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Abstract: In order to improve the counting efficiency of coliforms and the aerobic plate count, 2-Nitrophenyl-S-D-Galactopyranoside was
selected as the chromogenic substrate in the plate culture medium. The S-Galactosidase encoded by the lacZ gene in coliforms decomposes it to
produce yellow compounds, making the coliforms different from other strains. This was used for simultaneous enumeration of coliforms and the
aerobic plate count. The medium formula was optimized to’evaluate the specificity, accuracy, and application in raw milk. The medium formula
was finally determined as follows: casein tryptone 12.5 g/L, yeast extract fermentation 2.5 g/L, potassium dihydrogen phosphate 2.75 g/L,
potassium dihydrogen phosphate 1.75 g/L, sodium chloride 5.0 g/L, agar 15.0 g/L, 2-Nitrophenyl-f-D-Galactopyranoside 0.1 g/L; pH value 7.0.
Based on this, adding 0.05 g/L Isopropyl-5-D-thiogalactoside or 2.0 g/L lactose enhanced the colony color effect, while glucose inhibited the
formation of yellow compounds. In‘the specificity test; the color of coliforms was yellow to orange, whereas other strains were milky white. In
raw milk samples, the coliform and aerobic plate counts in this medium were basically consistent with the national, standard method. In
conclusion, the complex chromogenic medium can greatly improve the efficiency of coliform and aerobic plate counts, reduce the detection cost,
and provide a feasible scheme for the detection of health indicators in raw milk.
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B MK (Vibrio parahaemolyticus ) ATCC 17802
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W ERIZR, 37 CHEFE 24 h, PRECARE TSR SR E,
FeFer, F 37 "CHEIK 180 r/min 3557 12 h EXHHUEK
W, @t EIRERE e O 13 BREEAREEIL . KR
WK IR B OIS R KT, 3T
BERERRRE, FASLMRIE N 10'~10° CFU/ML 5 20
ey 108 CFU/ML (¥ KR R AR A5 )4 K
FEREET, 10“Mix1”, BEKE N 10° CFUML (¥
13 MRERIR S, IEN“Mix2”, BT 4 CUKFE1R-AE,
FIR8
122 Habizfke ey inds

%% GB 4789.3-2016 Al GB 4789.2-2016 F11% 3%

FEDASCH RS TR ARG TS, a1 PR, 1R B
i BEREE K. NaCl. Ko,HPO4 Al KH PO, fE A SE
I EE IR HEA gy, o R R L AU, B R
Rt B YA KK, NaCl 4ERH2E
ST o H T ORI B R R U R IR, DRI e
SRR FR R LRI PR LR R R R IR . B
Hfg e St R /L 7. CT 10.0 g/L+ YEF 3.0 g/L.

NaCl 5.0 g/L. K,HPO4 2.75 g. KH,PO, 1.75 g/L.

ONPG 0.1 g/L, % pHHN 6.8 5FFEEMLHITE R
JF4 121 CmRZRCKHERFH, ONPG fi H
0.22 um FFLIEEE DA

®1 BRERGRIER

Table 1 Comparison of formula components of each culture.medium
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ALY Sl aEE Ry S

CT70g. YEF3.0g. Lac10.0g. NaCl5.0g. 3 Fh23k 15¢.
P 003 g 4dh% 0.00280 Agarl5.0 g

K
s AA ARSI EO A% CT20.0g. NaCl5.0g. Lac5.0g. KH,PO4 2758 K,HPO,2.75g. AAAAE4H0.1g
Ye sk FUERe 3 W CT 10.0 gv-Lac 10.0 g. 424> 20.0 g. 124£0.0133 g
FAH IR AR AR A CT50g. YEF2.5g. Glul.0g. Agar150¢g
H %
N X S (B4 0g. KEARNEGHKS 5.0 g
Y WA K 3 RS IE AL PhEA T (BAE G B ALA) 150 g, KAEARINEABKES 50g
NaCl 5.0 g, Agar15.0¢g
TR CT10.0g. YEF3.0g. NaCl5.0¢g
e L EYN Ll
# P BB & MABE A 170 g, KEBHAINEZ G BEH L 3.0 g
. N e
BmH MRS IEX 2RSSR KoHPO42.5g. NaCl5.0g. Glu25g
LB W% CT10.0g. YEF5.0g. NaCl50g. Glul0g

123 % p-FIUE iRk o &AL

ONPG & —Fhas i) 5 7L L &0 %
VI R AL T B B A T, & p-Gal
KRR R FUREAN B AL A4 ONPU™, Bt (iR 5
B-Gal G FIRIEL, BRI K ia i i &
B p-Gal Sz, KRR AT DASE Pt
AR BRI R R, SN T L KB
TERVE T T 8, AR TR R EIN S K B
#F p-Gal 7T, ERE K B LRI T E s 5
Fik. IPTG. Lac s lacZ 1757, BAGHKER Glu
BT lacZ WIS, R R TR 2355 ik =R s
DRI TER I
1.2.3.1  ONP s AER KA E I

) L ARE FREE R 23 BN N — 2 & 1) ONPG BRI A
FRSGHC B L E IR 1.0x10° CFU/ML K7
TR KSR E THEIK (37 °C, 180 r/min)
BEF% 12 ho A58 1% 5 R S0 AN R A AR SR
FIF LA e 6 FE TE %38 = i it AT S K
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R, Wit Glu FUEIRER BRI RS (a5l IR A
AR &) Glu, FEIIAFCE L1 Mix1, #8544
BB Glu (&R0 0 0.5, 1.04 1.5,
2.0, 2.5, 3.0, 35¢/L. K&AREMETRIK (37 C,
180 r/min) HH7FE 12 he A5, FIKIMI R THI
SE 410 nm AR . SIRRRH I E 3 AT
124 Aoy PFEE LR
1241 CT ERENTL
NFRAFEFRFE P AER CT Uk, Wit CT
JREIRE IR R SLG . R AR TR I A F] &
(¥ CT, A Mix2, (EHHETREEF CT &K
BRI 0. 2.5, 504 7.5, 10.0. 12.5. 150, 17.5.
20.0 g/L. AP ET 37 CHEIK (180 r/min) H
3212 he 2NE, HERIMHOLEETHIE 600 nm Ak
PR B, DA i TR R R B AR . 5
WRHHEE 3 A PAT.
12.42 YEF REKRERIA
NFRAEFRIEPEIEN YEF FRERE, #it
YEF IR R LG . A5 1 CT HEfihir Rt
HIIAAFEER) YEF, FAIA Mix2, ffi&HRE7RE
HYEF &R E 73708 04 1.04 1.5, 2.05 2.5, 3.0,
35g/L. BT 37 CHEIK (180 t/min) H153E 12h, &
Je FPEAN G RE TR 600 nm AbB BRI G, B
AT NG AR . SR A 3 4 TAT.
1.2.4.3 NaCl JRERE I
NFRAFEFRFE P AIER NaCl FIEIRIEs #it
NaCl FJH R 2R s0s . AREIUILERT CT. YEF K
FE, [ASHRETERINN Mix2, f# %415 973E 0 NaCl
AJREWREZ AN 0.73.00 4.0.°5.0, 6.0..7.0 g/L,
Wb s I E T 37°C . $EAR (180 t/min) h
3212 he ARNJE, FERIMMIOLEETHIE 600 nm Ak
PR G R, A e R R R PR AR . 5
IR BE 3 AT
1244 ZErvig & pH (A AL
NFRARFEFRFE A& pH H, %t pH (T
IR 5286 . FH.0.1 mol/L NaOH YA #8541 75 35 11
pH {fi, FEIIARCE LK) Mix2, #5400 pH 1855
9 7.05 8.0+ 9.0, 10.0. FHEHFEMET 37 CRIK
(180 r/min) H153% 12 ho #8)5, 7E 600 nm F1 410 nm
T RSN I e A S R . SEaG AR i
B 34T
125 B EZFAGHFHIE
IEHL 13 PA L e DB AT E A AT
FEFR B IR R I RS A X EOH ) 13 AR R
BRI E B ER R, 37 CH3% 24 h, 48h, WigE

PR VA AR AR S BB = i, IR IZ R
A RO FRIENERE M S5 T o
1.2.6 2 &IZFHIEAA LY 69 E 55

4 Mix 1 AT Mix2 B 2SO B8 22 [R] SR I 48 K
PR A AL A bR RE S, R RST, BRERRRE
FLIRER 107, 10%, 10°, 10° CFU/mL, 4> RiEM %
TEREFRIEE. PCA B3R5/ VEBR £5385EH, For,
PL PCA }5745 FHCNETE B2, LA VEBR B84
F RN KR, @At B, A
SEIGRE SR SRR RO SR R T R, DAt
BOAEAHIT SRR 15 R T Bt R . SEa0 AR
WHE 3 AFATS
127 #AE2H

izF] SPSSAU i, SHEdEIE T2 4.

2 ZER5i1TR

2.1 p-HAEHBNE AR AER

2.1.0. KMHARRR IR0 AETOMOL K

FEM S ONP A3 KIRSCIE Bl an i 1, 45
BRI AL AITEI K 410 nm A Fe KIS .
BATREER NI p-Gal HOE Ik, HAEIZG TR
M NI ERE p-Gal (5 S RIEFER A . R,
154 ODyio 14 ONP B AER ISR, SRR B
# p-Gal [iF FRIEHIR .

400 . —— Control
L e 0.1 g/L ONPG
35+

3.0F
25

Aborbance

20F
1.5F

1.0

3(|)0 4(|)0 50|0 6OIO 760 8(I)0
wavelength / nm

E 1 ABKRIRIE

Fig.1 The absorption spectrum of the yellow system
2.12 IPTG st p-F3U¥E 8k 5 RO 6 m2
R

IPTG &Pl 5 ALY, 2 REPER R
TEVER SR, DR U ) SRR R 2
T IKARTENE,  BERS AR ARSI+ A8 e, FEBR
ZBIERHER (lacY) BITEDL T WA BdP ik 240
Fa ), R BERE A S AR TS0 R
Wi 2 fiRs, SRR IR IR IR EE N 0.05 g/L (1)
IPTG, HXT p-FRUBEEEg I 75 S RIAHOR IR tE
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Fig.2 Effect of IPTG on induced expression of coliform g-Gal
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ANEZ p-Gal 1EH, ST AR, FH
LR SPEE AL APEOLRE, R g A
(lacZ) WIZEE, PHIE R A R SSAMHIE FHAS B,
DAL AT DI I 386 0375 5 70 (R I P SR A ik FURE RN T 11
FAPO K 3 FR, 24 Lac IIVRINZREE ] 2.0 g/L,
ODyyo KB AAA, MG I 22 1) AN B A )
TANHRMN T RIS
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Fig.3 Effect of Lac on induced expression of coliform g-Gal
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Fig.4 Effect of Glu on induced expression of coliform g-Gal
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AR, SNE Glu SRIRARESENHE Lac
(R —RAMRAREHIHICT, FEBZ Glu I,
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PRETRIMEEG CAC) FEER, 774 BRI (cAMP)
S50 RUREE R A (CAP) 454, CAP # G S
AT BifgE CXRRUER RNA AL &
it B, i DNA SARER ST IRsEM 1, 1
MEE S, fEERZ Glu BTG R, IR R AL
[cAMP/CAP M % . i 4 fios, B Glu sk
FERIMEIN, ODuao 2 IAFIFEEER NFE, i
BRI BEAE AN AR OL R, X -1 FUNEE 1)
B FRIBIEREAE, S AE AT G AR U i) J5
P, 5 Szeberenyi™ i 7745 B —F.

22 WEAKHEEZRERMER

22.1 CT REREAHALER
PO R (RN R B 0 A A SR T R R,

IR RE S T TRA R pH 45", Relis ot T K
W IR FEUA R pH G2 —E 2B, Al
TR R BRI B B A K TR R REDS IEH 5. )
— /7T, JREARRE O REE, SR ss R
BUNe WNELS FoR, BECT WRBEMIBGIN, ZHBRIAEK
T ETIA IR, 4 CT INE =125 g/L, CT N
WEEREIN, AP e B AR A . Rk, 3%
125 g/l W B ARG 775 CT ISR INIRE .

12
1.0+
2 08p
[a)]
o
0.6 l
0.0 ._._._._._._._._l
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Mass Concentration of CT / (g/L)
El 5 CT FREREEREA KRN
Fig.5 The effect of CT on bacterial growth
222 YEF R RE AL R
BRI A A KR FRY, R R T4 1
A WK 6 s, BE YEF W8, @Ak
THESUEETAEF, 4 YEF s InE =2.5 g/L, YEF i
WREESEIM, AR PR AR, ST RS
B, AN B VA SR, Rt ¥ 2.5 g/L
e BRI YEF BRIk .
223 NaCl i ERE AL R
NaCl N AL AriE S5 ETo LR, X 4ERR24H R 40
R ANSIE P B AR AR, NaCl 3R
I, A2 DR LA AR A amiE sl R I OHLE,  [FIR
P AR IEZN s WREE Sy, 4B At TRk
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W& AIER NaCl iR A K S B S
B W 7R, 24 NaClkE N 5.0 g/L i, 4
RN R A KA.
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Fig.6 The effect of YEF on bacterial growth
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Fig.7 The effect of NaCl on bacterial growth
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Fig.8 The effect of buffer system pH on coloration

224 ZAHRZ pHALMHALL R

e KB 24 R, ONP R, (HRIGERER
BRI A IE G R R0 L (g U N H
B, W14 pH 450 ONP R B UE, (HFER s
S MAAN R 1A KA Ol W 8 FR, MRk &1 pH
fE74 8.0 I, 410 nm ARG FEAEIA I KM, {H pH
18 8.0 NRIFANE ALK, R RZER (7.0£0.2)
VERBEFRIEG A R pH AH

23 DEEFEFRERILLE

W% 2 fos, AR SR AR 13 bRat i
ATRSRIEERIL, AN 7 RO e T AR PR B s
TR BB ORETE (B 9. 9¢), HE 6 HhFhd:
Py IR EOR AL % 7R R B ReRg R ARG, (H
HEvESBIo A E (B 9. K, 86 RaksE
e R RPN7TEFHd SEE S R i

%2 REBEFENTHNPE LSRENT LI
Table 2 Specificity verification of chromogenic medium for
common bacteria in milk

LS ¥#24h ¥H48h
Escherichiacoli ATCC 25922 + +
Escherichia coli O157:H7 + +
K.pneumoniae CICC 10781 + +
Citrobacter freundii CMCC 48007 + +
Enterobacter cloacae CICC 21539 + +
Enterobacter sakazakii ATCC 29544 + +
Enterobacter aerogenes CICC 10293 + +

Staphylococcus aureus ATCC 29213 - -
Staphylococcus aureus ATCC 6538 - -
Salmonella typhimurium ATCC 14028

Listeria monocytogenes ATCC 19117
Bacillus cereus CMCC 70331 - -
Vibrio parahaemolyticus ATCC 17802 - -
A PR TMERLER, HRREE; ORTAKLER,
AEAERERIHEE,

4

B9 FEAREMEFMEEER
Fig.9 Culture and chromogenic results of different bacteria
E: a A 37 CHI24 h (EXMERE); b A 37 Ckir
24h (Mix1); ¢ % 37 C#4+48h (Mixl)
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R 3 A EEENRG AR
Table 3 Comparison between this method and national standard method

34K E/(Ig CFU/mL)
#AT I /(Ig CFU/mL) AR AT B APt #or ik
KBS BREHK KBS BREHK
2 1.88+0.03 2.27+0.03 1.94+0.01 2.30+0.02
4 3.83+0.04 4.22+0.04 3.94+0.03 4.29+0.04
6 5.88+0.03 6.30+0.03 5.96+0.02 6.30+0.02
8 7.92+0.02 8.27+0.05 7.98+0.01 8.33+0.03

24 BEESFEEENTNEREAZR

# Mix1 I Mix2 54 FLIH TR A B H AR5 YA
FL, K AR A A IE IR AR & 23 1) 5 S
FRIEME IR R IR AR IR, WA 10 fixw,
Bland-Altman Bl B HUS 3 5 A AERE A TA LE 95%
—EPEX A (HP 1.96 MadEZIERID, iR
B RAF, BiZE A B AR s
FREREZ A R ER, ATUMER . 76
FHXTHERAFOFERE I, 128 A B EaREFERFIN RE T
KGR BA BRI R E RN SRR A S A
KA BT B A Al A L) AR

0.151
+1.96SD 0.104
0.10 F
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