINEEGRES), X
W5 RIHPAEFEPT RE S BOBR R 11 . IRRPE AR b
DA K A R 2o W e e, (0 24 3 5 P 38 o
7T PR AL U5 o A W S g | S 2 Wl AR M, Rk
HH AT B A A R T A SAAC, [RTERE K A 2 1R /N
XU R 8 LAB 40 i BE Y IR R0 2 8
IR, 2% 35 Wi R 0L 20 B 1 A2 00 o 5
FBECAR LN 53, BE AN AFT 25600

LAB I AFT Z [aJ 945G Aot b2 nl 33 iy,
BEYRRCETE FEBO T AR . A3y LR
WA o Tsmail SR, M40
AFM, I 0.1 pg/L B, L. plantarum
NRRLB-4496 . Fii1-F i (Lactobacillus hel veticus)
ATCC 12046 FilF| R 7 ER A (Lactococcus lactis)
JE3102 % AFM, B9 FF 2505500 85% . 77%H
73% ;4 WML 22 h g Ve 3 U5 , 29 20%-30%
(8 Z WAL, Danial AN A LAB Xt
AFT 1R it 22 5 v B S BT AN [m] p A %) 40 i B
KA LS A7 2257 . Moller 2558 & 3L
RS KW S AFTRCRER B3, F 2
2| pH. WFEEFN] . AR LL S L BT (A 05 Ek

TR 1 02 P ) )5

AFT WITEYI AR ZTs AFT AYPEIR A Sk A7
o R AER I . Slizewska ZEPI D SRIET X T
I A& 7L A (Lactobacillus paracasei) LOCK 0920
%5 ZL T 18 (Lactobacillus brevis) LOCK0944 |
L. plantarum LOCK 0945 % % 24 h J5 % AFB, f)
BEfRART Ik 60%L) b 4, Zhang M5 B
L. helveticus FAM22155 7E [ 5 & i f o = A
FESL TG R 1 3 R SR R A AFB, AR LA
Pifi. MRAE Liv Ui, WAROG/NEIR R
(Armillariella tabescens) 73 & 2l {15 21 () AFT
filt T 5K AFB, B4 AFB, WYMREATA:
Yy, SRIGTELE EAL EAAAE N R A R A AT B
T4 % AFB, . Afsharmanesh 25401 % AL 25 24
JAF B (Baci llus subtilis) i 4 Ak 18 J5 it [ A 7T LA
FTH AFB, f N BRI, MIMTIE BB 3R . Eshelli
FWRIET AFB, BRI S —FIHLE], HE ]
B BF 5¢ 45 R 3% B 21 °F 21 Bk 7 (Rhodococcus
erythropolis)™= 4l L& 1 AFB, & 5 E B4
rh PN TR PR ODUERE Y O D, B TS P TR BR IR 7 A=
AFD1. AFB; H/EWFACINIE 1 PR

1 AFB, B9E 4551k

Figure 1 Biotransformation of AFB;.
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1.2.2 LAB * ZEN H{ER

A Krol SRk, FLBRFFHXT ZEN
PR B — N AR LRl B, 0 R bR A= 1 I
A AL 2 A3 8 . ZEN 7] 5 LAB 2 il 3 1fi
B IREOMEAR TR AT A i RE W B, 5
200 6L P9 2 1 A AR o R o 4 R A e e
LAB Z5H (7S ZEN A9 B 5 A S5
Y. Zhao ZE™PEAL T 27 #k L. plantarum X% ZEN
BB EE Ty, 259 27 BFRIAXT ZEN Ao Bt
BE I & AHATE , 7E 1.72%47.80%2 7], H ZEN
() BRACREZ B TR % . RER WA . Al
TRV R R S IR P . A F R R
LAB W f ZEN 3 SEAREE A M BE 25 11 S A8 5, 8
KM EAE 44 ZEN, i LAB 41 il BE £ b
FEA R ZEN 456, @A 2 5 LAB X ZEN
R AR ELAE B

ZEN HATFHEE RIA N EREE R, nlE )
b s A I R OK A, B Vekiru PRI,
WK ZEN N IR 3 5 B 2K A 7 W0 R R B MEUR
TR, TR I PN R S A B IR R 2 R I ZEN B
PE B A B RPLE . Wang Z5052A & 16 B 5
PERIAE B BA 08/ ZEN 5 Y203 1, DR o
TEELA BREGE PE 0 BRI X ZEN 1) [ £ R
71, Fe AT 3| — bR HA S BREEE ME H X ZEN R
fift BE 1 98 B9 %6 /DN 25 78 FT 1 (Bacillus  pumilus)
ES-21; ZEN 7EBREHVE AN WER A 2%, Fi)E &

OH

HO

HO HO

ZEN

2 ZEN B4 4
Figure 2 Biotransformation of ZEN.

COOH

A TR RN, A5 3 T MR 0 T 1) R T
Chen ZEPIRRFFE R THIMIAZE R, AIHALE
LAY 3 Bk R TG P LAB G 1 W B FEAIR ZEN
W B, PSS S ZEN [ . ZEN 4 1%
e 2 s

1.2.3 LAB % PAT 8915

LAB ¥/ PAT %3 1 20 it BE 0% B A1 i
/AN R B LAB 40 B 2 Ik SR 2 4
HIMBERER S 5 PAT WSS, Bahatil®®%
TEWFSY LAB X PAT B W B4 A A5 [ RE &
SIKRRBEZM L, st 2R . SR AIER 21k
G W& PAT WM e &, R & C=0.
N-H, C-H 1 N-O 5 PAT WAHEAER. Ngea
LTI & B LAB 40 fE PAT (RE 11 3%
FIARBEHE W, WIEMEKRE . PAT ¥)
UWRHRIE . pH FUFEIE], BLAL, Zoghi ZEPMH
i L. plantarum F"& fi2 ¥ ¥ 7 (Lactobacillus
acidophilus) N3 R0t th £ B PAT BIRES) 55—
b 28 A JC A TE A 5%, WA R 6 & A S SR i
WK R R MEPUIR MBS, LAB X} PAT (¥
TR F i mBEIAE] 91.23%,

A Py Bl A W T Ao YR PAT A9 P TR 24
LAEER, 3l AR EEMERY desoxypatulinic
acid (DPA)FI E/Z-ascladiol, S P X} PAT (A,
WRIEALRECAPFRER, Namilsgn

O o

OH

HO
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WL L oy B AR 3] 5 MRHEA R R
PAT REJIRY IR, HH 4 #%4 L. plantarum, 1 #
MFLER B BK 1A (Pediococcus acidilactici); 5 #R#
YREXS PAT HAT — & MW B RE 7, (0 32558
iAW AN TR R PATI, BRSS9
PAT [fRiGAM K PAT-INERIA KRR, BE)G
C—5/C—7 MM JFR 5 K742 DPAY . Zheng
2B 1 1% LA (Lactobacillus casel) YZUO1
2 PAT i 0] 7 AL S A PAT MIMLSM,
HIEZANE B bR PAT A HAET . tgs
S#) PAT [4f# N E/Z-ascladiol, =251 Wzl
I C4 b1y C-O SFF 3Rk E/Z-ascladiol,
H.rp Z-ascladiol & E-ascladiol BYAEEF{E A4 1L
PR, PAT WA AL AN 3 B .
1.2.4 LAB % OTA H{ER

LAB #fi ifd 5 vl 38 o A i R s K v . T
M/ SZ R i 5 W BRI AH BAE S OTA 454,
X i 4 4 58 71 v] DL 2 175 A8 /38 A5 AR SR
I SRS G A G ik — 25 345R . Zheng S5V
WFFE RIFE R LAB 35258 i W S2 B % OTA
PIfREE , I PN RIS B R R X OTA Yy FE
fEAVER . I B 7E W I 72 32 PR B IR B R pH
SEM K o3 AT fig 2 BN A A [R) I B2 F pH T LAB

OH

PAT

OH

OH

3 PAT BYEMEL

Figure 3 Biotransformation of PAT.

A RARZS TN OTA TEBR O S G A 225
AT A — TR ZE L B T 2RI A5 R, Luz 1Y
WF5E % PR ECFLAT i (Lactobacillus johnsonii) , £
TNV FLAF T (Lactobacillus bulgaricus). MEVR L
FF1#i (Lactobacillus salivarius)fE pH ik 3.5 HY
MRS Il OTA Sk 17% 44 4
pH {E 7} 6.5 BIWEBRACR Z B W &5, FFIRE
1.6%—4.4%, PAEEHERT LAB X OTA I fff
VER B 425 pH. 4018 25 B A0 R FP 2 R2 0
P 3 B — T 43 B PE SO JE /R B0 LAB
XI OTA fREEHLT BT T, KB OTA MMt
SHAT AR LAB 40 M A sl B 25 7 240 B A 248 i
TE MK AR TR REAR ™) OTa FIPRTNZ
BRI, LIRTAIHF oY B 20E I OTA JK i i — 28 ik
ity LAAS [ R BE 2R 38 2, Lo B 20 AR A 7RG
fitg A St B ERE A BR IR YO LR
FOBEREEES, E—50 01 OTA EBRAIHLE, &
TR BRI A% I RE 22 B OTA, HrPmgg e 3= 2
FH) Taroub 2 WF 5% & PRAERG % , LAB % OTA
(A B2 R R BT AARAS S Al A AR, Rl
KIL LAB 7E MRS }iFR A% OTA (fifeEhE
I FAE PBS W, LAB BRI REZEA ARG 5L
H LA [ OTA B A WAL G R 4 FEs .

0O

ol OH
——>
O — 0
0
OH
NG O
O ._> - O
OH
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HO
OTA

B4 OTA HEMEAL
Figure 4 Biotransformation of OTA.

1.2.5 LAB 3t FB B1EMA

TE4Fh FB ", FB, Fl FB, J2& X 8l ) fil 5 i
B FSE 0m 1) E ZAR RS YY) . LAB X) FB, il
FB, 145G B T 40 e BE 5 5% 1) ik SR W 45 #4 1
eRMARRT . 20 EN, HEZBIAERE .
pH . 07 & B[] A9 535 52 i 1%, N- 2 ka3 4
2 W F N- Tt N RE R GE ) B-1,4 W SE S - )
B IRME F 55, IF SR ARSCHR . BRI A 2
FETR Py 5] 5 BCK SRMH 18 I 1 445 A4y ot 4 e b 26
AT AR A, 13X AT LARE AN [l TR PR 7E 45 &5 FB
5 B R [RI 8% . Niderkorn 25 1HA K 5 7L #g
FrEAJR AR L, B EK TR & 10 45 5 20058 1 = T RE 2
D5k BRATE () 2 BB 7 AN AR, ZLER AT 0 )& BR AT
R 2-3 ASNARR, AR HEEK R & I BRME R4

Dawlal ZUF HZOGYLR LAB 43k
H5 FB,. FB, MAHBEAEAI A4, &3 LAB
5 FB Z I WA BEAE AESS Gk ARG, H
JTE MM R 45 G RE ) A RE g BT
A2 G AV 5T P L2 A | S T80 i Ak 2 B A
KR FRIZIE , RAEFE 2 LAB 4 f
BE TP A0 AR PEERAAS (75 20 i BE B 22 2 Oy
BA FBy Fl FB, (4G FI G55 A0 s — I & 24
MORER TR, 45 G R0 dsR, MIARE T o
7% P ) 75 [ FL AT 1 (Lactobacillus - delbrueckii) 1
#rL At LAB TG 445 4

L. plantarum i &,

cl
H
Nm*t{
@f\:o OH O

cl
0 0 +
HO/‘%()
O OH O

BER AR TR T K, (A5 HLA T R A i 2% 1
FHAY L. delbrueckii %I FB, I FB, HI45-4 36 1 71
fiiF L. plantarum; BT LAB H 54545, FB
ETH i BORE R M 22 R S BN 4y TR
LAB ZifiEE A AL A0S, T FB,
AT FB, 450 LA Z T — 1503, Fishg
SRR Y B A S B0 R 5 484k BRI FB,
5 LAB #iffIBE 255 5 SRTTE X W 5E
i FBy Ml FB, & HHARIRIA 2, TR Z ] A X0
EF AL 22 5 5 [FIRHEEBRTTIAh LAB 4i i
5 FB Z Al AH BAE ] 2 KRR (s [ AR
FHEAE ) MR GEFER Ty . 5 R H
U AE YRR R E M EAE R IS

FB & £ S AN = R R 41 W 1% XL 25 1k
HY, MR RN R, REREREG AT LUR L
HEZESE FB &R 2 A~ RIS, 55
KfEF= HFBUY, Gu ZUPHR T b Rz 4
AN M BRAZ AN MR A SE T FBy Il HFB, (1)
FEPEVER, 45 K9] HFB, #1E5 T FB,, Mt
Kéff FB, S HFB, o] BB 1836 Ml RAE A
ROAWS . FBy AP AL s 5 s .

LAB 4l fif 8% 5 B/ B¢ = B9 AH EAE A& 6
fiR, Hi ZEN FE S5 S 25 Rk
REEZ4E G, PAT FESEEREIRZE 5, AFB,
TSR . SRR LS, FB 18
R IZ 254
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NH, OH 0”0
WM/Y\/ — :
OH OH 0.0

Polysaccharide

Teichoic acid

O
OH
HO
(0]
FB,
Bl 5 FB RIEMEEL
Figure 5 Biotransformation of FB;.
S-layer protein . = ; /
[ .{:7; B . !
ol L |==®
/A.;
T
) )e kO E S =
1 ‘i)")-' ' —

Phospholipid ~_ 7 ¢ o g ':A\

; X ( -

/ ; ; L‘\‘ \

t“i 4 \\i \'| ’f

= Ay
CONA A

BN 7EN PAT AFB,

6 LAB X EESHRMIER
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