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Equivalence study of the Soleris rapid microbial detection method for mold
and yeast detection in food products
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ABSTRACT: Objective To evaluate the applicability of the Soleris rapid microbial detection method for detecting
molds and yeasts in food and its equivalence with the national standard method. Methods Validation experiments
were performed in accordance with domestic and international standards, focusing on 5 core parameters: Inclusivity,
exclusivity, sensitivity, relative limit of detection, robustness and inter-batch variability. A systematic equivalence

comparison was conducted against the conventional reference method specified in GB 4789.15—2016 National food
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safety standard-Microbiological examination of food-Enumeration of molds and yeasts. Results  All 30 target mold

and yeast strains were successfully detected, yielding an inclusivity rate of 100%; while none of the 31 non-target

strains were detected, resulting in an exclusivity rate of 100%. The relative limit of detection values across diverse food

matrices were consistently below the preset acceptance threshold of 1.5. Robustness and differences between reagent

batches had no statistically significant impact on the detection results, demonstrating excellent repeatability. The

detection time was shortened to within 48 hours. Conclusion The detection results of mold and yeast in food using

the Soleris microbial rapid detection method are equivalent to the GB 4789.15—2016 method and can be used for the

rapid detection of mold and yeast in food, providing efficient technical support for food safety quality control,

supervision and sampling inspection, and emergency screening.
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Table 1 List of experimental strains
HHR A B e bk T e
2L 774 il 25 (Aspergillus brasiliensis) CICC2463 KM% R O157:H7 (Escherichia coli O157:H7) CICC21530
- Hhi 8 (Aspergillus terreus) CICC41758 W48 01 7] R B (Salmonella enteritidis) CMCC50041
B 7 (Aspergillus niger) CICC2487 [ZECRAAN| &%B‘Fﬁ!&ﬂsﬁﬁzﬁg\oneﬂa enterica subsp. 1 o001 4e
771 75 7% (Penicil lium chrysogenum) CICC41780 R 085 e, 9% 15 i A 14 (Cronobacter sakazakii) ATCC29544
My 7545 (Penicillium roqueforti) ciccaosey  |HRIHARIRIE R AL (Klebsiella pneumoniae subsp. 1o 1736
pneumoniae)
%7 B (Penicillium citrinum) CICC41779 v 1 PE 9B (Vibrio parahaemol yticus) ATCC17802
%8[G #4175 %% (Paecil omyces variotii) CICC41447 A1 459K (ibrio vulnificus) ATCC27562
A AR 5 (Rhizopus stol onifer) CICC40317 18 FC B B R T (Shigella flexneri) ATCC12022
oK i 7 (Aspergillus oryzae) CICC2066 2R P FG G FG B (Shigella sonned) CMCC51334
4 25 45 # 85 (Aureobasi dium pullulans) CICC33464 BH 74 % #F 1 (Enterobacter cloacae) CGMCC1.57
Bk & 7¢(Chaetomium globosum) CICC2446 I, 21 BR T (Rhodococcus equi) ATCC6939
ZERCIR A (Cladosporium cladosporioides) CICC41773 2% B2 i %5 2K 1§ (Saphyl ococcus epidermidis) ATCC12228
R4k (Fusarium oxysporum) CICC41029 F$55 R (Sreptococcus faecalis) CMC(C32223
A Hb 2 (Geotrichum silvicola) CICC31204 & 1% BR T4 (Enterococcus faecalis) CICC25019
4li 1 22 4K 7 (Byssochlamys fulva) CICC2649 PR 1 25 4 G T (Li steria monocytogenes) ATCC13932
LA 5 (Mucor circinelloides) CICC2632 i v AR G T (Listeria innocua) ATCC33090
IR DU B (Whckerhamomyces CGMCC2.887 Jak & 2% 0745 5. 4 (Li steria wel shimeri) ATCC35897
subpellicul osus)
JIESHE HE 7 [§% 1 (Pichia membr anifaciens) CGMC(C2.1858 e G204 IR T (Listeria grayi) ATCC700545
1% 22 4#+}(Candida albicans) ATCC10231 i 231 I 1§ (Pseudomonas aeruginosa) ATCC15442
£ [ 4 %1 (Zygosaccharomyces rouxii) CICC1239 it G A1 26 i1 74 (Pseudomonas stutzeri) ATCC17588
PRI % £): (Saccharomyces cerevisiae) CICC33482 4 T {0,754 Bk 1 (Saphyl ococcus aureus subsp aureus)  ATCC25923
TR 22 B £F (Candida krusei) CICC1376 JHE 4 WUk 7 (Kocuria rhizophila) CMCC(B)28001
FLITR 2219 B (Candida kefyr) CICC32411 R 25 04T 1 (Bacillus cereus) ATCC11778
Jig 41 % £ (Rhodotor ula mucilaginosa) CICC32140 7 JENEAR B (Clostridium perfringens) ATCC13124
Jo s M 22 1% B:(Candida dubliniensis) STRC, LR =Ttk Ji/NZFFLFF 1 (Bacillus pumilus) CMCC(B)63202
o ML B 22 8 1) (Candida guilliermondii) ~ STRC, SEIGZ Atk F Y F AL AT (Lactobacillus plantarum) ATCC8014
A 22 {24 % £ (Candida magnoliae) STRC, LI Bbk P21 v B R 18 G T (Burkhol deria cepacia) CICC10857
G P 5 STRC, S5 Wtk e IR FFT B (Lactobacillus acidophilus) CICC20248
e T i STRC, 92007 bk ﬁﬁﬂﬂ“%ﬁﬂﬂﬂﬂﬂiﬁ‘(LagtobacilIus delbrueckii CICCE045
subsp. bulgaricus)
TETR AR 22 1% £ (Candida zeyl anoides) STRC, SZH =Tk 73 5 T fH # (Klebsiella aerogenes) ATCC13048
K354 G T (Escherichia coli) ATCC25922

13.1 G5 KEiE
W2 1 P 30 PR A RELEBRAR 2 A 10 mL AR FEER
Kl % B 10°~10% CFU/ML A&, B 1 mL HEREE
R TR B A DU S5, 28 °CHEFR 48 h, Il AR L IR O o

A 5 B 1 mL BRI T 10 BRI RE, 5% 07
PRI T mL 5. 107, 102 A BT 2 A CHEF- 1L
W, Wb 2T B AR R SR IE, 28 °CHiFE 5 d R THTE
AL, B TR o
132 HwrkibiE

¥ 31 MR HARTE R 5 B 10°~10> CFU/mL B,
IR 13,1 BB BRI IRUE 3k . B2 5 1R H B
BHEFREEARHA TR AL, 10 SRR T I A
P R VE T R, B0 UE TG BA T
133 RBVE LA BRI E

PEEZ: GB 4789.15—2016 AN & 25 b FeEE (4 7
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0 % BE (CICC33482), FAEHER KT & B MR E B R
PR R RO TR, S8 ARETE . S5HE
HARTRYRBE, B4 R BE KA MRS YL B

[ RFE A TS Y FREL 25 g FEAh, N AREZ RFH
1 10° CFU 775 YL IR AN 225 mL A FRERK, S50 35,
TR b5 A FEER K BB 1:10 (gomL, T [R)AEE 5L AT,
SAREC 1 mL 1:10 B AR T 2 DR I RS R4
55D CFU $rm, 1% CFU BUERI 2Tt 1:10 #5510
FRAZBRES I B AR A RUE . 25 A RESEAR Y R T AR K, 2
AFESE LA REE RIS N, 55HC 1 mL 1:10 £
ol A TR I 2 T I AR R L R, Wl
REORIA T VR RO R 0, ¥ Yk B8 Wl 2o SE B v in B AR B
) CFU $UESH, LL CFUARZERR

WAARE S TS e 07 3 AR IR 10° CFU AT i
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WOMZE 10 mL RAFESE b, seor 3800, BRS04
BIWCH 1 mL AR5 SICT 2 A TE RN B R AR, 255 1A
CFU /R, % CFU ${H R0 B2 FHZAE i ST P 52 bR
T E AR R . 25 O B AR Y T T AR, 2 A REA P
M A FEEERIETEN . 5581 mL #R RS E
TR AR AR T EALIETE, WEGEERIA T n
GBI, 15 YL BE O] E o SE PRSI H AR A9 CFU (B2
A1, LA CFUMRZE R .

V5 YLK R S B S5 O R IR BE UE T Bk A IR
e BE Y5 G K-SR /NF 2 CFU/mL FVNT 2 CFU/, 9% 8
20 APATRESL; ASRE 1 AR TS YRR, R
JK -2 10" CFU/mL 1 10' CFU/AM; &35 & 14M25 [ % B kE
f, BIEARVE A AR )

AURGIFTILERNHEIRRO /38T, SHE GB 4789.45—2023
k3% B.2 A ATAS: i B (relative limit of detection, RLOD),
RLOD #32FR M 1.5, & AR,

RLOD= In[Ner / (Meer = Yrer)] 0
I[Ny, / (Nya1 = Yyar)]

TSP 10'~10° CFUMM. 11 3 A RIRHEU i 25 i e
BRI, X5 g a0 A LR S T 8 AT
i, Jesk ], THSEEEIAY CV, BRI R e 1 .
1.4 HIEAE

RPESLLL RLOD FoR, it A8 4 At (]2 55 58 1E
ZEWRPL CV For, $dE 4 Microsoft Excel 2021 47315,

2 GER5HH

2.1 BFMEIEER

3% 3 AL 30 £k HARFHERI S )77k GB 4789.15—2016
S RGN 1~830 CFU/ML, 30 £k EATRBHKINEIE
TR, AR 100%. F2BHERIIE ) X AR Rl
(AR R R RS R RE IS, OGNSR, Atk R,
2.2 HfMIIELER

M3 4 AT, 31 BRAR FARTE BR 19~ Rl SRIa Ll

%<3 Soleris BAFMIIEL
Table 3 Results of Soleris inclusivity verification

K nes IS B IRR B Ve IS 5 BB R - TRIGIE vk M S R 45
PEGERE o A RRIETE 75 IR B EL yoa A RFEIE vk IUEEES /(CFU/mL)
4 B 25 £ PG K 22

=2 BRER ii% ,}ZLL' =L

< J~‘ Py G 23

— T;:"j ; Rk m;tgz; — e o 200

=2 Tan MR IR o 24 PR N5 Y Bk ERTE Y oy 640

1 A KFL S KRR JEIRKIEFL  CICC2487 Py K 220

2 FLEELHS KR aif kRl CICC33482 56 FC L 75 55 ioda! 56
TR = m

3 Pokk %g;ﬁ&’ﬁ SR CICC33482 %fﬂfg Iﬁli 480

4R ‘%ﬁif;*” MILF CIcCaagT *?EE@ Iﬁ 0

5 OKEMBER O RINER T CICC2487 SERCIRBL A Hi 14

6 Rksfrih PR BIRABET  CICC2487 Easlellels il 48

7 e ®A& &% clccdst USELE il 34

: e T é@ﬁ%&ﬁ i 210

8 MREWIS RSP R CICC2487 BRER i 14

- DAY ARSI 2B it 36

1.3.4 & T HEEE T TRE EE 5 1% B ¥ 1 20

DA BEFL M 365, N 75 Y B il 2 (CICC2487) iR U 2 b ol 25
T £ (CICC33482), Xt i5 4% H bR bW ik 17 A T4k, A & REAE Kt 1
CFU/mL kR, 15 R 10'~10* CFU/mL. PR e B K i 50

T TR SRR 9.0 mL, TEFIIREARAL 1.0 mL, %3 SRR i 490
WL 28 °C. BLE 3 A1IE 6 S MBS 0.9 mL ARERED foih 830

N . . JB L1 1 B ity 142

FLLT mLs; SEFRIEARFE L 8.5 mL #19.5 mL; iR ER Ty ol 4
27.5 °CHl1 28.5 °C, FRFPAR A HIHEAT 6 AT, 1258 T ot 26
G H SR, 144 55 2R B (variable coefficient, CV), FoilF4: AR 22 A 24 B Kk 66
Ve BB LY forh 1
13.5 BLia & FRiE WREL b it 10
VEVRAR 22 1) i 300

X & T L 3 etk A7 B il % (CICC2487) B9 N 175 B,
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Table 4 Results of Soleris exclusivity verification

FFRAET i BT AT 4ss

B Rk EH K45 5 459 /(CFU/mL) %/(CFU/mL)
PN} A H <1 52
KIFEARHE O157HT R <1 75
W U1 1R EN o <1 63
Hﬁﬁm;;r@ﬁ?ﬂm& Skt < 1o
R0 B A BT FeAbr <1 53
Jili 5 52 E‘Eﬁﬁ pfili g Aot o ’
R M ER o <1 10
BIGHINE Akt <1 30
MBS FeAr <1 18
TN AT T FeAbr <1 30
ERal 7] A <1 46
LTIRTH AR <1 54
REHHEIRA A <1 41
FERERRTE Akt <1 91
ek EN it <1 110
FRR LRI R <1 150
7 L TE AR o] EN o <1 28
R R TR R <1 53
& FCAEHTRR G Ak <1 120
gl S T A H <1 51
it ECAP B BT FeAr <1 69
S CRTRERTA A <1 77
T ik p EN o <1 17
R 2E AT IR A <1 32
PR T A H <1 44
S/ NEFHRF T FeAr <1 18
iELY/F Wi s g7 FeAr <1 32
HRMRT/RMERE £ <1 6
WEIRFLFT iR Akt <1 200
%fwmfﬁ%ﬁuﬂﬂz - 4 0
PR ERIATE FeAbr <1 54

6~200 CFU/mL, 31 #kdlE BRI S5 ik 25 SR 35/
F 1 CFU/ML, fFIUEH LG RY R, HEfhPE 100%.
TR IRy Xt R BAR BTG58 SUR N, A5 %GRS I P

Hefh A R AT
23 REERIES RLOD %4

FE T PR T T R 4 0 v G AT e R R v v T R
B R, RS AT IR, RRIIE T s S 2% Jr ik
K25 3R K RLOD JHA 45 R I3 5. 4553, RLOD il
9 0.31~1.45, H/NFHEZIR 1.5, 28 LAY B . E£ITE
R EE TS YK R, RRIGUE T IE IR R ) 552 B 4R
HEJTRARY, RE R
24 THEMIIELER
241 EHARBREZERAACREZOYH

6 BN, A4 HERBUAS RS, BIMERRH
[k 32.6~37.8 h, CVs 1 1.4%~4.6%3EE N, H/NF 10%;
THELT7G T B 4 A 4 IS T4 11.9~14.9 h, CVs TE 2.3%~6.7%70
BN, BT 10%PY, mEMERE . SEES U b
HEA(1.0/9.0 mL), EAARFIE10% 5(0.9~1.1 mL)Ek
B 37 B IR R £5.6%0% 40)(8.5~9.5 mL)I, REgiE A RELE
48 h A i, IRFH I B 521 R AT -
242 BHRBETEZNHH

M 7 A, BihEE 27.5 °CHF kI B ] R
34.7~36.7 h, CV 2} 2.1%; 28.5 °CHT &M 5] A 20.6~26.4 h,
CV 4 9.7% B TR 27.5 CHHGIN B 1A] A 21.1~26.5 h,
CV 7 8.0%; 28.5 °CH} 4 16.0~16.8 h, CV iy 1.8% . PR IR
AT CVs BT 10%, RERNELZIERY. R
FHIRETE 27.5~28.5 *CYU I BN, HARHMRIIGETE 48 h
PG HY, 26 BA A7 36 3IE J7 3 76 (28.0£0.5) °CHS IR IR I Bl N,
GERRE AR, IREAE, KR, PTREA RN AT
GG AA KRR, e R A R T B AR e AR
JAERIN
25 tEEREELR

X BRI AT B A TIS YR, A 3 AN
P B B ASI DA TR . Fr 3% 8 WIAT, #HEN CVs 43 5]
K 3.4%. 2.3%. 1.5%, it CV 2N 3.4%, ¥/hTF 10%, 3
AHEKIITE 48 h A o FRBIHEIR 28 S %4 i 5T (i) 522 M TG
SRS, A TR A I 3R A P RD L ) B AR R
o 25 SRR R T

®5 TRIERERPHRIESZENREES RLOD £R
Table 5 Sensitivity and RLOD results of the method to be verified in different food matrices

1 ihSL R 5 YL TR PR 15 44 B /(CFU/AR) A SR FRURUE IR BAPESS R S54SR RLOD
- kM BE 0.7 20 5 3
JEk % L Al I 14.0 1 1 1 0.63
CICC2487 _
=P opiiN] 1 0 0
[ R 0.6 20 11 8
Ul RRIPIEEE B 240 ] ] ] 0.67
CICC33482
25 FXHIR 0 1 0 0
. A 0.2 20 5 3
PRt FRIPARE £ FVRIE 11.0 ] | ] 0.63
CICC33482 -
=P opiiN] 1 0 0
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£ SR 5 YL TR R 15 YLk B /(CFU/R) AR it G DN FEIUE VLIS IR S5 ML, RLOD
[ kM B 0.7 20 13 13
HRTA A E FHTE 14.0 1 1 1 1.00
CICC2487 —
X HE 0 1 0 0
. R 1.0 20 11 14
HHET cigiﬂzi7 EKIE 23.0 1 1 1 1.45
2 XTR 0 1 0 0
fRHEE 1.0 20 12 13
BT S —
P CleC2487 R 19.0 1 1 1 1.13
X HE 0 1 0 0
B RWE 1.0 20 13 11
Fillide cf(;cfm EVE 32.0 1 1 1 0.78
2 XTR 0 1 0 0
o RS 1.0 20 17 8
ar kI LTS ——
e RV EE 32.0 1 1 1 0.31
RZEHy CICC2487 —
ZEHEXTHE 0 1 0 0
F6 LHAFRIEFREFRTHETMHSER
Table 6 Robustness results of the sample loading volume and the medium volume
n REARFR B R A Soleris A5l B[] /h P AL
ppge (PR Ve M At
AR )/mL 1 2 3 4 5 6 /(CFU/mL)
0.9/9.0 37.2 36.8 33.8 35.0 32.6 36.0 4.6
L 1.1/9.0 35.0 35.8 34.8 37.8 37.0 35.8 2.9 0
CICC2487 1.0/8.5 35.0 36.4 36.0 36.6 35.8 36.0 1.4
1.0/9.5 36.0 36.2 352 33.8 35.4 36.2 24
0.9/9.0 13.7 12.9 13.9 12.3 14.9 14.7 6.7
TR 7 e £ 1.1/9.0 13.5 13.7 11.9 12.5 13.7 13.1 5.1 6
CICC33482 1.0/8.5 14.5 13.5 13.3 13.3 13.3 12.5 4.4
1.0/9.5 13.5 12.9 13.7 12.9 13.3 13.1 23
T BEED 10 R IR Hh R 2 TR ek B
F*7 EBEFBEEMTMHER
Table 7 Robustness results of the culture temperature
o JERE Soleris # I} [E]/h e A
TS i CVs/% ik
/°C 1 2 3 4 5 6 /(CFU/mL)
W 27.5 34.9 36.7 36.1 35.1 34.9 34.7 2.1 -
CICC2487 28.5 26.4 252 23.6 26.0 21.0 20.6 9.7
TR T 27.5 22.7 21.3 21.9 21.1 23.1 26.5 8.0 .
CICC33482 28.5 16.4 16.0 16.0 16.6 16.2 16.8 1.8
# 8 WMAFIH AT RER
Table 8 Results of the batch-to-batch variation of the test reagent bottles
Soleris i Hs} [&] /h WY =
ESilEiRV €= H#H CVs/% LA CV/%
1 2 3 4 5 6 7 8 /(CFU/Jff)
3000023647 21.5 207 20.1 20.7 193 209 217 207 3.4
3000024005 21.7 21.1 215 221 223 223 209 221 23 3.4 69
3000024006 225 213 219 219 217 217 217 217 1.5

3 WiR54%EL
o T VEA B Jy % B B 0 g e

A BRRAE YT TR 71, AT A 20 A HEAb 2 56 0E
ARWEFE R, RRIGUEHSE A 25t 30 ¥k BARE B . BERERY
ALENE R 100%, XF 31 #RAE B AR B A HEM T R 100%, £
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R T VEAG R B S P 5 DARE S v R I B AR i A
BIRRE S, AT REUERE, RLOD J& it B e Pusk 46
D75 RAE B S SEEFR, ABHFSE AP BRI TIE T 2 a2 T
Tk, 5SFE )RR — 2, RS I
TPBRA T, Hi R GB 4789.45—2023 ZE3R 1 JARC X431t
B RLOD, #ZBRA 1.5, MR- S ARAE R BRI R, 4
W T 7 M ARRMNE R ILTETA TI5 B/
Tk, 4y BIHERT T RGEEAHTRITE, RLOD /M F 1.5,
7 0~1 CFU/MRIMIRUR B TS Y T RERasE A, UE B i st
oy i R AT, 5 E AR HE S 25 Ty Tk A e ) A
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