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SR A R S S N AR X, DA R SR S A 50 A B A B KT

KRR RN, PRI B SRR XA A

Preparation of standard materials for Aspergillus niger and its application
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ABSTRACT: Objective To develop a standard substance with homogeneity and stability meeting the requirements
of standard materials, and apply it to the quality control and laboratory examination of daily detection of Aspergillus
niger in the laboratory. Methods The strains used in the study were identified by micromorphology and sequencing

of internal transcribed spacer (ITS) sites, and then lyophilized to prepare 10* CFU/sample concentration standard
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material. Through the inspection of the uniformity, transportation stability, storage stability and the use effect in
different food substrates of the reference material samples, combined with the cooperative fixed value experiment of
3 laboratories, the Aspergillus niger reference material samples were evaluated. Results The colony of
CMCC98003 was fluffy and black spore head, the reverse side of the colony was colorless or light yellow with
wrinkles. Under the microscope after production, it could be seen that the vesicle was spherical, small stem and large
stem, the conidia was rough, the conidia stem was wide and smooth, and the spore stem neck conformed to the
morphological characteristics of Aspergillus niger; the sequencing results of its loci were compared with the existing
sequence alignment in the gene bank of the national biological information center of the United States, and the best
matching result was Aspergillus niger. The results of one-way variance analysis by SPSS software were
Fo05(19,20)=2.137, F=1.614<F 5, which met the uniformity requirements. The concentration of Aspergillus niger
standard substance was maintained at 10* CFU/sample when it was placed at 4 °C for 28 d and —20 °C for 90 d; the
transport stability was tested at 25 and 37 °C for 7 d, and the bacterial concentration was maintained at
10* CFU/sample; the applicability test in different food matrices showed that all samples could recover this standard
sample; the collaborative calibration results of the 3 laboratories were 10* CFU/sample. Conclusion The standard
materials of Aspergillus niger prepared in this study can meet the needs of daily mold count test, which can be used

for the comparison of results between laboratories and within laboratories in order to improve the test level of

laboratory inspectors.
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FH, TR 51 Bl 0 ) R A 2R . R T H AR
B WA, ERERRENE RS L ERER
AR, A R AR R S B AR St R g
gl

25 1 (Aspergillus niger) 157 & v TLE— AN,
FEJR A AR AP TE S A Tz P, g g
i) ek 28 P DA o 14 L o LA D (RO Bt AT
2 T IR AR, R B S R e — @ &
SRR HHATR KM Z T E, 5515 25 08 2R
WAE 1987 4R A A LR, T R A KA
Wik REFRACPERT RIS H AR RS IS RN, H
A SRy 8 RS B0 1 40 I PR TR Al

TR R TR I RIS I R )
P EETFBZ — HE AR I i HE T+ A iRk
PN HTEE . WUED TR S . T T AN A 3
TG BUASAG IE 2P0 HE, FRE s b R
K 7 VAR 3 GB 4789.15—2016 ( & %4 H R hilE &
Eh IR ARG IS R R R ) T, ST RO
B0 05 W S AS AR ) o AR B T R B0 1 R RIS I
Z—, (HARBEZ A RKEEA— . HKIEEREHIE
B —EER, MEKERERITEOFARR S . Hik, &

b HE RIS A e I A T AR R, W]
L fERR H A A S AR Y BUR AR S 2
ew R, BT, ¢ T8 WA IR bR Y 5T i AH SS9 4it
E > AR AR R R &N, S8
TE 25 W 8% W 6 s [B] B [X. (internal transcribed spacer, ITS){7
O AT ING, RV R TR R & — AR E
S A AR E D SRR A, LA SR R ) VR ARG I 4 I
AR F .

1 RS

1.1 # #®
1.1.1 & #%

AT Pl P TR R A 05T v ] 5 2 0 T DR A B e
(National Center for Medical Culture Collections, CMCC),
o FH PR SR 0 B R CMCC98003, 435 H 7k [l £ hh R il
.12 & A

I % ) 2 Bl B IE B 9% Bk (potato  dextrose agar,
PDA)(ZEH BD 2\ #); 0.85% (m:V)LE B K (2558 B 454
252wl R R0 (b B 2 A A E S B A AR
DNeasy Plant Mini Kit i 7 £ (8 E QIAGEN /A #]); Qubit™
dSDNA BRAssay Kit il & (3£ E Invitrogen /2 F]); ITS fif
MW IDFAI LR 1, B A RA A, &R
T H5 Tt Iz BE B2 BB, 3K (polyacrylamide gel electrophoresis,
PAGE)4ifk].
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Table 1 Primer sequences and annealing temperature

o o B GRE FEYIR N

e /op
5 TCCTCCGCTTATTGA

ITS-F TATGC-3’
52 500~600

Tsr 5 -GGAAGTAAAAGTC

- GTAACAAGG-3’
.13 X &

HETO POWER DRY LL1500 ¥ % T 4 #HL (3% E
Thermo Fisher Scientific 4 ). Thermo1389 4= #) %2 4 (3%
[# Thermo Fisher Scientific /A #]). Thermo [ER LG FEA
ND2000 2 5 43 # L (35 E Thermo Fisher Scientific /3
A]); PL2002 HLF K- (i AAFEIFE A £ 22 \); Qubitl.0
R M E L (35 [ Invitrogen 23wl ); HYC-940 4 [ 3%
A= WIIZENNRE 2245 (FG HEF TUL /A 7]); Digtal 4000cc 34 i #%
(#:H Interscience 23 )); BX61 Wi sk (H A BUAKk I 15723 #))
1.2 75 &k
121 ZHEHHLELT

JEAEWLEE: ¥ 2 th 45 B (CMCC98003) Xl & H2 F T
PDA Eiflg VA, 28 °CHiF% 5~7 d Jm, WIRWIEE M b i#ive
Fr I R, TR T MEIEA,

ITS fLAMFEYEE: 4 DNA SRR 020405 itk
117 DNA B2, FARE TR S I DNA $2 a0 G i B ik
17, $RBUS 7] Qubit™ dSDNA BRAssay Kit., Qubitl.0 #4278
1 A AR B [ A0 A SOV LR 7o S T 2l B . 4R
DNA JGHHT ITS fLmd/ 3, P H4ERLTT: 10xbuffer 2.5 pL,
Wi SEAZ IS AT — R (deoxy-ribonucleoside triphosphate, dNTP)
(0.05 mmol/L) 2 L, 51#J(50 pm/uL) 0.2 pL, Taq HF(5 U/mL)
0.2 uL, dd H,O #h 2 25 pL fAFR, DNA #iflk 2 uL; 94 264
WF: 95 °C A 10 min, 95 °CAEME: 30's, 52 °CIE K 30's,
72 °CHEAH 90 s, 35 MMEFF, 72 °C 7 min, 4 °CI{AF . § 4™
Wik B AR R — M m AE YRR R A w17 sa DU )%,
5 % 2 3 EE XA Y E B ol (National Center for
Biotechnology Information, NCBI) GenBank [ 3} #f 17
Blast H Xt
122 2 F A AR GG BRI IE

(1) 28 0 25 TRTAR MEAE S 19 A 7 ol 48 T e

1 28 25 R (CMCC98003)— U f 5 F- 4, Rl 44
il T PDA A, 28 °CH5 37 48 ho O A FRE KL T
JEHATELLTEYE, EETRG 3 UG, FAERERK, AT
TR RA R, DL 20 pL/3R AR A & A BRI 48 FLAR
TR TR, VRS BRI T IUMI T, B TR R T4
LT 16 h 5 BAs IR R 2% 1, —20 °CIRAfE .

(OFRHED) T I 35 5 PR 56

FENLIBOA TARER R 20 H1, AR HED R+

A1 mL A IEIKIEE, F SR A AR EY) BT TR SV, I
FHIETRER A (G #E ESO IR A T PDA A, B i
2 ANEAT, B 28 °CHE3E 48 h R THEIS . Wk
CNAS—GLO003 { BE 1 9 fify 38 50 P A e M PR P57 )
XSS R TR F I 20T, PEMFES 5k,

(3)FRIE) I 13 B 2% PR R MR 56

H R T IR AR UE T 53 DI T 25 R 37 °CREFRAf,
PISLIS WA 1R, 438F 1. 3. 5. 7 d XhsuEdme &
BEBTIE, Mg ikE 1.2.2 (2).

(AR HED BT I G A7 A MRG0

WEORT IS bR B BIAE R F-20. 4 °Co AN
B B A PR E DD R TR 0SSR AR M A TR, AR
kR 1.2.2 (2)

(SR HER) 0 1 B S 6 R i FH PR B0

M4 GB 4789.15—2016, BEFRIESE B R £
FESL 7 RIEHE 20 0, X FR b E TR AR E) T FH T FL A
FE A R B ORI TR UE . AR FREUEES, 25 g,
SHUMAZ] 225 mL ALK, AL R
30 so ARFIFEANFEM S FRER 2 1), HA— O E AR N IE,
Ti— U E R SERR A IMA 1 AFR ) 5035 55 A 7 R
IOGIE, JRLLKE S GB 4789.15—2016 HEATHIN

(6)IMERRE

Dy ESibNans

DMEFR EREM LTS 10 RS I R AR ERE S, B
PRUERE SR KF-h 10* CFU,

)RR SR I R T

X 3 RALIE KB, 10 JRPGHORAEE 4331
e THBME i &b, &8 THEHEE D, 7
WHEA PN 1.5 kg KRB BRI T 6.

3)i R i

HATUMER E LR E S | GB 4789.15—2016 X§45
WERE SR UEA PRI, 2062 AR H R R i) 2SRk R 3R
Tk T P B T 1 S

)G T T R )

X SE A Rk AAE I, H LU IEIMEA TR, 10 43R
WEREA Hp G (R FRERE AL AG TNV BEAR T 10% CFU B2 il 45 14
FRUEREAA A OHE o B ZARYE 3 FES0m 28 St Fxt A i
YIS HR FE 45 TR TP o

2 FERE5S
2.1 FHHRFRIA

2.1.1 HBAERR

PR LA TRVE SR, Bk, VAR I 20 MR
RE AR . AR BB TR, 0] LI BRI,
ANEE, R, Ay AEAFORLRE, 3R AT RETE HOR N, fBE
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B, AFE PRI AR =204
2.1.2 ITS AL &5 . e B o -
AT ST 8 MR HE L DNA J5 18 ] Qubitl.0 B & M 75 /(CFU/RENY) XE /(CFU/RE ) XA
SERAEWRIE S 434 ng/mL, WREERFA R, (IR 10 3.6x10* 4.56 3.8x10° 458
BB AT 2 26 E, 4260/4280 7 1.88, ZiJ3F B4F; TS fir ) \
11 5.2x10 4.72 2.8x10 4.45
B EERAR
TCCGTAGGTGAACCTGCGGAAGGATCATTACCG 12 4.8x10° 4.68 5.2¢10° 4.72
AGTGCGGGTCCTTTGGGCCCAACCTCCCATCCGTGTC 13 3.0%10° 4.48 4.4x10° 4.64
TATTGTACCCTGTTGCTTCGGCGGGCCCGCCGCTTGTC
GGCCGCCGGGGGGGCGCCTCTGCCCCCCGGGCCCGT 14 3.6x10° 4.56 5.0x10°" 4.70
GCCCGCCGGAGACCCCAACACGAACACTGTCTGAAA s 3.9x10° 451 3.0x10* 448
GCGTGCAGTCTGAGTTGATTGAATGCAATCAGTTAAA
ACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATG 16 3.6x10°* 4.56 3.0x10* 4.48
AAGAACGCAGCGAAATGCGATAACTAATGTGAATTGC 17 3.210° 451 2 6x10* 441
AGAATTCAGTGAATCATCGAGTCTTTGAACGCACATT
GCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAG 18 3.8x10°* 4.58 3.0x10* 4.48
CGTCATTGCTGCCCTCAAGCCCGGCTTGTGTGTTGGG 0 32x10° 451 4 0x10° 460
TCGCCGTCCCCCTCTCCGGGGGGACGGGCCCGAAAG ' ' ‘ '
GCAGCGGCGGCACCGCGTCCGATCCTCGAGCGTATGG 20 4.2x10° 4.62 3.6x10° 4.56
GGCTTTGTCACATGCTCTGTAGGATTGGCCGGCGCCT A 3.8x10* CFU/RER
GCCGACGTTTTCCAACCATTCTTTCCAGGTTGACCTC : i
GGATCAGGTAGGGATACCCGCTGAACTTAAGCATATC Bt 5.2x10° CEU/RE
AATAAGCGGAGGA. .
f/ME 2.6x10* CFU/FE

5 NCBI Genbank "1 b5, PCRCEe i 4l 5 ok 24 i 25

(Aspergillus niger)(Accession number: MT550026.1, 7 7 i

100%; YEITIEE: 100%). 45 b, ABFSE A B Bk
AT
2.2 FREHRPBSAMRHRIEESR

X 20 Jihi S h A P AR A R 25 SRR, 2SR
H(Eh 3.8x10" CFU/KESS, o KfE N 5.2x10° CFU/FESL,
He/IME N 2.6x10* CFU/KESh . XFRINZE R Ef T8N £ 7 22
SYHTAT I, RESLEIA A 0.012, HEGNET 0.007, 115
H F=1.614, Fy,5(19,20)Ilfi F{E=2.137, F<F, 5. 2B 7E 0.05
B E KT, B R AR EY TR A B S R
(R 2),

®2 20 AREYIRITREGR
Table 2 Count of 20 bottles of samples standard materials

o PEE e FER e
/(CFU/EE i) /(CFU/EE )
1 4.4x10* 4.64 4.0x10* 4.60
2 4.4x10* 4.64 4.6x10* 4.66
3 5.0x10* 4.70 4.8x10* 4.68
4 3.2x10* 4.51 2.6x10* 4.41
5 2.6x10* 4.41 3.2x10* 4.51
6 5.0x10* 4.70 5.2x10* 4.72
7 3.6x10* 4.56 3.8x10* 4.58
8 3.2x10* 451 3.2x10* 451
9 3.4x10* 4.53 3.8x10* 4.58

23 FEMIREHREMRINER

X A5 A 7 1 R o TR AR V) o A TS i e
Wi (S5 5L 3% 3), 37 °CHEAE 7 d IR SR ERE7E 10* CFU/KE
b, 2B 37 °CAM IR B E W AR Y PR AR E 1
25 CE&MF, 17 7 d JF AR R e 1E 10* CFUKERY, K
AT ENIRTT 7 d NHRAFES T AR, B AR R R R
(37 °C) F MBI RS (25 °C) F s i#R ol LIFF & 55K .

F3 EHREZHREMLNESER
Table 3 Determination results of transport stability of
standard samples

37°C 25°C

i /d /(CFUAES) 37 °CxHEUH (CFUBER) 2 CHTELME
0 3.8x10* 4.58 3.8x10* 4.58
3 4.3x10* 4.63 4.2x10* 4.62
5 4.3x10* 4.63 3.4x10* 4.53
7 4.3x10* 4.63 4.3x10* 4.63

24 MEMYIRBEEREMRIESER

X AS RIS AR 7 1 R R AR VE ) BT A TR (20 °C)
A7 S (4 OB ARG E PN (45 SR L3 4). 20 °Cf#
S 180 d 0K 84.2%, WELAERFTE 10° CFU/MES,, KW
20 °CHMF T RIAFZbRUEY TS FIATI0; 4 °CA&MT,
it 7 28 d B IHRTE 89.5%LA b, WREELAERSAE 10* CFU/KES,
FeW 4 °CHA T R A CRAFZ AR D) Tt 2 B 2R 1Y .
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Table 4 Storage stability determination results under —20, 4 °C
—20 °CIHTE & % 4 °CIH B & it

2.5 MEMRERLR
A6 45 1) BB B AT I, SR IR £ Pk A% £

I Rty % cpupeay LR Jr Rk MERRE L, 36 3 S, U AL B, C,
0 3.8x10°* 3.8x10* X 10 PR AL AT, IR T AE AR E (B R R 5).
1 / / 4.0x10* 105.3 ARG & B R AR EY B, & HER R
3 / / 3.6x10* 947 itk 10 CFU/KE S, (I B B CMCC98003 22 il
5 / / 3.4x10* 89.5 W, W 3 R EWE ML LR, HEREE S E
7 4.0%10° 1053 34x10° 395 HITE 10* CFUME SR, A% e 25 A & e il 85 8
14 3.8x10* 100.0 3.6x10* 94.7 O FAE -
28 42x10* 110.5 3.8x10°* 100.0 2.6 FREYIRGEERMEASREIERE
60 3.6x10° 94.7 / / W 6 R, EVRTRIRS: . BILTC I kS . BEAER |
90 3.4x10° 89.5 / / kMG AR PET . SRT W 7 28% W
180 3.2x10" 84.2 / / Hr, A KR ) 50 Y RE RS A R T, IR IR e
TR TN, TR, P 5] DA £ i v B gt GRS I P ST K
*5 WMERRESR
Table 5 Collaborative study result
IR E B A B C
B 7 / (fﬁfi) YT T (fﬁfi) T g‘f;? o
1 3.3x10* = 2.8x10* = 4.7x10* &
2 2.9x10* & 3.2x10* = 2.0x10* &
3 3.3x10* & 3.3x10* P 5.4x10°* &
4 2.7x10* = 2.3x10* P 5.4x10°* &
5 2.8x10* & 3.0x10* P 5.0x10°* &
6 3.0x10* & 3.0x10* = 4.5%10* &
7 3.4x10* = 2.6x10* P 3.2x10* &
8 2.5x10* = 2.9x10* = 4.1x10* &
9 3.0x10* = 2.7x10* = 2.1x10* &
10 4.4x10* = 2.5x10* = 4.7x10* &
FIE 3.1x10* / 2.8x10* / 4.1x10* /
SOPEE 3.3x10*
*6 BRPFIREVREERRIESER
Table 6 Validation results of reference materials (samples) in food
Ihacs RN A A T 25 25 S
1 g A VKR - +
2 B IR R ERDELLE Wik (12~36 ik 3 BY) - +
3 IR IRZAE 4 LTS 5 0583 (0~6 F iR 1 BY) - +
4 TR AL T Wik (12~36 J1i% 3 BY) - +
5 TR LB 5k (12~36 A #% 3 BY) - +
6 HR S-26 43 % JLAR(0~6 A% 1 BY) - +
7 RIS ALY - +
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*® 6(4%)
5 B 44 B B ity A A T 25 SR LRSS

8 T A L el e AE oy - +
9 e Al B i - +
10 AN ST - +
11 RETTAR LRI - +
12 bR ey o - +
13 SO R - +
14 8 PR L A2 D T - +
15 NEEE R - +
16 (k- 2 Sit ) - +
17 peppito FIERRAAT YT - +
18 RIEFRFE/ ML - +
19 ANRUEAE R T - +
20 FS R R - +

T 7R A B B B, ORI R

3 5Tt

o VHE AT AR ) O o o) 2 B BRI A ) 5 SR A
FOAT P R AR H AT T A b v g I o8 P 4 T
BRI SE B ESMUBR AL, gt mde . fism . F
JHZRR, AFTF 3R E QSR IT AFR. ARFE R
BB AIRE SRS, HAATIRE SRR TR
B AR AL, RTR FE A 1 A S R

R e I [ 5 v v 5 R 0 5 T £ T 9 R B IO A ok
TIvEantiig, FEOAHEEAKRZ, Tk ——RITAR. %A
PERIT B — 0, 6T 50430 30 T e 52 36 =5 R G
B AR SRR VE B MR AT Bt AR B BB, = 200,
Al RE S HG YK TCIE T B ICHEEA AR ST o A PRIE B
FfEdfnte, AL B MOE A RHIE S 1TS A7 S00Y 2 Fhs:
DIF-Bext A 147 A S5 e WA, Sl ik, AW BHUES
B, ARGk ARE — 5P S S KT A BT S A
WA DTN R A TSR, FLR—E A5, I rTARE A B
FEHH Y ITS (P FT s 19 . I ih . vk R .
W7 P70 S5 A5 B TR SS, F—4R M R A I BE T

A Be SCHR AT DL, H TR 43 GO WA v 5k
PRy 10 AR R B ST L R, A s e
bR R AT I, (F B R R 2 0 ik R A
SRUTISL AL S AR b B bR v R LA o e, ol
TR B vT WL, A A R AR B R, —
ERS(25 °C) RS TR RS (3T °C)F, 7 d PN B2 ] )35 iy bk
718132 o] AERPRE SR T AR AR E, W E PR, K

WIREAEAE S, BIRERE—20 °CLUF, N nl ik F%
o 20 1 UL SRR S AR ISR O] L, RS ET E, 3E
FEMPEENRE . 3 ZEREUMERE 2RI, H
SRR R R 2x10%~4x10* CFU/KE S, He E AR MEZR
F 225 mL FESRARREI P, TR S 107 CFU/KBES,
AR LB R B TS B, fE BB

A ST A PIARHED) B VR T/NBR, LR VR T # R A
sty i P B 2 A TS 20L T BT R VA MR, BEARUE T
NG A 2 4, AR UE T A &5 SR i 1 e A e
o g5 b, ABFRE S BT R R Z4e
P, BTS00 5 H R R 56 04 T ) RO B S,
AR R S50 2 IA] H A SRR D SRR b, E— 2R m A TR AL
FA ARG BE 17 o

R B
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