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identifying the common Lactobacillus. Methods In this paper, 3 kinds of different methods of DNA extraction were
used, namely cetyltrimethylammonium bromide (CTAB) method, magnetic bead method for genomic DNA
extraction kit of deep processing products (magnetic bead method) and Ezup column method for genomic DNA
extraction kit of deep processing products (column method). The quality of DNA was evaluated by measuring the
concentration and purity of DNA and using 165 DNA V3/V4 gene amplification technology. In addition, specific
primer probes were synthesized for Lactobacillus acidophilus, Lactobacillus delbrueckii subsp. bulgaricus,
Lactobacillus reuteri, Lactobacillus plantarum, Lactobacillus casei, Lactobacillus rhamnosus and Lactobacillus
paracasei. The specificity, sensitivity and repeatability of the method were verified by real-time fluorescence
quantitative PCR (qPCR), and the species of Lactobacillus were further identified in the commercial probiotic
products. Results The purity of DNA extracted by CTAB was 1.7-2.1, the concentration was more than 25 ng/mL,
and the cycle threshold (Ct) value of 16SrDNA V3/V4 gene amplification was less than 35, the PCR products meet the
requirement of qPCR; in contrast, the column method could meet the requirements except that the purity of biscuit
DNA was 1.96+0.13, the concentration was 79.07+2.15, and the amplified Ct value was 22.67+3.09, DNA extracted
from other products and DNA extracted by magnetic beads could not meet the requirements of 3 DNA evaluation
methods and had poor repeatability. The primers and probes used in this paper had obvious specific amplification for
target Lactobacillus, with sensitivity ranges of 0.0100-1.0000 ng/puL and 10°-10* CFU/mL, and good repeatability
[relative standard deviation (RSD)=<3.02%]. Among the 20 batches of commercial products tested, 6 batches of
products did not detect the labeled Lactobacillus species, which was inconsistent with the actual detected strains.
Conclusion Because of its high adaptability and low cost, CTAB method performs better in extracting DNA from
probiotic products in complex substrates, and combined with qPCR method, it can effectively identify the species
level of Lactobacillus in products. However, more sensitive primers and probes need to be developed for the limit of
detection of Lactobacillus casei.

KEY WORDS: extraction method; specific gene amplification; deep processing probiotic products
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FLHEAFE CICC 6240 . 8 FC AR in A 2L A 7 WA CICC
6097, TERFLESHT I CICC 6114, BITEEFLESATE CICC
6138, BRAWILBITE CICC 6224, BRI FLATH
CICC 6226, B XUEATE ATCC 27673, WL 5 H Fifg
7 5T B A 5 AR A5 B PR AT o

7 FhELFF RS E S W B AR AT R USRI 165 DNA
V3IVA 514 N i A T AR TR E IS B AT TR 7
G
112 & #l

HAEME K(E#HE>30 U/mg, 3£[E Promaga A H]); &5
i . JoK R, CTAB(OM T4l E 255 B b2+ R
A ¥]); Premix Ex TagTM (Probe qPCR), SYBR Premix Ex
Taq"™(Tli RNase Plus)[“E H/EH) TRE(CKE) A PR F]]; RS
Agar Medium (MRS 153758 (bt Bi#fF 2 7l); Tris-Saturated
Phenol (Tris g FI1) . ¥ E#(>5000 U/mg). Tris-EDTA %¢
fRWL(TE ¥ Ezup FEZUEIN 1™ 5 LK 41 DNA #2380
Fl &, BEBREEM L= A3 2] DNA ikl &k T
YR ()R A R A A
.13 & %

SI Vortex Genie2 JiEi 3R % 4y (3¢ [E Scientific Industries
43 #)); NanoDrop2000 fi #4843 #r{ . TOLEDO MS6001S
L~ RF- (B 0.1 mg) (7 B MR 8- FE R 224 1); S430R 4
DK VGRS (P [ AR B ); 7500Fast 960G ER PCR
U(ERE ABI 2AH]); Mark IZINRESE 68 IR & R 58 (1 2%
MARTANOXMAT /A #)); 581R SR EHE KA & .OHL0(E
[E EPPENDORF /A #l); SMI12 i, #AIE i 15 5% 46 (35 =
SHELLAB /).
1.2 EWHE
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PRUEDE MR R T HESR h 208, FLIRIA SR MY 1=
% GB 4789.35—2023 ( B L LEFIE & MMEYF*
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PRUETR AR DNA $2H0S 2 SCHR[18]; ARk ™ i bR
ALY, HEATRTAR T ()RR BURCR AR B S 250 bR J5 IR ;
2 [T A AU W 1t (2) 8 2 1™ b ol 20 1 O 25 PR R
I (CTAB YA RTAL IR 5 ). 43I 3 Ry ik ififT DNA 2
B, CTAB ¥ 76 BRI AT BRFEA T, JEA 200 uL %
PRI 37 °CHF & 2 h L b, kT DNA $2HUY misRak: 45
IRREBR LRI T L H 20 DNA i) & uiBl 15, 4
ik $ 88 Bzup AEUB0N T 7= i FEH 41 DNA fiiikHl &
VLA . AR OTIERE 3 T
1.2.3 4 DNA RE#H0 7 ik

()EEAMI BB Tk

Kl NanoDrop2000 f#t i 250 34X CTAB s, #
PR A AU DNA 43 310 5E ODago m« ODago nm

Wz YA, OD2go nm/ODago nm A= P-4 DNA 4, OD o< Fi BT
$1x50/1000 T35 DNA ¥ £

(2) 165 DNA V3/V4 PCR ¥

K FH 338F #il 806R :[H 74117 PCR §"44, 3k,
b DNA #2BUS 5 K KZR: 2xSYBR Premix 7.5 pL.,
VS 1#(10 pmol/L)#% 1 L, DNA 1 uL., KR #FK
AR ZE 1S pL; RNk 95 °CHIAEYE 5 min, 35 MG,
94 °CAE M 30 s, 55 °CiB 2k 45's, 72 °CHE{H 90 s,
124 7HIFEGERRAELE PCR F ik

PRI DL BARELAT R DNA VERFRPEXTIE . 3
Py SO B R AT B TE B K R as POV IR ik B
RGN o) F55 A XoF 5 A 38 A 46 X 8 A8 G 200, A e SR A
B SR FUAT B AR E R AR DNA FBE & % 10.0000., 1.0000
0.1000., 0.0100., 0.0010 ng/uL, Za%f R GRS R AT bR
Y TR PR A 15 RV R 10 5B AR R 10'~10° CFU/mL
LR (LAPHR I AROIAR [100); 4% 10'~10° CFU/mL 1Y 8 4~Jii
TR AR IRI DNA, SR)5#1T qPCR 973, REUEM
R A MR P 3 A AT ik E R AR 7 AL
FFRZEHE 4 > DNA WEEBREE 10.0000, 1.0000, 0.1000,
0.0100. 0.0010 ng/pL JFATH B4, FAFRWSE 6 P47,
1 5598 PR B0 18 (cycle threshold, Ct) A4 Al X br s 22
(relative standard deviation, RSD),

qPCR ¥4 2 WK &R 2xPremix 7.5 pL. b Fi#F514
(10 pmol/L) . #F%F(10 pmol/L)4% 0.8 uL. 6-FRHEL-X-%' F}H
(6-CARBOXY-X-RHODAMINE ROX) 0.3 uL. DNA 1 pL,
KU FRAMNEE 15 pL; RV 95 °CHiASE: 3 min,
94 °C75 1 5 5,60 °CIB K 40 s, 72 °CHEMH 90 s, 40 NMEER, [F]
At ISR VR R L A 9 5B (FAM)
1.3 SEFRFEGRIE T

i AL 18 HEyk )™ 5, Wi 7 FhELAFE ™ 5,
H BN = 5 B AR O FLAF BRI, SR R FK PR S5 |
PIRERET EA T3, REARERY 3 AN PAT, [l E s
JE B X R B % R
14 HiELE

K F 7500FastSystem Software v1.3.2 #4417 qPCR
Iy, FFAS P ERZE R C i, 25 AR JEPE e 0N
K, MBI Ct {H/NT 40.0; BAYEXTIE: JoUeExt 4 K,
ARG Ct EARTF 40.0; PHMEXTIE: A2OExEE K, B
JEIE A B R 2k, AHR Y Ce B/ F 35.00 DLE
A 1 AR, SER R TEAL .
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AREFFEN 3 AFEX 3 RO A b S



270 B il 2 A iR A I A 4

FH15E

DNA HEf 7PN, 4355 A, ODago an/ODago am 2 H
AT 1.7~2.1 ZI8]; B. i /5 2400 DNA #é B 55k A/
F 25 ng/uL; C. 16y DNAV3VA PCR ¥ 1 Ct /N T 35.0,
2.1.1 EshyREEFELER

i DNA # ODjgo nm+ ODago nm T35 DNA
LEREAREE, WL 1. 3 MO RIIE DNA 4lifE, BARTE
Biit2E b I R (P>0.05), {H CTAB #4281 DNA
SRR T 1.7~2.1 Z [0, /2 qPCR & 1Y K, SRTR
FARER LR B Y . PO A . BERORR | BB |
EARYCRE, SRR, DA REER % B A 28 ) 6 bl A
FIHESR A DNA ZiEH AT 2.1, XK DNA FEA T
AT RNA V554 [FRT, LR IUR G oF & 7 L 2
BEBRILIEIUR G, . REEAL . PR . PR TOBHRITR R B A5
F¥) DNA ZEEEART 1.7, VB 026y & b (0 28 1 ST 4

BB BRAAfES DNA —EITHE.
TEF R BRI B TE % 24/ DNA B, 3 Fpor il
FERRELSE R, FES i LA B2 5 (P<0.05), CTAB

Fz 1 3 #7552 DNA iR E

BRI DNA WREEAREL 40 ng/uL; i FAER AR HUY
DNA WA F] 25 ng/ul VU b, ST EY &L . L8R .
BEORY AR R TOBE SR T ARSI SR TR B R
[T A 77 i B DNA YR BE SR T 25 ng/pL, 3XAF AR 2 AT
REX A QPCR MY R, SR 4 Rt &KW DNA 194l
IS A SR RIE e, BRI A 4 ) DNA A
A HBHEA S AR A AT FH A 4T 5

2.1.2 16SDNAV3/V4 PCR # 3§ 4 %

K FH 16SrDNA V3/V4 LR X 72 i /P Y DNA BEFT 73,
EIL LR 2, ffi] CTAB 3L #EHUAY DNA 76 i A F=dh 15
WA 1 4R, Ct{E3/NT 35, RSD YU FI7E 2.28% %
7.74%2Z 00, Bon R EREE M. AR, &
T, AR 5 BRI S DNA, 47 1425 BORFRAR i 3L
b= S TR Ce A A 2R . RABEERIE 45 R R,
REEFL . BERFPET A DNA 9788 Ct {63 T B
FriE; SRTMA RSD MIZ5RKE, Mk MuikEMER
PR 2%,

Table 1 Purity and concentration of DNA extracted by 3 kinds of methods
. 40 i (OD 260 am/O D250 nm) Y B (OD2o )/ (ng/pL)
ks CTAB % Kk BRI CTAB % Rk WETRT:
TV 1.95+0.19 2.48+0.81 2.96+1.98 159.93+2.02 277.41+0.88 3.52+7.19
A=k 1.76+0.42 1.69+0.50 1.68+1.30 85.22+2.44 29.77+2.10 7.03+1.46
Rk 1.84+0.25 1.40+0.57 1.52+0.82 703.38+0.92 9.98+2.44 11.37+£0.94
PR 2.05+0.08 2.29+0.59 1.58+0.96 863.63+0.53 60.57+0.94 11.66+1.31
B RO R 1.94+0.18 2.95+3.09 1.83+2.00 132.77+0.55 21.12£0.71 1.29+1.15
Tl o 2R 1.96+0.19 2.25+0.22 2.67+0.93 1018.78+0.72 40.75+0.72 15.25+1.07
e AR 1.80+0.22 2.32+0.37 0.95+0.42 852.24+0.82 20.27+1.76 1.09+1.52
Rk 1.97+0.19 4.07+2.32 2.06+0.17 46.51+3.30 7.43+1.42 3.77+1.50
Hky 1.86+0.26 2.25+0.19 1.44+0.77 214.33+0.59 557.42+0.92 8.64+1.25
PET 1.85+0.16 1.96+0.13 1.87+0.68 557.29+1.52 79.07£2.15 20.01£1.30
P 0.08 0.0005
%2 3 #75%IZE DNA 165rDNA V3/V4 PCR Ct {8
Table 2 PCR Ct values of DNA 16SrDNA V3/V4 extracted by 3 kinds of methods
., CTAB ¥ EEWR WETRIE
ik CtfH RSD/% CtfH RSD/% CtfH RSD/%

TP 16.52+1.28 7.74 19.02+2.91 15.29 >40 /

R IEFL 20.81+1.56 7.48 >40 / 30.89+6.38 20.65
R 17.67+1.28 7.25 30.05+1.17 5.93 >40 /
R 15.81+1.06 6.70 >40 / >40 /

BEROREAR 15.06+0.54 3.56 >40 / 35.05+5.64 16.10

i R AR 15.19+0.76 4.99 20.26+3.74 18.44 >40 /

e AR 21.09+0.48 2.28 19.29+3.71 3.71 >40 /
Pk 26.79+1.37 5.12 27.18+8.94 32.88 32.51+4.12 12.68
ik 14.83+0.63 423 23.76+9.20 38.73 >40 /
PET 21.89+0.52 2.36 22.67+3.09 13.64 30.15+6.25 20.73

T /7R CUEABK T 40, Joikis thAHX bR i 2% (relative standard deviation, RSD)U{i, 2 5 [,
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ARG T 3 i DNA $-BU %, 73007548 T DNA
R4 | el 2 HAE 165 DNA V3/VA KK i) qPCR #3445
B, NEEER TR, CTAB BERIEHEN 100%, FE=
Bk 20%, TREERE A 0%, fEFETE T, RO AR I+
PRI DNA B, ZlRE | VR BE R SRR 40 L 2R,
AT LER CTAB IEBI&IE ik SR, HREER A HREL
JITAT 7= i DNA SRR | A RO A 1 B T bR
HE, RNy ANE T2 28 B 0™ b ST DNA (1)
PRI, FERA T, Fh R AR R v H R
WA g, AU, mHARME K. MEZ T, CTAB
DA B ECR, AR AR, BEE A R A RE S A R
2.2 7 MEAEMKERUE R

qPCR 75 ik 6 4% 7 A ) 45 R
me 3 fiiw, 7 FhELFFEE A5 | AR ET X 45 B B FRFL
FERS8AT B R S e g, 36 3 b CofRad, 45 RTE
14~30 ZIf], JE HARFLFF R B 3, 4558 KF 35,
UEBAASBIEGE 237 (1 qPCR Jy ik 2 @i 7 Fh LT s FpoK P14

2.2.1

R AR S
2.2.2 qPCR 7 ikt & 55 o) 45

AR FTHE N 7 AT R oA 7 FPFLAT R LI DNA
W, W3R 4 PR, WERFLAFE . BRI . B
2 L AT T R 1 T LT D A R ARSI DNA Vi g 4
S 0.0100 ng/pL; 78 FCFLAF B AR A S S0 AR ) 7L RS A
PR e ARASE N DNA s 8 ok 0.1000 ng/uL; i T i LI
FF P09 55 AT DNA FTHEHk 24 1.0000 ng/pL, JEFHA 6
FhFLFFE B9 10 520 1.

TER WM E X 10" #1107 CFU/mL B, FFA SCH iy
AR R R E S, R EE RO B . 2 B R
WZE 10°~10° CFU/ML B, i SCB B R il g4
WEE, Kz R E. TREFUBEFT R . @l R FLREAT
PR E LA AR ) STV STV AR B2 M 2L 6 A T P YA
¥4 10* CFU/mL B 3 IRSEH v Ce /N T 35, Mt
PR 4 10 CFU/mL [FB, 4B EE A 10° CFU/mL
W, FYFLRFF B . B O R CELAT  FE BR LA B A
WP (S, HA RN 10° CFU/mML.

R3 FEERMERD
Table 3 Specificity of detection methods

L 519
7S
A B C D E F G
IR LTI 2228,184,1648  >40,>40,>40  >40,>40,>40  >40,>40,>40  >40,>40,>40 >40,>40,>40  >40,>40,>40
BURMURHTI 305254040 3532,>40,>40  (H4ITO% 0 B840 000,540 240,540,540 >40,>40,540
TECFLFF TR 163,23.1, 38.97,38.47
(R >40,39.33,>40  >40,>40,>40  35.01,>40,>40 >40, 38.86,>40 7 >40, >40, >40 54
IR 35.72, 21.61,19.45, >40,>40,

BRICHIRFLIFE  >40,>40,>40  36.47,>40,>40 38.63, 240 .04 017 >40,>40,>40  >40,>40,>40
TEEFLEAT >40, >40, >40 40,540 240  >40,39.5,>40 3024,>40,>40 >40,>40,>40 2! ‘;;3203 442’ >40,>40,>40
HF AT >40,>40,>40  26.21,29.21,27.21 37.79,>40,>40 >40,38.69,>40 >40,>40,>40 >40,>40>40  >40,>40,>40

T — 36.72,36.33 >40,37.03 20.82,18.5
Rl T IR AT I >40, >40, >40 >40, >40, >40 36.55 3785 >40,>40,>40  >40, >40, >40 1985
IEPREEBR A >40, >40, >40 >40,>40,>40  >40,>40,>40  >40,>40,>40  >40,>40,>40 >40,>40,>40  >40,>40,>40
BIYRUEL AT >40, >40, >40 >40,>40, >40 >40,>40,>40  >40,>40,>40  >40,>40,>40 >40,>40,>40  >40,>40,>40

TE: GIFIRE PR A, VEERFLAFI; B. MMIFLIFIN, C. BUBWISLEATE, D. 2 FIOHRFLIT R, E. MERFLF R INFIER; F. T8

FUAFIL G R T AR FL B AT I

R4 FHERNNREE
Table 4 Sensitivity of detection methods

AHXT R (DNA W)/ (ng/uL)

i qof RAGE (R FE R FREL)/(CFU/mL)

bk 10.0000  1.0000  0.1000  0.0100  0.0010  0.0001 0% 100 10° 10° 10" 10° 10> 10
TEEFLEEFT I 33 3/3 0/3 0/3 0/3 0/3 33 33 33 33 33 03 03 03
T P L A TR 3/3 3/3 3/3 33 13 0/3 33 33 33 33 33 03 03 03
FARWEZLIE A I 33 3/3 3/3 33 0/3 0/3 33 33 33 33 33 03 03 03
WERRFLA AT 33 3/3 3/3 33 0/3 0/3 33 33 33 33 33 33 03 03
;}E;?ﬁ;l 3/3 3/3 3/3 0/3 0/3 0/3 33 33 33 33 33 13 03 03
B P AT 3/3 3/3 3/3 33 13 0/3 33 33 33 33 33 33 03 03
TP FAEFE A 33 3/3 3/3 13 0/3 0/3 33 33 33 33 33 33 03 03
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2.2.3 qPCR 7 k89 & A m 45 R

ange 5 Frow, 7 M ELAF R BEEE 10.0000,1.0000.,0.1000
0.0100 ng/uL 4 /> DNA ¥R JE, BN E 6 AT T3,
BOE-34 Ct{l; Ct{E % RSD /T 0.80%~3.02%2 [6], Y7Ew]

FSZJERN, IEBTET ) QPCR J7 i A MRS

2.3 PR @AEMEER

FEREINE 20 HETTE bR, A 6 ™ dh R4S

SRR, FEEN 10%, LR 6. 16"

01 bk 1
IZIIZIU/-(FH:I

1,

AT b ME— AR R T — T BE FLER AT I, AEE 2L h
St HA 6 FRFLAT B TAGIN, &5 5 & BRI T 1% LS AT A
B A B P B 2k, CofE 4902 21.90.20.71 F122.33, M
T8 7 il FP SR BRI A 2 B T W ZLES AR . IkAh, 3
AR B A T W LB AT 1R 09 525 R b o A ) T 1%
FLEEFF B R B 055, 5 T 1% 2L I A BT 1 A 0 R Al
(X REEH 1.0000 ng/uL, 4% ZREE N 10° CFU/g),
i Tk S 7 i T LA TR A S Rk B AT Y ST

x5 FHERNNESM

Table 5 Repeatability of detection methods
e /(ng/uL)
L7 10.0000 1.0000 0.1000 0.0100
CtfH RSD/% Ct{H RSD/% Ctfi RSD/% CtfH RSD/%
T FL AT R 25.29 1.38 30.75 1.75 >40 / >40 /
AT R LR AT T 22.85 2.36 28.29 3.02 30.16 1.59 34.03 1.21
R LI I8 21.55 1.37 25.81 2.23 29.88 1.23 33.44 0.80
WE R LA A 21.47 1.87 21.47 1.18 30.16 2.20 34.37 1.44
7 PR LA R SRR S S 22.40 0.89 26.46 2.61 32.81 1.30 >40 /
B R FLAF 21.87 2.42 25.97 1.90 29.67 1.59 >40 /
TP FLAEAT T 19.02 3.01 23.08 2.32 25.51 1.89 >40 /
F6 MEFRTAFTERNER
Table 6 Detection results of Lactobacillus in commercial products
He 7 AT bR R RN K ERN & Ct KA HAT R B
TR 1 FEYFMEATEE . IR FYFRATE(16.19, 1459, 1541)ERRFUTRI(17.91. 18.15, 15.70) X
WA 2 TR PR PR RATE28.15, 1829, 28.30) ¥
REEALL BINRERURR . R PEMAREFFFR(34.29., 34.16, 33.25). WERRFUAFHI(27.10, 25.83. 26.54) T
L 2 LRINFNEFUFFR . RERRFLAT A PRMFEFFFE(29.75 . 32,52, 37.6)FERRFLATHI(24.32. 24.67. 23.38). o
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A2 RARTLRGHTA B TR BT EEFL AT (19.01, 28.15, 29.56) X
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PEE EYIELRATTE . TREELEEFIE HIFURIFTHI(33.00, 33.18. 34.55), THSFLEGITHI(>40. >40, >40) THsFLIAT
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FHPEAE T CTAB ¥ . REBREFIAE RS- IO T35 4= 14
P DNA PERE, CTAB e RIS 7 dhfin AV T,
Bl LT 40 gt F 2% T B T A LA T A A R A P 1),
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