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LM E7E Caco-2 HBEAREY i X B7 I 44 58 $i% AR AT BS Y (e i3t
1EH

AL £Em' REW' EER' KAE' ¥EE' XA FEWS
waE® FRE

1 BN R 5 TR LA I A EAR 5L E A s LIr M 225127
2 AL M ARAE W AR 610023

3 AEGEYRE @I ARAR LI M 225100

8 . [¥%]) 42440558 (Short-Chain Fatty Acids, SCFAs)EA #4462 . 480 T M AR
) N R B B AR SR AR E A A F UL LB & 1A A Z 249 Caco-2 40 il SCFAs
AL B 5 FUAT B AT AR SCFAs #9 %57k [ 7 ik 18 i3 %5 W, FEL{# (Transepithelial Electrical Resistance,
TEER). #mfeABHk4EM) . REQ41i8 5 A 0 fe 8 78 -1 K30 5 R 42597 Caco-2 @@ Bl SCFAs
AR 4 T A A RS, F AR AR &3k KR AN LA E T IRAT B4R P Caco-2 M@t A
BATE M4 E. [4£R] Caco-2 Mt f B3E/RESF 11 RATH) TEER 144 1 290.73 Q-cm®, f£5
15 RBFA 131931 Q-em®, o Mt s S E A B EE— B2 H FmlRRBMAL, Kirad
#FEDF 1310 cm/s, £ 1 mmol/L AERR T B4 F4EA 3h B, R & Caco-2 ey 475 %435,
27 A 99.03%A= 91.42%. A4 AT & (Lactobacillus plantarum) P54, P58. P67. P97. P123 % P198
FHE, AT Caco-2 MLARBREZTHIEEZH T RIEF (P<0.05); & B FUATH (Lactobacillus
fermentum) F146 A4 FUAF & (Lactobacillus plantarum) P1 TG, JBA TR A EHN L EHF 5 TAER
(P<0.05). [4£]) KE ey FUAT ) AALA F 845 3t Caco-2 Bt ) BR 3, T BR 69 JRUIK.
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Enhancing intestinal short-chain fatty acid absorption by
Lactobacillus in Caco-2 cell model
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Abstract: [Background] Short-chain fatty acids (SCFAs) have a wide range of physiological activities
and biological effects, such as providing energy, regulating nutrient metabolism, inhibiting endogenous
cholesterol synthesis, and so on. [Objective] The model of Caco-2 cell absorption SCFAs was established,
which was used to research the effect of Lactobacillus on intestinal uptake of SCFAs. [Methods] The
integrity and stability of Caco-2 cell model was evaluated by transepithelial electrical resistance (TEER),
cell ultrastructure, apparent permeability coefficients of phenol red (P,p,) and cell proliferation toxicity
test. The content of propionic acid and butyric acid in the model was determined by gas chromatography
mass spectrometry (GC-MS) before and after inoculating with Lactobacillus. [Results] The TEER of
Caco-2 cell monolayer was 1 290.73 Q-cm” on the 11th day, 1 319.31 Q-cm” on the 15th day, and the Popp
was less than 1x107° cm/s, the cells were closely connected and covered with a layer of microvilli
perpendicular to the cell surface. The survival rates of Caco-2 cells were 99.03% and 91.42% after treating
with 1 mmol/L propionic acid and 1 mmol/L butyric acid for 3 hours respectively. The propionic acid
content of Caco-2 cells in the model inoculated with Lactobacillus plantarum P54, P58, P67, P97, P123
and P198 was higher than non-inoculate significantly (P<0.05), and the butyric acid content of Caco-2
cells in the model inoculated with Lactobacillus fermentum F146 and Lactobacillus plantarum P1 was
higher than non-inoculate significantly (P<0.05). [Conclusion] The Lactobacillus strains used in this study
can promote the absorption of propionic acid or butyric acid by Caco-2 cells in the model.

Keywords: Lactobacillus, Caco-2 cell, promote absorption, SCFAs

IR AT BRAE S N A4 g 18 v o 2 1) i 55 R i
i (Short-Chain Fatty Acids, SCFAs), %} A{KH{d5E
AHEEEMEW, HARHUAGEE . (R
3t B R R h o e e A A o e R
Bz 20 HWSCIE AN SR AR A R LR U5, i
1045 30 38 AU FFF 200 75 o L T o R v % R S it 7
PERAM i 22 NE R G, I A I O e
ARG WA RO e s AR IR T R A
Nl bR AN R RO TR, bR T T ALRE, d
AR A GG A ok, A RS I R
P, T DL FasE DNA FE S DNA $i450 4
HEARMLATE B, E 2k R B 57 e 1) o8 B Pk e B
S VA E B

W55 &M, SCFAs MU RIERTIE, &

A R A5 B4 F R R KI5 5 #2219 kA= RN 7
FWAT 4, B, SCFAs M= AL 54m A
M8 R S, B2 SRR R AR AL
I RAETEBR D, IR AR ST R B K
AU WRgER R B, AR PR RE DM T 0 R
SCFAs Mk = A E BV LR, 1 e 2k 8
W SCFAs Kt B A 19 5 A E RS 4 A 0 28 J %)
FEP,

BIRIEELT4EA F T SCFAs (1774, (HE H s
LIRS B LB ARANE SCFAs R ALBENS
ARl B MR O SR TAH T R 2T 4
FUFFBE A AT LGB e E SCFAs (7= RN I A:
St AR, S AT I i A T Y
A KRR HEAT 25 B 1 BB 038 W 1 I A S8
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U, i FE B AL PR G s e,
BT bR Al SCFAs HIASMIFTEHR D
Caco-2 MR T NZE W I A, FLas Mgt A:
AR HIZR LT /N E R, WA WTSE SCFASs
Wi PRSI T, PRt AR SC AR v 3R
T PR A YT A AR LT 2 i JIEL 56 e 26 A i 0 488
SRAFLFF R AP R , 3l i N7 Y Caco-2 FRZ
20 M A BRUR AT X i b B 20 B e N R A TR
AR , LU O e fe A R C SCFAs LA T K%
FAE LRI S O PR o

1 MRS5S FHE
1.1 ##

1.1.1  EHR R 4R
T8 ¥ #L #F W (Lactobacillus  plantarum) P1 |

P54, P58, P67, P97, P123 J P198, KEEFLITH
(Lactobacillus fermentum) F146 Zr& B PHE K
FENRERMAES (R D), HTLA LR AR
LR E S ML Caco-2 4HATHKH HIE
PR B an Rl A ST B A i TR b O AR A
112 EZERAFIFNER

MEM (Minimum Essential Medium)}5 5% .
MEM HEAT 2 AERIEW . GlutaMAX A 2Tz
3R, Gibco 2N a] AR AR I3 (B 3L ML) ,
PAN-Seratech A H]; 0.25%/BEEF40 0 E L, ik
R RAEVFARNE; MRS WA IR, H91E

#1 HREFESMm=3, x+SD)
Table 1 The information of samples (n=3, x*SD)

EAEM B AR R AR A1 3G 5 - A ) &
(Cell Counting Kit 8, CCK-8), FigAR{Ib2RHL
AR THR . INRRARMER W, OXEA/~wH]; N
e, THR. M. FINRR, ARufbrl Tolk bk
ft; 2R, RO, P THRBERARA A,

CO, i ffi . EHTHLF WsE . 2P KEEhR
{, Thermo Fisher /AH]; ZMIITEUL, AL
HEPRHCABR AT 2OEIE B, Olympus bk
A 2th; A FHAY, Merck Millipore 2 A ;
SB35 4E, Agilent Technologies 23 Fl
1.2 A&
1.2.1 Caco-2 AR E A S5EK

IR ESEP U Caco-2 4HMIBRRTAAS , TR 2
T 37 °C KA . KR o A 2 e % 2
15 mL B0, A 3.0 mL &4 20% (A5,
TR ML . 1% MEM JF 75 IR RV |
1%NERBRENIA I . 1% GlutaMAX A2 1%
PSN () MEM 522835, T 1 000xg B5.0> 5 min,
FEERMA 2.0 mL 5E2RRRESANE, A
25 em” AL T, BINA 8.0 mL SE R, B
F 37 °C. 5% CO, AHXRSE R 95%[1) CO, KiFR-A4H
iR, B 1 d ER- TR, FrAEA KR
TFAF(80%—90%R &), FH 0.25% B AL T
LA, DO E B s AR 5 3 Ar2
MOEA, BUE 22-30 fRZ IR AR 75 S5

R i FERTRPE] FERORTEE R, FERR ML

Strains Gender of samples source Age of samples source Location of samples collection
L. plantarum P1 Male 90 Bama county

L. plantarum P54 Female 65 Fengshan county

L. plantarum P58 Female 91 Bama county

L. plantarum P67 Male 62 Bama county

L. plantarum P97 Female 48 Fengshan county

L. plantarum P123 Male 78 Fengshan county

L. fermentum F146 Male 65 Bama county

L. plantarum P198 Female 46 Bama county

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1596 A 2 A

Microbiol. China

1.2.2  Caco-2 ZHAEIEEY AYFE 3T

(1) Caco-2 4 fitg 4

Caco-2 LG 15 2 1.3x10° cells/mL,
L 500 uL 48T Transwell M A0 %s 128 i Ml (AP
), FEEEMBL MHAIA 1.5 mL MEM 56215577,
A7 dBERE 2 dH, BESRES T K, HYOLEE
BEEMERNIIES, 7 d FRRIE, FraiiEgk
F 1521d AR,

(2) Caco-2 #fi ffy 5 )3 #5% WY 5 B o BH {E
(Transepithelial Electrical Resistance, TEER)FJE

A4 4 A H BEAY A AR FE 70% & B P R
15 min, TJ#5HCA HBSS (Hank’s Balanced Salt
Solution) & HF-F- 15 min. 4R 5K EBE BRI
B A 12 FL Transwell 335, o da 4% 4 v
BRASEFM AP M, K AREFEAR BL i, 435
WE 2 A28 F/INE GRS S AR /N 1
FH, TEER{EITHEAN:

FEBHAE(Q-em®) = (Rpepy — Rospyp ) X 1112 6

(3) Caco-2 4 fifg B J2 AR AR DR Py £ 130 375 14 A 0

FIH HBSS Ze i i (AR 37 ©C)BE il o7
JEN 1 g/L PRI, M= 0.5, 1.0, 2.0,
5.0 F110.0 mg/L, 43 HIHL 0.5 mL N [RJV B2 ) R B 41
VAW, A 5.0 mL YN 1 mol/L NaOH i, #&
51543 HIEL 200.0 uL WA ZE 96 FLARHT, 560 nm 4b
R ACRE . ARIEMAFA ODseo 5 X W AR B 21 1% i
YEpRUEM Ze, THE N R ARG R 5.

YHAIFE Transwell HidsF% 15-21 d Ji5, PEHUES B
HLBEAE AR ER A9 Transwell /N, WESFBMIEE 57
W, PBS I Wi(pH 7.2)I% 5, AP fIfiIIA 0.5 mL ¥
FER 5.0 mg/L WIZRBYEI W, BL MDA 1.5 mL %5
119 PBS 22t . 75 37 °C CO 554 TP IFE R 2 h;
U BL IS 0.5 mL, fillA 5.0 mL 1 mol/L /) NaOH
WA, 560 nm ZEIHIOERE, THERIEE R
# P,pp (Apparent Permeability Coefficients){t!'®, H
AL

_do 1
™t Ap

Hor, dorde i RIPRBY AL G128 1, 4 NGB
HR(L.12 em®), p WAEBRLIWIUAURTE .

(4) Caco-2 ZH I RIS FA IR 2

AHLTE Transwell HRB53E 15-21 d J5 , HEHUES 5
M BHABA R ER Y Transwell /NEE, TSRS 7
W, PBS IEW(pH 7.2)VEE G A 2.5%)% — [
FE W (HBERR S R BT, pH 7.2), 4 °C B2 17K,
BN Transwell FiFEM A9 2 RORBRER I, )AL
0.3 cmx0.3 cm K/MEJFE, H 0.1 mol/L PBS (pH
T2 4K, 45 min/Ik, 1%KERHE 4 h, FH
PBS ¥t 3 WK, 15 min/ik; 30% (KB E, FE).
50%. 70% . 90%Z [ . 90% 2 FE:90% A Fl(1:1) . 90%
P 100% N EAR K, F 618 AR g (3K
=i, BiERGARE RS =L R Eteh, 37 °C i
5 60 °C 48 h, HAUFHIRA ., HHABEHEY ALY
J, JEEER 70 nm. ) FHBERR SR IR TAGIR AT AL
e, TEFEST T RMEE FER, hndi s 80 kv,

(5) Caco-2 4l a3t 7E - w50

B 3x10° cells/mL [ Caco-2 ZH 370 F 96 L
B, BT 37°C. 5% CO, MAHRHESE K 95%H CO,
BEFRAA PR 24 b, SR BIINA 10.0 pL ARV
F£(0.5. 1.0, 5.0, 10.0, 50.0, 100.0 mmol/L)JN
MREl THR, T 37 °C i CO, JEF-4HhINE 3 h ),
JIA 10.0 pL A9 CCK-8 IFIRARSENFE 2 h, LA
PIREL T R FIAS & A AR AV 2 (141, AN
FREC T IR . oA ARyl Xt BRA , BReH % 3 N AL,
TE 450 nm AMIHEGREE, MR A%, HAk
THEAAN:

AT R (%) = H x100

C b

Hirp, A AMRIR L OD4so 1H, Ay 25 FIALIY ODyso
{E, A NXIEZHAY ODyso fH
1.3 Caco-2 fHiI[] SCFAs & £/ E
1.3.1 FHMFRERBTFE MR

W FUAF IR 3% MR R T MRS WSS
FRI, 37°C #ERSE 18 h, WL 2 U5 4 °C.
3 000xg &5.0» 20 min WAERIIA, PBS Pk 2 E,
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FAARGPIA RN MEM 521G R, R
WA 1x10° CFU/mL, FEIA 4056
FHS R P B AR B RN R B TR, TRSJ/FH 0.5 mL
% Transwell #if#] AP ll, F 37 °C CO, ¥:F&fi I &
3 ho WEEIE G R4IMERE, 4 °C ICH PBS i
VE2 R, FEH 4 °C MR KE—IKR, BamA
1.0 mL FHER: 2 7K 2:2:1, UFRER), —80 °C #4745
1.3.2  SCFAs tr/fE SR ELH)

FRECIR ., IR, TR, FTIR. IR, /%
R AN LR FARME S, FH LR L ER 4y BB B A% 0.1,
0.5. 1.0, 5.0, 10.0, 20.0, 50.0 Al 100.0 pg/mL Ft
8 MRAIER LR
1.3.3 AR SCFAs & EHIE

I 800 uL 4Hfu b HE 5 AR AT 2 mL P HS S
DA 900.0 uL 0.5% B HR F5 , $%3% 2 min
JR25), 14 000xg 2.0 10 min, HX 800.0 L FiF K,
MAFRMN R OERIREL, k% 2 min H5T,
14 000xg B5.0> 10 min, 8L 600.0 uL FJZAHLIA, i
AL R 500.0 pmol/L 1) 4-F L R 1E N INAT,
BA I A, # A GC-MS # %t (Gas
Chromatography Mass Spectrometry)#E4 746l , HEAF
WO 1.0 L, ZUdEre, kel 1001,

FES R Agilent DB-WAX B4 4:(30 mx
0.25 mm IDx0.25 pum) <M A% R T4r 5 . BT
THE : ¥IERIREE 90 °C, LA 10 °C/min THELZ 120 °C;
A 5 °C/min FHEZE 150 °C; #ii L 25 °C/min T

JLZE 250 °C, FF4EH; 2 min, A NEAR, B
1.0 mL/min. AEASBAF A A 1] e — e B3t ) 5556
FEABLE — D FHE(QOMEA, I TAINAPEAN REE
(e v e A

K Agilent 7890A/5975C .-l AN AT it
TEAYHT . HERECTIRLEE 250 °C, BRI 230 °C,
FERERIRIE 250 °C, DUMRAFRLEE 150 °C; LT3
HL B (EDIR, 249 1 SIM 4l =0, R FRE & 70 eV,
K F MSD ChemStation 5 {4 Hi it (2 3 g 1 £ £ 74
], Zedilbnitithde, AR SCFAs 5 & .
14 HEHFHITELE

K SPSS 21.0., Origin 9.1 A4 % HA 56 B ik
PG RoAT, AR LB bR 2 (X+SD) %
IR, P<0.05 FE WA B ETEESR.

2 ZR54M
2.1 Caco-2 {HREHIRZSIER

WCTE 4 M 8% 5% 0 v 52 JROIR I RE A KR
Transwell 55554 F1 1535 255 7 KA Caco-2 4iljifd,
PSS BB IS HIER, 4RI 1.
M & 1A A4, Caco-2 A 7ER IR LR 3 A,
ALWEER A0 M A AOR, A0HEeR, A RIRE
RAf, HALIE AT HeFhF Transwell 4RAEEE TR
HE 1B v, 4UME7E Transwell $53et FAEK &
557 KRBT, TGS 02 H AN S R AT,
NFEMW, AT RS

B 1 RAZRMETH Caco-2 HEERAZZS(100x)

Figure 1 Morphology of Caco-2 cells by fluorescence microscope (100x)

W A ARSI Caco-2 4IHAYTEA; B: Transwell 55354 Caco-2 HARITEA
Note: A: The morphology of Caco-2 cells in cell culture bottle; B: The morphology of Caco-2 cells in Transwell culture plate
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2.2 Caco-2 MR BB B BE

FI AR A BHASGE  Transwell 35358 EASRES
FEiF[E] Caco-2 4iififdF 24501 TEER fH, MEHAR
FEAEDL, 25 2. i 2 mIA, FEREFRER 11 KhT,
MR TEER {0 1290.73 Q-em?; 45 13 K
BAFITE, oA 1320.48 Q-em’; 55 15 KHTHEA FF%,
M1 31931 Qeem?; 2517 K41 31945 Q-em’; 4
11-17 Ry B ER R E, T HIC R E 25
(P>0.05). *4 TEER {HEETE 500—1 500 Q-cm’ 2 [f]
b, DI A2 A B BUEE, HAT s fi i
e, i, AIRIGH 1 Caco-2 4 A EAE
T HAT BB
2.3 Caco-2 MR EFEEEE N

RERLUANKE IR, PR, XMELLES AN
B FEZ , TR bR 5 A U A E A0 i AR
(14)380 375 2t L ) o A M B 2 AR () e 3 Py (ELIR)
KN T 2R 21375 2o 50 2% 240 JE 9 e 7 A B i
AOFR RN B, RIS LAY bR E Y, R4S
15 R HEE R PAE Caco-2 AR e
P, GERWLE 20 M 2 W1, FRBLLA Ppp N
0.39x10° cv/s, /NT 1.00x107 em/s, FEBHE 7 1940
it B AR TR AT R A e

1350} a a a
a ) G i
1300} 1 e -
~1250}
5
ngOO- b
211500 A
=)
1100 /
1050} f
1
1000}
7 9 1 13 15 17

t(d)

2 Caco-2 i RS A ISR B FE{E

Figure 2 TEER value of Caco-2 cell monolayer model

TE: AT REFRIRAN R ) i L REL(E BT 251 25 5 (P<0.05)
Note: Different letters denote that there are significant differences
in TEER at different times (P<0.05)

FT2 FMOIMTRWEBEZRE (=3, x+SD)
Table 2 Py, of phenol red (=3, x+SD)

Item Result

(B3 7 $=0.009 8x+0.060 8
Regression equation

R AL 0.999 5

Correlation coefficient (R%)

TG BRI 0.39x10°°

Papp (cm/s)

BH(H <1x10°°

Reference value (cm/s)

2.4 Caco-2 A5 EIRE R BILEH

Caco-2 il )2 RIS 57 2 15 d P TEER i
REN 1 319.31 Q-em®, FHILNM 7] I AL 5% %
Bz, TEBESTRE T TIEASSIER, 4500 3.
i 3A FIE 3B A%, Caco-2 Ainf 24K E
5515 RE, 4 ZEAUE RS ik, il 3C
3D AT, 20 R 0 7 5 A — 2R T AN
T EE , TS E & B Caco-2 4 il Fp 2 AR
NREARAS I — DN HEHEFR . 456 il 2RI
TEER {EF Py, fH, FHHIZ Caco-2 il 5 LRIy
R, AT RS SCFAs GRS o
2.5 BARUCIEEL G SCFAs RIIRINE

B BEIY) SCFAs 2352 Caco-2 4 LAY TG
P, DI P At 3 7 - 2 P g A D T A ) ¥
IR AN T R X Caco-2 ANMIAETH AL, 45
UL 4. f1 &l 4 AT 24P R VR 43 31k 0.5 mmol/L
F1 1.0 mmol/L i}, Caco-2 AIEAFIE R I H 2R
(P>0.05), 5394 96.86%7F11 99.03%; 4 T BN
0.5 mmol/L F1 1.0 mmol/L B, Caco-2 477 % Rl
o EMZE T (P>0.05), 431 91.81%F1 91.42%;
MINREY T R MW R T 5.0 mmol/L B, ZHHEM
FETERIFUE TR 2R EE KT 50 mmol/L ), 4l
AOTEIE 344 B 2K T 1.0 mmol/L (P<0.05), FH]E
W) SCFAs St EHUAN G b R4, 5k
SCFAs W&, [, il THLAME A 1
SCFAs ¥R, Rt 2B 1.0 mmol/L HyNREL T
R TR S SR
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E 3 Caco-2 YRR EIEEE S BRIRE

Figure 3 Transmission electron microscope images of Caco-2 cells monolayer model

E: AFIB: 4IRS SRR ARE); C I D: T TR R OB R hRE)

Note: A and B: The cells are closely connected (arrow mark); C and D: The microvilli perpendicular to the surface of the cell monolayer
form a brush like edge (arrow mark)

A o - ) B 120
a T a
b L
o b [ I 2 100 [ 2 )
I I 7]
< L a
s s0f | b S :
= . 2
E = | b
E 60 F . £ 60 2
z I =
3 40+ & 40t
20| ¢ w0}
c
0 1 1 1 1 1 1 0 1 1 1 1 L L ]
0.5 1.0 5.0 10.0 50.0 100.0 0.5 1.0 5.0 100  50.0 100.0
Propionic acid (mmol/L) Butyric acid (mmol/L)

B4 ATRKERAERA)FTERB)XMAREFERZIT

Figure 4 Effect of different concentration of propionic acid (A) and butyric acid (B) on the survival rate of cells

T AR RN AR AT A 25 1 22 57(P<0.05)

Note: Data with different superscript letters mean significant differences (P<0.05)
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2.6 Caco-2 HffI[ SCFAs HIR £
2.6.1 SCFAs % & B9 5 f F 37 [ (Total ITon
Chromatography, TIC)

SCFAs FrifEdh i) GC-MS TIC I WLE 5, K S
FIH, SCFAs iy B4ty , WILARBIXFR, REfS
X} SCFAs #4 1 JBTi e it o
2.6.2 AIGERTERK SCFAs frAER %

¥ 50 pg/mL EARHESIR GBS, 7E GC-MS |
HEELERE 6 I, YRR 5> 5 PR A AR L
AHX PR 22 (Relative Standard Deviation, RSD),
FELUFR HE i & A 03 5 N AR MR B 22 R AR A

G038 PR PR AE VS IR R, AR LR 3. i
3 AL, NIRRT bR i A MY RSD 8/, &
AR 0 T FH ) € 13 R 0 B 5 2 TR RN T I 1 )
ﬁt/\*ﬁgﬂ? I HLI R i RS S R R 3

R, SR ELEE R N LRI,
KEBIIKT 0999, Al T AN SCFAs 7 i
I AE o
2.6.3 JR#E(Quality Control, QC)FEZAIEMN

FrA RS EIR AR QC B4R, RH QC

FEAXHR I SRR RS E PR T 558, 45 R ILIA 6.
HilE 6 AIUL, PNERFIT ARAY QC A4 RSD /M T

VL2 AR, IR AT EIOR  30%., BABIIR T FH A7 D45 S 0 B AT .
2
3500 000 ¢
3 3000 000
.;:v 2 500 000
5 2000 000
o
£ 1500 000
) (O8]
& 1000 000 " Go
C4 ics IS
500 000 C3.
iC4 JL
AR
4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00
¢ (min)
B 5 toEMESY TIC Bk
Figure 5 TIC chromatogram of standard mixture
3 RGENEF SCFAs frofE 4k
Table 3 System adaptability and standard curve of SCFAs
FIBENR TR X bR ZE 2RI A Z AL LMV R
SCFAs RSD (%) Linear equation Correlation coefficient (R?) Linear range (pug/mL)
2% 4.000 8 y=0.767 536x—0.006 844 0.999 7 2.5-5 000
Acetic acid
NER 2.164 5 y=0.987 741x—7.742 174E-004 0.999 9 0.05-100
Propionic acid
ST 3.8146 y=0.969 444x—0.001 862 0.999 9 0.05-100
Isobutyric acid
TR 1.266 5 y=2.460 559x—0.004 217 1.000 0 0.05-100
Butyric acid
=97 0.737 8 y=2.691 826x—0.003 388 1.000 0 0.05-100
Isovaleric acid
iz 0.539 8 y=2.913 375x—0.004 521 1.000 0 0.05-100
Valeric acid
R 0.345 8 y=2.527 640x+4.270 208E—-004 0.999 9 0.05-100

Hexanoic acid
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Figure 6 RSD distribution map of QC samples

2.6.4 Caco-2 fiffi[ SCFAs K2 £
VIRIZH I &4 SCFAs ) Caco-2 4R,
XFRE K FLAF B A S SCFAs 4 AR AL Hh 73
3h, AMINET SCFAs iU 4. 3 4 AlA1, L.
plantarum P54, P58, P67, P97, P123 & P198 T
i Caco-2 AN IR & HIT 0.282 pg/mL,
BEETXRAN 0.156 pg/mL (P<0.05); 1 L.
plantarum P1 . L. fermentum F146 i) Caco-2 4fl
LN N R Y i S e BRZH U T B T 2
(P>0.05). L. plantarum P1. L. fermentum F146 ¥
(1) Caco-2 AL T RRAY & KT 0.092 pg/mL,
BERETX AR 0.087 pg/mL (P<0.05); i L.

F4 FAMETHAN Caco-2 LAY A BELFN T BL HY 5210

plantarum P54, P58, P67, P97, P123., P198 T-Tii
) Caco-2 4L T B2 AY % & B & Ik T X IR 4]
(P<0.05).

3 WiE%ie

Hira ZF k] TP Caco-2 42
IR A i 2, Hirp TEER B A AR —Fpa
BT AT BB PR kP SR ERATE R 3R
Caco-2 ZHJfIist 2 B, 24 TEER {1k 3 IR 5 FR4kSE
BrFRet, HTEER (H SV R RE, PR AT Dl 4 )
I 22530, XS as R 4 TR
s, R, £ TEER ik 20 (H 5 RS PRUE TR 22
S o AR 2T 57 R ARSI b S Caco-2 =S PR
T e R i 2 Rl PR K A i
T L2535 Caco-2 4NAE P-HEEE 1 0 ARG 1
PRAERCRINFEN , e R B S B I
—AEEERRPL, Hik, A7 TEER {6, KB
AR ioa s || b R e R S e el R
FEM . HRTKZHU Caco-2 HUZ 4N MR A vy F- 2L
T HE M, RETHR NS, 83|
B E (1) SCFAs 23X i P R R JAl Tk
177 CCK-8 dliffu s thikas, Ptk 7RI pFR e 1 .

MCT1 1 SMCT1 5412 SCFAs J&—25¢ (0]
THFE ATP $R{LRERSEA Eahizt s, £ H R
A Na ZZHEHTR ., HF Na' 76404 it e s 4

Table 4 Effect of Lactobacillus intervention on the absorption of propionic acid and butyric acid by Caco-2 cells

EE7S 2L P PR 5
Strains The content of propionic acid in the cell (pg/mL)

BN TR
The content of butyric acid in the cell (ug/mL)

L. plantarum P1 0.1204+0.031b

L. plantarum P54 0.29040.035a
L. plantarum P58 0.33540.071a
L. plantarum P67 0.282+0.029a
L. plantarum P97 0.30540.010a
L. plantarum P123 0.306+0.041a
L. fermentum F146 0.163+0.015b
L. plantarum P198 0.311£0.022a

Control 0.156+0.015b

0.104+0.004a
0.022+0.006d
0.024+0.005d
0.024+0.003d
0.018+0.003d
0.022+0.003d
0.092+0.002b
0.021+0.007d
0.087+0.002¢

T R EL, AR RN B AT 25 125 57 (P<0.05)

Note: The difference between data with different letters is significant in the same column (P<0.05)
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TR, R T AR R, BTk
SEWRFERBEEMER], $is B AMMS kAR L, 45
BTEFEE T FIY SCFAs HAML i Z P, ki
SCIU bR AR SCFAs AWM 225 (H 24 iz 18 1
FEEALB R A IR, W R i g MCT1
SMCT1 ¥z #eihZ 3 T, BEAS T HLAT
SCFAs MM s FUFF BEANCRT LAE 2o 98055 I 1 3500
FIGAE P T4 4 e SCFAs FFmI /R , if mT
DL 5% SMCT1 Fil MCT1 #1213k Fig v
HeBEHLANT SCFAs BYMI 2 i se 4 FH i &
255 FUAT A1) 440 6L 18 53 B LAl ™ A 1) 25 26 TR
A H VIR0,

ARWFFE R IR, BEAZE Caco-2 41 R RR HIFL
FFRASREAR UEAR X T RR AW, T REfR it T Rk
WA FLFF B AS R AR UEXT PR AW, e BH A0 e ik
AEEFIBHEE Caco-2 4HAIXT N ER AN T BR IWLIAC, 7T
e e TR EAR T Caco-2 ZHAfLAYATR] SCFAs
3B A R R AOT B R 22 St g 227 e
T AEAE RE A5 7] B 402 28 248 6L PR s o PR N T R ) LA
W, AL RS rh il T i — . eI
BhRATE R, FFETHE, diBRRFRR
() pH (L T TRATY 8.4 FEAICH 6.8, AR T4
Xt SCFAs WP, AHFFE @S 1) Caco-2 £l B
ERERURATVE AR R A i SCFAs 1
ta A PRSI AT |t R AR i b R A R A
TEPEY T 25 AE T AR T SR IS (R
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