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Determination of lactic acid bacteria in bactericidal products by
quantitative PCR

YUYi', GU Chen-Rong, ZHANG Na-Na, LIU Yang, XU Qiong
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Food Products (Shanghai), Shanghai 200233, China)

ABSTRACT: Objective To detect lactic acid bacteria in bactericidal products by quantitative PCR (qPCR), and
compare the results with the label to find out the heterogeneity and quantity of various types of bacteria in the
products. Methods Taking commercially available fermented milk and milk-containing beverages as research
objects, totally 6 kinds of primers and probes were designed to distinguish common lactic acid bacteria in the
products. The specificity and sensitivity of the method were verified by qPCR, and the standard amplification curve
was established. The simulation sample method was used to test, and the actual samples purchased in the market were
tested. Results Except Lactobacillus casei, the other 5 primers could amplify their target bacteria specifically, and
there was no amplification of other lactic acid bacteria. The sensitivity of DNA detection could reach 2-4 pg. The
linearity of the single standard strain amplification curve was good, with r? between 0.954-0.992. Compared with the
plate method, P>0.05, and there was no significant difference. In the detection of commercial samples, Lactobacillus
casei, Bifidobacteria and Sreptococcus thermophilus labeled in the product did not match the test results.
Conclusion This qPCR method can quickly and accurately identify and quantitatively analyze the products,
including Lactobacillus delbrueckii subsp. Bulgaricus, Sreptococcus thermophilus, Lactococcus lactis, Lactobacillus
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acidophilus and Bifidobacteria.

KEY WORDS: lactic acid bacteria; quantitative PCR; bactericidal type product; non culture
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Table 1 Primer and probe sequences

S, Sid LRS- st
6 FRFLRF 5 R T T WPl CCGGTTGCCCGTTTCCTGCGG
FE R FLA A Fﬁf’ggfgg??gg&f&%’gg&? CCCATCCGCCGCTAGCGTT
TR LA A ﬁigg%gg‘ég%fgfﬁfgg&?g TCGCCCAATGCAGCCTGCGC
W FHERR T FR%?C%C&%TTGT‘:E%%@(T}S‘C% CTCTCACACCCGTTCTTGACT
WUECFF AT LS TCGCCGCATGTTGCCAGCGG
FLERFLIKR A R:ZSTT gﬁggggi@g@%@%ﬁi A ACCCTGGTAGTCCACGCCGT
16s rRNA 16SF:AGAGTTTGATCCTGGCTCAG 1495R:CTACGGCTACCTTGTTACGA

TE: G AR th SE SRR A M 2 W] B
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B — B v TR R R 10475 72 46 i R T P H B DNA iF
1T qPCR #"34, LUAR M TR Bk T A2 19 R [ B 500 30l
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Table 2 Result of specificity test

B bR A4 TR

519
CICC 6117 CICC 6047 CICC 6074 CICC 6063 CICC6246 CICC6250 ATCC25922 =5[]
T i FLAF B — — — — — — — —
P LA B 7 CC LA T B . B B B B B B
A0 S S Fef
e N ag) — — + — — — — —
B PG BRI — — — + — — — —
UG AT BT — — — — — + — —
FLERFLER TR — _ — _ + _ o o
T “+7”Ct {H<30.0;“—"Ct {E>40.0,
#x3 RYERNER
Table 3 Result of sensitivity test
e /(ng/uL)
HRE£ R
10 1 0.1 0.01 0.001 0.0005 0.001
788 G LA A G 1) S S 5/5 5/5 5/5 5/5 5/5 4/5 0/5
WG R FLATF 1 5/5 5/5 5/5 4/5 4/5 2/5 0/5
T LA 0/5 0/5 0/5 0/5 0/5 0/5 0/5
U - TR 5/5 5/5 5/5 5/5 5/5 4/5 0/5
WG HAEE BR B 5/5 5/5 5/5 5/5 4/5 0/5 0/5
FLERFLERTA 5/5 5/5 5/5 5/5 5/5 4/5 0/5
=k B o =4 %ZE\ é@fﬁgﬁ%(n%&)
R ¢
3.3 ﬁ—lﬁﬁﬂ JZ—ELL Table 4 Concentration, purity results(n=3)
LR [ T S A DA i — :
BRI FO R BB BV BT PCR, L2 PP oo e
B B RBRUEI 22, ML BERAE A (40 0 ve 0792 12
J9: BERRFLATET Y=-3.075X+38.75, r’=0.980; "&bk Bk M2 606.74 2.14
Y=-3.991X+45.127, r*=0.954; 7 [&FLAT B 4 I A1) 37 0 &b M3 223.85 2.12

Y=-2.990X+34.632, r’=0.992; FL MR FL Bk H Y=-1.263X+
37.203, r*=0.987; XUHFIE Y=-4.232X+45.276, r’=0.981.
TR 5 ARERRIARSE R P BOR T 95%, LMEXRR
U, DRI v il 2 T DAV R R 7= i v 4% 25 LR R A
58 B
3.4 IR RS
3.4.1 DNARE#mgR

W 4 FrRIR G B A T PCR /Y DNA %R
Ageo/Aogo LLIEHABTE 1.7~2.2, ZERIREURRAT & PCR ¥ HE 2 . .
S BRI DNA 28k e W 1 s, 4 I I S PR 6
HEVEU YN, SEIERCHR, RESRED I A, O L H1 168 rRNA HL(QE
B 5 BAR AL B8, ARG SR S S IR T Fig.l 16S rRNA image
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3.4.2 qPCR #m4 %

B LAY qPCR A Z5 R UNZR 5 PR, ATANFEXT LA
AN LR BAT 1) 2% AL OB by R BT ) LD A A R, qPCR
I 7 5 AR P Al A I ASEADURE it P AL RR T, P (XK
T 0.05, o FEMEES, UHIEH gPCR Ry i & n]
(i

3.5 LIHmENLER

Xof T 7 SR ST B QPCR 7 B BEAT RN, )
16STRNA 38 51 Py BEA T4 14, eI 23091 i H i 4%
W, RUIFES PO AT ) DNA; R ZLER A 1)
SPIDR F~F DX sl BE DR S S 1k 5 | 4 38, AT 7 B A,
LW 6~7,

x5 HEHERE qPCR MR
Table 5 Results of qPCR detection of simulated samples

PEICFUT A R IR

B TR I PREER TR SR WA T FE R FLFF TR FLERFLER B
Tk AR qPCR AR qPCR AR qPCR R qPCR AR R qPCR
Ml 1.1x10’ 1.5x107 1.1x107 1.5x107 8.0x10° 1.0x107 1.3x107 2.3x107 9.3x10° 1.2x107
M2 8.6x10° 2.5x107 2.3x10’ 1.2x107 6.9x10° 8.7x10° 9.9x10° 1.9x107 8.9x10° 1.4x107
M3 9.1x10° 1.5x107 1.8x10’ 1.4x107 8.8x10° 1.0x10’ 1.4x10’ 1.5x10’ 9.6x10° 2.1x10’
P 0.0592 0.3648 0.0761 0.0627 0.0795
* 6 EF MM qPCR ML R(CFU/mL)
Table 6 Results of qPCR test of milk samples (CFU/mL)
H5 28 B T bR ioallEnd ERes T2 W T B iRl et
A EE BRI 7.43x10° REFAEE R TR 4.45x10°
v TERFLAF BN A 6.56x10° Y6 T LA B RN R A 1.14x10°
B R T 7.12x10° A TR LA Not detected
T LT B ORI ) 7 A 1.49x10° TEIAEEBR TR 9.53x10°
2 TR A UL AT B Not detected Y7 88 P LA B in ) ST 1.53x107
FERRFLAT A 9.27x10° WE IR AT 1A 2.29%10°
ARG BRI 8.44x10° REAEE R TA 8.15x10°
PE LA B ORI A T R 4.75%10° T LA B RN R A 2.32x10°
Y3 BT s FLAF B Not detected e I T LA TR Not detected
WE R FLAT 1.36x10° FLRRFLERTA 3.19x10*
FLBUE AT B Not detected WG SR R T Not detected
PEIEE R 4.82x10° 7 PR LA T GRS S 9.83x10°
TR BN A 5.49x10° v TEBR AL 1.20x10°
k FLIRFLIR A 1.23x10° LSBT Not detected
RERRFLAT A 1.63x10° e ER A 5.70x10°
WEAEEER TR 9.31x10° 78 LT B DRI R T e 6.19x10°
T P LA B ORI ) S I e 1.79x10° W LA A 6.30x10°
Y5 T i FLATF R Not detected 1o
FLIR LKA 1.89x10° T B AL Not detected
e RN 1.20x10°

1:: Not detected F R A F]
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Table 7 Results of qPCR tests of fermented milk samples(CFU/g)
P B2 W 7R T Ak [ORIIERES 5 b2 W 7R TR Ak ioalUERT
g PAEE BR B Not detected g B BR B 7.62x10°
75 PO L B ORI R S A 8.63x10°
F1 ) P LA TR Not detected F3 B
o B RS I PR AN S 7.10x10°
AL FLER TR Not detected
B R AT TE 1.65%10°
B L BR TE 6.85x10° W S R 9.34x10°
F2 8 FRFUAT B PRI AL o 8.82x10° F4 B
I T8 ERFLAT B8 DRI SIE A 4.80x10°
FLIR FLER A 1.09x10°

1 Not detected FE/n AK I E] .

ST T S AR 2 BR R B TR R BT A vk A T
RO BT bR R 14 #R)™ SR bR R 8 ST A
PRINANE SRR AEEER T, R INZERBR F1 ™ S bRk
M FREIABERR B, HoAt ™ i % BHPRESIAF] 10° CFU/g(mL)
Db, B il e 3 T DA AT B A o R ST T e A g A
BEBRPA R B R TR, JF BAFSE R B 2 R e
) 35 5 B DR RR B L sk A 3 35 ) v, R ENT TS
FIVEFRA, A 8 U™ S A A I TV RRFLAT B, Lo
BEIEF 9.27%10°~6.63x10° CFU/g(mL), EAG N T FAE 5
FE e, HLRBERL S IR e O, ER BRI E FL
PR AR BT Tz 0 R o U AT PR AR S AR TR R
WEM— REFLRR A, B E AT R & BRI 7
2 ZE TR S, AR AR 2 FLRR TR R e — — 2L IR
SRR, LR 7 R Tl A (1 A R 5 At L R T oA e
TESCRERRGIN A 3 HEVR(Y2, Y3 . YO AK ™ i P bRs
FR AU AT T, FEASERLRE i v XUBE AT T 97 48 R 3 B A5 00
AHERRAT Z R0 R R LSRRI 25 5 . IR LR FLER
B R T F1 R, Y8 APl BRFLER B |5
P T BB 13.8%, MWHAM™ FEA 0.1%~7%1 Hfi;
244 I T 1 it DRl e b 7L 1 LR A 0 0 T O e
() R BN RN 22—, AR BRI i HoA A 7 i
B 6 HLUG S bR R A T RFLATE, BT rEip s
50 v A T I FLATF TR 19 5 | DRI A R 3Gt H
PRFLIR TR, I LATE 5 22 S 5 Hp 7 S — A i 5T Al 1 5|
Y. 25 BT, ASCEST I qPCR 7 a] DU T8 i 57
o P AP R FUAT T A A ol B PR ER TR . WE IR LT
VL LR FLER TR AUBUBCF B P F e s i, BEAEE T
PR LA B LR AR B PLRR TR AR

4 HhiL5Tte
AWFFERENL T qPCR J5ik, AT (R X547 i 22l

BRRRAR N, BESCEL 10 SRR RE S A, SCSCBL TR
ol i) 4 001 R ik TR TR S DN S R B, ARG
A AR IC I R RR B OL, AHERR A el R A IR AT AE,
T3 AN A ) AL ] T i 52 S AR TR AR I oK e
R 2 HARFURR B i T S A B | AR B R
HAARFLRR T, 75 2R 5 00 TAR it — Pk 5 o RABE
RS eI k78
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