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Abstract: The aim of this study was to establish a rapid fluorescence real-time PCR method for the detection of contamination in yeast

present in food products. For this purpose, a universal probe and primers based on the yeast genome sequence were designed. The reaction
system and conditions for fluorescence real-time PCR detection of yeast were established. The method was tested for its specificity, sensitivity,
and reproducibility, and was also applied to the examination of food samples. The fluorescence real-time PCR assay was shownto display 100%
specificity, as positive results for the specificity test were obtained only in yeast and not in bacteria or mold. The limit of detection of sensitivity
was determined to be 760 cfu/mL. The sample was also tested for reproducibility, and the coefficient of variation (CV) was observedto fluctuate
in the range of 0.62%~0.81% within.the yeast group, and 0.43%~0.77% between groups. Moreover, a yeast enrichment test was performed,
which demonstratedthat the positive samples could be detected even after 12 h. In summary, the fluorescence real-time PCR assay established in
this study showed excellent specificity, high sensitivity, and good reproducibility, in addition to being rapid and easy to use. This method could
be used in the rapid detection of yeast contamination infood, and therefore can be used in research and related applications.
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Table 1 Strains used in this study

RS %  RAPCR%Z
Saccharomyces cerevisiae CICC 1001 +
Pichia spartinae JCM 10741 +
Candida parasilosis  CICC 1257 +
Saccharomyces uvarum CICC 1465 +
Rhodotorula rubra  CICC 32621 +
Toruiopsis candida  CICC 1234 +
Metschnikowia pulcherrima CICC 1467 +
Rhodotorula pallida -~ CICC1690 +
Candida utilis CICC 1268 +
CGMCC 2.
Yeast Rhodotorula glutinis +
0703
Saccharomycopsis
N ) CICC 1460 +
lipolytica
CGMCC 2.
Pichia carsonii +
1908
~ CGMCcC 2.
Debaryomyces hansenii +
1595
Torulaspora delbrueckii CICC 1004 +
Pichia jadinii CicCc 1271 +
Staphylococcus aureus cMec
Py 26003
CCTCC
Salmonella typhimurium
94018
ATCC
Enterobacter sakazakii
29544
Lo . NCTC
Escherichia Coli
Bacteria 12900
N CTCC
listeria monocytogenes
97021
Lactobacillus rhamnosus CICC 6149
Bacillus subtilis CICC 20533

Bacillus thuringiensis CICC 23706
Lactobacillus reuteri  CICC 6119
Rhizobium astragula  CICC 20026

Aspergillus oryzae HG AO1
Rhizopus chinensis Sato  HG rc 2
Mold  Mucor circinelloides ~ HG mc 2

Streptomyces carpaticus CICC 10648
Streptomyces virginiae CICC 11013

12 F%
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Premix Ex Tag (Probe gPCR), 0.2 uLL ROX Reference
Dyell, 1pL PCR L3511, 1L FiF514), 0.5uL
PREL, 2 nL A5, | DEPC /K %5522 20 uL, - ABI 7500
Real Time PCR System #4752} ¢ PCR ¥ 15, e ¥
FEFF: P 95 °C 1 min; F73595°C5s, 60°C40s
(R0, BRI — RPN, FL40 MEIF,
PIaEHA F FAM i .
% 2 5|4EREtFS
Table 2 Primer and probe sequences

B B 3(5°-3") *E  Tm/C
. GAAGAGTCGAGTT
AR 22 571
GTTTGGGAA
TCCTTCCCTTTCA
IR 23 58.2
ACAATTTCAC

FAM-TGTACTTGTT
#4  CGCTATCGGTCTC 28 686
TCGCC-BHQ1

1.2.2 DNA # 4k 89 $2 3L

P A WEREBE . %5 R FH LKk PDA 85772 35 30 °C % 1
TE;FR48h, JIODMH, flitHEEHZ) 3<10°cfulimL,
Y BE FHE 7R 37 C 53R 12 hfs, L OD H,
T HEH 108 cfumL, 25 703 B 1 ml B K 8
DNA 2B St 42 DNA, $2HUE DNA fE
R AR 47 T-20 C % e
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Sy ATRRAE IR 1.2.2 $REU) DNA AR A1 1%
1.2.3 £  IR GRS RRiqAR 2 1647 % % PCR 4 57
PESEES . SN T35 R e, B S i vh B IR
B 5 1
1.2.4 Real-time PCR 49 % # %

TR P REAR ME TR A T~ PDA 857756 30 C 414 R
K98 48 h, HRJEF% 101, 102, 103, 10, 10%. 106,
107 BEEERRE, HX 10%. 10, 10°. 10°. 107 it it
B, B EVRCE N 50 pLPTAR. FEF 103, 104, 105,
10, 107 FANBHEE BRI 1 mL B SRR St
JFERIZH DNA, PRS2 il vl 4, ik
J& B SR 25 A 5 e SifA FaE AT PCR 258, BEANB
FEEE 3K

1.2.5 Real-time PCR 8942 M

E TR PGP REBR VTR AR T~ PDA £5 97 4L 30 'C 2614 1
F5F% 48 h, SRJE 4L IEA EER RS 10T, 102, 1073, 10%,
105, 10%, Ht 103, 10, 10°, 10° HEEIEGRF
B DNA. 7E 20 pL %% PCR NAKZR H1, 43
A CL 3 B S BRFE I BERER 241 DNA 2 pL,
73 AT 4PN A2 [algs e R DI, RS AT IR PCR = M
S A AT IO PCR G, LRSS — kM 4 NEE,
[FR AL, THE CT R #EES CV . AN
ARES, (EANE P PN 200 4, 5 CT E
PR ZE S5 CVIH.
1.2.6 A0 7 ke ay 2R

HUE iR A ik R fd & s Rk 20 17, #R4E GB
4789.2-2010 M F5H BRI & e BORIOK el BEECin g 3 fir
7o WRHX 100 L < B A 200 cfulmL [ T8 =238 518
£ 25 g TR R ERPE R AT, 5 B 10 min, JIA 225
mL YPD 353 SR, TR A H5))E, 30 CHFE, 4
AIAE8h, 10h. 12hy 14 h % H 1 mL ¥4 % 7, 12000
r/min 2.0 5 min, FF EVERL  HE R PRBUAT SR
HEEEC DNA. M4 ATid PCR [ Mgk 4776 6 PCR
i, A DEPC KAEAMIVEXTRE, R FHE FRiZ:
GB4789.3-2010 #4748 W LL 4% o
R 3 SRS TRREERENTEE S BAAREEK

Table 3 Total number of colonies and coliform groups in

calcium-hybrid compounds used as raw material for health

foods
A2 37 A& 75 ik AR 2%
WA L4 GB4789.2-2010 <10 CFU/g

XWHE A  GBA4789.3-2010 <0.3MPN/g

2 HR5R

2.1 PCR #y%s5 M

F 5t PCR RN WCAE 21 (1R RERS FI LA ARER 14
WAk, FERMSLIRAR TR GR D, EEUW 15 M
TR BB S Y #A SR “S” TP i<k, A
SER AP . SEEUY 10 MR, 5 ME RS IER Ax
WARTCY HI(E 5, R S5 SRY B . 7R (R
YOI, 5200 PCR il 45 5. (R 544 7y 100%.

22 PCRH® X#Z

¢t PCR il FPAR THEEE R W3k 4. 98 PCR
SERLRE, BEEFRERLEI WG, BB R K
FERIAET R, e CHAE X (38 K, BEZR MR N
10° mhHA Bk IR, H-FY Ct{HiA%) 3353, brifi%E
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Table 4 Results of sensitivity test

WA — Ct;ﬁ S FHCESD)  cvm qﬁ‘;ﬁ
10! 17.27 1753 17.86  17.55(0.29) 1.65 TNTC
10 2061 2035 2098  20.65(0.32) 1.55 TNTC
10° 2424 2474 2456  24.51(0.25) 1.02 TNTC
10" 2753 2723 2786  27.54(0.31) 1.16 TNTC
10° 30.64 3021 3057  30.47(0.23) 0.75 309
10°® 3357 3367 3334  33.53(0.17) 0.51 38
107 - - - 5
E: EFFH (WCV) =iREEFHACTIE, AT ARRAE.

2.3 PCR th#5 & M

FaE tESE BN 5 s, H NS RGRERS FE
B 4 A PATRE R 18 i 2070 BRME LB e A LB A,
S CLARSE AR 24.41~33.52 2 JA], CV {E 0.62~0.81%

2 (81BN o T AL S BN RE BRI 1 4 AN TR
8 i 2R 7E U LR A R A P8 CHEuR R
24.49~33.45 2 [il], £ 0.43~0.77% %5 . 2H AL
FLH R SE I SRR CtAE AR E A, 28 Bv]
RIA T VER e MR RAT

= 5 AN 54EIE) LIS oV &

Table 5 Intragroup and intergroup CV values

KB A -F34 Ct (S.D) CV/%
1 2 3 4
28
10 33.23 33.57 33.42 33.86 33.52(0.27) 0.79
10°° 30.18 30.32 30.55 29.97 30.26(0.24) 0.81
10 27.18 27.23 27.54 27.43 27.35(0.17) 0.62
10°® 24.32 24.65 24.43 24.24 24.41(0.18) 0.73
28 )
10 33.54 33.26 33.75 33.25 33.45(0.24) 0.72
10 30.53 30.21 30.02 30.23 30.25(0.21) 0.69
10 27.25 27.11 26.97 27.06 27.10(0.12) 0.43
108 24.65 24.25 24.43 24.63 24.49(0.19) 0.77
- JL
2.4 PCR ER = i LA B A 45 2 ATR
3 g

FH 2% 65 & PCR Rl N\ T 44 7112 10 CFU/25 g
SIHNP) 20 i fRAg €t kbR, TERS B 12 h 5 20 0
AL BERCIN L Y, 8 h AT 10 h RAERGH, 45 5 E 1
B o BAREXT N TR BRI & 10 cfu/2s g S128 11 20
P PR AR B L EORRR RIS, 7ERE % 12 h LA A AR
fr i, K5FE 14 h SR HRE T, {25 d 2 54 RER 2
for R A5 . I LR, e B PCR KK T
P RERSTIN BT 5 PRI ), AR BEP AR IR AL 1B 42
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Fig.1 Results of fluorescence PCR for Saccharomyces cerevisiae
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