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W EATEAAE (RBRHATEH) TARLILER 74 (Powdered Infant Formula, PIF) ¥ K#i&FH. AR
R B ey AR, AMMTRLILE G (PIF) ¥ FEARNTELANRXE. ALAB SO 16140-2 2016 ¥+ 7 &
P69 R W R, 34 PIF F 55 % AT H 69 F B AR E 7 & GB 4789.40-2016 (5% 75 ik) ek BLAR/E 7 % EN
ISO 22964:2017 (R T5ik) #AT T HFREFA T, £A 12 AR RELA SN 3 ANREFFEKF (0MPN/10 g,
1.299 MPN/10 g #= 2.210 PMN/10 g) T ifde T WX B4 69 576 W EARGI MK, R &AW, AEIKRFTERFFGHFE
KFTF, GB4789.40-2016 49 Z 4 5 %1 H 80.00% #= 81.16%, du ISO 22964:2017 3t 2 69 R 4 B 2 A1 H 90.00% A=
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An Interlaboratory Method Applicability Study of GB 4789.40-2016
and ISO 22964:2017 for the Detection of Cronobacter spp. in
Powdered Infant Formula

ZHANG Xinxin', CHEN Wanyi**, CHEN Jing’, YANG Jinghua', XU Jie',
LIU Meiyun?, HU Yu?, JIANG Yong'

(1.Danone Open Science Research Center, Shanghai 201204, China;
2.Mérieux NutriSciences (China) Food Science Center, Shanghai 201112, China)

Abstract: It is documented that Cronobacter spp. (formely Enterobacter sakazakii) can survive in powdered infant formula
(PIF) for a long period, and special concerns have been raised about the safety of powdered infant formula (PIF)
contaminated by Cronobacter spp. with the globalization of the food supply. This study compared the methods for detecting
Cronobacter spp. in PIF of the Chinese standard method GB 4789.40-2016 (reference method) and the European standard
method EN ISO 22964:2017 (alternative method) according to the principle requirements of method comparison in ISO
16140-2 2016. A total of 576 blind-coded test portions of the product spiked with the test strain at three different
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contamination levels (0 MPN/ 10 g, 1.299 MPN/10 g and 2.210 PMN/10 g) were analyzed by 12 participating laboratories.
The results showed that the sensitivity of GB 4789.40-2016 was 80.00% at the low contamination level and 81.16% at the
high level, while those of ISO 22964:2017 were 90.00% and 97.10%, respectively. The relative levels of detection (RLODs)
were below the acceptance limit (AL=2.5) regardless of the contamination level, and the probability of detection (POD)

model proposed in the AOAC guidelines was analyzed. Results revealed no statistically significant difference between the
alternative and reference methods. It was concluded that the GB 4789.40-2016 method for the detection of C. sakazakii in

PIF was equivalent to the ISO 22964:2017 method.

Key words: method comparison; Cronobacter; powdered infant formula; detection; equivalence
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Table 1 Classification of test matrices
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LIS R AR s B A S . b4k, iRYE GB
4789.40-2016(ZZ 777k DU, X%F 5 443 100 g 224 )L
Pt 5 A EA T 58 B VAT B i B
1.2.2 BRIGse B iaAF A P s PR s B EFT
B ATCC 29544 1 (36+1) °C F#%3% 18~24 h, IF4E
AR R TR (TSB) 3535 3 b 1+ 55 °C TR HUWU
P10 min, 2R EHEER U 5.0 (10000 r/min) 5 min,
JHHEREL 2% vhER /K (PBS, pH7.4) 5%, 15 Wik i Hra:
FAE PBS A, 5 T4 48 h JEIE U ARG 2 . 18
L] 500 g ZR4h LB A R B AR B S5, AR5
F 5% 15~20 min Kl Fh T MER AR 1EIR S
R g2/ 2 JE], LM F AR RBE IS N S T
1.2.3 AN TI5 4% HARBE A2 L LEC T Wk RE & 1)
Hilg AEr ST HEE IR B IR, LAk F] 1~
3 CFU/10 g MR U&7 5w 22 35 A PR Vs Gl 7K SF- (L))
2~6 CFU/10 g BUBE TG 3IKE (L)Y, 7ERG SR T
Hh, KRB = S FHAVE B EXT IR(L ) (3R 2) . 55
S, B B E 2 & AT R B R nT B B R A Tk
(MPN) SEfiffi g A T 15 9K R4,

K2 NG YRRF

Table 2 Inoculation level of artificial pollution

1Y 1o YR L FE A K
L, 0 CFU/10 g 8 BRI X AR
L, 1~3 CFU/10 g 8 LN ioalllhl
L, 2~6 CFU/10 g 8 R
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HNELH3] 4 °C VARSI TRIAE, JTERIAE 1~2 JENSE R
UL}

1.2.5 BRI ARWFR L GB 4789.40-
2016 F ik LAE RS2 771600, #E8E 1SO 22964:2017
Ve AT 12, AR 1SO 16140:2016 HUEK, 2
A7 (ISO 22964:2017) ARG N (Fc ) 45 S 40 i
2727715 (GB 4789.40-2016) #— L T8N . 1T
S5 I RO A FL R R aa e A0 BR, PRItk
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Fig.1 Sample testing procedures based on GB 4789.6 and ISO 2964:2017 respectively

B (TPC) FHUZFT EAH(EB) BY B %+3/NTF 10 CFU/g,
HARAS T B AT oA E B AR . AR R N TS Y
P TS, IR S TR PR i 0.5 1gCFU/ g,
e IH IR E IR0 IR B ER . FEMREEIRE TG
55— JE, PR K RS T 1~2 1g CFU/g, 2 J8]
JE AR NS . 14 d )5, MRS 2 AOT5 YLK B
SR, A B ORRSE f R Re R o3 i 25 W 5 B S
B G0 B AT B A H B RE S A A THE A,
FEAN S 05 Ye At i 58 A1 5T 5 {8 MPN vk
AT, B B AN TIG YRR A LI 5 YK

2.2 BURWERISHR
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Table 3 Data statistics of 10 labs results from an interlaboratory study

SYOKE(MPN/10g) ik SREgGS MAMRESH () WA (g  FE SREgS FEREREHE () TR (0,
0 E = VNS 1 0 8 Bk 1 0 8
0 SHE )7k 2 0 8 Bk 2 0 8
0 SE )7k 3 0 8 E=XAWIRIS 3 0 8
0 SE )7k 4 0 8 EZZAWIR 4 0 8
0 SE )7k 5 0 8 Bk 5 0 8
0 SE )k 6 0 8 E=XAWIRTS 6 0 8
0 SHE )ik 7 0 8 BT 7 0 8
0 ST I 8 0 8 AT 8 0 8
0 ST 9 0 8 AT 9 0 8
0 ST 12 0 8 AT 12 0 8
1.299 SHITI 1 3 8 BT 1 4 8
1.299 SHITI 2 3 8 BT 2 3 8
1.299 SHITI 3 1 8 E=EAWRS 3 2 8
1.299 SHFT 4 3 8 L= EAWiReS 4 3 8
1.299 ST 5 2 8 L=EAWRES 5 1 8
1.299 ST 6 1 8 L=EAWRES 6 3 8
1.299 ST 7 3 8 B 7 3 8
1.299 SH I 8 3 8 B 8 3 8
1.299 SE Tk 9 2 8 L= IAWR7S 9 4 8
1.299 VIR 12 3 8 EEXAWiRiS 12 1 8
2210 VIR 1 5 8 EEXAWiRiS 1 6 8
2210 SEI: 2 4 8 EXAWiRiS 2 5 8
2210 Sk 3 6 8 B 3 8 8
2210 Sk 4 6 8 B 4 7 8
2210 STk 5 6 8 E2ZAWAR7S 5 5 8
2210 STk 6 6 8 F2ZAWR7S 6 7 8
2210 E = VieS 7 5 8 F2ZAWRS 7 7 8
2210 E VRS 8 6 8 F2ZAWiRS 8 8 8
2210 S5k 9 5 8 E2ZAWRS 9 8 8
2.210 SH )k 12 7 8 Bk 12 6 8
R 80 240 EZ AW R 95 240
AT T Bgs . IEMT5 8L K ¥ (1.299 MPN/10 g Fl F4 10 K5 5B RS 55

2.210 PMN/10 g) " #ERIRAT T F43 FHPHAG I 45 5%, 457
4 ISO 16140-2 R,
2.2.2 FRSEMESHT O ARYE 1.3.0 P, FETlicse
B ABHRIEA AN, ST AR RS2 IR AR O TR Y
RS IRERZ 100% .
2.2.3 REGFESHrT  FPR Fn B BHPESS SR (FP) il
BRI AN LE % . AR A Oy A9 B i 20
NG PRI 25 5 5 20 222 7 AR B ARG I 25 5 2 1]
P25 5H, FREs G S BRAR S B R TR B LB
4 BEETSHEMBER RN REE, 155K
L, A5 YLK L, B9 (ND-PD) B4 51 M -3 Fil-11,
FI/INFAHR B3R 3Z R (AL) 10.22 1 9.36, HRIE 1SO
16140-2 MAHRN LA, W5 (ND-PD){E/NFH:32 R,
DA R P A 3 7 R S5 R . ARPEAS S i 45
(3 DIEWT, P I5 YKL, 1 Ly) b, B
TS 7 R BRI 25 SR R 25 R Y o
2.2.4 RLOD 4r#f7 iBibW CLL BIBILE ) XLk
PERTY (GLM) SRS HT S B0 25 A8 o R ARG S50 %

Table4 Summary of data for sensitivity calculation
from ten labs

- 1Y
7 LI LZ
FHPESS R —3 0 (PA) 21 54
AR 2: (PD) 6 13
FIPESE R —Bk (NA) 50 11
fif2%(ND) 3 2
SR REE (SE ., %) 80.00 81.16
BRI R A% (SE,, % ) 90.00 97.10
AHXTELS R (RT, %) 88.75 81.25
BARTTE IR A FE R (FPR, %) 0 0
(ND-PD) -3 -11
2R (AL) 10.22 9.36
Mgk (ND-PD)<AL  (ND-PD)<AL

TE: RTFRFET A — 15 YK RS 2 2% DR R A S5 R 1k
PATHIGR 2 () i) — B R

ZON B CLL BRI A2 3 DKSEFT 10 P25 =
CINELFE 10 5 F1 11 B53250 =) iy g & 48da b, Hid
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Table 5 Results of interlaboratory data of detection of Cronobacter sakazakii
Bk SHIT
W (MPN/10g) LIRES%S n  x PODas{LPODa 95% CI x  PODra{LPODa 95% CI dPODan{{dLPODa 95% CI

0 1 g8 0 0 0 0 0.000
0 2 g8 0 0 0 0 0.000
0 3 g8 0 0 0 0 0.000
0 4 8 0 0 0 0 0.000
0 5 g8 0 0 0 0 0.000

0 6 8 0 0 (0.00,0.046) 0 0 (0.00, 0.046) 0.000 (=0.046, 0.046)
0 7 g8 0 0 0 0 0.000
0 8 8 0 0 0 0 0.000
0 9 g8 0 0 0 0 0.000
0 10 8 0 0 0 0 0.000
0 Bt 80 0 0.000 0 0 0.000
1.299 1 8 4 0.500 3 0.375 0.125
1.299 2 8 3 0.375 3 0.375 0.000
1.299 3 g8 2 0.250 1 0.125 0.125
1.299 4 8 3 0.375 3 0.375 0.000
1.299 5 g8 1 0.125 2 0.250 -0.125

1.299 6 g8 3 0.375 (0.243,0.446) 1 0.125 (0.211, 0.408) 0.200 (—0.178,0.105)
1.299 7 8 3 0.375 3 0.375 0.000
1.299 8 g8 3 0.375 3 0.375 0.000
1.299 9 8 4 0.500 2 0.250 0.250
1.299 10 8 1 0.125 3 0.375 -0.200
1.299 it 80 27 0.3375 24 0.300 0.0375
2210 1 8 6 0.750 5 0.625 0.125
2210 2 g8 5 0.625 4 0.500 0.125
2210 3 g 8 1.000 6 0.750 0.250
2210 4 8 7 0.875 6 0.750 0.100
2210 5 8 5 0.625 6 0.750 -0.125

2.210 6 8 7 0.875 (0.727,0.892) 6 0.750 (0.592,0.789) 0.125 (—0.157,0.083)
2210 7 g8 7 0.875 5 0.625 0.250
2210 8 8 8 1.000 6 0.750 0.250
2210 9 g8 8 1.000 5 0.625 0.375
2210 10 8 6 0.750 7 0.875 -0.125
2210 Bt 80 67 0.8375 56 0.700 0.1375

TH: MPNA SRR AT RERIRH 5 x o BHPEES SR A ikt COA AR IXE].

1~9 12 SR E AU SR S840, Lab,, AT A B
P SEES Z RN (P=0.16) o mZER T4 SR, B
RIS )7 A I .19 25 5 (Dmethod=1, P=
0.32). FHLEZFE Ik, U709 RLOD fH2 0.85,
90% [% CI 24 0.66~1.11, FIKTF ALHEEI X W 5%
VEE T 252 BRAE 2.5), 25 b FE AR ARG A 25 A PR 22
I LBC T ks i i BRIRE v B AT IR, AT ik i R
HUE 5SS Al A X R,

2.2.5 POD 4T &% AOAC I IEFS e f# A POD
AT R} S 22 [W)PBR A T 40T (3R 5) o SR, 78
POD {H ¥ 7E 0.15 Fl 0.85 2 [8] B PH 4~ 75 YL ik )& v,
TR SE I = N R ER AR AR A . EARTS Yok
(1.299 MPN/10 g) F, dLPOD {E N 0.0375. Ti{EFRY
EEIT5 4K (2.210 MPN/10 g 5% 100 g) F, dLPOD
{BM 0.1375, ARYE AOAC KAFFE R RN, 7E 95% 114
BEE T, TGS EERAYT5 YLK F-(1.299 MPN/10 g)
SR 15 B K- (2.210 MPN/10 g), BT R0
S22 7RI &5 S 22 TR YA 2 vk 25 5 (AR X
] 4 BRI R BRZ A1 4462 5% 0) o

3 Tht54Ee

T, JETAL GRS 7 12 AR ARSI 2 2R e
TTRIBR, A e Al R T PR ARSI 5 A
ARALGe bR T 12, (B 2 B i 01 2t
ISO 16140 &% AOAC OMA JF | BEsRK 4T & SL 46 31F
AP . BRI, PR DCED 22 A AR 7 B A R
FF R T A5 21 A1 BA P R A B P A 235 SR T
BEMF R R AR SR . BEE T E PRS-V E AR L2289
SR K ik i, ARE R AR R A B YR R R R A
AU, bRy Ik 22 IR — B ARG 25 SR i et e
SEAEH AL

FZIIFSE Y, X IR S A, 25 RIS
YLIKSF-(1~3 MPN/10 g) BRE T, N T i5 3224 )L
BC 7 W RE & 4 [R) BT AN 38 5 P R 3 RAS R 43 BH PAE
A A, AN I RS SE B T RS R AR B4 B A 422
Fh, ZEARIZEFI KO (1.299 MPN/10 g) 4R IAE &,
BRI ) AR5 58 33.75% F1 30%,
T 25% Fl 50% Z A1 (R 5) . TMix; TR &K
#F(2.210 MPN/10 g), B RS2 7k i BH
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SRINSFA 83.75% Fil 70%(# 5), /T 70% F1 100%
ZJa], FAERARSEREAR T 75%1 7, iX Al fE S T
PRI KF-(1.299 MPN/10 g) FUREASLE il £5 A1 3R A5 FH
PR HE T TRTEAT B AHEEE

iz H AT R S ik R R e o 1
100%, SLSG = 3 138 — MR BHPE A EE R . 35 alaX —
1B B P2 SR ) T BE 1 S PR A 2SI e s v i
APPR LT 3 S5 G, AR T EE IS
PAERTS L, B3 AR A B A Pl AN S
FLAFEAA T35 AR, FHE S B A B A T RE R
FH FRES ARSI 22 HEAS 2, S8 T REAR Z Al 38 L
V5 e, A H BRI O AR 530 R AR AR o

75 4% 7K S 1(1.299 MPN/10 g) Fl175 4L /K S 2
(2.210 MPN/10 g) i (ND-PD){EHARE T 0(3 4), iX
FEAHEAR T 1 225y i 3 []— 75 YLK AL i A
M RFEELERA—E, MR 4 B0
REERESH TSRO, X B2 i TR Y
N—BEFERFEIERMN . AN, 5507, &
{77 RLOD 4 0.85,90% 14 CI 4 0.66~1.11, ¥4
L FARRARBCXT 58 P 9332 FR1E AL, ARk
FNZ25 7k 2 (0] BH ARG I SR 14 22 55 T RE & i F7EAIK
75 4% K3(1.299 MPN/10 g) F HER A A 5]
3T B S A BE A AR DL ) 25 S0 ) o

Pofieis, RAgUE 25 0T GeJE TP ARy
2 BRSO ARARE L | TRAE AN R 7 1) 25 57 3
fryls20 . GB 4789.40-2016 Fl1 ISO 22964:2017 2 [H]
IR 19 F2 2 25 S A TR & R AR RS I AR A
A WA E A PR IR AN (] 1) o AT
AR A TR T AT i 1 2 A A, 1
B rT LR i R . WSS A S PR,
5 1S0 22964:2017 H i 4 52 2 A1 B 0 0k PR vz AH
L, GB 4789.40-2016 " i YK R+ —be SLammii £h
(S IRIE (mLST ) & — Pl e B e R R, B
R mLST sy vl LA oAt E 5w 2 ek T el 1 1
FFERARN B B A 100 (EUR, th 2 AR B0 e B 5 T
PR Bk A A2 K 28 mLST #B24mifl B, 2R,
P o AT PR T 08 TR ¥ (CSB) I B 12k T fig ik
JITA Sa BT B B AR I A, A 2 2 i oAb iz
FFEERLNEE g A B, #ED mLST #4545
FEE AT I RN T CSB H i se 2 i T
BRI ISR, X AT BERRMR T GB 4789.40-2016 A&7
R RGP

5 —J7 1, GB 4789.40-2016 /1 ISO 22964:2017
T v B AT B R S IR IR S35 (44.0+0.5) °C
(41.5+1.0) C(E 1), ZEIMWATTE A, 5 37 °C #H
b, SR EAT B AE 43 °C AR R EPY, s
(44.0+0.5) °C J2H M3 5 I B SR IR S5 P I AT el
BHAZ M A R, I B 107 v 2 VAT TR K
SR AR MR, AR, Guillaume-Gentil 4502
Fa i, O B VAT R E A =12 % R (1 mol/L NaCl) |,

15 37 C AHXEARAI S FRIRE T, 5 45 C AHELFRE
A YA PERE . W E 3t 2D T Ay, il A E
Al-Holy-Rasco( AR) (A1 H #b FE PN ER PR 4 A1 3,317
FRUNBREFE ST, A7 Bl T2 e i IRz — L2 Jpla 1
R AN BB 58 22 VAT TR TR R B9 A2 10 AR
BRI,

ASBIFFE P PRI AR DT 125 B0 SRR L AR
SRR VIAROG . AR SCRR R, TESE8 2= T T
J& PIF pYSEBrAG I A b, i T80 7 S+
P, IRAFEXT PIF v vd B VAT 1w 19 5 A HAT A )52
me], XA AL R B TR A W Y, ASYREFSY
FRAS I B [RIAE MR S T YRAE il nT BB 2> SE R G
ITIEIPERE . ARAIWTFE AT RES IR H AR AN [F] e
R FIAH R 3G IR BE Y ZH S, DN A SRT5 G40 PIF
Hr R R EE B i [ s e B VAT B s AR B 1 RE 17K«

B, SERGE Rk AR R A Rk B 12
VESZI 2 AR EHIE, Horb 10 2H A 380808 . AT
H 43 51 #% 1S022964:2017 Fil GB 4789.40-2016 X}
576 4y N T A5G H0 22401 JLIBC T7 Wik i va 2 Vi AT i 12F
A7, SRR a. TEPIDAS [R5 YLk 3
(2.210 MPN/10 g F1 1.299 MPN/10 g) F, BRI#E 55 %
T ATCC 29544 (1) (ND-PD)EAR T AT 42232 FRIH
(AL); b.FET 95% A5 BT YA EBC R Bdn i 57, AH
XS 7K S (RLOD) #RAK T4 32 FRIEL (AL 5 c AR I
AOAC B EFS /18 POD B i) 143 435 SR e 1,
1E 95% HIEAFAK T, FUNE SSF 7k mlk
BT L REES.

£ PRIk, ST A LI TT Wk BE 5T, SR ISO
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