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Analysis of microbial contamination status and influencing factors in pre-cooked food enterprises
WANG Jichuan', REN Guofeng', HOU Zhen®, XIONG Jiahao'
(1. XiangYa School of Public Health, Central South University, Hunan Changsha 410078,
China; 2. Health and Family Planning Supervision Bureau of Hunan Province,

Hunan Changsha 410008, China)

Abstract; Objective To understand the status of microbial contamination in the production of pre-cooked food, provide
a basis for the sanitary control of pre-cooked food enterprises, and to make recommendations for the formulation of related
product hygiene specifications and standards. Methods From the 70 pre-cooked food enterprises in Hunan Province,
5 samples were stratified to detect the settling microbe in ambient air, the total coliform and the total number of colonies in
the contact surface, the adjacent contact surface, and pre-cooked food samples. Results The total coliform and the total
number of colonies in the ambient air of medium-sized enterprises and the surfaces and pre-cooked vegetable samples was
higher (P<0.05), and the total number of colonies on each surface of the pre-cooked vegetable production workshop is
higher (P<0.05). It is easier to touch the hands of processing personnel contaminated by microorganisms ( P<0.05) ; the
total number of colonies in pre-cooked vegetable products is higher (P<0.05), and the total number of coliforms and
colonies in process products are higher than those in finished products ( P<0.05). Conclusion Pre-cooked food
enterprises, especially medium-sized enterprises, should strengthen the hygienic requirements of production workshops and
the hygienic control of processing. It is recommended that the relevant product standards and hygienic specifications should

pay attention to these issues.

Key words: Pre-cooked food; microbial contamination; influencing factors

WL SR 2 Ffh Z ke ERr b BT R K, N
A WNAE: 7/ 11 I 1 R 7103 oo A 72 = 1 X 11 2

Y %5 H #9:2020-08-18

EEBM . TN * M4t HEAF@ARHEEL  E-mail:
690834462@ qq. com

BIEEE A E% BB HMARITE@ATHRER

%
Fo o du %4 E-mail: renguofeng@ csu. edu. cn

MR R TR

BT SR AT 2R B4 3G i S 2 1, T A 32 i o R v
VYR R, 22 A AR E TR A S BT &,
B AN S SRy TR R B S T SR ATl 2 T
R4 2000 4 FF 46 248 B a7k, ) 2012 4F IR E
A E ik 1400 25K é&@ 2018 4%, il m
A NIZAT I EAE P 100 4Z7r: o TR R

T BEAR A b fife DRSS i Ak B ot ﬁ’f%?fhEMEJ B,



T 3 A Bk A v R L B R i (R R A T —— £ 221, 4

—665—

HAE 2P B WG, 45 05 T 36 A B, TE A T 4 T AR
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X P S A AR DL BEAT IR | IF R 45 5 TR P A6 D
BERMAT GRS M. ARWETE N T B S AR
ARCE By is e s o0, i B T 99 R 48 T 5 A T SR A
b, R AN ] A 7 B B R OR R T A
SCUTRE R AT ARG A 3, Ry T S Aol ) T2
AR AR S 2 O R G i T A T B A v Y il

1 MBEAFE
1.1 R SRIE

R A ol B K /N | b X 40 A 52 B A 4, 2R
S5 EL ) 4y R R 1 2, BT RS A 70 KT SR Al
T E S KA, Al AR /NS g R
IR R A3 AR (2017) )4 R sl Wit
A =24250, R E A R 500 7 ~2 {¢IT 2
[a], /N Bl W A 7E 50 J7 ~500 3 ooz 8], dil
1 A T e S e | BT e o T e
(i) () P05 2 AR | sl 2 T 08 T 4 Sl % TR T
SR RE S, B R E o TN B R TAER T
i EL R il T R R B AR M R R
T, 08 30T 2 fiok 3 180 Ay 152 A Ah R S HR AR 45 T
[(GF SN A= [y (TP ¥ = TR DR LR s
it S 2 AR P A N A R 7

1.2 HiE
1.2.1 REFZHE

2017 4F 4~8 A, B H L 2 W/ RABIR X 5 K
T SR A My 12547 AR ARG I G 0 0 Ay B A B K
o R BRBE 25 A 25 SUTRR R, 45 Ak Rl il B
T AR P i B AR 80 ) M T A5 KR 150 1
AI5 3T 42 fok 3 11 45 B i 60 0 BRBE S SRR AL 60 1)
1.2.2 REEHIE

SRR B SR B 4R B 2 B GB 4789, 1—
20164 & b % & H R bR B MY HEE R
WY B A P R TT EL &
2 T FH AR AT R R 3 T AR 4 B R
FEWR , 7F 55 12 fioh 2 T 40 3T 2% ok ¢ 187 B 25 em® A T
P ZE LN IR A 10 Uk, BY 2 T B2 b0 43 A R K AR
BT 10 mL K AEFEE K REEE N, TAF
LR N LR IE M, R 0 A B AR K AR S T A
T4 I, DA 2 B4 v o R 10 K, 5 X T 4%
fink 8 S A AR A KRR 2SI B 10 mL K B A B AR
IK R FEE .

1.2.3 Ay ik

FE R AL B R R B B PRI AT 25 ¢
LA 225 mL #i B, 4% 8 000 r/min ¥, £
THT R o K A R A A TS A IR B, SR TRRD R
1:10 F B,

PRI VA S R T TR L A DT TR T DU A )
Z: M GB 4789. 2—2016( & i % 2 F G bR i £ 0 i
PR A B T VA A BOI AE ) GB 4789.3—2016
(B Z A E R &M= 5 K R
O GB/T 16294—2010¢ EE 25 Tl i (IX)
DURE BRI 7 )
1.2.4 st

R N B HE AT 58— B5 I, B U P9 25 S & I g
25 K 7 BRAERLE G SR IUE A
1.3 St

fifi I Excel 2019 #1745 A %H , SPSS 22. 0 Hff
HEATGEAT 43 BT BT B0 D AR IE A A A 0 T R R
BE DR TR TR R M B R L DA T S B DA B A G
PLEL (P25 P50, P75) #EAT 48 b4l 34, 4% 4 50 ] 2R H
BRAIK 5 , B#KE a=0.05,P<0.05 HERHS

R

2 H#HR
2.1 KRR A L
AR YR U S Al 5 5%, B P A A
eIl L EORE i 5093 7, T 5 2 L A 7 4 )
LR 2 123 £, FEAHIBOENS W3R 1,
T AR (5

Table 1  Microbial test samples

. ; T P T 8% 3 i .

P AR = k= 4 ] it
o AR 7 298 116 414
J 326 134 460
& fib K 3 008 1218 4226
I8 30T 2 firk 2 ThT 1252 572 1824
7S R 209 83 292
Gt 5093 2123 7216

2.2 EREEAS UM T AR I A B
G BRBE 25 ASRE 292 17, o T A P
e S N[ I T i Ra S N T B2 s e W R R T
W T A B3 Bk 4 7 CRU/ L, F9 1 6 S kil b 2 7
ZeR] (T R T 45 o0 0 B0 i T T PR AR
Bla), A G E L (P<0.05) ; KA AL )
R 7 e W SNV 7 I AR VA 87 71 IS BN
2 CFU/IIL, Hh B Al 49 T RS B 45 A 40 AL 38 & T K
R NI, 25 A it E R L (P<0.05) , b
SRV AT LR 2,
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Table 2 Distribution of settling microbe in ambient air
A S LM/ (CFU/IIL
15 B OB _ R BT 2 SUTRE A/ )
70 P25 P50 P75
. To 1 P ) 209 0 ~121 2 4 7
A T ] 5% S 1 it 83 2 ~66 4 7 16
KR 154 0~33 1 3 5
Al B A rh 7y 116 1 ~66 5 7 14
SN 22 0~121 2 2 6
2.3 Bl 3R TE A W v Gtk B4R 0 CFU/em’, W 25 18] 45 & 20 0 20 10 K i o8 7
2,301 B 3R 0T K RRE 0 A I ER LG FE L (P>0.05) ; KA AL N sl

2 fih 3 v R o 3k 4 226 iy, b, T DA D
Az AT T 2R )ty A 2 TR Y R T A R AL

B R 0 CFU/em? , 422 il 6 160 K W T8 3 49 A 1
B2 3,

F 3 IR R 4 fih 2 TR K TR AR R A VR BB A I
Table 3  Distribution of coliforms and total number of colonies on contact surfaces from different sources
K v e A 75 A
20 51 B T Hl P50(P25,P75) FE 3 el P50(P25,P75)
k8 /(CFU/cm®) /(CFU/cm”) ki /(CFU/cm”) /(CFU/cm”)
A 4 ] Tt ] 1A 6 i 1504 0 ~6.5x10* 0(0,10) 1 504 0 ~1.6x10° 9(0,70)
T il 35 1 609 0 ~1.6x10° 0(0,10) 609 0 ~4.1x10* 40(9,285)
KA 1 404 0 ~6.4x10" 0(0,10) 1 404 0 ~6.7x10* 17.4(0.8,220)
Al A v 472 0 ~6.5x10" 0(0,10) 472 0~1.6x10° 13.5(7,340)
INH 237 0~10 0(0,0) 237 0~1.7x10° 0(0,4)
2.3.2  HE R TH TV EEO A I O 2.3.3  AS[AlE fih 3R 1 AR s G DL

P 4 18] B VR S B0 L 053 5 9 .40 CFU/em?,
SN N A Nl N S P S X VA O - S e
T AR AR, 22 R A G E L (P<
0.05) ; KA h Al /Nl P B B 174
13.5.0 CFU/cm’, U ES {5 b 7 P25 P75 BB 7% &
B FORA NI, 22 A ST R X (P<
0.05) , 2 fih 2 1f 1A 7% S 8050 A % 0 WL 36 3

HE— 250 5E & B, Bl % 1w b oin TN B
Gy Z A TS e K TR RE B R T8 RBOR E Ar  ER
Bim P HAMEM X, ZRAHITFEE X (P<
0.01) , K ##E T8 ¥ S 80 07 8053 51 2 10,3425
CFU/em’ , 5 KAB S 514 6. 5%10° 1. 6x10° CFU/em”, W,
*4,

4 N[ROSR R
Table 4 Contamination of coliforms and total number of colonies on different contact surfaces
21 5 KE S 3 Fl P50(P25,P75) FE 5 Pienil P50(P25,P75)
8 /(CFU/em?) /(CFU/em?) 8 /(CFU/cm?) /(CFU/cm?)

in TN B 5B 588 0 ~6.5%x10" 10 (10,10) 588 0~1.6x10° 342.5(33.5,895)
TAFE M 728 0-~5 0(0,0) 728 0 ~2.8x10° 7.6(0.4,20)
T 7 EL B 1 Aol B o i R T 701 0~9.5x10° 0(0,0.2) 701 0 ~4.2x10* 4(0,150)
SR 36 0~55 0(0,0) 36 0 ~240 0(0,0)
e D 2 2R 60 0 0(0,0) 60 0 ~970 0(0,6.8)
2.4 ST fioh 3% 1 LA s G Ol 2.4.2 SRR B A 2% T A VR B A I
2,401 AR fih 5 1 KM TR RE o A I P42 (B A 75 B 80P 89 0 h 4.7 .10 CFU/em®,

AT B fh e i RE SR 2 1824 iy L T I A I S N T e o 21 S S o A QO S S g

sty 257 2 ()T i R A o A 7 TR 4 R B T A
{542 0 CFU/em® | 2% 7 433 B b B9 K M 1 22
RG2S L (P>0.05) 5 KA Ay /NRL Al
FLECE R 0 CFU/em®, i BLA ol & 7 KB /N B 4
b, 22 5 A G it 2 L (P<0.05) o SBI% fil 3% 1 K
o R R A DL LR 5

o T ] PR A R, 2 RGP
<0.05) s KA A /NSl A 85043 00 ok 10
6.0 CFU/cm®, KA {2 \b 76 PSO P75 1 1 7 & 5K
PyggFop Al NN, 25 R R BT R L (P<
0.05) . 4Bk 4 fih 2 18 & % B84 A R B I
%5,



T 3 A Bk A v R L B R i (R R A T —— £ 221, 4

—667—

5 TR VR AT 30T 422 fih R T K I T A AR B B 00 A AR L

Table 5 Distribution of coliforms and total number of colonies on adjacent contact surfaces from different sources

209 i 3t P50(P25,P75) FE Pienil P50(P25,P75)
8 /(CFU/em?) /(CFU/em?) [l 4 /(CFU/em?) /(CFU/cm?)
i ~ ~ 4
e Tﬁ%ﬂl’ﬂﬁunn 626 0 ~800 0(0,0) 626 0~3.1x10 4.7(0,16)
T ] 5% 28 il 286 0 ~140 0(0,0) 286 0~1.0x10° 10(2,40)
KA 474 0 ~530 0(0,0) 474 0~1.0x10% 10(0,60)
Al KA rh 350 0 ~800 0(0,0) 350 0~1.3x10* 6(2,10)
INE 88 0~1.8 0(0,0) 88 0~1.7x10° 0(0,0.4)
2.4.3  UN[A) LRI ik 2 T B A 0 TS i THEERLEITFE L (P>0.05) ;KB Rl )

HE— 205 S 0, 40 3T 42 ik 2 1T b 4 o T A
Oy ZWE YT G TE T DR A A B T A
AT ik 1T, 25 A ST 2R B XL (P<0.05) ,
$h 88 CFU/em’ 5 H T #3% HLJH Ath 3 1 R iy 11 e K
fH R 2.2x10* CFU/cem?, B V& B B0 R A 3. 5%10°
CFU/em®, L3 6,
2.5 LR K VR R S ETS Je1E

PRI Yl T = T o P = NS 1 N I
ol s =i i 60 oK B B RE P AL % 0 10 CFU/g,

T 7 55 9 10,3 210,10 CFU/g, H 8L 4
W TR NE A, 22 58 G L (P<
0.05) . Uil A il b 980 o =5 o o 100 TR VR S P
DL E AN 9K 3 280 .7 870 CFU/g, T i & 32 1 &
T SEE T IR A 22 R A g L (P<
0.05) ; KA rp &L /N A Al b A B4 i 3.3 %
10°.2.6x10° 10 CFU/g, H B Al & KA /N A
ke, 22 S A Gt R L (P<0.05) o 3 277 i
G/ RS R

6 AN [ AT A i 3 T A i B THE AR BV BT e DL

Table 6 Contamination of coliforms and total number of colonies on different adjacent contact surfaces

KB/ (CFU/cm?) T 7% M
20 51 BE iy Nl P50( P25,P75) ) Nz P50( P25,P75)
% /(CFU/cm?) /(CFU/cm?) %1 /(CFU/cm?) /(CFU/cm?)
-2 181 0 ~150 0(0,0) 181 0 ~2.7x10° 6 (0.7,10)
B ] 113 0 0(0,0) 113 0~22 6(3,9)
42 1) TH AR 135 0~5.2 0(0,0.4) 135 0 ~510 88 (28,168)
TR AR 483 0 ~2.2x10* 0(0,0) 483 0 ~3.5%10° 3(0,23.6)

FT IR R B AT R O G

Table 7 Contamination of coliforms and total number of colonies in process products

PN 7R T 7% B
21 51 KE N P50( P25,P75) FES ¥ H P50( P25,P75)
% /(CFU/g) /(CFU/g) % /(CFU/g) /(CFU/g)
. Tl P i 149 10 ~9.1x10* 10(10,2.9x10%) 149 0~2.5x10°  3.3x10°(14.5,1.97x10%)
eS| T 4 6 3 4
Tl 68 S 58 10 ~8.8x10* 10(10,12.5) 58 706~2.1x10°  7.9x10°(5 670,3.08x10")
KA 133 10 ~3.5x10* 10(10,10) 133 0~2.5%10°  3.3x10%(22,7 250)
Al B A5 A 60 10 ~9.1x10*  3.2x10°(36.2,4 015) 60  4.3x10°~2.2x10°  2.6x10°(3.1x10*,3.1x10°)
/N 14 10 10(10,10) 14 10~4 658 10(10,10)

2.6k KM TR R BRI A0S Y1

B RE At 460 By o b TR A A T R
Sk il i 1 R TR R AL S 10 CFU/g, —H 22 5%
TG0 L (P>0.05) s KA RS /Rl v £
BHH 10 CFU/g, A TR /AL Al 22
S Gt L (P<0.05) , Tkl P 5T S
il 5t A A B0 2 B2 Bk 100,282 CFU/ g, i 4l
B8 3 ] A R RO T T DA R 25 A G
B (P<0.05) ;KA it NIl o S 5500
194 17 .10 CFU/g, KAl & F 8 /N gl 25
FAHGIFE L (P<0.05) , J8h AW 75 e i Bl
W3 8,

2.7 IR SRR R M R R T T

iF B 5O B K R A R 10
CFU/g, &b 8877 fh b KR R 2 T, 22 % A 4 it
L (P<0.05) 5 H & B ECR AL BUar 3R 5 720,
100 CFU/ g, ik A8 77 it v o1 v B B T B h, 22 5%
Gt L (P<0.05) , i B ™ i 5 B A o s
AL 9,

3 1tig
THIREF 2R 2R, Z 0 F & W Sl 53 K
fldh B T 2R, HASMEBREARAR, KRZH
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Table 8 Contamination of coliforms and total number of colonies in finished products
209 ¥ i 5l P50(P25,P75) FE 7l P50(P25,P75)
B A /(CFU/g) /(CFU/g) 4 /(CFU/g) /(CFU/g)
o Tk 1A ] 163 9 ~7.8x10’ 10 (10,10) 163 9 ~5.2x10° 100 (10,270)
I3l et 5 e
L) 5 5 1 67 10 ~25.6 10 (10,10) 67 5.2 ~3.9x10° 282 (52,1 016)
KA 137 9 ~10 10 (10,10) 137 5.2 ~5.2x10° 194 (11,720)
Al F A ki) 73 10 ~7.8x10° 10 (10,10) 73 10 ~1.9%10° 17 (100,100)
/N 20 10 ~176.7 10 (10,10) 20 9 ~5.2x10° 10 (10,38.5)
9 SRR R R P TR RE R TR B S B0TS Y
Table 9  Contamination of coliforms and total number of colonies in process products and finished products
K T T 7 ML
21 5 FE i ¥ [ P50( P25,P75) = i P50( P25,P75)
% /(CFU/g) /(CFU/g) 4 /(CFU/g) /(CFU/g)
AR 207 10 ~9. 1x10* 10 (10,373.6) 207 0 ~2.5%10° 5720 (100,3. 54x10*)
L 230 9 ~7.8x10° 10 (10,10) 230 5.2 ~5.2x10° 100 (11,442)
it 437 9 ~9.1x10* 10 (10,10) 437 0 ~5.2x10° 314 (15,5.8x10%)

N TAEM, & e X Fem . B Ik
R v B FH I 2R ) e A = R S BBOR R W R
P V& SVBORN K B TR B 2 PE A £ A A T Y B
Fabr o B TE RBONT DA I U A0 B TS G R
R TR ARE U] B e O A R FE TS Y, 1R 2019
AR AR E R B R R A R B
db AT PR RE SN B AR LR BN A A R
10. 94% XK T8 AR 7= &b, A s b o5 AN 5 4%
HEK Y 19. 41% b B V& B BUE PR R 60. 78% , K
T BB AR R 11.76% " . & S Ae A 7= 301 5 52 14
At gt IR I S AR R H A A
OB

ASHIF G 38 3 6 T SRR b A AT TR
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Al A, I ) 32 A oMl G R A B Al B
b o= ) [T A sl O [ W R A 2 e -
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E2 LT S T o TR i N 1 R = Y2
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7 2 B N A N TN BRSBTS
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UL AR E AN 770 T i R i Y T
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M T4 HL A 2% 1w S AR 2R AT T I R

R Al 3 AR R K AR T VR R B
TR, T % S ) A B VR R B T I A DA
SRS Al Ay o R G A R 7 A W e R
JEATSEMA R B Al T K R TR R R e T 8

SRR A B K BB R L T O AR K
FRRE | RV RO T A R, 5 4l 7 3
SR AR 7, G HG R ] S T A T A R dn
R A B T L AE N I A S 1Y IR R
[F] 5 328 0 068 XF 3o 72 ) Bk 0 W B iRk A 5
T e AR 0 T A2 N B DI, 0RO\ By T
PLIMARTFN S moEs

L AR i A% A AR R LUK A A R
SRR KNI T AR — RN, 1w X R EH
P, AN 6 R S ik B BE T, R B 5 5 R R B R
BEAE ST TR S A 2 A B 2%, T A R
SRRV R AT RE 5 S 0 AU, 5 AL A A AR IR 45
R B Sk BE I B 0 R R A K A A
i, 0 e o A RS AR O 7 R o R AR R, P
— AN E N S, AR O T A SR L AR 7 4
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Pl L BE e B[] 3t R 7 i Al ) R
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Al 10 JFURE Ve B B B I R AT O A W,
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At B0 R A A
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(#2647 T0)

(V) 7 i i TR

LSRRk, N i TR A 1 O B A S T R 2 B R Al 2 e R bR £ WS 0 590 B AR oE ) (GB
2760) , RV T Z A E S IR, A YR I RIS B O & b T AT TR TR I T T2, )
ORIV 07 P 22 ot s v S e /8 A D 0 i T N T B R0 7 45 26 it o AR IR A (R R R 2L 2L/ 11 5 T
A HAVE R IR INANR S L K2 2 VR 4R R Eh 28 W) o 19 B H R R VR SR A8 70 mg/kg bw (LA P
e

P /% S S /2 7/ i (B = e O A5 5 ) =1 D5 R | P A < 5 7= N 3 (15 2= O RV G e
Jot i MU PRAT (R it 22 A2 [E AR HE B SR AS IR 7S (i W R B ) (GB 1886. 4)
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