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Abstract: Objective This study aimed to develop ready-to-use standard strains of Salmonella typhimurium (S.
typhimurium) TA97, TA98, TA100, and TA102 for mutagenicity testing. Methods Freeze-dried strains of S.
typhimurium TA97, TA98, TA100, and TA102 at both high and low concentrations were quantified. The spontaneous
reversion rate of the freeze-dried strains after 3, 5, 7, and 18 h was measured. Homogeneity, storage and transportation
stability, spontaneous revertant frequency, and mutagenic agent mutation rate of the ready-to-use standard strains were
evaluated following the CNAS-GL003 2018 “Guidelines for the Evaluation of Homogeneity and Stability of Proficiency
Testing Samples” and GB 15193. 4—2014 “National Food Safety Standard - Bacterial Reverse Mutation Test. = Standard
deviations of spontaneous revertant frequency and mutagenic agent mutation rate test results between 20 ready-to-use
standard strains and fresh strains were compared. Results High-concentration lyophilized samples had concentrations
ranging from 10’-10° CFU/sample, while low-concentration samples had concentrations ranging from 10°-10° CFU/sample.
The spontaneous reversion rate results after 18 h of incubation met the requirements of GB 15193. 4—2014. Homogeneity
results for the four ready-to-use standard strains showed F-values of 1. 12, 1.05, 1.68, and 1.38, with F < F,,, (19,
20) , meeting CNAS-GL0O03 requirements. The detection results for the four freeze-dried strains stored at 25 “C for 5 d,
4 °C for 14 d, and -20 ‘C for 6 months met storage and transportation stability requirements. The standard deviation of
spontaneous revertant frequency in the 20 ready-to-use freeze-dried standard strains was smaller than that of fresh strains.

Conclusion The ready-to-use standard strains developed in this study exhibit excellent homogeneity, storage, and
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transportation stability. Moreover, the stability of spontaneous revertant frequency in the ready-to-use freeze-dried

standard strains surpasses that of fresh strains.

Key words: Salmonella typhimurium ; standard strains; ready-to-use; freeze-dried
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Table 1  Identification results of biological characteristics of strain
B S B PR 44 PR AR ER AR (his-)  JREZWERBEEE (raf)  REFOREANHEHEZR) uwwiBBEE K E
CMCC (B) 50942 TA97 + + + + —
CMCC (B) 50943 TA98 + + + + -
CMCC (B) 50944 TA100 + + + + -
CMCC (B) 50945 TA102 + + + - +
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Table 2 Count results of high concentration and low concentration lyophilized strain
75 TA97/(CFU/Jf) TA98/(CFU/J) TA100/(CFU/Jf) TA102/(CFU/JH)
1 3.30x10° 3.30x10° 1.05%x10% 1.02x10° 4.10x107 4.03x107 2.53x10" 2.35x10°
2 3.80x10" 3.72x10° 6.43x10’ 6.39x10’ 4.11x107 4.09%x107 2.15x10® 2.35x10°
3 1.85x10° 1.55x10® 7.01x107 7.35%10’ 3.32x10’ 3.02x10’ 2.53x10° 2.35x10°
4 6.52x10° 6.21x10° 7.36x10° 7.33x10° 1.20x10° 1.01x10° 5.33x10° 5.35x10°
5 6.43%10° 6.55%10° 6.99x10° 7.01x10° 1.04x10° 1.00x10° 5.20x10° 5.19%x10°
6 6.76x10° 6.67x10° 7.20x10° 7.23x10° 1.03x10° 1.02x10° 5.35x10° 5.24x10°
WP -3 0 R B VR TR S s 2R )7 5 4-6 IRV B8 R TR i Bl R
3 U SRR MR I R T R R A I R
Table 3 Survival rate of lyophilized strains with high concentration and low concentration
R R 1 e BE VR T TR R BE T T
T RGTE/ (CFU/R) T REU/ (CFUR)  AAIE%/% R TRITTE(CFU/R) YR TRITECFU/ ) A7/ %
TA97 3.85x10° 3.30x10° 8.57 9.90x10° 6.37x10° 64.30
TA98 1.51x10° 1.04x10° 6.85 1.30x10° 7.35%10° 56.30
TA100 4.00x10° 4.07x10’ 10.20 2.01x10° 1.11x10° 55.10
TA102 2.19%10° 2.44x10" 11.20 8.65x10° 5.34x10° 61.70
2.3 HATR Y [E] 86.25% (69/80) . TA98 A5 72.50% (58/80) . TA100

BETR 3.5.7 h JE I E 4 AT B K AR AR A
87 s RN T AR METL [ (K 4) M9 18 h Ja A &
(1] 25 4R 5 RIS AR ET (R 5) o
K4 AR RIRT RIS 3.5.7 h A R RZL R (n=10)

Table 4  Spontaneous mutation results of 4 kinds of ready-to-
use freeze-dried bacteria increased at 3, 5 and 7 h (n=10)

A & 0178 B {8 + bR iR 22 (CFU)

4 4 7]

TA97 TA98  TA100  TA102
3h 91.2+¢16 21.1+7 56.5+3  206.5+14
5h 114.0+26 35.5¢8 78.2+8  210.2+16
7h 149.5+19 32.0£5 92.0+34 293.9+14
Ames S50 2 i 90~180  30~50 120~200 240~320
Errol&Zeige SLH E VL H  100~200  20~50  75~200  200~400

T F R VR SR S A LR S R N HE S
F 5 AR ELAG T AR 18 h A R REL R (n=40)

Table 5 Spontaneous mutation results of 4 kinds of ready-to-

use freeze-dried bacteria increased in 18 h (n=40)

TA97 TA98 TA100 TA102
fe/ME 92 14 86 300
ekl 166 43 135 395
iy 136.85 24.10 114.30 344.08
o v g 22 19.68 5.40 10.83 26.70
AmesZHE g0 180 30~50 120200  240~320
S
Errol&Zeige 100200 20-50 75-200  200~400
5240 5% 1
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Table 6  Spontaneous regression test and positive material results of ready-to-use freeze-dried bacteria and fresh bacteria

bk Ep4nE Ames Errol&Zeige BH 14

& KRB (n=40)" F/ME(n=40) ¥{E(n=40) trfEMR2E(=40) L= S B (n=40)  H51E i 2 (n=40)

TA97 7T (-S9) 161 108 138.2 10.54 90~180 100~200 — —
71 (+59) 199 154 178.5 10.31 — 75~200 1372 87.5
B B TR (—S9) 195 66 130.5 35.90 90~180 100~200 — —
A% T (+59) 178 66 116.1 33.93 — 75~200 1314.8 140.1

TA98 7 (-S9) 43 20 25.0 5.73 30~50 20~50 — —
T 18 (+59) 31 20 225 2.71 — 20~50 1336.7 95.4
BB TR (—S9) 47 8 31.5 8.98 30~50 20~50 — —
B B (+S9) 38 6 20.0 7.35 — 20~50 12853 116.5

TA100  ZETH(-S9) 126 78 97.6 14.04 120~200 75~200 — —
T 1 (+59) 128 80 99.2 11.81 — 75~200 1440.8 134.5
B B (-S9) 129 50 82.5 20.54 120~200 75~200 — —
BB T (+S9) 108 28 73.4 22.10 — 75~200 1357.3 143.7

TA102  ZETH(-S9) 286 205 227.4 18.01 240~320 200~400 38224 320.7
16 1 (-S9) 421 278 357.4 43.18 240~320 200~400 3114.5 835.5

T+ n=20 B X2 A~ 47240 Ames 52 0 % W0 HLAE N SO (19 11 % W1 A5 [ 5 1 %% 1 AS 25 SRAF & T A 0 38 T 35— AN WAF A — R R
o A B L B T
VU Rk T 3 i M B A A e MR & [R] AR A AR R MR, A K A R 2 245 R F5 5 GB 15193, 4—
FE 37 °C5d.25°C5d.4°C 14 d Fi-20 °C 6 ™ H % 2014 FRUERLIE , TEAE 7 22 A8 45 S X Sl BHPE o
F 7 RDFHAR T A M R

Table 7 Uniformity count results of ready-to-use freeze-dried bacteria

TA97 TA98 TA100 TA102
e KAH (n=40)" 7.12x10° 7.50%x10° 1.26x10° 5.44x10°
fe/IMA (n=40) 6.00x10° 6.98x10° 9.92x10° 5.19x10°
{8 x(n=40) 6.55%10° 7.06x10° 1.10x10° 5.30x10°
X B4 {E (n=40) 5.82 5.83 6.04 6.73
F8 1.12 1.05 1.68 1.38

2" n=20 BR B x2 P47 =40
Jew HFE TS B BB 17 B PV O R B 9 )

Table 8 Mean value of transport and storage stability of ready-to-use freeze-dried bacteria (7*)

NN 32 i R 5 M D 2 SR X B it A7 5 P 3 A R B
T 74 TR B 5 5 5 . S 5
37°C3d 37°C5d 25°C3d 25°C5d 4°C14d -20°C 6 H
TA97 5.759 5.786 6.721 6.729 5.860 5.848
TA98 5.619 5.276 5.823 5.829 6.013 6.080
TA100 5.578 4.828 5.989 5.994 6.673 6.696
TA102 5.759 5.786 6.721 6.729 5.860 5.848
Ry N 3BT A
F O TURREE | 7y | *45R F 10 PMERE A & IRIAE 25 5L
Table 9 Four strains of bacteria | x—5 | results Table 10 Spontaneous regression results ofcollaborative
A7 %A TA97 TA98 TA100 TA102 calibration
37 C 3d 0.316 0.216 0.457 0.966 MR BT T b 11 S9 RS9
37 cc 54d 0.591 0.559 1.207 1.356 A AT 134217 105123
25°C3d 0.067 0.015 0.048 0.005 108 1727 Lona
25°C5d 0.064 0.005 0.043 0.003 - -
4°C 14d 0.071 0.005 0.017 0.066 TA100 114~164 126~192
-20°C 6/ 0.021 0.005 0.033 0.036 TA102 317~390 367~392
38 S P 24 R0 39 80 3, R RE I SR R A a7 100180 140-170
TA98 10~60 10~40
2.5 BT HEWUMERSE 4 TA100 90~110 110~130
3 GRS I A5 R, B & ] AR O 2 AR TA102 - 390-420
LR A TA97 159~169 140~143

T4 GB 15193, 4—2014 b i K (fbdl b % 2 R A8 5120 2024
FLIE) (2015 M) SR, H & Il A8 g5 1 0L 3R 10, 5548 TA100 137138 122156
30 225 SR 4 oy PR 8 O TA102 267~284 241-248
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A5 2 R VR T e R R A A IO R ok B o o
Yy, 25 0 R e Ve B AR EAE SR BE Dl 107~10° CFU/
FE S, A e BE AR AR AL VR BE R 10°~10° CFU/AE A o
o Vi B VR TR R B R SR F] GB 15193, 4—2014
BRI K R (5x10° CFU/R) , ARE B T
Ames W, HVR TORFRE K, Wk T 5 A7 76 TR VI R
PG, Ok T A7 105 20 B ARV B2 A O VR T A7 05 234K,
VEFE TR T bR HERE S VR BE O 10°~10° CFU/FF i, 15 B
JE AT LR . AT 3.5.7.18 h4 SN ] 45
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