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i E EEEGEM LI ET S MR R A S A B AR, TR 5 R A e A T A A TE Y T T
B, ERRPPAG X PSR BRI 9 g AR P R T e B R B R B L T AR
W& A K i XA 1 AR (Nano-flow eytometry, nFCM ) ZE SISO K SF- X A BRTEA Ty REBUEE . il s 40 i
IAFOLE , AHTFEH T SYTO 9 FAL N IE (Propidium iodide , PI) PRI AL QLA 7 bR 10 BB AR
FETE , X 25 A2 ™ b BTG T A i M R 1 W (Simulated gastric juice, SGJ) . ¥ (Simulated intestinal
juice, SL) B FIHALETH AL RS 19 5 28 RS PESEA T | DATAT SIS BN i A 77 i 110 A 0 1 B G B T il
it SZ M B PEAN . ASBIFGTRT 18 SRR A TR ™= & (AL H 16 S50 AR 7RI RN 2 SRe 7= b ) Vs vl 7 B 2 LV 4k
T2 PEEA T 48 AR R, 18 S0 I 1 5 i KT 10 cells/package , T3936 B LUK 61.7% , 394F
A ERARE(107 cfulg) (IR — 30 S oA A B R 8 & i AR TE(E . K fEH pH = 3 19 SGI Ffid:
WEE 0.3% (m/V) Y SL) 825 A 7 i 1Y B . I b E IR AL T 3218 ARSI AL AL 1S 25 2E T 1Y
AEIE TR i 43 S i 1 VRS (12 390 AT A IR (6 WO PSS, H IR AL TE AL I AL AL FIL IS AR 437 i 93
KK T 10° cells/package, FIFFIE R 15.6%. el , B 5T B RURI 15 R 4 % 25 A4 B A ORI VE L &5
R, Wi BB AT BT 45 AE A B R 32 v AU | PTG B 1) 4 A D 2 [ e B A i P Bt 32 v A
RESRTTHAE FIHALTE RYAFTE 2

KA g SRR ORI EOR s AT E; B AE A

AR TR 2 38 AR MR B X 25 A B R DI RE A BT AR BT A 252
AT ST P 5 B 0 2 AR B A TR R . AR SRR O T R 5 R B K
Y35 A TR | 38 A R 0 BRI A 25 A AR RS 1 % 107 efu R, TE T S iR 25
AT A — DR AR Sl W R T B s AR UG . O T T 2 R A A
28 AR ) T 789 11 i S R A ISR, o A TR R AT O O 25 TR A B — i 3R mG, FAR AR B 114 45 2
TR R A AL AR A D (R PR PR 2 s A B AR O RIBE T 7 I FLIBEAK R (9 25 A= PR 7E
EHRIREAE AR T 2 IR BT | MR AU D R I R R LR BOET Y i, 7
TR b B S B I T 5 Rl I T (B Y AR SCHILRE K7™ Al 7 LR BT P9 09 S P i o 5 1
AR B A HARTE AT T S i (R B 2T 340 2 A B S ZE AR ) P9 1 05 4 2 i A i
KEIHARTEE

it A BRI M A R T8 38 A, ZRATHI PRAACR T ) i A T T T A A/ N P s 5
10° cfu/mL, ZEZ5 R TP RLAE] 10° cfu/g* o R, 354 R IR A3H AT S 2 B ORI S50 Ak Ak 38, 3
R R B 2 it 24 2 2 A VAR ARG J5 T 1 o B R e, 0 2 2 T TR LA G EH 2 Y (22
PR AT R ) . TERAL IR (A VRN SE TR L RPN AR ) R 0 B
BTN R R R[] S A 2 A TR B ) (O B R 2SR K SR g 1 A o B
TR AR LI AE T sz PEIE R g o D, b IR ACIE TR A2 P 4 A T il B8 5 — A EE SR R
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B2, BT T IFABORAE P R U2 AR B 8R40 0 28 B i 2 FF R 52 PR, (H 8 3 J2AE TE
T e BRI A B B, A0S R IFAR e 27 ity , X 91 5 077 i e P D B 508 3L

PRI, DA 5 2 TR i )3 TR 2 e S EL b VP A T 52 P X 2 3 e 8 R AR 7 R ER ™ it o i
KRR HEEE L, PR R 65 AR TR PRy S ARiE” W H TR 2R S 98 BT R T 0 U7
WL B PR R 2 Ay O B A2 AL, PG EE T W IAE R E (Viable but
no-culturable , VBNC )R 5 4= B BT K 1T B8 1% RO 7= i P i B 2 i ARG o

N T SENRAEGE I AN | I B4R J 1 AR 22 AN RS 0 7 184 L A A ) AR AE R, mT S e | e
BB S TR v LY, Horh AR (Flow cytometry , FCM )3 i3 7 540 B /S X 441 P 16 B 58 24
PR VR S S BEATAG I, SR AN T T P A O TR S AT T A A B B RS B A
B0 R RIS BRI P R 26 2 B TR B A7 A PR AR T TS 221 FeM tupl AT
B B TR SZ PR RIS, (0 H TR R 2 B R IR A 25 A B ) R R — Bl U LR 25
AT O A AT TS OB A 5 T 35 Y BRI A2 Y AT B gl el s b Ak
(BB e WA ) T2 PR DR B/ Xt e 22 30 ) 2 2B B 7 il AT B V. i B B 0 Akl it
SRR G

25 Hi AU RS IR 5 T 08O R H AR AR A & T K UK 47 R (Nano-flow cytometry ,
nFCM) P02 O K Sk I 584 e % 4 i X A M A R IR AR T . 45 A SYTO 9 LAk 1A B
(Propidium iodide, PI)?FZ@EQ%@,71‘%TEﬁ%%ﬂﬁi?ﬁ’iﬁﬂqﬂﬁi”@“{ﬁfﬁﬂﬁ{ﬁﬁﬂ@ﬁ%@*ﬁ@ﬂﬁ%3”0
FET IR B RS AN nFCM %68 FZ IR PR IC SRS , A0 18 FX R i Ak A2 ™ it (B4 16 30K AR il
2 SRR it ) S BRI T B AT, OF R Ge ¢ 1T RO i B ALL 1 W (Simulated  gastric
juice, SGJ, pH =3) . ##1I%7 (Simulated intestinal juice, SIJ, IHERK B 0.3% (m/V) ) AL I IHALIE T 32
P I3 Je Xk B Vs AR R g Vs B s 53 I 0T i 2B TR /W VT 52 1R R SR THYE T EAT T BIFE . ASBIFSE 4 R ATy
TH 27 30 2 A ™ ot LA RAE 7 R T 7™ it o B b S A 4

1 SEIGERS

1.1 {5

nFCM RGP ARG AL (1470 2, S A 1 £33 68% DMLPSOSR (3E[E Thorlabs 24 ) |
FF593-Di02., FFO1-520/35 47 @ JE U A F FFO1-675/67 48 I % A (9218 Semrock A ] ) o AIFAKFI L
B B R R AR 1 min B9 .

KRR SYTO 9(3E[E Molecular Probes 28 F]) Al PI( 3¢ [E Sigma-Ardrich 23 H]) 5 H & HEF(3000 U/mg,
KM T TABRA ) 5 REE FIE (250 Uimg, AUt S ERHEARRAR] ) 3 A IHER (i sepkA: 1k
FHEABRAT) o TER IR HEAS 58 (B AL, W m K el 25 I A BRA D) - W4 58 (iR AL, 56 [
NOW 23w ) FUmIA e 23 56 (8 B 2 i A W RH Ry A FR A R, RS 18 0 5

#54EW Lactobacillus rhamnosus GG (LGG) . Lactobacillus plantarum (L. plantarum)F Lactobacillus
acidophilus (L. acidophilus ) 1T#30 B 1L AR B EA Y TREARAF o 18 3 A )™ i (AL45 16 K nh
FVHN 2 e = i ) Y B FEZR AW 15, &7 i 0 DL WO SCHp5 B3R ST, A 7 i ZE A i
BT 4 CHfife, JF BAGI H R s R BN 2 6 N H o il AN BRI AN Sy, 16 i) il H Bk
A~P ZR, PRI HE 7™ i FH CpA 1 CpB R
1.2 KWH*E
1.2.1 HAFEHERNES

B3R LGG (WH 7 WSS SCHFE B ) | 2RA5 8 B 15 % 10175 TR 2 M (Freshly-grown liquid, FGL),
¥ FGL £ 80 CHNFALLHE 10 min, SRAFSELH B (FGL-HT) . H 5 mL PBS k& 0.5 ¢ 2575 VR T-hr, 1K45
7Rt %5 4 ¥ (Freeze-dried powder, FDP)& o R FH M0 TE0E 1 A #5245 B 6 T vk B
1.2.2 mAERSGTLE

T 2542 R P5R P i, NBEEL (Package , pkg) HHL 0.5 ¢ My K BT 5 mL PBS H, W€ 10 s iR R 7T
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SR, T IR S0P AR ECRT R R 5256 . X 25 A P RSRE 7 i K 1 WU VR N2 5 mL PBS 1, #E
PEIRFE R R 37 °C. 250 r/min 2504 FHFE 10 min, EWCREBZL, IR A W52 2B SRFE mLIES
W&, 12000 r/min B5.0> 5 min, A 1 mL PBS &5, 204,

1.2.3 IHARAISGT. SIIRAEI L E K iEH WA

SR SCHR [ 34 1L 8835 A TR 260t SGY L ST B AL TE T AL AL B BOAFEI6 2R

SGJ Hte a2 W EEAART 0.2% (m/V) NaClIER 26 R 1 mg/mL, F 6 mol/L HC1
P pHEE 1. 2, 3. 4. 5,1 045 pm IEMES R, SCI UL . B 0.5 g #h7l™ S Ak R B 1 451
HEHEINAZE 5 mL SGJ H, IWJE 10 s 78IRS FEf IR KT FRAEH 37 °C. 100 v/min B5 8 3 ho HHUTH LS
FE BT mL IR, 12000 r/min 540 5 min, JH PBS PRI 2 U, LA IR AR N o % T s U e 4 |
THERRYER) SCY VW b JovA Vs i, R L R5 20K SGI ¥4k 5 mL PBS, 8 10 min AR AERE RS, B35
TSRS , P B OV HE,

SI AL 32 K JE AR 1 RN AR I AR Vi TR ER 22 WP (PB,, 0.05 mol/L. NaH,PO, ) Hv  fli H 2k
JE3 50 1 mg/mL 1 0.15 8% 0.3% (m/V). JH 1 mol/L NaOH ¥E ¥ % pH = 7.4, i 0.45 pum JENE, B,
SIJ T I FHBRAC . L 0.5 g vl ¥ il R AR 5 1 FUH 38 fin A 22 5 mL SI H € 10 s {78538 5], ZETH R

HFRFEH 37 °C. 100 o/min BEE 4 he BHTHALES NG, B ORI R IH AL RO, B o

A B AL 2 SGT THARA RS RS INA 4.5 mL Hi#AZ 37 C1¥ SIJ, A 1 mol/L. NaOH %
WA E pH = 7.4, R ANiE i PB 28wy 2 SAABUN 10 mL, 7EfE IR B 3544 P 37 °C. 100 v/min 5
4 h, BHRUNHAE RS, B0V I TH AL RN B A L .

1.2.4 #MEFRRAIRCHDFCMIF G HEBFERES

W bR TFA B AL B A T IROR RS 10 435, 25 2R VR B 10° cell/mL B4 . B 100 wl 252k
PR, H 1 wmol/L SYTO 9 1 14 pg/mL PT YR HiF M Y o, =3 T O E 10 min J5 , #E47
nFCM A, EL TR 1 200 nm 2K 245 54ER (Polystyrene beads , PS #3R , £ [F Invitrogen /A A )/E
R AR 28 A TR R B AT AT . R TR AL A B Y 25 A B R A SR nFCM AS N 1 min 75 2 (1)
T PR B85 DA R T AR AR A 3 TR B, TS BB A AL B 45 4 RAF T %8 (Survival  rate, SR(%)),
SRscy+ SRy Al SRy 23 MCER SGI . SIT A LI AT RS A0S 1 5 A TRAAT

2 ZR5E

2.1 HAEFEMEEESNERE

S f R S0 HE PR R VT AG A AT I E B AR . ARIFSEIET SYTO 9 Fil PI P RMAX IR YLk i) 5 RS AR 1k 0
11t tERAEAE X 5o STYO 9 J&—Fhis AR R YL kL E A s A S , W SR ES & 9T R R a9,
Al HFARIC R . PLIE—FhIR RS I RAZ TR YLk} | BB M o 32 101 0 A I IS0k A\ 40, SRS, A& & et
PN, TR TARICAEIE . A& 1 Rz X B B 1) 2 A TR T 48 £ (i nFCM X A50R: 28 5 SO B8] X
B BT & U (SSC) o 486 (FLL) M 2T (675 (FL2) {5 S #EAT [RIBH Rl Horb | HoA SSC 155 (1 ks gk
JEAFE S 2 BUBURL ;. R SSC RN FL1 {55 UK B A R IE T s IR A SSC. FL1 AN FL2 {55 1Y
ORI E M AETR o T SSC-FL1 AU ], AT R 145 B 5 A AR, Pl FL1-FL2 WSHE N
KL, AT R A5 2036 T FNBE TR A o 2050 25 A B RFAA S IERE A T8, DT 2 R0k BE 1Y PS TIoskAE R ok
b, AT BAS 2 EGE « I PRRAE TR VR T
2.2 nFCMEEMAETHERTNFERS

i SYTO 9 Al P1435%} LGG i FGL. FGL-HT Fl FDP 2 T4 {6, nFCM A3 1Y 3 418 8
A M Ik e s TR AR BL 5 S B B B 8] 2A~2C (i~idd) s o W T B 1S B 0 FGL, 25 2F HAL RE®
SYTO 9 Jett k&R N(F s M IES AN REAZ 450, PTG AT iF A 5 A2 TR BB AL IR e 1 | R 2
R ML A5, AR E 2A-iv FIE 2B-iv, 0] 7ERCHEGHS B i — 45 RHER , DAIX 4316 B ASE R o Xf
T FDP B, 57 2 AR TR O 2T | 1 HLAE BRI TR 19 A BE Y B0RT B i 28 A 40 T D 553 (&1 2C-iv ) 3
FTRESE TR T R DNA XU LS B R 50 52ma T AR YR 45 A 308 . % 95 AW 25 A B
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Fig.1 Schematic diagram of the detection principle for live/dead cell counting in probiotic products using
nano-flow cytometry (nFCM)

H(Note): SSC, [ #L S (Side scattering); FL, %¢3%(Fluorescence)

L. plantarum F1 L. acidophilus W) UR T3 A RN 25 SR an &) 2D A& 2K s, AR R A R0 X 7 45 4 E RO At/
6 T2 R B E M . nFCM ORI 25 4 B R TR, SR FHEARO T BGE X FOL A7 1% 7% A B2 14K
[ 2F /R nFCM & 10 FGL ¥ BE 5 B H R 45 SR s B4, M BRI 2 10° cells/mL B4

1 26 JE/R 12 nFCM FPPATHEGEXT 3 FhR T 25 A o AAS I 285 58 | Sl 450 RB A I mT 355 3% 1 4
T nFCM A G P R P (R B o SIS BIE 2R B, RN T I X T L. acidophilus 14776 PR 2 0 2 25
REA—FL, 1M LGG M L. plantarum WEARITEEE RALT nFCM AURTINZE R o X F BRI R T 4032
SEGE A AR . A R ML RS IR ) A 25 A BE A VBNC R, (A2
VBNC RS 35 A2 B R RE 0] R 4% 25 AR DhRE 7 Dt , M e TP M8 RERG I B A 85 552 10 45 2R B8, FCM
X i A DR A PR R A R R .l T e S AR RS B AT G RS I BRI UE T AE 15 min Y
ARAT SN TR RIS BT TEEE S, A B AR T AR T4k 1~2 d il sl R KA T

R SE: 1 A TR ) 53 A — B D= OB X IRERVS RIS TR RS o DR A5 ) 1 B 4
I TE  NILTEE BV . BT R AT — e B LI 252 B, DR e i 28 7= i A 25 4 B [ Wi
HEAT T H 58, 1E AATISE R B . JERY R PRI 4% rh 23 iR LGG VRT8 , (] nPCM ASIAE: i A
FRJG TG BB BIR B, 005 S o R A A0 25 A PR VR EL A TR 2H /R 2 DR R T 99% ,
DRI e 7 i A T A 3L R T 25 A PRIV BB ) 2 R I N R . R )™ T AE 30 min PN 52 R
2.3 @mAERMFFERNERRER

FET AR EEST 5 RS 16 35 A TR i TR o 0 TR R I TR LA A T R
FEEAHT. LU C o, B 3A SHILEU SSC(i)  ZRE2OE FLI (i) MIZL A0 FL2 (i) AR PRIk
B, T2 BRIk SYTO 9 Fric, I T FE SSC-FL1 —4EHUs [ il i FL1 158 (e ) 45
AT (18] 3B-i) , It —20AE FL2-FL1 Z 4B B, LU S0 3EAE T (] 3B-ii) o BT C &A B. helveticus |
B. bifidum 1 B. infantis 3 #2545, I AE RS B TP AT REAN 40 AR . (HR 25 A4E W B S5 ke R, I B
A BRRAS S  m FAZ R G (A5 0, BRI F AN BEANGE A A R e (0. 285 L P 4 M5 25 2B TR 2T | T B4 5 AR
PORHEAT T ehRic ™ B MR BT R T, 7 C BT E N 6.1x10" cells/g, T B
W PE R 3.7x10" cells/g, 1 (5 H R 61.2%. 725 C BRI 1.5 g Mok, DRI HE B T AN o o 100 01 Ry
9.1x10" cells/pkg M1 5.6x10" cells/pkg, 7= C ARES AR AITE B & 24 > 1.0x10" cfu/pkg. ML=
(A3 T O R E AR T N I A5 G AR 8, A ™ Rl o 23 I AR B 1) 4 A 1T, DL 00 o1 2 1T &5, 07
C 5 AR

ARHFFE MR 16 F a5 A B WA= S B e Bl . TR VA B E LR AR T TS
WP 3C A1 TR, M= A BI77 00 PG B S B GO s, 7= i A BOTE B A, o 1x10" cells/pkg
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K2 nFCM AR T 45 E RIS . (A~C) 452 R# LGG 1 FGL(A) . FGL-HT(B)A FDP(C)FEARHHL
PG BREIOEGFILLETOE i) R EERK I # (i~ii) XU EHURE (iv) s (D, E) L. plantarum
(D)HI L. acidophilus (E) AR BIREOCHUA R ;s (F)nFCM APt 4iek € i LGG /Y FGL A 14
WRERZRPEL R (G)nFCM AP ECE 2 A LGG | L. plantarum . L. acidophilus R T-#5 (%) 2542 08
W, (H)FTALBE (R . B0 RO (ZE LGG AR TRy W A AU | JEh B A AU e RNz A A
i€ e NE e A LS

Fig.2 Assessing viability of probiotics by nFCM. Samples of freshly-grown LGG (FGL), FGL upon heat
treatment (FGL-HT), and freeze-dried LGG (FDP) stained by nucleic acid dye SYTO 9 and PI, and analyzed by
nFCM. (A-C) Representative burst traces of side scatter (i), green fluorescence (FL) (ii), and red FL (iii), and the
bivariate dot-plot of red FL burst area versus green FL burst area (iv) for the samples of FGL (A), FGL-HT (B),
and FDP (C). (D, E) The bivariate dot-plot of red FL burst area versus green FL burst area for the freeze-dried
L. plantarum (D) and L. acidophilus (E). (F) Relationship between the concentrations measured by nFCM and
those obtained by plate counting for different concentrations of FGL. (G) The concentrations of live bacteria in
freeze-dried LGG, L. plantarum, and L. acidophilus measured by plate counting and the concentrations of live
and total bacteria in freeze-dried LGG, L. plantarum and L. acidophilus measured by nFCM. (H) Recovery test

for analysis of the freeze-dried LGG encapsulated by gelatin, starchand enteric capsules

(FE3D), 7=k P RIS B S Bl , R 1.6x 10" cells/pkg, /NFHARER 4x10" cfu/pkge BRF=& P Ak, HAx
15 307 ST T A R YA AR TR, 16 307 S OISR TR R KT 10° cells/g (WL HLFIR U Z 5 B
S1), i & E BRbRiE (107 cfu/g) o I TE 5 R 63.0%, Forr | 7= 5 MBS 18 & Hefe s, 15 %) 89.9%
(K 3E) . RUASHH L TRR 25 A T OR300 2 I 1 25 A T 3 bR b TR0 245 A T 7 ot 0 2 2B T
T PR ARG, (H2 5 & A TR RS i . A AR TR S
2.4 #ERMF=RN_ EEAERZEER

fHH SGI (pH = 3) F1 ST (AHERVEE 0.3% (m/V)) 53 BN SR FR 00 LGC HEAT B . WA 14 fkiE
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I3 16 Pt i A G b dh R AR BRE PR AR . (A))™ A C BRSPS ()« 2R ETOLGH FLLE
PN (i) PR P B (B) 7 C 19 SSC-FLI “ZEHUR I (i) R FL2-FLI —ZEHUS IR Gi) s (C) 16 3kai/E
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Fig.3  Viability assessment of 16 kinds of commercial powdered products of probiotics: (A) Representative side
scatter (i), green fluorescence (ii) and red fluorescence burst traces (iii) of product C; (B) The bivariate dot-plot of
SSC burst area versus green fluorescence burst area (i) and red fluorescence burst area versus green FL burst
area (ii) for product C; (C) Assessment of the total (blue) and viable (green) probiotic amounts for 16 commercial
powdered products. Red line represents the viable probiotic content on the label; (D, E) The bivariate dot-plots of

red fluorescence burst area versus green fluorescence burst area for product A (D) and product M (E)

ARSEALTE AL AL B, nFCM AR S50 A 396 TRV B8 58 40 W 485 IR 33 (DL 7 RS0 R KRR B
&l S2), B, nFCM BEAEXTALALLTE AL 3R (0 176 PRV BE R A TR 2 340 AT o [RIRE 43 3 pH = 3 1 SGJ
FAHER R B R 0.3% (m/V) B SI) XT 16 s A= B P50 7= i A TS I A AL 38 DA /W . i fn I
THALIE 2P , 457 S AL A0 S5 0 B I, AN i R SCJR SCREE B IR S3-S5 B, et R el 4
M2 R, B 4A /R T 16 3X 0Pl i 28k SGI AN SIT B A AL FEAY 25 2E TRIAATE 32, AN [R] i i =z 1]
FETER R I 2EH . SRy BIAMG X 8] K 3.3%~91.7% , E-XMH K 47.9% , Horb = i 1 BA B om i B Wit 32
P, 77 PR E R 2 55 . SRy B 15 B2 0.6%~99.6% , F-HI{E R 26.9% , Hirp 7= i € B ik
(RN 5Z 1, 7= i 1 AT 2 P e 5 o 7™ i (%) 5 VBRI R A2 1 22 (R0 1A B S8 R A O o

TE pH = 3 (1) SGJ 1 0.3% (m/V) JHER MR B2 (1) SIJ BUBUTHALAAE T wlRE ™ 5 43 R i B W2 (SR>
SRy ) I B (SRsey < SReyy) IS, Z5 S ANIE 4B Firzs . it B AL ™ i (T 4-1) 8 10 Fh (=4 1) , Tif AR
ERAUP i (] 4-i) A 6 Fl (W77 C) o ARWFSETEAEEE 1 7 i C A1 LZEAR[R] pH (B SGJ AU [R] iH R vk
Y S1Y 23 BIBLAUTH AL BE 3 h Fl 4 h BOFEIG 2, 45 5K W], SGI 1Y pH [HBRAIR, SRsey B/, A1) pH {25
P, 7= 0 T SRy B8 T2 C(E 4C) o AL, 254 B AIBET- 2 & AT SGI W ALALFRAY AT 10 min
(UL FL T RSO SR A5 B S6) , IR itk , — R IO 14 T W pH (B T 5 BRI 2 2 T = 0 s1)
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A R BRI BBy | SRy B0 MR IHERVR EE TR, 7 il C HOAF TG 3¢

P T 1(1E 4D) , g3 R

FIFET 2 R A SIS AAN AT 30 min PN (UL HL TR S0 S24HE 5K S7) .
& AE FE7R A2 SE B0 A5 16 35h3R) P Sl T AL T AR O AE I 2R SRgp.ey (1) FITE B 2 & (i) o

SRsqysy MR IXEA 0.2%~50.6% , “F-HESE 17.7% , Hor il C BIAFE 35
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HIFFA HARS PR AT A8 (F 1) I pH = 3 (9 SGJ FHELHEE 4 0.3% (m/V) i SIJ AL b b
PRI P A RE = i, CpA Y SRsey 4 83.6%, SRspy 4 0.1%, SRcysy M 0.4% (&l SA £ 2) 5 CpB i SRy
4 86.9%, SRy 4 0.2%, SRseysy A 0.2% (& 5B FZE 2) , IR, 33X 0™ b i ELAT B0 ) 1 R 520k . 7
FOT B RESIFEAE SCT AL RS, YITE 5 min PIIFERBE , 30 min PN 58 2 (ILHL - MUOCE SCHRHE B
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2 (Original ) (YFETGZETCH] b 2251 (141 SA F1 5B) , Wt I EBE A2 X0 H: AT ) 2 A RS W S R DA PR

OIS E AR SIS EIREE . BE SR WEUOE . TR TR HLLROT SRR AT R R R

Table 1  The total and viable probiotic concentrations and amounts, viable rate and viability content of 18 probiotic products

. SR RIS T AR TR TEE L BRI &
Produe  Total cell cone./ Total cell amount/ ~ Viable cell conc./  Viable cell amount/  Viable rate/ ~ Expected cell amount/
(cells/g) (cells/pkg(caps)) (cells/g) (cells/pkg (caps)) % (cfu/pkg (caps))
A (12 £ 0.1) x 10" (24 = 0.1) x 10" (5.0 = 0.2) x 10" (1.0 = 0.0) x 10" 419 +0.8 8.0 x 10"
B (72 = 02) x 10" (1.4 = 0.0) x 10" (3.0 + 0.1) x 10" (5.9 = 0.3) x 10" 412 + 0.7 5.0 x 10"
C (6.1 £0.3) x 10 (9.1 £04) x 10 (3.7 = 02) x 10" (5.6 + 0.3) x 10 612 = 09 1.0 x 10"
D 6.5 = 0.1) x 10" (65 = 0.1) x 10 (5.5 + 0.1) x 10" (5.5 = 0.1) x 10" 85.7 = 0.4 1.0 x 10"
E (5.1 = 0.0)x 10" (5.1 = 0.0) x 10 (4.5 £ 0.0) x 10" 4.5+ 0.0) x 10" 87.9 + 0.3 1.0 x 10°
F (48 £ 02)x10° (72 £ 03)x 10 (3.0 £ 0.2) x 10" (4.5 = 0.3) x 10" 62.2 + 0.9 5.0 x 10°
G (6.1 = 0.0)x 10" (92 = 0.0) x 10° (2.8 + 0.1) x 10" (4.2 = 0.1) x 10" 45.1 + 0.9 3.0 x 10"
H (40 £ 0.7)x 10 (8.0 = 1.3)x 10" (1.8 + 0.1) x 10" (3.6 = 0.1) x 10" 45.8 £6.8 3.0 x 10"
I 6.5 = 04) x 10" (65 = 04) x10° (3.3 + 03)x 10" (3.3 x 0.3) x 10" 51.0 = 2.0 1.5 x 10"
J (44 = 0.1)x 10" (44 = 0.1)x10° (33 + 02)x 10" (33 = 0.2) x 10" 74.6 = 2.1 6.0 x 10°
K (15 = 0.0)x 10" (3.8 £ 0.1)x10° (1.2 + 0.0)x 10 (3.0 + 0.1) x 10" 785 + 1.1 1.2 x 10"
L (1.8 = 02) x 10" (27 £ 03)x10° (1.5 + 02) x 10" (22 = 0.3) x 10" 83.5 = 1.9 1.5 x 10°
M (1.0 £ 0.1) x 10 (21 = 0.1)x 10° (94 = 0.7) x 10° (1.9 = 0.1) x 10" 89.9 2.4 1.2 x 10"
N (1.0 = 0.1) x 10" (4.1 04)x 10" 4.6 = 02)x10° (1.8 = 0.1) x 10" 457 + 2.9 8.0 x 10°
0 (23 = 0.1)x 10" (35 £ 0.1) x 10° (1.1 + 0.0)x 10" (1.6 = 0.0) x 10" 453 + 0.8 1.1 x 10"
p (1.1 = 0.0)x 10" (23 £ 0.0)x10° (7.8 = 03)x 10° (1.6 = 0.1) x 10" 684 + 1.8 4.0 x 10"
CpA - (22 = 0.3) x 10" - (1.4 = 02) x 10" 62.5 = 1.1 4.0 x 10"
CpB - (5.0 = 0.3) x 10" - (2.1 = 0.2) x 10" 423 + 4.6 3.2 x 10"

7E(Note): conc., ¥ (Concentration); caps, X% (Capsule),

AMFFE R FH A I 8 75 B e e 15 RN 5 T Re S 158 o0 AL R B 7= CpB ™ i G iR oK, o
FEAh G 1 SReey A SReyy 1200 40% (1 4A) o HIE 5C m 0, £ 78 1 15 1 U 4% 19 25 A BIE A T AL I BE
(AETE R 35 HAEE T I AR A5 R0, Ui I B VA R e S A5 E e LA 0 AT I Ak i R v 2 A4 7
R RAPVER o AT F A B ET , SCY THALAETE A Frde It , 257 i CpB MR A B2 L SRy
M 86.9%FE Tt % 94.8% (18] 5C-i) , 2™ it G MY REFL SRegy M 41.6% 2T+ % 89.2% (1] 5C-ii) , I A ik E]
100% AT 52 XA S SEAFTE IR b , DA S R B AR IS RITIE =2 ) A 4 B, SGI 23 it R 1 A BE AR N S 380
OrastEEAET N HR BT CpB 7E ST HRISET A0, U I i B 6 HAE SCY AL Bl — &
FIARF R {H SRegys 1M 0.2%32TF 2 0.4% (& 5C-1) o 7240 G BINBERTR 32 MEAR KLU | 7E SGT THALKY
BN v AU S LR 47T BA A7 R0 TR Y L Ath b , 3e 2409 SRysiy M 34.0% 32T 2 53.3% (8] 5C-ii) o ASMF
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Table 2 Assessment of gastric juice, intestinal juice and upper gastrointestinal tract tolerance of 18 kinds of probiotic products

SGJ THALAF I ¢ SUTHMAESR  EHAGERAER  EHAGETN R RRE b s e o

P’j:du?cl SRgey/ SRg/ SRycysi/ Viable cell conc/ Viable cell amount/
% % % (cells/g) (cells/pkg(caps))
A 62.7 + 7.9 362 + 0.2 344 + 23 (1.7 = 0.1)x10" (3.4 = 0.1)x10"
B 45.1 + 0.2 57.1 + 3.6 279 + 1.6 8.3 = 0.9)x10° (1.7 = 0.2)x10"
C 62.1 + 6.2 99.6 + 4.2 50.6 = 4.3 (1.8 = 0.1) x10" (2.7 = 0.1) x10"
D 703 + 0.4 126 + 0.7 56 = 0.1 (3.1 = 0.0)x10° (3.1 = 0.0)x10°
E 73.1 + 2.9 433 + 85 349 + 1.6 (1.6 = 0.1)x10" (1.6 = 0.1)x10"
F 429 = 1.8 85 = 0.2 112 = 0.8 (3.4 = 0.5)x10° (5.0 = 0.7)x10°
G 416 + 1.2 462 + 1.9 340 = 1.5 (9.6 = 0.6)x10° (1.4 = 0.1)x10"
H 577 + 0.7 19.0 + 2.1 237 + 4.6 @5 = 0.9)x10° 8.9 = 1.7) x10°
I 917 + 22 0.6 = 0.1 0.9 = 02 (2.9 = 0.5) x10° 2.9 + 0.5) x10°
J 83.9 + 0.1 8.1 = 22 24 =03 (7.8 + 1.4)x10° (7.8 + 1.4)x10°
K 283 = 1.6 41.8 + 32 18.8 = 0.9 (2.3 + 0.2) x10° (5.7 + 0.4) x10°
L 269 + 14 270 + 1.6 194 + 04 (27 = 0.2) x10° (4.1 = 0.4) x10°
M 347 + 1.8 6.7 + 0.3 47 + 03 4.4 = 0.5)x10° (8.7 = 0.9)x10°
N 103 + 1.3 9.1 + 1.5 63 + 03 (29 + 0.0) x10® (1.2 + 0.0) x10°
0 314 + 1.0 14 05 79 = 0.0 85 = 0.2) x10° (1.3 + 0.0) x10°
p 33 = 05 135 + 1.8 02 = 0.0 (14 = 0.3) x10 (2.8 = 0.6) x10’
CpA 83.6 = 7.1 0.1 = 0.1 04 = 02 - 6.0 = 3.7)x10°
CpB 86.9 = 5.1 02 % 0.0 02 = 0.1 - 4.8 = 2.2)x10°

7 (Note): SGJ, 14l i (Simulated gastric juice); SIJ, AU (Simulated  intestinal juice); SRggj, SGIFILTH AL )5 AUAFG R (Survival rate after
gastric digestion); SRgy, SIHELIH LG E‘Jﬁ‘?ﬁ%@uwival rate after intestinal digestion); SRgeysy, HE_EIHALIE THALS E‘Jﬁ?ﬁ%‘i@urvival rate after
upper gastrointestinal digestion); Viable cell conc, I iHbiETHLIHRWESEE (Viable cell concentration after simulated upper gastrointestinal tract
digestion); Viable cell amount, L{ﬁ’fkﬁ(ﬁ’w(ﬁ%gﬁ(\hable cell amount after simulated upper gastrointestinal tract digestion),

A Product CpA B Product CpB C Homemade capsule
= Powd m Powd 1 Product CpBl|ii Product G

© Ol © 100} gl = Original <2 100 gy I - = Powder]
< T EN I P T Gastric
2 2 75 8 75 Enteric
E E 50 g 50 " :
= = Z i
g £ 25 52 I I
e 0 = 0 0 L L 1 1

PBS SGJ SGJ-SIJ PBS SGJ SGJ-SIJ PBS SGJ SGJ-SIJ PBS SGJ SGJ-SIJ

5 e dh b AT TR 324 K i R I R i V0 i AR AR PP PE BB 2. (A))™ i CpA
(5%) MU N B R () 7E PBS . SGJ FI_E I ALIE BN AL IS B 45 AR RAFTR 25 (B) /™ il CpB(%%)
ST N FPBIR () 1 PBS w1 SGI MM ALIE SIS i 65 A AT TG R 5 (€)™ dh CpB (i) Fl)™
din G (i) B4 B ¥ R0 (52 ) R ¥ 1L (RS ) 1 B 0 9L T AR TE AT A A R

Fig.5 Assessment of the upper gastrointestinal tolerance of two capsule probiotic products and the protection
effect of stomach capsules and enteric capsules on probiotics. The survival rate of product CpA (A), CpB (B), and
the home-made capsules that encapsulating probiotic powder of product CpB (C-i) or product G (C-ii), after

simulated upper gastrointestinal tract digestion

SRLE RN | BRI X 25 A B B = AR VE T Wi R e e Xt 1 W 2 e 2 | (B BB R T 2 M it
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3 #ig
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N T 18 325 A B b (045 16 3508 AR b0 A0 2 S8 P i) IS B & i TH B S RS B o Y
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Assessment of Viability and Upper Gastrointestinal
Tolerance of Commercial Probiotic Products by
Nano-flow Cytometry

XUE Cheng-Feng, WANG Wen-Ting, MAO Cui-Ping, WU Li-Na, YAN Xiao-Mei"
(Key Laboratory for Chemical Biology of Fujian Province, MOE Key Laboratory of Spectrochemical Analysis &

Instrumentation, Department of Chemical Biology, College of Chemistry and Chemical Engineering,
Xiamen University, Xiamen 361005, China)

Abstract Viable quantity and upper gastrointestinal tolerance are two important indicators of probiotic products,
which together determine the number of viable bacteria that can eventually colonize in the human intestine.
Accurate assessment of these two indicators is essential for guiding consumers to choose probiotic products and for
manufacturers to improve product quality. Based on the unique advantages of the laboratory-developed nano-flow
cytometry (nFCM) in the sensitive and rapid analysis of individual bacteria, the viable quantities of probiotic
powder and upon digestion with simulated gastric juice (SGJ), simulated intestinal juice (SIJ), and simulated upper
gastrointestinal tract were measured in this work. Nucleic acid stains SYTO 9 and propidium iodide (PI) were
applied to label all the bacteria or dead bacteria with damaged membrane integrity, respectively. The viable
quantity and upper gastrointestinal tolerance of 18 kinds of probiotic products (including 16 kinds of powdered
products and 2 kinds of capsules) were evaluated. The viable quantity of these 18 products was higher than 10'
cell/package, with an average viable rate of 61.7%. All products met the International Standard for probiotic
products (107 cfu/g), but one was lower than the level stated on the label. Then, SGJ at pH=3 and SIJ with bile salt
concentration of 0.3% (m/V) were used to examine the tolerance of probiotic products to gastric juice, intestinal
juice and upper gastrointestinal tract. By comparing the survival rate after SGJ and SIJ digestion, the products
could be divided into two categories. One had stronger gastric juice resistance (12 products), and the other one had
stronger intestinal juice resistance (6 products). For most products, over 10® cells/package of probiotics survived
after upper gastrointestinal tract digestion, with an average survival rate of 15.6%. Finally, the protection effect of
stomach capsules and enteric capsules on probiotics was investigated. The enteric capsules showed gastric
protection to probiotics. However, the encapsulated probiotics needed to have strong intestinal tolerance at the
same time to improve their survival rate in the upper gastrointestinal tract.
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