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ABSTRACT: Objective To establish a solution for fungal culturomics in food by comparing the performance of 3

fungal culture media and optimising fungal culturomics techniques. Methods The 24 food samples and 2
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proficiency test samples were tested using commonly used fungal culture media for food testing, including potato

dextrose agar (PDA), rose Bengal agar, and a novel Pan Fungi medium (PF). The cultured fungi were isolated and

identified using matrix assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS).

Results

Yeast phase fungi could grow well on all 3 kinds of media, and the colony growth rate, colony morphology

size and colony numbers had no significant difference. Filamentous fungi were able to grow well on the 3 kinds of

medias, but growth rate and colony morphology were significantly different. There were 12 kinds of fungal species

identified in the 24 samples, including 2 kinds of yeast phase fungi and 10 kinds of filamentous fungi. Conclusion

With excellent accuracy and stability and self-limited growth of cultured colonies, PF fungal medium is favourable

for isolation and identification of single colonies, and can be used as a supplement to the commonly used fungal

medium for fungal culturomics studies in food.
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SEMCE VLSRRG . Bk B A Ak o b 110
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T BRI AR 35 W AR50, 3 S B 25 TR P 0 o
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RN R ST

H 10 52034 Z 90 BERE i 50 0 A R B 43 1 IR B
1 mL BESETFRASTCE LN, B 20~25 mL &1 46 °CHY
PDA Fli MPLLL BB -, 4% 2 7 ML HR 544
5], PF NBIATIEESRIRE, B 10 151508 RO B 57K
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Table 1 Results of mould and yeast counts in different media in food

b PDA MBI BN PF Hi5R 3k

B HER(<10 ) GR HER(<10) GR HER(<10 ) %
2 3\1fi t/(CFU/g) 0/0 <10 0/0 <10 0/0 <10
KFIE/(CFU/g) 12 20 1/ 10 1/2 20
Je/K HAE/(CFU/g) 0/0 <10 0/0 <10 0/0 <10
F-HRERRAE/(CFU/g) 1/1 10 1/0 10 1/0 10
1#F-kE/(CFU/g) 0/0 <10 0/0 <10 0/0 <10
J/(CFU/g) 0/0 <10 0/0 <10 0/0 <10
1Tk 44/(CFU/g) 0/0 <10 0/0 <10 0/0 <10
JE 49 E/(CFU/g) 2/1 20 1/1 10 1/1 10
FH/(CFU/) 111 10 0/0 <10 0/0 10
MIFCHAE/(CFU/) 0/0 <10 0/0 <10 0/0 <10
}5JF/(CFU/g) 0/0 <10 0/0 <10 0/0 <10
A JKF/(CFU/g) 1/0 10 0/0 <10 0/0 <10
JRHZ5/(CFU/g) 0/0 <10 0/0 <10 1/0 10
I F/(CFU/g) 0/0 <10 0/0 <10 0/0 <10
JE R & B 7L/(CFU/mL) 0/0 <10 0/0 <10 0/0 <10
K BF./(CFU/mL) 0/0 <10 0/0 <10 0/0 <10
FKIEH/(CFU/g) 4/3 40 4/4 40 5/6 60
HE B3 /(CFU/g) 22 20 22 20 2/1 20
AL 1(F5R)/(CFU/g) 7/6 70 8/8 80 9/10 100
HIAC 2(F5R)/(CFU/g) 14/16 150 15/14 150 19/17 180
BT R)/(CFU/R) 5/5 50 5/4 50 5/5 50
W% 1(8E54)/(CFU/g) 11/10 110 9/9 90 14/13 140
W% 2(8 54)/(CFU/g) 18/17 180 23/17 200 31/25 280
21 (2L )/(CFU/g) 10/11 110 12/12 120 12/12 120

T PR ARAS I 1 2~3 RRREE, SR b B u s TR R R R
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TERAOREA BRI o, I REAR LT 3 Rl SR 11y
RERIFAER, WKAEREE ., WEEE. RN EEEE
A—H REREAE 3 MR LREIER AR, HARKK
HRREF TR PO 253 A W A 22 53 o 2R FLIRTE PDA RN
PR AL ERER 3 d R BRI R RS, 5 d BEREFR
PR S ML RIB PR I 22K AT PF 36 °C1 °CH
7 2 d JARE S RINL R A RVE, HEESREL BN
Wi, SERRWIPEAR . IR 1.

PDA TR BRE

B AEREATEAR R R R ER AL d)
Fig.1 Growth of grape samples on different media (5 d)

X F RS , K. B L LSRR
Tl ity 28 B T A AR AT, A B4 235 SR B 7 s o B 2
Ko R AR BETE S, TR 3 R
KAFOCHEAT LA, X FAURS . AL A S T fif
T, 2RISR T AR, AGHI HE A B VR R T A
B Z, X PF, HidB PR EERaTE ) 48 h, M4
AR AT S SR T (1)I5FREE ERTEVE S A BR AR K,
T ASEA RS SR I RN 23 B2 MR TR 95 RO A 8 3 (Q)3REK
KRR R RENS 5 PRSI ] R D HAT A R i A R
22 EEHKNEESER
P\ PDA | wfiNHr2r Fl PF 559558 FAY S op B 78
Z WA BE Ff MALDI-TOF MS #:ill, MALDI-TOF MS 1y
1357 Ub: AME 9.5~10.0 MFK-BEAF, ATREMERD; 43
B 9.0~9.5 FFKV-EIE; 4ME 6.0~9.0 HJEAKT-EAE; 7
fH 0.0~6.0 AT EAE . PRI A TVE B e S5 R L

2, Hrh PR E B4R ME R T 9.0 T T8 (S E 45 /%=
YR G ER T 9.0 B VE BRI 7550 o

24 AFEA SR Y 12 FPECE, LA EERRAH EC G 2
i i IR 22 W% £ (Candida parapsilosis) F1 Fii 5 8%
(Saccharomyces cerevisiae); 2R E B 10 F: %8 5 &
(Penicillium commune). /2 2% (Penicillium oxalicum).
7 ¥ % 7% (Penicillium chrysogenum) . # il %% (Aspergillus
flavus) . % #% & % (Mucor circinelloides) . ¥4 %= i %
(Aspergillus tubingensis) . &tk & %£(Mucor racemosus), H.
ke A2 4% 4% M 71 (Alternaria alternata) . 2B 4R %5 (Rhizopus
nigricans) . 7 #£ K 78 55 (Cladosporium cladosporioides),
ENE

Wit 2. B2 WA IR R HRES .
THHER . B EARSCEEREAR AR 1 4 B A
AT ARNEESERT 9.0, MEELRAE 2B
el AR EE . 3 RIS R VR T RO T A
LR 25 SO R IRAE T () AR B2 (5 4 i e B
JI FRES I B F N 21 853 AT LAE R 2 5, 25 T D s W
SRR, g B A, HEZMEEN, BaaTaEs
RN 5 S0 TR S I HERR T . T PF ERRVE 2 b
FLEAEERK I, BT PRIV A R A 2 AR TV
TEAK XA ERI, FrA BRI E PR E . (2)
ZOIRFLHAE PDA 53R IR NP L1 Bilg 45 57 2 L wvE K
HEirs, RIPPREE SR, WA SRR e &
AR, THEHGR. MERMESE, HREEITECLIE
Wk TARKEME, M PF B S ARMARK, EFit
B 3)fif] MALDI-TOF MS B, J:Hrai BRE S il 4 7 &
A RE SR 7 I I 25 00 e R T b B R Y A,
PRIEZEREAN R M R REES TS E, AT
MALDI-TOF MS %5 (il AE W 1 v 20 g HaR, *)
T4t e B R [ Y R D (AN LT ARG A TR 5, TERE A
Hal AR IR, B S R R A Z AU T B TR
BT P LA SRAS: WA 25 0 vl B o JLRU 202

2 DENEERSLEESER

Table 2 Number of isolated bacterial colonies and identification results

i PDA EyEned ey PF

& 7 R/CFU SRRy, EIEBUCFU SEGR% B % $U/CFU WSS ILY
IV 22 B 15 100.0 12 100.0 17 100.0
PG Pk 8 87.5 9 88.9 9 100.0
R 5 60.0 5 60.0 7 85.7
HR T 5 6 100.0 6 83.3 6 100.0
R 5 100.0 5 100.0 5 100.0
Bk 4 100.0 4 100.0 7 100.0
EE G ey 6 83.3 5 100.0 6 100.0
BEME 29 96.6 32 97.0 40 97.6
MREE 8 75.0 6 66.7 11 84.6
A AS RERE AR A 14 100.0 17 100.0 17 100.0
SRR 7 100.0 5 100.0 8 100.0
KRR A AR 9 90.0 8 88.9 11 84.6
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MALDI-TOF MS J&—Fpei . B i ) % f
RIEAM Ik, StEsmEfa b REHME,
MALDI-TOF MS W FHEGE T e =R = 0 TAER
T2, 45 SRAT I Wi i 1 e [ et 1 4 4 2 0 T
A R Bl A R SRS Y DA, 4R i T A A L 1
B B AR T PR, T O A £ 5 45
Je i BRI MR 5%~10%%Y . QUERO 45 >1fii ]
MALDI-TOF MS AP PG A TE RN MR
MALDI-TOF MS #4531 136 ™Rl 1 618 A~ EL B B A% 5 1%
FINE T — R E . 2 EE AR KF - % E B IE
R KA 95%, I H A2 15 5% 0} 6] A5 37 KL 0 52 i (i
F 32 LIIE A 3EAE) . MOOTHOO-PADAYACHIE 45 2HiE R,
MALDI-TOF MS $ RS Tolb Sk 15 7 = —F kb 4
FH B E R AT T H 1788 AR K % R
i 1) 2 7 O IE B 3R F] 100%.

2.3 BENIIEMARE LR

WRIREAL S, BIARES GRS . IRES | JE A A TE i L
Bels e B OIS, FRPEFE & B VL T8 T 4543 0 22 &) LT
D5 W5 v 0 B TR R R BEIEA TR . PDA RN NP 21 B g
28 °C+1 °CH53% 5 d. PF 36 °C+1 °CHigf 2 d J5, iCAEM
TE 3R FR AL E T EL, b BRI e 25 R IR 3, B
BERINE 45 R WL 4. W5 GB 4789.15—2016 (ESR, 1%
PERVEELAE 10~150 CFU B BTG, BvEE0S KT 150
CFUILSENZ AT, FVEEFE 10~100 22 (B SR B A 34
Bl . BB LS RN 15000 CFU/g, BgkE 3 RE
h ) _EHREE BL43 R <10 CFU/g. <10 CFU/g. 690 CFU/g,

2.4 BENWIELERIFMN
BE N IRAEIEMAE R I ZE 5. BE ST RAETEM EN Ky : |2
H<2.0 B, SEEEERNWE; 2.0<Z<3.0 B, SLEEERN

K2 SyEHRAEAF RS A KBRS d) AI5E; 1Z)=3.0 I, SEERZE A AN Al SP25 I 22NP3
Fig.2 Growth of isolates on different media (day 5) AR 5 SR ) Rt
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Table 3 Measurement results of moulds in proficiency testing infant formulae (CFU/g)

HW
FEfbgR5 TR
PDA ) [EEA Y PF
10! ZAu 1 ZAu 1 ZAn] i ZA ZAn] i ZAn] i
102 138 145 ZAn] i EY R ENIN NN
107 13 14 14 16 15 15
SP25
10 1 1 1 2 1 2
10° 0 0 0 0 0 0

IR 14000 15000 15000
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Table 4 Determination of yeast in proficiency testing infant formulae (CFU/g)

T £
FEfbgR5 ipsoes ——

. PDA BT BE PF
107" 0 0 0 0 0 0
102 0 0 0 0 0 0
A 107 0 0 0 0 0 0
10 0 0 0 0 0 0
10° 0 0 0 0 0 0

2 <10 <10 <10
10" 0 0 0 0 0 0
102 0 0 0 0 0 0
NP3 s 107 0 0 0 0 0 0
10 0 0 0 0 0 0
10° 0 0 0 0 0 0

ZE <10 <10 <10
10" 65 69 68 70 71 67
1072 6 7 7 8 9 8
c 107 0 0 0 0 1 0
10 0 0 0 0 0 0
10° 0 0 0 0 0 0

2 670 690 690

x5 BYLEFTHHERMESNEMNSRITN
Table 5 Evaluation of the results of mould and yeast
determination in infant formulae

; . g 2 -
I O AL
HR SP25 15000 4.18 131
22NP3/FEf A <10
[iZ283 22NP3/KEfh B <10
22NP3/EEf C 690 2.84 -0.02

e -FRTE, WA R I BRI EE(<10), IS loglo FIl Z
fE.

FERE ] I A A R 1L A8, PDA R inhr 2035 g
TEREFR 240 5, WEEGRULE, HEX 5 dIGFRIMEEK,
DA 22 S A P DR, 28 R THEICH SR R, 2 3 i3
ERMIRAIE DL BERENTIN Y, X TFRAEDT S, AR
WEE R — BRI, A LRI E RS, Pk
KA, FnlEE T, 98 IR a4 K AR i
A W o B A 2 A K S AL T ME LA 2y 2T I A T AE P
FLEEEFREE b, VR BRI A, BVE R T 35 SR )
(48 h), WKW ASEI LB, FTLEmARTHEE
LER S B RE TR . BRI RIEITM 45 R Z (E 10 3 AR skt
ff B — B AT

3 & i

B RN B o T R A PR BRI RE T, AT AR AR

V2 W, PRI i H T R R R o
B, ARBFIE LT LA 3 PP SR AL (PDA . d R LT S
1 PF HE SR, 454 MALDI-TOF MS %5455, #r
B P E R R AE RO S SRR 3 R B B R A
HBEAT RAF TR PE AR M, (HAE T BB 2k AR
BASZM AT, PF AW RN REELZEW, 2 AR
PEAE R, REFREFIRIA, AR B BERR Y 43 B S D
P ETE AL PF BB R SR TR & b i F B B
S AN TE, TP BN R R E
— PR G SR, B RE RS RA A S
T T B (HD BT 1 5 DNA S5T600) 56 78 43 15 H T bk
T I MO 2% 1 vk AN AR T LR TG 3 B 5% 10 T b kAT
B IR AR AR, I REAS I fak A 4 T 7 TP MR i E 1o 11
PRS0 ARSI BT | TR L LR A B B AR
FHFA%EA TARERENE L.
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