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Study on Quantitative Counting Method of Lactic Acid Bacteria Powder

YAN Tao, CHEN Keke, CHENG Wen, XIA Jiuxue, XU Jianzhong, ZHU Jianguo’
(Wecare Probiotics Co., Ltd., Suzhou 215200, China)

Abstract: Objective: On the basis of national standard GB 4789.35-2016, a comparative study was conducted on dilution
ratio, diluent components and medium components to investigate the influence on the number of viable bacteria when
counting lactic acid bacteria powder. Nine strains of Lactobacillus, six strains of Bifidobacterium, three strains of coccus
and one strain of Bacillus coagulans were used as research objects. Methods: The method of dilution plate count was used
to count the viable bacteria of different lactic acid bacteria powders. Results: According to research findings, the dilution
ratio of the initial lactic acid bacteria powder sample had no significant effect on the final count of viable bacteria, and the
ISO dilution had significant effects on the viable count results of some Lactobacillus and Bifidobacterium powders
(P<0.05); The counting result of Bifidobacterium powder using TOS agar medium was better than that of national standard
medium (P<0.05); The counting result of Bacillus coagulans powder using modified spore counting medium was better
than PCA and NA counting culture base. Conclusion: The diluent containing casein peptone could increase the number of
viable counts of Bifidobacterium powder when plate counting method was used; TOS agar medium was more conducive to
the proliferation and culture of Bifidobacterium; The improved spore counting medium was more conducive to the spore

germination and proliferation of Bacillus coagulans.

Key words: lactic acid bacteria; counting method; Bifidobacterium; Bacillus coagulans; casein peptone
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TERR A A I LAl o A 0 TR 7R 2L I TR O 2L IR P
HEATE/TF 1x10° CFU/g(mL)P, HAGI 5 vhr i
A GB 4789.35-2016"1,

PEHAE™, LR Y 7k B TR AR B TR T
s I CHHIAR | P B PCR VASE, (Hi#5 A
K. BRAVERIE . 2558 50, 25 FHET B 10k, 38R0
AR B R T, B AT E N LR B AR RO
70 GB 4789.35-2016, FEERHF A 52 X FLER AT 5T
FIE—IR AN, R BASF I FLIR A A AR 22 5
PECL, PO B FR s XA R R A 80—
EMIZES o AUSFF PRI BRI i 20 B IR 5%
PR s, TR IR IR T T A T S AR AU
HE AR R R G2 RIS A IO, BRSO PR (AN R s
RUSTAFFPRE « 25 LAUBEAF ) A K TR 2L s e A 19
KB B 5 R, BRAUSIFT B AN, ZLERHFF oA FHER B AR
SRAH LT RUSAT B, 55 A, (R RI T O 5
JIT S B AN R 55 35 38 TR TSR S X e A TS oA
BT P= H— g BRI, SR BT RO SR B B oy R %
FEM, 21 E BOMEAE AT 1% 3% (viable but non-cultur-
able, VBNC) " [ B A H L1 il il . A3 2 BREE 4
FAAH B £, ELFE PT 55 3= 1035 B ECR VBNC ARSI T
A%, VBNC BRI {2 A T ORI R T 15
FEMRAEY TP, ZLRR T — € A5 T CRTRIEL
FENO ARV E SR e U R BE S | B0
JEARARN A8 AT LU VBNC 194 BRIRES, X Fh
IR F FLER A, 35 HAE BG M, (PR A —Le ks
FEIE PARMEA R HOR, DRI R M e LR Bl FE T T
THEOP AR (GB 4789.35-2016) - A A6 I 4% 58, 3£ T 52
M E AT B SR BRI R . —SEYE R AL A H Y
Y ZEFAT B, ANEESS ZEAAT AU, WA AR AT TR
AT ORI 7125, H ATER R A bR, & I E SR
BB R FEELAA ARG, (R R R 32308 | B 973k
JGY, R AR W B AT —E szl

AWFELLERR GB 4789.35-2016 M4SN 7k
Feithh, X LR P ORUBAT IR . ZLAT B . BRI SELS 274
FFERD B IR B B O R T g, IS & E bR
AL B AGIN 71 1SO 29981-2010, MAFAAEEL . #i
TR FEFREL Sy LA T LS, BB AN R LR
PR RS TR SR 22 Sk, s BB 5 b
il | PR A I A DY AR RS
1 MRERE
1.1 MRS

FLAF B2 (WB TR ZLAT B LASS. A8 ¥ ZLAT P&
Lp90. FRZWEZLATHE LRa05. TMEFLATH LC89. Al
THEFLAF B LC86. MEWE FLAT I LS97. B [CELAT
I LROS . LNNFINEFLATE LB42 . #% [CFLFFE LGOS
TR . SUEFT R 2K (FLXUS AT B BLa80 ., < XU T
& BL21. 53U BBre0. 55U BAC30.
B LAUSFT B BI4S, PRI SUS AT B BBi32 BEFY) . BR
RIS (REIAEERR P ST81. FLER A BRER PAS3 . JIabi A

BREE PPO6 BEMY) « ZFEAUAT IR (BELh 21 F0AT B BC99 T
By RS AR (IR B BRAN A5 IR AR S AR
FUPRAE AR ZE R bRk Ss4t; MRS 3l
¥ 3R3E . MC HigE5 373 . iRk MRS Agar 37 FE3k |
M17 B IE IR FE . NA EFRGUREEFEHRE . PCA 153+
I SR Tk R AR ARG R A
TOS HgHFRALE  FEIE Merck A F],

CP114 HF43#r R B Es FIEERRAS
H]; SW-CJ-IF T TAES Mg b A R
4\ Fl; DNP-9022 fE R 3% 58248 L1k 25 ; PHS-3E
pH it iR MWAES s BCD-176SQMK vK4f 58
AR A A5 A R 2N 7 s LDZX-75KBS ~7 20 E 12575
Kesn i BEITEM; XW-80A HERIR G
# g EER T AR A,

1.2 EWFEE

1.2.1 TR 80

1.2.1.1 FLFFEA . SUAF R AR 43 BIRREAE S
(ZLFFPE . AU FF R s BREG ) 2. 10, 25 g F 38, 90,
225 mL WICH A B KA B T, S IR ERR GB
4789.35-2016 MIZLAR BRI TTEUT L, BN ERAEI TR
B TR BT RO S 3R, AN F R ERE
MRS EO HEOS TR 5]

1.2.1.2 EELEZFAUATE LUEFRUIE G IR AL 7y
VUSSR LR, A3 SRR B B 4 2R AT B B B AE A 2.
10. 25 g T 38, 90, 225 mL [y JCEE 4L BEER KRR B
W, SR AT EAHAFT 1~2 min il RGARN F7 RS
W, PEAT 80 °C 7K¥ 10 min, I TR B HECEEAIEL,
SRH NA EHFE e Rkt 1% 3%, §5324514: 37 C
HAET TR 48~72 ho FHEAN[FIFR ELRE SR RS B0t
THEOE B E ]

1.2.2 TPERGRERINERE AR R A FRER K
8 GB 4789.35-2016 HEHLEBCHI A KA o

ISO #% B W& (1SO 29981-2010 7 14 Fis F& W& J5
) : A ERR R B B Ay FE A L, A4S N 2R F R
0.1%(m:v), ' = EPR GB 4789.35-2016.

R B —: 1 E AR B Al A 22l I, sk
IR & 41 0.6%(m:v), BEME & — 47 0.45%
(m:v), H37-80 0.06% (m:v), H-E B MEEFR GB4789.
35-2016,

PSS  o S N ES v 2 9 R e 2 1 W T4
IHINERALET 0.02% (m:v), BERR S 4H 0.115%, WL
TEHP 0.02%, Hep = ERR GB 4789.35-2016.

DA LR R = 1 AR BT AR A3l I, AN
ZniE-80 0.5% (m:v), ' ES MR EPR GB 4789.35-
2016,

>R FH HFPAS [F) A B R (EIARAR BV . 1SO Fi i
W R AR — . O R AR . SRR )
YT ZUAFBA . SUSIAT B | BRI EE 4, 2R AT B 251 T4
M, BRARRERAS AN, ZLAF PR . BUSZAFBE . BRI =18
GB 4789.35-2016 MR J7 7% 5 B 45 ZF H AT 5 >R
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Table 1 Research on serial dilutions
10748 10585 10804 107498% 10580 107498 1070 107488 1030
M1 EFAFRR EAMR ERmERR ERRREE EAWMRR ERRER BRI ERWER BRI
M2 EFAFRR EAWR ERmERR ERRRR BB BB ERTREW O ISOMBI ISORRER
M3 EFAFRR EAMR ERWEIR ERRPRR ISOMBIK ISOFf RS ISOR B ISOFf B ISOFf B
Wik EFAFRR ERWERR ISOMBIK ISOF BT ISOF B ISOFf B ISOF BT ISOFG BT ISOFF B
MXs  ISOMEEMR ISOF B ISOF B ISOF BT ISOFG BT ISOFf B ISOF BT ISOF B ISOFF B

NA EFEHNGREFRFBATIESR, JaFa 55k 37 C A5
B53% 48~72 he

Xt 1SO Bl — 2B 5%, 5 EbRHG B itk
ATXF b, AS[RIRR A B R AN R AR B, L e T4
FAFFAIE], e 1 pioR, YE— 25 B PI R B T )
JRGFXF LA R R
1.2.3 THEOEE R ZFURF R 9-5°R H MRS
BB FRIL . WR1L MRS Agar %3538, BUSAT B 4351
K MRS Bfigd5 72 3E+41£L | TOS Bifig 15 9% 3E; BR
332K MC BiiR3E FR L . M17 BlRHE IRk H
B2 GB 4789.35-2016 MU s, 2RI
BUH IR Rnsg

LLE SRR B R IR vt ™) S L, FRE R
LA U 25 g T 225 mL IR AEEER
FKFRRER T, SR T 1~2 min Hi AR,
MBS, AT 80 °C 7K 10 min, PTG BT
B or BRI NA EFRBIREEIREE . PCA Btk ik
R ZERG IR (TR 5.0 g, TEHK 10.0 g, 4+
5.0 g, FEINE 5.0 g, EALEN 250 mg, EALES 150 mg,
TRIREE 200 mg, —/KEifiR%SL 100 mg, Lt a iR £h
figdh 500 mg, B 15 g, 7K ZE 1000 mL) #HATEEFE,

BrgR gk 37 C AR5 3% 48~72 ho HEEANFBIIT
BTG SIS R e
1.3 HEAIE
LA BRI, BRI RIS 43 = A5 0y, SR FHAHTE]
BT [Rl— N B TGN, FR IR i BE A —
>R FH SPSS 18.0 #R44Xf $da #E47 A ¥R % 53-Hr, FE30E
AT t K5 . BAREE AR P EE R ER 2SR RN
2 GBR5HH
2.1 EMHEEEREREETEERO TGRS
LIEFR GB 4789.35-2016 J5v oXf B8, 3% 2 4%
AT, FREAN R ST AR BT, SR FH = A e
g, Ha T Bas 22 RIS . LIS IR AR A5
Tr =2, SRR AT TS SRR AN TR
2.2 FERHEHEBFREREIT RS RI= M
LIE#R GB 4789.35-2016 J5 =X g, i3k 3
ZE AT, A B R R T BRI . R S TAT B TS
SIS T35 (P>0.05), ISO BB il DA 5 4 iy g
BR ZLAF TR LA8S. Ml Y& FLAT B8 LS97. FL BB AT B
BLa80. < XU AR BL21 ., 8 XU #F B BBr60. &
FHXUSFFE BAC30, 22 LAUEATTE BI45 ., PRI XUE,
FEd BBi32 YT 2R (P<0.05)

2 AW R R RO TR R (<10 CFU/g)
Table 2 Counting results of dilution times of different probiotic bacteria powder (x10'"' CFU/g)

o3k 73 2g—38mL 10 g—90 mL 25 g—225 mL([EFz)
PR FLIT FELARS 2.4+0.1 2.3+0.2 2.4+0.1
TP FLFF A L0 5.4+0.1 5.340.1 5.4+0.1
RAMEFLFFELRa05 4.4+02 4.5+0.1 4.5+0.1
TEEFLFFIALCS9 5.4+0.1 5.5+0.2 5.5+0.2
FLAFIAE BT LA HLCS6 5.3+0.1 5.4+40.1 5.4+0.1
M FLFFIALS97 2.340.1 2.2+0.1 2.3+0.2
B FHCELATHLROS 2.3+0.2 2.240.1 2.3£0.1
LRINAZLAT HLBA2 1.120.2 1.240.1 1.2+0.2
& IRFLFFIRILGOS 3.4+40.1 3.4+0.1 3.3+0.1
FLAUSFF A BLa80 5.4+0.2 5.6+0.1 5.540.1
KBUEAT A BL21 3.4+0.1 3.540.2 3.440.2
ST S AUEHT I BBro0 5.4+0.1 5.620.1 5.540.1
HHEIUEFFEBAC30 1.3£0.2 1.240.2 1.2+0.2
LU B B145 1.4+0.2 1.4+0.2 1.3+0.1
P XUE AT BBi32 5.440.1 5.5+0.2 5.440.2
TEIEEER TR ST81 1.240.1 1.3+0.2 1.240.1
BRI FLAR FrBRIAPAS3 4.6+0.1 4.7£0.2 4.6+0.1
JHE F BR T PPO6 3.5+0.1 3.5+0.1 3.4+0.2
pRilanrs) BELS ZEIATIRIBC99 1.240.1 1.3+0.2 1.2£0.1
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K3 AIERRERG TR 2 (<10 CFU/g)
Table 3  Effect of different diluent counts on the number of viable bacteria (x10'"' CFU/g)

932 73 A TR ISOF B i R AR R — R KRR =
FETRFLAT ILABS 2.3+0.2 3.240.1° 2.4+0.2 2.5+0.2 2.240.2
T FLFF A L0 5.3+0.1 5.8+0.2 5.4+0.2 5.4+0.2 5.5+0.2
AL AT A LRa05 43+0.2 4.6+0.1 4.5+0.2 4.4+0.2 43+0.1
T EEFLFFIALCS9 5.4+0.2 5.7+0.2 5.5+0.2 5.4+0.1 5.7+0.1
AR R mEFLAT HLCS6 5.3+0.2 5.5+0.1 5.4+0.2 5.3+0.2 5.5+0.1
MR FLFFIALS97 2.3+0.2 3.540.2° 2.8+0.1 2.7+0.1 2.4+0.2
% JHCELATFHLROS 2.1£0.2 2.5+0.2 2.340.1 2.3+0.2 2.4+0.2
LRINAEFLFT HLB4A2 1.120.2 1.3£0.2 1.240.1 1.240.1 1.120.2
& [CELFF LGOS 3.240.1 3.540.2 3.3+0.2 3.4+0.1 3.3+0.2
FLAUEAT A BLa80 5.3+0.2 6.7+0.1" 5.6+0.2 5.7+0.2 5.4+0.1
K AU FF A BL21 3.240.2 4.1£02° 3.5+0.1 3.540.1 3.240.2
Sy S AUEHT HBBr60 5.4+0.1 6.7+0.2" 5.8+0.2 5.8+0.1 5.340.1
HESUEFFEHBAC30 1.3+0.2 1.9+0.1" 1.240.2 1.3+0.2 1.3+0.2
B LB B B145 1.2+0.2 1.9+0.1" 1.240.1 1.320.1 1.240.1
WIS AT BBi32 5.3+0.2 6.9+0.2" 5.8+0.1 5.5+0.2 5.240.1
FEIEERR R STS1 1.1£0.1 1.3+0.1 1.240.2 1.240.1 1.240.2
BRI FLER H BRI PAS3 4.6+0.1 4.5£0.1 4.8+0.2 4.6%0.1 4.8+0.2
JHE F BR T PPO6 3.540.2 3.4+0.2 3.640.1 3.540.2 3.640.1
AR BELS ZEIATRIBC99 1.1£0.1 1.3£0.1 1.240.2 1.2£0.1 1.1£0.1

T RN ARk LB 2252 (P<0.05); “**7 37 5 AR 7 i LB B 1 22 52 (P<0.01); 4. 6],

X 1SO i Bk -5 E bR F B BEAT U,
ZERWNFR 4 R, BEE EARFBROE 9% 1SO ik
R PTRf, FLREDRy 3 SO0 TR RSO BOR R Ry , 4xg f
A ISO B st , JHEE B 250 35 M (P<0.05) 3 T ).
XA RESE I TR TEA ™ e v, 27 T2l A
2 M LA TS 19 AT B SRR AR AN NE 09 JE BT IR RS
(VBNC)FAAE!", ISO #i ik Hh & A 1 & 25 PR, BE
S DR A D B EA T A2 TR, B hI AT B FRAn R RS, A
T TR nTE U -

£ 4 AEFPRITHEE R (10" CFU/g)
Table 4 Counting results of different dilutions (x10"' CFU/g)

LS WAL k2 k3 We piis
WETRFFFIALASS 23402 24402 2.6+0.2 2.8+0.2° 3.2+0.1°
MR FLAFIELS97 23402 2.540.2 2.7+0.3 3.0£0.2° 3.5+0.2°
FLOUEFFABLa80 53402 5.4+40.2 5.640.2 5.8+03 6.7+0.1°
KUUEFFABL2L  3.140.2 3.340.1 3.440.2 3.6:02 4.120.2°
AU FFABBr60  5.540.1 5.6+02 5.8+02 6.14#0.1 6.7£0.2°

EHHEMEFFRBAC30 12402 13+£0.1 14402 1502 1.8+0.1°
BLBUSEAFREBI4S 11202 1.2+0.1 13203 1.4£02 1.6£0.3
P SUAT I BBI32 54402 55402 5.840.2 6.0£0.2° 6.8+0.3°

2.3 ARITHHIEFENERET RS RN

figfk MRS Agar 55#3E . TOS BB F%EE. M17
B3 1SO 29981-2010 H43 B ke B LAT B
BUSATRR . BREA IO BE373E, Ha 80y 2 E b _F H
B B 125, DLERR GB 4789.35-2016 5k N
XTHR, R 5. 3R 6. & 7 g5 T, AR a5 FR T
FLAFTA . BREGTCEH S 52, 1 TOS B 3E 7= 5% X
7 AT B 00 05 BE R, AH He T AR S i R T
(P<0.05), iZFEFR IS —Fhim . g-21 ZUBH Y I 7K i

HENBRREY, A ST EE A KN T, xRS
REASAT AL XU AT AT A A 1KUY, (A AR R B 557
FFTE] . A5, B OO R A4 5H

# 5 AREFEEXZAFRIHECE HE M (< 10" CFU/g)
Table 5 Effects of different mediums on Lactobacillus
counting viable count (x10" CFU/g)

itk MRSHREEFREL(EFR) FREMRS AgardigEdk

WETRFLAT TLABS 2.3+0.2 2.340.1
T FLFF L0 5.340.1 5.4+40.1
AP FLFF A LRa05 4.3+0.2 4.4+0.1
THEFLATHLC89 5.4+0.2 5.5£0.1
BT W FLATF LC86 5.3+0.2 5.4%0.1
M FLAT RLS97 2.3+0.2 2.4+40.1
G FAT BLROS 2.240.1 2.1£0.2
PRINFEZLAT R LB42 1.1£0.2 1.240.1
1% IRFLFFRILGO8 3.240.2 3.3+0.1

F 6 ARG IR XU R HE0H R AR 520
(x10" CFU/g)
Table 6 Effects of different mediums on Bifidobacterium
counting viable count (x10" CFU/g)

Wbk MRSIEAEH FRIE+EEE (HhR)  TOSEAMGHT I3
FLXUEAT P BLa80 5.240.1 5.940.1°
KRBT HBL21 3.140.2 5.540.1°
BIRUELFT I BBr60 5.4+0.1 7.540.2°
T HBUEFF FHBAC30 1.4£0.2 2.6+0.1°
BT I BI4S 1.240.1 2.1£0.2°
PIBOBUBAT I BBI32 5.3+0.1 7.540.1°

AN SR I B4 2 AT B T B T s
SRR )TN, NA B FRBHREE FRILFI PCA K573k
Xof RS, ZEHAT R TG RO B 3552 (P>0.05) , T
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20234 2 A

K7 AREIRHEER B GE E R (< 10" CFU/g)
Table 7 Effects of different mediums on the counting of viable
cocci (x10" CFU/g)

LS MCHR R IE (E bR ) MI7H 5%
REAGERR ST 1 1.240.2 1.3+0.2
LR ERIAPAS3 4.8+0.2 4.9+0.2
A - BREPPO6 3.6+0.1 3.740.1

K8 A[FIEFRHEAS BELS 2T I BCO9 1A £y 52
(x10" CFU/g)
Table 8 Effects of different mediums on counting viable cells
of Bacillus coagulans BC99 (x10" CFU/g)

— NAEF LR PCA R SRR
Rigrdk Rt iRk
LS AT IRIBCY9 1.1£0.2 1.240.1 1.8+0.17

RN BE 2R (P<0.05)

R ZE AT RO IR AR T RS R B 3 (P<0.05) = T

NA. PCA 5355, NA Fl PCA & T % a5
B, H A B BEAR IR IR BT, B RENTE 2 IR

AR IR B IR Y, A AN MO
JUER, AR T ZEMATET &P, BBl 0 B4 e

WHETE

3 eSS4t

ASSCCAZUAT R CBUBCAT B . ZLATFIR . BRI | 2F4E
FF PR GEESS ZEAEAT ) AN [RI12E 28U () LR TR BRIy ST
X142, 7EEFR GB 4789.35-2016 HYELAl I+, $EATIEH
SR TGN T 2 B USSR S o BB BN B
AR THECES SR AN 2, T AREE AR B . B3R 2%
FLERTA, AR XU AT BRI RE I . A] B2 ALY
FFERAS S AEAE S E IR RO R LU RSRT 20, et
DRER, AN [ AU AT PR e 4R iR U . A KB
Fe BRI, WMARA S5 B VBNC 1ARZERY,
PN REATGHE O T 35 32 A BRI, S B 2L mTH R T 4R
FOZE L, FLATER AT DAFES DR R B A A K, fiE
7T ZZ BRI RS A s NG, TR
PRI R AL S ) BB SR 3207, TS SR R AR
AEXTZLAF R JC W . SR R S airEnE
BRGy, EAEAC H 748, BATIEI A RS Fad
AL TERRA A IR TIEE, [RIsHOGRLIR B Y G B
A IR S E RS,

B TR TR AR IR SRR, A KAk BT
SRANE P EAF SR RR A 1K, Jm kX B muE
FHE RO 001 7 ELRSifF g, a5 o n HOAR IR Ao B 5%
FE AT S IR 25 R ik i 22 TR . A HIE TS
H B R L b Te R RROR S ZEAAT B B & Ik
£, ASSCEE IR T AR AE BT

25 TR, BB O A IR A R R ER T XUE,
FF PR BRI A 1 75 PR LT R TOS Bt iR B e 3k B0 A5 )
TR RIS TR RS, TR nTE vA TS
s I R ST EUS IR R T AA F TR 2R AT IR Y 2

FHBEAIEIE, $RTH PG FECE . e B 0™ 00
AP FRHERT I E | PR SRS N DL FRR v
RAEET
S 3Lk

(1] E2m4h, imE AR, FRE, 5. RAER AT A JLBLH 3
oAk P BB AESF R E, 2015,27(2): 227-229.

[ WANG S J, JIANG Z J, NIU Z D, et al. Optimization of enumera-
tion method on Bifidobacteria and lactic bacteria in health food[J].
Chinese Journal of Microecology, 2015, 27(2): 227-229. ]
[2] PHRAREAEI AN GB4A789.2 RGBMAEN T %
Bom & [S]. e 7 P B AR AL, 2016. [ Ministry of Health
of the People's Republic of China. GB 4789.2 Microbiological in-
spection of food Determination of total bacterial count[S]. Beijing:
China Standard Press, 2016. ]
[3] oA R E T A, GB4789.35-2016 & &M A4 4
I LB AR I [S]. b 3K F B AR B R AR, 2016. [ Ministry of
Health of the People's Republic of China. GB 4789.35-2016 Food
microbiological inspection Lactic acid bacteria inspection[S]. Bei-
jing: China Standard Press, 2016. ]
[4] XNIE, AFKLE, HiEH, F. 2% T ILRE L THN 7 &at
Rt [J]. & sk T A3, 2020, 41(12): 358-365. [LIU Y R,
SHU Y H, YANG J W, et al. Research progress on enumeration
methods of lactic acid bacteria in food[J]. Science and Technology
of Food Industry, 2020, 41(12): 358-365. ]
[5] #use, R4, Fik, F. ABEIU P SLER M 69 L Fi st m o
BEE] &5 R BT, 2022,48(10):35-41. [XIEJY,
ZHAO T, GAO Y, et al. Selective enumeration, isolation and identi-
fication of lactic acid bacteria in fermented milk [J]. Food and Fer-
mentation Industries, 2022, 48(10): 35-41. |
[6] thaR, Kk, #ER, F. — A & 200 8 & ILERH &9
o B %R B RBFRAT ] & & 5 AR, 2021,37(3): 12-14,
21. [ XU Y F, ZHANG X, CHU Z J, et al. Isolation, identification
and growth characteristics of a strain of lactic acid bacteria with effi-
cient antimicrobial activity [J]. Food & Machinery, 2021, 37(3): 12—
14,21. ]
[ 7] HERZOG T, CHROMIK A M, UHL W. Treatment of compli-
cated intra-abdominal infections in the era of multi-drug resistant
bacteria[J]. Europ J Med Res, 2010, 15(12): 525-532.
[8] AREETE, 3P, AF 5, F. W Ee93E TR (VBNC) KA
BAEMIEA R SR (T]. A5 B A F IR, 2014, 2006): 1124-
1131. [DIC C, HU P, HU Z L, et al. Research progress of viable
but non-culturable state of aquatic bacteria[J]. Chinese Journal of
Applied & Environmental Biology, 2014, 20(6): 1124-1131. ]
[9] PASZYNSKA-WESOOWSKA I, BARTOSZCZ M. Bacteria
in the state of VBNC-A threat to human health[J]. Medycyna
Weterynaryjna, 2009, 65(4): 228-231.
[10] SFEA, 2T, Suki, F WA EHETRRREFL
] #EfLS T 1,2014,42(1):31-36. [GUOHL,SHAOYY,
GAO S R, et al. Research on the viable but non-culturable (VBNC)
state of bacteria[J]. China Dairy Industry, 2014, 42(1): 31-36. ]
[ 11 ] SKORLUPKINA N, BLINKOVA L, PAKHOMOV Y, et al.
Formation and reversion of VBNC cells of salmonella typhimurium

preincubated in different substrates [J]. International Journal of Cur-


https://doi.org/10.13386/j.issn1002-0306.2020.12.059
https://doi.org/10.13386/j.issn1002-0306.2020.12.059
https://doi.org/10.13386/j.issn1002-0306.2020.12.059
https://doi.org/10.13995/j.cnki.11-1802/ts.029346
https://doi.org/10.13995/j.cnki.11-1802/ts.029346
https://doi.org/10.13995/j.cnki.11-1802/ts.029346
https://doi.org/10.13995/j.cnki.11-1802/ts.029346
https://doi.org/10.1186/2047-783X-15-12-525
https://doi.org/10.3969/j.issn.1001-2230.2014.01.009
https://doi.org/10.3969/j.issn.1001-2230.2014.01.009
https://doi.org/10.13386/j.issn1002-0306.2020.12.059
https://doi.org/10.13386/j.issn1002-0306.2020.12.059
https://doi.org/10.13386/j.issn1002-0306.2020.12.059
https://doi.org/10.13995/j.cnki.11-1802/ts.029346
https://doi.org/10.13995/j.cnki.11-1802/ts.029346
https://doi.org/10.13995/j.cnki.11-1802/ts.029346
https://doi.org/10.13995/j.cnki.11-1802/ts.029346
https://doi.org/10.1186/2047-783X-15-12-525
https://doi.org/10.3969/j.issn.1001-2230.2014.01.009
https://doi.org/10.3969/j.issn.1001-2230.2014.01.009

5 44 % 5 34 e FURRB B E SO TR - 153 -

rent Research and Review, 2017, 9(9): 20-25.
[12] Zmedt, BEA, 5Rekid, & ORMAD TEARY R
B ¥ 7y kA R R (1], A A 2B 5, 2017, 21(2): 154-158.
[LI X D, QU J H, ZHANG L J, et al. Progresses on the influence
factors of culturability and cultivation strategies of environmental
microorganisms [J]. Life Science Research, 2017, 21(2): 154-158. |
[13] e, AF 5, BRE. XL FMKE VBNC RAEHAR
Tk od sk B A AT A U], K & A 4 F 4R, 2009, 33(1): 28-33.
[ SHEN J, HU Z L, LI S F. Studies on the screening for Klebsiella
peneumoniae VBNC mutants and its transformation characteristics
[J]. Acta Hydrobiologica Sinica, 2009, 33(1): 28—-33. ]
[14] GUO QF, CHEN L, JING W M A. Research advances in the
probiotics mechanism and application of Bacillus coagulans[J].
Food Research and Development, 2018, 39(18): 208—213.
[15] A, XNKR, T4, 5. BEFRAFALMN T x2S
(1. #A#AF 7, 2020, 43(12): 84-87. [SHANCQ,LIUQC, L1J,
et al. Estabishment of method about detecting Bacillus coagulans
[J]. Feed Research, 2020, 43(12): 84—87. |
[16] &8, LB, KE, F W HBP L-RRBAER L4
RANERME KGR 0. R385 £ 55 %,2022,
44(2):1-7. [ WELJ L, AI S J, ZHANG X, et al. The effect of glu-
cose and L-alanine in the microalgal-bacterial consortia on culture
wastewater treatment[J]. Environmental Pollution and Prevention,
2022, 44(2):1-7. ]
[17] HAMABATA T, SENOH M, IWAKI M, et al. Induction and
resuscitation of viable but nonculturable Corynebacterium diphtheri-
aelJ]. Microorganisms, 2021, 9(5): 1-5.
[ 18] BODOR A, BOUNEDJOUM N, VINCZE G E, et al. Chal-
lenges of unculturable bacteria: Environmental perspectives[J]. Re-
views in Environmental Science and Biotechnology, 2020, 19(1):
1-22.
[19] EWRk, A, SOBAT R fe SLBR 1 B-F SUbE 3 B 2548 A AE
R ey ARt 1], & e FH5,2019,40(7): 335-341. [ JIANG C
B, HANG F. Advances in our understanding of the transgalactosyla-
tion activity of p-galactosidase from Bifidobacteria and lactic acid
bacteria[J]. Food Science, 2019, 40(7): 335-341. ]
[20] Z4&, WA, SRRSE, 5. T RSN b5k 4 5 AT o o 0 9f
KB OAAET]. W EHFR,2017,31(4): 10-16. [LIS, QU
C, ZHANG S L, et al. Spore germination and thermal inactivation of
a Bacillus coagulans strain isolated from medium-temperature steril-
ized emulsified sausage [J]. Meat Research, 2017, 31(4): 10-16. ]
[ 21 ] HUANG Z, GUO N, PAN Z, et al. Optimization of spore ger-
mination conditions of Clostridium sporogenes[J]. Modern Food
Science and Technology, 2021, 37(2): 49-55.

[ 22 ] NIKOLAEVA L I. Properties of Bifidobacteria and their use
for scientific and practical purposes[J]. Biotekhnologiya, 2021,
37(3):3-10.

[23] LIW, LI H, ZHANG Y, et al. Different effects of soybean

protein and its derived peptides on the growth and metabolism of Bi-

fidobacterium animalis subsp. animalis JCM 1190[J]. Food &

Function, 2021, 12(13): 5731-5744.

[24] LIU J, LIN L, BING L, et al. Study on spoilage capability
and VBNC state formation and recovery of Lactobacillus plan-
tarum[J]. Microbial Pathogenesis, 2017, 110: 257-261.

[25] AKINKUGBE A O, ONILUDE A A. Selective comparabili-
ty and physiological studies of lactic acid bacteria protease and
Calotropis procera (linn) extracts[J]. Peerj, 2015.

[26] ms&E, fu, hid. SUATH Fo SOHAT B S BORAL B 1R 90
FI R ey e A 5 [7]. SL A 55 R, 2022,45(1): 7-14. [ TIAN
L L, HUA X, HAN D. Comparison of in vitro carbohydrate utiliza-
tion by Lactobacilli and Bifidobacteria[J]. Journal of Dairy Science
and Technology, 2022, 45(1): 7-14. ]

[27] TACL,BANG Y C, CHUN Y C, et al. Comparative analy-
sis of spray-drying microencapsulation of Bifidobacterium adoles-
centis and Lactobacillus acidophilus cultivated in different growth
media[J]. Journal of Food Process Engineering, 2019, 42(7): 13258.
(28] Z37, 49 4, B, 5. 4B & Q8 At~ SUBR 14 36 784 A
B T, F BEgsg, 2009(10): 12-14. [LIK, YANG X H, HU L,
et al. Proliferative effect of swine bone protein hydrolysate on Lacto-
bacillus[J]. China Brewing, 2009(10): 12—14. ]

[29] T24, £h=, AL F, F HAMAES G LA R F oA
WA R )], &A%, 2010, 31(1): 292-294. [ DONG H J,
ZHANG ] Y, ZHENG L J, et al. Research advances of novel microe-
cologic probiotics Bacillus coagulans[J]. Food Science, 2010, 31
(1):292-294. ]

[30] CAO J, YU Z, LIU W, et al. Probiotic characteristics of
Bacillus coagulans and associated implications for human health and
diseases[J]. Journal of Functional Foods, 2019, 64: 103643.

[31] i, KRR, £8, F. —RELE F I 09 20 B Jh 2% >
FaSARRACLT]. A 4 F i8R, 2018, 45(2): 238-249. [ YANT,
ZHU J G, JIANG T, et al. Isolation and optimization on spore-form-
ing conditions of Bacillus coagulans[J]. Microbiology China, 2018,
45(2):238-249. |

[ 32] BOIX E, COUVERT O, ANDRE S, et al. The synergic inter-
action between environmental factors (pH and NaCl) and the physio-
logical state (vegetative cells and spores) provides new possibilities
for optimizing processes to manage risk of C. sporogenes spoilage
[J1. Food Microbiology, 2021, 100: 103832.


https://doi.org/10.3724/SP.J.1035.2009.00028
https://doi.org/10.3724/SP.J.1035.2009.00028
https://doi.org/10.15985/j.cnki.1001-3865.2022.02.009
https://doi.org/10.15985/j.cnki.1001-3865.2022.02.009
https://doi.org/10.1007/s11157-020-09522-4
https://doi.org/10.1007/s11157-020-09522-4
https://doi.org/10.7506/spkx1002-6630-20180302-024
https://doi.org/10.7506/spkx1002-6630-20180302-024
https://doi.org/10.21519/0234-2758-2021-37-3-3-10
https://doi.org/10.1016/j.micpath.2017.06.044
https://doi.org/10.3969/j.issn.0254-5071.2009.10.005
https://doi.org/10.3969/j.issn.0254-5071.2009.10.005
https://doi.org/10.1016/j.fm.2021.103832
https://doi.org/10.3724/SP.J.1035.2009.00028
https://doi.org/10.3724/SP.J.1035.2009.00028
https://doi.org/10.15985/j.cnki.1001-3865.2022.02.009
https://doi.org/10.15985/j.cnki.1001-3865.2022.02.009
https://doi.org/10.1007/s11157-020-09522-4
https://doi.org/10.1007/s11157-020-09522-4
https://doi.org/10.7506/spkx1002-6630-20180302-024
https://doi.org/10.7506/spkx1002-6630-20180302-024
https://doi.org/10.21519/0234-2758-2021-37-3-3-10
https://doi.org/10.1016/j.micpath.2017.06.044
https://doi.org/10.3969/j.issn.0254-5071.2009.10.005
https://doi.org/10.3969/j.issn.0254-5071.2009.10.005
https://doi.org/10.1016/j.fm.2021.103832
https://doi.org/10.3724/SP.J.1035.2009.00028
https://doi.org/10.3724/SP.J.1035.2009.00028
https://doi.org/10.15985/j.cnki.1001-3865.2022.02.009
https://doi.org/10.15985/j.cnki.1001-3865.2022.02.009
https://doi.org/10.1007/s11157-020-09522-4
https://doi.org/10.1007/s11157-020-09522-4
https://doi.org/10.7506/spkx1002-6630-20180302-024
https://doi.org/10.7506/spkx1002-6630-20180302-024
https://doi.org/10.21519/0234-2758-2021-37-3-3-10
https://doi.org/10.1016/j.micpath.2017.06.044
https://doi.org/10.3969/j.issn.0254-5071.2009.10.005
https://doi.org/10.3969/j.issn.0254-5071.2009.10.005
https://doi.org/10.1016/j.fm.2021.103832

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 稀释倍数的选择
	1.2.1.1 乳杆菌、双歧杆菌和球菌
	1.2.1.2 凝结芽孢杆菌

	1.2.2 计数稀释液的选择
	1.2.3 计数培养基的选择

	1.3 数据处理

	2 结果与分析
	2.1 菌粉样品稀释倍数对活菌数计数结果的影响
	2.2 不同计数稀释液对活菌数计数结果的影响
	2.3 不同计数培养基对活菌数计数结果的影响

	3 讨论与结论
	参考文献

