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Recent Advances of Real-time Quantitative PCR in Dairy Microbiology

ZHU Jun-wei et al  (Bright Dairy Co. Ltd, State Key Laboratory of Dairy Biotechnology, Shanghai 200436 )

Abstract  Recent studies show that quantitative PCR (qPCR)-based methods are applied with success in enumerating fermenting microbes and
health promoting bacteria in dairy products. The increasing number of sequenced genomes is now a crucial support to designing specific primers
and probes. Technological advances in qPCR-based methods including viable quantitative PCR are also highlighted and could be promising strate-
gies for quantifying merely viable cells, detecting multiple microorganisms in a single reaction and constructing high throughput PCR workflows.
Application of real-time quantitative PCR in the food industry has proven its reliability nevertheless its widespread use in the dairy industry will
need technical recommendations and standardization methods. In this paper, we proposed to synthesized major outputs from recent studies using

PCR to display how this can offer new analytical solutions to dairy microbiology.

Key words  Real-time Quantitative; PCR; Probiotic; Cheese

P8 14 5 e AGHIN 5V MR A T 14 TRl A O B SR B ) £
R R AT 0 B AR, 0 R T AT B IR A AR
BRI AR A S AR IR P UG I Y A 52 2
P A P ST 1 431 A A T R B
RAFHE T AT 45 A R[] , 1o B RE PRIIE Rl Toll )7 g
P, [F] I SCREGR 15 LI A B b A B0R, W4 T RA
il IS IO 5 VR ARG £ DRV Bl A s D R 2 223145 1 [ B
AL (1S0) AR 7

TG B Gl E ) 750 TG R — S A {5 PR (B AR M 15 77 )
T oA AT L NRESE B LA, SR i 2012
Yy Or RO R S PE#8 A DNA BUSE, AT LLER Hb
THREVE R YT R RO

FEFL A Tk A Bl EWIH AR T BN T B IR S R Y
KIS 5 U R R E Y i AR R E .t T AR AR
B AL B 7 LA it (RIS A7 A Sl v st g o 4 A4
B FIZLIR B OBl 2 S Tl R 17— E R PR FLan
Ayt B RAT W S I RE T 7 3k, T A A A 7L okl
FIFEE AR 2 R GE P A it AR RO, IR B AR Wi A7
IHREST AR A5 B NI, B NSNS B IEAE T 52 5 T
PCR (197312707 1 LAYI REHERA & 1% BB, b m] DLAE B —
FBE PR 28 G 22 A T A P R, HLRERS A8 i i PCR 3
B B ZTR T G T S R, S S O
JeRE R PCR HARAEZL i A 27 vh i S B 0 7 84T 1 25
I IEXHAE FIHLBLE AT 3, 3] B2 R 43 S 2l i PCR
BOARTEFL i Toll A I P it — 5 i e S Fr

E£mMABE “+=z"E %A L4+ % (2012BADI2B08)
EERN REH(1988 - ), F T REXA IR, ML, AF

L AT o
WisHE 2014-04-28

1 SLEEEEE PCR ik
1.1 ERWHREE PCR WERFE LA 756E = PCR
(real-time fluomgenetic quantitative PCR) J&7F PCR &P F AR
FEfils b AR MR E RHOR . B —FNTE PCR UV AK
FHPIAZOCEM] (Rt BRED) , FIHZEOG R S AR R SE T i
DA PCR PR, 5 30 2o e v i 2 %0 2R B AR 1 A 7 0 1
SAbriTEES

TR R B A DNA W%, & 56155, i
PRIEZECAR S 13 IN S PCR =3 inse 2 mE . JOCHEr
SETERET Y 5 SibRic — 2Ot A (R) 3 s id— 1
VRRFEA(Q) , W62 ] A4 Ji R T AL BB 4544, B 5" S 9 S e
FEPA T 2 B B RT3 B PR I PRI AL s T o, > P o R
BB I HRIVE I AR it FE R G E 5 158, G i
RGO RS .

FERIY I BRI IR PE DUBOB 2 | BT 7 AR G A 1)
{H (cycle threshold,CT) /)N, X HLA 2 A [A] 55 2 W4 . D
PECRMERIBEE . 7EE it PCR i, T B & BUMNMEIR G 5%
IR T A REE AN S, — M LART 15 MBI PO S1E
HTSEANESFS . QCT {5l PCR S FE P =4 (05 615
IR FIAEAE ) B (EL B T 280 PR A B, IRIBZEE = AR )
JEHR, AP SISO E B PCR RIS (K1),
1.2 SEMPEEEE PCR R SLMZOLE R PCR R
e i PCR B ARM M, BA LR @5 i
PCR A% PCR JFAb3 , 7 LA e 6 PCR (1952505 15 ¢, K
FU R AE S5 G R AR B MR 52 . @] B-actin JEH
FEAVRFEA B9 R A TR . 757 W) B ER B X 500
(M B 2 T WA D 7 7 N [ B9 7 i i [ D o TR T NV
IRV B RN AR EE R, @A T PCR J5AbHE
AR TE]  FEACE KR 5 . @S 7 1 PCR TE7E AR, B



42 £ 15 3

REMF  EHRATE PCRERENS AN F T oy o AA L 4765

A e B A, AL RS AT H A 0 LA P A
B, GSEmTE B PCR A AR KM ) J7 20 F (43T 1 % 10°) ,
FARRAE S5 50 A ARSI B, T e Ao SR AR AR A 5
T, R B {E (threshold cycle, Ct) FIAH S/ DNA HH#5 1%L

AT,

3N, et E T PCR BOARA i Bk 112 485 1 PCR
SHREZ RGN ) SR B, SE B T B — R AR RGN — IR e
BRI L RAETH AL E 2 b Tl X R AL 2R

F1 FEEHEESR PCR BEARGHE

ELZN HER D e £ PCR Vi 2k
SYBR Green | 24 DNA Pyt A AT] Wit
Tagman Applied Biosystems K AR ET nJ N
Light cycle Roche WAL AJ N
SrFAEbR Sigma-Aldrich, IDT RARFERATIRES aJ Wi
LUX Invitrogen Bk D) Wi

BT MR bR it 2R A s o
2 LASEHER PCR ZEIL RME Y iR AR R
2.1 RN EE PCREZEFRNPHER A
FTAEAL (WHO) ihss A i 7 B 248 — 200 i
AW, A — BRI, XS R R th . 28 A e
T AR FE A FURAE A A0 A B B A G, i AR 2
e RO T B, IR 4 B ARAE ), s R 7 i 67
BELSY) PR 4 A R T S SOHCAE 1 I N 7T A S
[RA, 2 A it T e 32 U R sl g v B AT B0 3 2 %
FHE M 2 P2 A1

JUIRMFFT 45 522 BH , (0 — 2k & Bt A= e o & L b
B 25 A= TR PR TSI IR T R e Oy T 2 B0 B A AR W I
PRANE . Heyman ZEF5E 2 W, 5 25 B X T LB R 7 IR 15
HORWIE ., Mustapha 5B 58 2 W1, 2 A2 1 (49 77 76 7T LA ke
S FUBRTITRE S TRUB R AL ™ 25 4 s 7R TR A
J7 Ik AAEE R e R AR

5 TR AR AL 8 v e o A A R 25 e ik
FEPERE SR AT VT X 40 5] 2 2 T AR e B0

Wit U AT B E 25 A B = i P R T2 A8 Sy — b
I S P L A Tl 7 i v WU ) 1k S A G
B, BT — S oY R R B, SR ¢ E £ PCR 2R
L R A TR 25 A T S R BRI T A
¥, T AS I R 7] 5 55 79

TSR T AL S P OBUBE A A S R R
B E 97 LR L b UG A T A AR, SR ) PCR-
DGGE F AP S BUEFF P R 28 s SR FSE A 266 % /2 PCR
T Bl 2 BB FF A $ & . WF 45 SR 2 B, PCR-DGGE RE #E
Tl R 1) U T B R, A6 Y BR g 10° CFU/ g5 S 9€ )i
e PCR AEMERR PRl & H XU AT I, Kt BR  10°CFU/ g
%75 %5 1] T R L U 1 0 DR SR 31

Masco %) 16s rDNA 5% recA S BARFER -5 11514,
P TSI EE R PCR 20T, % 29 45 A B 7™ i WL
AR AT T A ) 2 Fh Sz 4 PCR 5 i #0AR IR
5 g AR AT, A 7RI A 25 28 R 40 B 7= iy
I, L1 16s tDNA Sy F bR i 550 R

Sheu ¢ L4 wf iy HFRIEF BT 5 17528 PCR KR,
BEA 0 RG] 2 2 B i v (9 OB FT 40 5 B, 8 RE ARG )

FLETG U AT T ECE LA S BUBT T S8, 5Pt
WL A B AR RS R 25 A B G
L T AT AT

Herbel 521 hsp60 >y HARFER B 15 |48 37 SRt
H PCR J LG RR b 5 AP BEAY 25k LT B i
T I S ARAGI B A 107 CFU/ml 330Xt B3 B 74 ] ok
ALY S ERET =Y GRSl A iU it g L7/ F VA N D
FE it PCR AT DURE WA PR R SR St A 000 R o 71 5 7 b
AR

Garcia 55 57 7 — Fh % 8 Ye £} propidium monoazide
(PMA) 57 5t PCR HRIK A LE PRGN &2 WL ] ity v i o
FLI T R RLIEE AT 1 9 £ AR (PMA-qPCR) ™ &5 5 & 1,
PMA-qPCR AR REREAEAT 85 X 431 1 1A 5 AR 16 PR 1, AR IX
Sl PR TR RIS P SUSAT T, [ I it E PR A Rt 1148 2
PG PR R . 5P BRI AR LG R DN A] iy 72 h
®3hkh,

Desfossés 25 1 3 22 PMA-qPCR ¢ A W I 47 35 1 1% il
VEVL B e i v i A T R (2 2 AL ) LA TR RO,
FFoD ROTE I PERE™ . SR KW, 5640 THARM I,
PMA-qPCR AR BRE S R 7

[HIH , PMA-qPCR HEARTE A L i) it w8 1 s b 4 2B T8
1R 54 5 R B TP B ) R A I A5
2.2 ZARHEEE PCR EE B I & M EL BT & B R
A Sheu Zf it wf BRI 5IH)IF & T £ E4EE 7 PCR
BOR, 0T LU 3 [ I A 000 v B 2L ol ot R LR AT T L T I 5L
FRBRE BB IR FLAT I DL R K SUBEAT B o SR T, AR DA W5
il ey R REAG I L o v LR TR SCREXS AT

Furet ZF R IVl T —FhSEIF 280 1 PCR HAR N H]
TR VA DU A f R A IR v LR R BRI (e AR
BRI TEICFUAT I B R FLAT 1 20 IR FLIRRAT 18 | B+ M FLAT
AR LA 1) R8O, I 518 G Ao 40k i A7 1
P BRI, SIS R i PCR R AT LS A R L
Tl it S T LR TR TR RIS, 0 T AV b o 2% AN [m) TR
MR IR

GRS SR 262 & PCR 43471 T R 7L A S K
FUFF B 12 AN EERR A S1 RBc ™ B IRFLAT 4 12 A9 75
A MR R B B OC R M Z Ty YV = — 2. 936logX +



4766 GBR A

2014 &£

34.72(R* =0.998) , 3% JH M Hiik A5 BOAe i opr 12 Mo
7 8.82 x 10° ml, TG B I4E 5 A2 8. 78 x 10° ml; Mg $kE Bk
HSLIEHA S MBI BT CRINE N Y =
~3.039logX +35.45(R* =0.995) , % H A4k, $i 1
B IEIAGEER A S1 ¥R 1. 08 x 10" ml, 5565 B A 45 5 e
1.06 x 10°ml, ST RE f (4 7 ¥ 18 4 T W 3L P L IR v 14
P
2.3 LHRKEE PCR £ T B H @R E W T f gy R
A TR, 25 R R R A 25+
SR Bl T I I XUBR b B oM Bl Tk T b RE Y
A oAb T T T 0 40 B A TR, DR Ok s 2 T 1
YIRWBHE S REREARR) 205,

Monnet 25FF % T SYBR Green 1 ZZi}7¢ 5 PCR J7 1 3k
SE R BRI L i TR AT o A BT
TR T W 0 A 25 R GE LA B T IR R AT 18 B T R

RTTRE IR AR 248 b TR A DA R T T R Nl A
TR G R R R T 2 X HEEMWEM . G. Le Dréan 45
TR T qRT-PCR A, A 7= T R T —Fp i fF HL
ARSI 73, RISE R TR R 75 B A2 b 75 85 1 i 3
Jiaf  FEAR G PR AR AR A 5 A W Al AR A 2 (]
R

Ladero 2571 F iy 80RO 43575 (HPLC ) FISE I 98 5
PCR F AN A [R]85 1 v 4L e B 4L Wi 7 A ) 400 T 2 e
AT T AT o Bl £ W A A e e e, R s
HF e S5 i PCR HA W] LIAELL K - B BB ] 3237 i
Z ARG B 2EL P P AR B 4 R, X I RE A K R e RO
% FURBAG I T % v 21 B 5 S 1 AS RE ARG I 7= £ 20 e 1) 440
PR A ) A

Achilleos 2 L) tuf ky BFRFEFFF A& T 2 Pzt 9%
PCR J5 50t IS 1 1 B v 2L 19 L 3R v 0 1 s LA
B 2 FHEREAORCR " . S5IREI, 7 R A Rl
1% LR LR B A A A B0, TG T I LA TR PR AR
THEEN TR B FAR SR

Zago %L pheS Jy HARIE R IT & T —Fh S0 2¢ 6 o i
PCR 5 R S A I 2 1 I op 1) — 2R 2 A ——
JK A0 iy BR 1 ( Enterococcus gilvus ) , Ho K i B AT 3% %1 10°
CFU/g™ . BEI7 kA Bl T R A0 5 I v 119 K 3 € B Bk
TR, T O e TR A A R L R oAl % 2 b P 21 1)
HiARVER & SRR

Martin 2§ L lacZ & H #5 3& F 51151 9, 2 F SYBR
Green 1 #37 SEAT9EGE R PCR FIREN E BAGI T B& H (1) i
A RIGHERE, HAARFLFAED 10 ~ 12 b
3 INEERE

ZMEGE P TR B 8 R B9 28 91 LA B S5 0T 5 F
JRE A SN 2 B PCR AR YEFL A Sl A= 2 v 16 A
KIRIEE A P2 N A2 3O T2 0 . AR TE X
— &R ) R R A B 3 LB R BEAS 45 LA Tl Ak
AP SR FIRE R . 245K, SEif 9 i PCR

PR K i , AN HARAE GERN 7322 T5 WIS, i B 2%
SAATIE G LA B HLAR
S 30k

[1] VALASEK M A,REPA ] J. The power of real-time PCR[J]. Advances in
Physiology Education,2005,29(3) :151 -159.

[2] MACKAY I M. Real-time PCR in the microbiology laboratory[ J]. Clinical
Microbiology and Infection,2004,10(3) :190 -212.

[3] 18022174 :2005. Microbiology of food and animal feeding stuffs. Polymerase
chain reaction (PCR) for the detection of food-borne pathogens : General
requirements and definitions[ S].2005.

[4] 15020837 :2006. Microbiology of food and animal feeding stuffs. Polymerase
chain reaction (PCR) for the detection of food-borne pathogens: Require-
ments for sample preparation for qualitative detection|[ S ].2006.

[5] 1S022119:2010. Microbiology of food and animal feeding stuffs. Real-time
polymerase chain reaction (PCR) for the detection of food-borne patho-
gens : General requirements and definitions[ S].2010.

[6] NOCKER A, CHEUNG C Y,CAMPER A K. Comparison of propidium
monoazide with ethidium monoazide for differentiation of live vs. dead bac-
teria by selective removal of DNA from dead cells[ J]. Journal of Microbio-
logical Methods,2006,67(2) :310 —320.

[7] NOCKER A,SOSSA-FERNANDEZ P,BURR M D, et al. Use of propidium
monoazide for live/dead distinction in microbial ecology[J]. Applied and
Environmental Microbiology,2007,73(16) ;5111 —5117.

[8] BASCHs, 1, Gk, . SO & PCR HR NS AR et T ].
A8 ,2010,37(12) 1825 —1829.

[9] 204, 5E4H7N. SENFOLER: PCR (A SERIEAR T ). A=A
,2009,20(4) :598 - 600.

[10] AHMAD A 1,GHASEMI J B. New FRET primers for quantitative real-
time PCR[J]. Analytical and Bioanalytical Chemistry,2007,387(8) :2737

—-2743.

[11] Emgte, )Ty, AR MEEUREEE BT AR IR [T ]. ESME
T, 2004,31(5) 1257 - 264,

[12] HEID C A,STEVENS J,LIVAK K J,et al. Real time quantitative PCR
[J]. Genome Research,1996,6(10) :986 —994.

[13] BATT C A. Molecular diagnostics for dairy-borne pathogens[ J]. Journal of
Dairy Science,1997,80(1) ;220 —229.

[14] GIBSON U,HEID C A, WILLIAMS P M. A novel method for real time
quantitative RT-PCR[J]. Genome Research,1996,6(10) :995 —1001.

[15] LI W,DRAKE M A. Development of a quantitative competitive PCR assay
for detection and quantification of Escherichia coli 0157:H7 Cells[J].
Applied and Environmental Microbiology,2001,67(7) :3291 —3294.

[16] NOGVA H K,RUDI K,NATERSTAD K, et al. Application of 5'- nuclease
PCR for quantitative detection of Listeria monocytogenes in pure cultures,
water ,skim milk ,and unpasteurized whole milk[ J]. Applied and Environ-
mental Microbiology,2000,66(10) :4266 —4271.

[17] Joint FAO/WHO Working Group. Guidelines for the evaluation of probiot-
ics in food[ R].2002.

[18] HEYMAN M,MENARD S. Probiotic microorganisms; how they affect in-
testinal pathophysiology[ J]. Cellular and Molecular Life Sciences,2002,
59(7) ;1151 - 1165.

[19] MUSTAPHA A,JIANG T,SAVAIANO D A. Improvement of Lactose Di-
gestion by Humans Following Ingestion of Unfermented Acidophilus Milk ;
Influence of Bile Sensitivity, Lactose Transport, and Acid Tolerance of
Lactobacillus acidophilus[ J]. Journal of Dairy Science,1997,80(8) ;1537
—1545.

[20] KALLIOMAKI M,SALMINEN S,ARVILOMMI H,et al. Probiotics in pri-
mary prevention of atopic disease:a randomised placebo-controlled trial
[J]. The Lancet,2001,357(9262) ;1076 —1079.

[21] GIONCHETTI P,RIZZELLO F,VENTURI A et al. Oral bacteriotherapy as
maintenance treatment in patients with chronic pouchitis:a double-blind,
placebo-controlled trial [ J ]. Gastroenterology ,2000,119(2) ;305 —309.

[22] CHARTERIS W P,KELLY P M,MORELLI L, et al. Selective detection,
enumeration and identification of potentially probiotic Lactobacillus and
Bifidobacterium species in mixed bacterial populations [ J]. International
Journal of Food Microbiology,1997,35(1) .1 -27.

[23] FALENTIN H,POSTOLLEC F,PARAYRE S, et al. Specific metabolic ac-
tivity of ripening bacteria quantified by real-time reverse transcription
PCR throughout Emmental cheese manufacture[ J]. International Journal
of Food Microbiology,2010,144(1) .10 -19.

(FTEF 4771 R)



42 K15 H

SRPE AR e T T LR RAICF BE RN 4771

FERIT T AR IR T ARAEHS VA5
BRI E VRN SRR W], 4 AR AN B 23
FRIZ I R/ NI DAy B 3R MR AT AL 2K R FE AL > =

RERRENE > ST RMRE > B AUKHR I ; R VR IG (1 et
INT T2 A B ERACRRIAE A BRI 3. 0% = TR
BAHE 3.0 g/ kg FERMHURIE 3.0% JLAE/KIKIE 2.0 mg/L,

®4 EXHBER

S EES BT
T SRR (A) SRS R (B) SLEKIRIE(C) FERMRIE (D) By

1 1 1 1 1 6.045

2 1 2 2 2 6.601

3 1 3 3 3 7.544

4 2 1 2 3 7.127

5 2 2 3 1 7.273

6 2 3 1 2 8.069

7 3 1 3 2 7.503

8 3 2 1 3 7.659

9 3 3 2 1 8.360

T, 20. 190 20. 675 21.773 21.678 T=66. 181

T, 22. 469 21.533 22.088 22.173 3y =490. 671

T, 23.522 23.973 22.320 22.330

s 1.934 1.952 0.050 0.077 ST =4.013

BARAKT A; B, Cs D,

EFEEK EER AR E BCYIRIE > —RBERRGIRIE > SeRINRIE > REUKIRIE

S 3k 3L S TF42,2009,30(9) 1162 - 165.

(1] FPEGR, A, . H WA RN T T2, A SRR Tk,
2003,9(3) :12 - 13.

(2] BREoa, T, TG, S5 HE iR A ) A i S e s R =T 9%
[J]. VurE A2 R : AR R, 2008 ,30(2) :96 - 101.

(3] Pash, b, sksowt, . RIEHREEESLRImEEIL ). & 5T
4,2008,29(4) :94 8.

[4] BPER BRI ZE  2oRIF, 2. KA = T 2RI T .
£ R 2006,27(11) 1343 - 346.

[5] E&IT,SARE. B AP URREES I SOG AR FE R PR A [T ]

[6] B2, BRI, B . SLEUICH AN BEAE A S A e[ ). &,
TR ,2006,27(5) :63 —65.

(7] 28,2/ N, MEEIE, 2. REUS T RO TE G F A S IR
A IEENA[ )], B Tl RS ,2009,30(7) 91 -93.

[8] &R, 4Bsrh 43—, . B R B THNE USRI T T2
[J]. &5 5010E,2014,31(2) 123 - 126.

[9] xEhte, B, ez, 55 FIRRIECE R E TR A & R LN
TTZL]. &R EH,2011,27(6) :249 -253.

S G G GG GG G GG S G G W GG S GG S W GO G W G G S S GO GO P SO G W

(L35 4766 W)

[24] 370, XUBEHT, 255, 5. AL BB B s bt U1 M e
BT AR ,2013,29(4) 1858 - 862.

MASCO L,VANHOUTTE T,TEMMERMAN R, et al. Evaluation of real-
time PCR targeting the 16S rRNA and recA genes for the enumeration of
bifidobacteria in probiotic products[ J]. International Journal of Food Mi-
crobiology ,2007,113(3) :351 -357.

SHEU S J,HWANG W Z,CHIANG Y C,et al. Use of Tuf Gene-Based
Primers for the PCR Detection of Probiotic Bifidobacterium Species and

[25

[

[26

[

Enumeration of Bifidobacteria in Fermented Milk by Cultural and Quanti-
tative Real-Time PCR Methods [ J ]. Journal of Food Science,?2010,75
(8):521 -527.

HERBEL S R,LAUZAT B,NICKISCH-ROSENEGK M, et al. Species-spe-
cific quantification of probiotic lactobacilli in yoghurt by quantitative real-
time PCR[J]. Journal of Applied Microbiology,2013,115(6) ;1402 —
1410.

GARCIA-CAYUELA T,TABASCO R,PELAEZ C,et al. Simultaneous de-
tection and enumeration of viable lactic acid bacteria and bifidobacteria in

[27

[

[28

b

fermented milk by using propidium monoazide and real-time PCR[J]. In-
ternational Dairy Journal ,2009,19(6) :405 —409.

DESFOSSES-FOUCAULT E,DUSSAULT-LEPAGE V,LE BOUCHER C,
et al. Assessment of probiotic viability during Cheddar cheese manufacture

[29

[t

and ripening using propidium monoazide-PCR quantification[ J ]. Frontiers
in Microbiology ,2012,3:350.

SHEU S J,HWANG W Z,CHEN H C,et al. Development and use of tuf
gene-based primers for the multiplex PCR detection of Lactobacillus aci-

[30

[t

dophilus, Lactobacillus ~ casei  group, Lactobacillus — delbrueckii, and
Bifidobacterium longum in commercial dairy products| J]. Journal of Food

Protection ,2009,72(1) :93 - 100.
[31] FURET J P,QUENEE P, TAILLIEZ P. Molecular quantification of lactic
acid bacteria in fermented milk products using real-time quantitative PCR
[J]. International Journal of Food Microbiology,2004,97(2) :197 —207.
[32] Sz, gy, Ehi, 6. I FUTBEFIREIR I Y SEN 7O b 4y
L] AR T,2010(8 ) :38 ~40.
[33] MONNET C,CORREIA K,SARTHOU A S, et al. Quantitative detection of
Corynebacterium casei in cheese by real-time PCR[ J]. Applied and Envi-
ronmental Microbiology ,2006,72(11) :6972 —6979.
LE DREAN G,MOUNIER J,VASSEUR V et al. Quantification of Penicil-
lium camemberti and P. roqueforti mycelium by real-time PCR to assess

[34

[

their growth dynamics during ripening cheese[ J]. International Journal of
Food Microbiology,2010,138(1) :100 — 107.

[35] LADERO V,LINARES D M,FERNANDEZ M, et al. Real time quantita-
tive PCR detection of histamine-producing lactic acid bacteria in cheese:
Relation with histamine content[ J]. Food Research International ,2008 ,41
(10) ;1015 - 1019.

[36] ACHILLEOS C,BERTHIER F. Quantitative PCR for the specific quantifi-
cation of Lactococcus lactis and Lactobacillus paracasei and its interest for
Lactococcus lactis in cheese samples[ J]. Food Microbiology,2013,36(2)
286 —295.

[37] ZAGO M,BONVINI B,CARMINATI D, et al. Detection and quantification
of Enterococcus gilvus in cheese by real-time PCR[ J]. Systematic and Ap-
plied Microbiology ,2009,32(7) :514 —521.

[38] MARTIN M C,MARTINEZ N,DEL RIO B,et al. A novel real-time poly-
merase chain reaction-based method for the detection and quantification
of lactose-fermenting Enterobacteriaceae in the dairy and other food indus-

tries[ J ]. Journal of Dairy Science,2010,93(3) ;860 —867.



