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ABSTRACT: Objective To separate and identify the contaminated yeast that causes the fruit yogurt to bulge and

establish a rapid detection method for the main contaminated yeast. Methods Yeasts were isolated from different
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samples of fermented yogurt and theirs gas production characteristics were also analyzed. Molecular biology methods
were used to identify isolated strains. Specific primers were designed based on the 26S rDNA sequence, and real-time
fluorescence quantitative polymerase chain reaction using SYBR Green I dye was applied for the rapid detection
yeasts. Results The 9 yeast strains were isolated from 3 samples of Vaccinium uliginosum L. yogurt, Mangifera
indica L. fruit yogurt and Prunus persica ‘Yellow Peaches’ fruit yogurt. The 9 yeasts were identified as
Wickerhammomyces anomalus, Pichia inconspicua, Clavispora lusitaniae and Pichia cactus through molecular
biology methods. Among them, Clavispora lusitaniae was the main dominant yeast and had the strongest gas
production ability. The primer designed based on the 26S rDNA gene had good specificity. The correlation
coefficients of the constructed standard curves were all greater than 0.99. The sensitivity of this method for detecting
yeast was 10 CFU/mL. The coefficient of variation within and between groups in the repeatability test was less than
2%, indicating that the method had good reliability and stability. Conclusion In this study, the main
contaminating yeast causing gas production in fruit milk is Clavispora lusitaniae. The developed detection method
can be used for rapid detection of yeast in fruit fermented milk. It provides a technical support for the food safety
of fermented fruit milk.

KEY WORDS: bulging fruit flavored yogurt; contaminated yeast; rapid detection; real-time fluorescence

quantitative polymerase chain reaction

REHE P03 R0 .

SRR R UGG U 55 G0 B, S SO
31, FRS RIS QR IR R AR A, AR 25 SR 22
Ko FSMARIITRE T AONNT IR, SRR
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1.1 BEHRRIREAEE RN

FR 5 PR FLIR T, i A 4% e 8 5% 3K A7 1 AU
(Streptococcus salivarius subsp. thermophilus). TECFATHE
PRINFNEAYF (Lactobacillus delbrueckii subsp. bulgaricus) .
MY FLAEFT 8 (Lactiplantibacillus plantarum) ., 8T L
¥ W (Lacticaseibacillus paracasei) . T W& 7L B T &
(Lacticaseibacillus casei). K57 KB (Escherichia coli).
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E6 I B% & (Pichia membranifaciens) . S i, & 4 [ &)
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orientalis)FIEE T BRI H 43 25 O I B: B Ak, FLIR B RRAE B
% lO
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Table 1 Experimental strains
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1 T 045 2R A 1 AT 1-6 R R
2 FEERFURFIE SRR S D2 R R
3 MY SR B 1-3 HIRR
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10 B i e 1 cmp AR
11 T 30 e 5 Ak W B N2-4 BRI,
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/A ); 2xTalent qPCR Premix (SYBR Green I), [i#H:H: K 20
DNA P id2iaR 6 . 20 i 56 R 4 AR BOA I S [RAR A
FHEE (b mt) A BRA ], Taq PCR Mix BRI [A: T A4 T
(LA IRA T, oK CBEGr BT, E254E R
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1.3 UFE5EE
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FRZAED; UV-1800 55030 MR X fe AT BR 2
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R MENEREIEE, SGERIMEE . WEBEMRAN,
PN 35 I TR AR AR RR Y . TE SR AR R W A Bk SR RR T Y
3AFEA A 9 BRIEERE, 45 YN-1. YN-2, YN-5,
YN-6, YN-7. YN-8, YN-9, YN-11 Fl YN-12),
142 75 FBH = A5

S PR PR aal A8 o 0 4 5t B e Bk 1) 7= U Be 42
Uy B aliAb 5 W BT VR A 5 O A AL RAE Y PDA WA
WG, BT 28 CREFATHIIERETR, HR 14 h AR
BTG
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FGFURRTA | B RRVRTRE B 2B TR R R 2 43S0l 42 &8 Jnr
CIIGFR AN MRS BEF5E 716 fb, 28~30 °CHEF% 2~4 d, 1%
RAFIWIR . 4350 PR B 32 PR 20 B BG4 S Rl 2
PRBORF AT TIEH ] DNA MR, FFERHF & 24
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ZHRUII . (ARG RR AR T E O DNA F o R
BTG . $2HX DNA %ET—20 °C# .
1.44 5 BEFHEL

ST YESH KURTZMAN 595000k, B9 R A
26S i@ 51 % NLI1: 5-GCATATCAATAAGCGGAGGA
AAAG-3'fll NL4: 5'-GGTCCGTGTTTCAAGACGG-3'*f #
HU DNA S 18, SOWAAZR AT 25 ul: 12.5 pL Taq PCR
Mix (X, EHEGYEL . FTR#S 1908 | pLBTEREE pmol/L) 1 pL
DNA #it, TR BEAIKANE E 25 pL, SR B ff
WAL T FEIT; PCR 338 (14 )0 45442 95 °CHIAEM: 3 min,
W5 HEAT 35 PMEIR(95 °CAEPE 30 s, 57 °Ci K 30's, 72 °CHE
il 60 s), FJ5 72 °CIR-IE 10 min; 0.75% (45 M B KRG 4™
HEER BAA TN PCR Y 24 TAY TR(EHE)
B A5 BRAS R TN, TS e 5 R 26 [ S AR ok
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NCBI) % 1 i 1 25 ) 1 B (BLAST)HEAT FL X200, R
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1.4.5 #m 3] gkt

FRAE 0 8 R B 0 S 25 R, IR BTG 268
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14.6 qPCR k8935

qPCR WK ZR K 25 L, fUHE 2xTalent qPCR Premix
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PAB IR 9 TEARAY S DNA SRR 1 uL, JCREati/R A
FADT VAR 95 °CHIAEM: 2 min, 95 °CZEHE 30's, 58 °C
Bk 25 s, IR THOLIESRAE, 68 °CHEMfT 255, 40 MEFR.

YERIRLR AT N 95 °ChN# 15 s, 60 °CHA A 1 min, &
WA 20 min & 95 °C, FH#4F 15 s,
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S3 A LASR B B BRI . DR INRIEZLAT IR . LT
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B 25 mL JCREEEES Yy i A R ORI, N Tis g
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THEEUDNA, PIHZH DNA JAR, R 37 A9 qPCR ik,

{8 PR S WA I S AT, R R R v AR
DNA ¥ 25,
1.49 AR/EW&A B AR
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PTARACERTIE, PRI HER D 2R IR 5D, s
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AR MRS XTI EAT 10 R ERRE, L 8 Mk
B o BN T R ) R R R R SE IR 4 DNA R0 Stk AT
B DNA 3R, FE ddH,0 ARl as A xR,
(i) B X AN i) e J3E 1 R R A TP AT, A PR IR R 1 X 4
E AR A RR, LA qPCR Rl F9AE R {E (cycle threshold, Ct)
TR ST ARHENZR . LA Ce35 [E U BITELE R .
1410 REkhEg sk

SRILL S ANBRE R BE LR R SE 41 DNA A BEAR,
IR AN DNA B & RNA i H,0 A28 (FIXT B8, RAEE ST
(1 QPCRIEIEATHGI, AR I B 3 AN F47, A LRk
STHEAE 3 W, ARIERINASR Ct A KR BF
Y (E FIBRUE R 25 (standard deviation, SD). 7 i % & 1
A P B 7 R B (coefficient of variation, CV)ETT
i, # AR

CV/%=(SD/Ct *FH{H)*x100% (1)

1.5 BiEE
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BEAT o B S WS Be Bn I 3 Y A S S (E

2 ER55H

2.1 HERNBRINPESNSBEIEE

45 TR 75 T 25 0 AR K P B BB T 7 i — A Al Ak,
SR 2 dib 58 Y TR R 7 DA AR € 3 ) P BB L5 TR A0
B, GAWMBIEE . WIETEARKN, ISE 6 1 55 5k
PRy . P SRR R AN S SR RR 0 3 SRR S R A S
9 BREZLE, 25 YN-1,YN-2, YN-5, YN-6, YN-7, YN-8,
YN-9, YN-11 Fl YN-12, HEEMAEAEIESWE 1, KA 1
R LUE 1, 28 R VR 2 2 IR P B VR RS,
YN-1, YN-2, YN-7, YN-8, YN-9 @y 4, mE
M, FEry R, YN-5. YN-6, YN-11 Fl YN-12 B 7% 20 6 0
W, RMEERR, FEEASMN, REE, YN-5 mHERE,
MR T, HHRE, HELEZEEIR. NHRERESRE,
RR Z S BRI sk, 2R A .

JERETE Y 268 rDNA AL S & FEORSF P A1, hialba s 2
FBERAS TR IX I, 33 (X S oty 3 E AR ST, (ERh ) 22
S, AT W RE A IR AR BI S Hh E #% 26S rDNA
JE DU/D2 X IUTF A HEAT B RIS RE o 43 i) DA 43 S T Rk
YN-1, YN-2, YN-5, YN-6, YN-7, YN-8, YN-9, YN-11
M YN-12 JEHF4E DNA AR, RA 26S rDNA 3
D1/D2 X3 (938 F 5 | #3647 PCR &34, 155124 500 bp H94E
SVEY R . AT R AR R B WX A ik
TR, $A5 50 F FH NCBI s 224 BLAST [R5 741 (1)
R T H, XA T S0 ST RS EEXE, T 2 ] U A
IR, FIF MEGA 5.0 B PE5a a2 15 4 A fe] 5y 51 1k
T8, 3 Neighbor-Joining Jy i #EATH 431 5
SR, A5 2, B 2 ETLAE Y, YN-5 5 53 % 5o
W% B (Wickerhamomyces anomalus) A SR E H—32, HH
JEAE K 100, YN-7 F1 YN-12 5 % I 22 B & (Pichia
inconspicua) B R H—3Z, YN-2, YN-11. YN-1, YN-8
MOYN-9 5 A A A EERE, (A5 ZORE, YN-2 Al
YN-11 REEHE, YN-6 55l N EEE SRR AR R —
o HATEPR AT i R TR 4 K e 268 rDNA
JEH DU/D2 KIS FE SRR, F AR Bk =2 18] D1/D2
P8 22 5 ROZAE 1% AN, AARRRIRNZ T 5L 24 527 1%
PA_E DUSEA BT LS A R A IR0 3 2 (4 o &5
RATLVE M, s & w Ak SRR TR 26S rDNA B
D1/D2 JPHIARIERE 99%LL |, BRI, U4 B BME YN-5 %
TE N SEE BB R, YN-7 FI YN-12 %852 N VR 22 B
H, YN-2, YN-11, YN-1. YN-8 Fl YN-9 %5F Jy7 2 o 4
filEEE, YN-6 %08 A BN S E R
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L Y B HEBR A & (A B ATE Z5(x 1000 ff)(B)
Fig.l Colony (A) and bacterial morphology (% 1000) (B) of isolated strains

MZ351760.1 Wickerhamomyces anomalus

NMO001182073.1 Saccharomyces cerevisiae S288C

99| YN-5
88 GQ376075.1 Wickerhamomyces anomalus
OM287568.1 Wickerhamomyces anomalus
HE650694.1 Kluyveromyces marxianus
9 33 YN-7
100| KP131714.1 Candida inconspicua
451 YN-12
MGO001941.1 Pichia inconspicua
64 99, YN-2
YN-11
100 | | MT974648.1 Clavispora lusitaniae
YN-1
OW983514.1 Clavispora lusitaniae
91 || MT974644.1 Clavispora lusitaniae
OW983276.1 Clavispora lusitaniae
MT974650.1 Clavispora lusitaniae
YN-8
YN-9
100 MZ452271.1 Clavispora lusitaniae
—— U94919.1 Kluyveromyces lactis
@ KR150688.1 Pichia cactophila
98 | MW487301.1 Pichia cactophila
KP017384.1 Pichia cactophila
OW986409.1 Pichia cactophila
YN-6
P2 3T 265 rDNA PO R 58 % T
Fig.2 Phylogenetic tree based on 26S rDNA sequences
2 HBEKEIIENLER
Table 2 Sequence alignment results of isolated strains
7% e EROET PO —BUE /%  EINEEE % LU X TR AT 1 s I3 S TR MRS o A R
YN-5 S e DU EERE CBS 5759 99.80 100 MH545921.1 S e DU RE
YN-7 R 22 E: CBS 180 99.84 100 MK394166.1 V- AR 2 P B
YN-12 R 22 E: CBS 180 100.00 100 MK394166.1 -k Al 22 B
YN-6 AN SREERE TR 14 99.17 100 KP017390.1 E=R PN £,y 35
YN-8 4G A TR D9 99.43 98 MZ452271.1 CikEg2ilass
YN-9 1% A B 7B £E XTURML-1 99.22 98 EF221825.1 % 2 R
YN-1 Wi A BT EERE EILLLS 99.24 98 MW587731.1 7 F W SR
YN-11 A% A HEfEERE DMic 154963 100.00 100 MG009533.1 % 2 W R
YN-2 % A A EERE 50 Ca 100.00 100 LC534378.1 kg =ilass
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MR R YEA T A R AT B, R E SR
F & R P AT A RACTH, B BB T T FERE DS B
AARBE ) CO,y, 24 CO, FRE B — 7 1Y B b AT AR 4757
FAES R RIS, SEOTMANT. Ft, % EEs Ak
Wyrh o B WL T SRR AT T RE, AN TR] g e B 4 A
7R CO, IIBE I ANTR], Hirh, YN-1, YN-8, YN-9 il YN-11
BT RE S o, TEARR B IR 4T, HREPE RS
FEM M, R YN-2 F1 YN-5, #E A PR 581k
U YN-12 (9 4E A8 3 AT AR, YN-6 Hi1 YN-7 /)
FERRE T e E, TEARUFIS ARl P, AR A R
AR, 7o, WG PR v LUE 3, Bk E K
i, YN-5 F YN-6 7EMIARIIE SR T — 2Ry i, H
iy JURR B BRI A DU DR ) B A il . AEAUREER Y P, BT
SFRLEIIA, B R R TS YA HL S KRR P, FEiE B
BISE T B B TR R i B, SRR P R I, L rp b
MG CTRE A CO,, Sl Sl A AST 8 Ao Hh,
STENY 9 MREEEE, RN B ER, HARY
A REE RS R RE T L AR B A 2251

2.3 qPCR FiERIEESL RN 5| ¥IR94F 1%
DI IE 5 3 SRR R T 19 9 RRIERE, RUHAAE RSN

REERG B0 4 bREERE, [RIBTERERRY) & B & Fm
KR VAR EERRTA . PRINRDE LAY, BRI T
FAFED LA AR BT IS, S0 /ML SRS T BRYIR I th
HRI PR G, R DA RN 4 e R AT BRI, 43 DX
SRR DNA B, LA HRs 9y 8514, A
2xTalent qPCR Premix (SYBR Green), #FfT qPCR #:illl, 3§~
WA NE 3 r, I 3 af LIE H, Ry 13 BREERE
AR BN GES, AHEAY ML, AP kT L
FZ B RIFREECE K B LU 63, Ct<3s,
FRE N PR EE R, LA AR m Bk TR AR BB A 7 AL IR PR R 25 51
VLRSS IERW, AW B 5 4 0 R Sk RAT, FTLA
R ST R 7. ) R 1A

24t R EE R

BEH AR AERN & R Y = 2.6987X + 37.859 (2 =
0.9941), BIHH-2.6987, HIKFEL °=0.9941, MIATFLE RIT.
BEA T B AT B TR AR, Ct gk, P& A B
T SC R . Qs 4 FOR, BERFEEFE 10°~10% CFU/mL ¥k
JE S R P 34 PR S A B i £, RE ARG I 3 Y e A Ol
10> CFU/mL, M%7 15 R4 o FER I T B e Sh I,
AT DARR AR v 2R, 30 R DU T AR 2 1 Co ] S AR & p
TR TR (175 Yo PR

B) 8.905
(A) 23581, ®
’ 1 3Rk RS <
w
S 18.581} & 6905T
hpnd el
® N
2 13.581} o 4905
N B
i 8.581 R 2.905 F
7 =
35814 % 0.905 F _
el L L L 1,095 . .
0 5 10 15 20 25 30 35 40 7260 70 80 90
Ct W /°C
&3 qPCR ¥ HE k(AR g th 2k (B)
Fig.3 qPCR amplification curves (A) and dissolution curves (B)
(A)23.583[ B) 37r
*.. Y=2.6987X+37.859
~ 18583 32 F .. =0.9941
92 ¢
© 13583 F 27 b e
= gss3) 2t Ty,
K 3583} 17 ¢ o
=
~1.417 . 10 CEU/mL, 12 . \ . ,
0 5 10 15 20 25 30 35 40 0 2 4 6 8 10
Ct 1A% 1 /(Logl0 CFU/mL)

4 qPCR REUE(A)LL L FrifEHIZE(B)
Fig.4 qPCR sensitivity (A) and standard curves (B)
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2.5 PVPRMMIZE DNA %t qPCR # 1E5ZR H 200

PLBIRR 5 3 B4R U DNA HBEH Y qPCR § 4% 51
VLIS, IE S Hal LA, ZEAHIRI A BRR B A R T, R4
WL R rh, WS T LA W B2 RN R 25 M RE 1Y PV,
FLPREC) DNA P4 iy 28 22 b B 00 ) S B IBORE i 14
DNA [P BICR B =P £, WHIE N 10° CFU/mL AYFE
ik, PVP 332 DNA 1Y qPCR 4 Ct {2 27.3, AT54K 7T LA
R3], (EF]F 3 HL DNA $REC & R0 45 58 0 B,
Ht, HEAT PVP, 0] LR qPCR P 550R, B s i
1) RABE o
26 FHEREMSESM

I A IR ST (4 qPCR 532 %5 S [ v R J3E ) e B
DNA JEA72H P RIAL AN, W 3 FioR, 76K I i) vk i
TN, Ct T 15 F1 35 JEEZ M, 55—, &k Ct
HEWR P S ALK A A PRSI A IR CV<2%, 45REHIZ

Jr i A R RORRE TS T EEE

23401
105CFU/m/_,,Q~—-—d/
/
18.401F e 7
: 0
1 f
% 13.401F 0° CFU/m /
2
g /103 FU/miL /
= 8.401fF
= "
R /10 FU/
3.401F /
! @U*@ﬂ
g ;
0 5 10 15 20 25 30 35 40 45
Ct

TE: 1~3 73R S LTI PVP $2H DNA 54, 4~6 44 i £k
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