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Study on microbiological safety of simple processed agricultural products

Gyunghye Sung*, Inyeong Hwang, So Hyun Park, Sunhee Park, Byung Jun Kim, Ju Hyun Lee, and Sang Kee Min
Busan Metropolitan City Institute of Health & Environment

Abstract The purpose of this study was to explore methods for efficient management of the quality and safety of simple
processed agricultural products in Busan. We tested 258 samples of simple processed agricultural products for distribution
of aerobic bacteria and coliforms, and identified food-borne pathogens. The average aerobic bacterial and coliforms counts
were 7.1 and 4.1 log CFU/g in simple processed vegetables, 6.8 and 3.5 log CFU/g in dried vegetables, and 6.2 and 2.9
log CFU/g in simple processed fruits. Additionally Staphylococcus aureus, Salmonella spp., Campylobacter jejuni/coli and
Listeria monocytogenes were not detected in any samples. However, Bacillus cereus, Clostridium perfringens and E. coli
were detected in 41 samples (16.3%), 2 samples (0.8%), and 4 samples (1.6%), respectively. This analysis revealed that
none of C. perfringens and E. coli isolates harbored pathogenic toxic genes. However, all of B. cereus isolates carried at

least 1 toxin gene.
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of mAESH odx A¥S AAEN
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2FS HEARE PR F, AR TN Az H8E AX F
weho], ZA7EA], 7AEH 52 AUER(dried vegetables)Z, v
o] FAS AR =, 7k 4, 3, ol vk, AR A

2, 288 O ANAFE D7 AF(simple processed veg-
etables)Z, 7Hy, Aot Fub Aok 9l E, WEAts 52 W
7+ F(simple processed fruits)2 #F3FAt}. Group 3 A
FH g ot AlF Ee rthst] dFske Al dexd
&-(ready-to-cook) =, HIE A= w7]|=Ho| AAY BTt
FTAEF F o v ol A, o], AWa F kR
AL 4 e A F44F & (ready-to-eat) 22 E-F3A ).
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Aot s A 25g2 FHAoR Fate] E
AR 100y GAE BMste] HFFAde AxdEY
°2(3) ZAsIAh AM-E AZRYFL 3M petrifilm AC 2 EC
(3M, St. Paul, MN, USA)e|w, 7} ©A 3|AdS omjd 71z2d
Foll AFste] 35°ColA 48A17 wiFate] Alehd J=s Alss)
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Bacillus cereus Detection (Be/Bt distinguish) PCR Kit (Jinsun-
gunitech, Korea)& AMS-3}S13L 0.5% basic fuchsin® 2 HA &}
LEEaud AY f5E drEes ERlsih

F22EdF HEZHA L= PowerCheck™ Clostridium perfiin-
gens Toxin Detection Kit (Kogenebiotech, Korea)S AFE-3le] A
ZALl A AAIGE WHO R HAISEA, cpa, cpe FHAAE 18}
Atk PCR A= 1.8% o722 (agarose gel) 2 A 7]%-5351
gelstsirt.
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ANOVA w415 AAJBIAL, ptol 0.1 i o) $AHC® &
o]sitia st
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U7 W e A

AT 258719 AWt B thdete] AAL AZE Table
29} 72t} Hdgh(mean)y> AWHHFe diddw 25 7€ 7t

AN e A5 7SN, FHEEAH, & 7 wskon] dubdlde] Ag Fk(median)e 5, 6, 7, 1€
F2EF HEPAs, vpde s A2, Arde), g2k oA =Tk 11€e] A9 137 BF FiE Aol 7
iAol B2, ABEE AFUZLp] sl 2ASET @ AOR Mg ARAe) % AnS persi 5]
A BoE A8 AFolELAN] ABTUG) PABAY 9 £ 453 vAR 99Esl AUl 9SS AR + 3
W W AN, FAEI=A T AN, F2LEE on 7 B 8ol 23]y LA=TF W2 AL WATE 3
F oAZa0s AR, vhe s A AR, 4R ARS 343) 3] mielet B sun F(10) A9E A4
2}, glzd|glop RisAto| Bl s, g znte A5y /Ee] AW Ho] si=e e F4 AstE =] fal ¥ A7
of met dFsiem o4 e uyptic soy agar (TSA) iAol TS AFSINL, by EY FE AAE A A
A 37°CAlA 24417+ v F3te] VITEK (BioMerieux, France)<] 2 8, oA e SEAIQ] A2HE =yAsslor gtk
GN, GP, BCL, ANC cardE ©]&-slo] AsletsS A3t A= SEATHI).

Table 1. Classification of simple processed agricultural products
Group 1 Group 2 Group 3
Type No. of samples Type No. of samples Type No. of samples
Agriculture 214 Simple processed vegetables 180 Ready-to-cook 185
Processed food 44 Dried vegetables 32 Ready-to-eat 73

Simple processed fruits

46
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Table 2. Descriptive statistics of aerobic bacteria and coliforms count by month (unit : log CFU/g)

Aerobic bacteria Coliforms
Month N! - -
Mean+SD Median Range Mean+SD Median Range
1 47 6.9+7.2 5.5 7.9-2.1 3.6+4.3 0.0 5.0-0.0
2 29 6.7+7.4 49 8.1-24 3.6+4.0 1.7 4.7-0.0
3 35 6.3+6.6 52 7.2-2.2 2.543.0 0.0 3.7-0.0
5 44 7.2+7.4 6.7 8.0-2.4 3.844.3 0.0 5.0-0.0
6 37 7.0£7.2 6.2 7.9-2.6 3.3+£4.0 0.0 4.7-0.0
7 27 7.5£7.8 6.4 8.4-2.3 4.0+4.4 3.0 5.0-0.0
8 26 6.5+6.8 5.1 7.5:2.3 3.243.6 0.0 4.1-0.0
11 13 7.1£7.2 6.9 7.7-3.9 3.243.4 1.2 3.9-0.0
N', number of samples
Table 3. Descriptive statistics of group 1 (unit : log CFU/g)
Type N Mean+SD Range p-value
Aerobic bacteri " Proceed food 44 6.8+7.1 2.3-7.8 0.0801
erobic bacteria coumt Agriculture 214 7.147.5 2.1-84 :
Colif ‘ Proceed food 44 3.5¢42 0.0-5.0 06511
olforms coun Agriculture 214 3.6+4.2 0.0-5.0 :
N', number of samples
RERE SUE i Be DAaes daEEe 0F & EhlE ALE SEANEI 1Ee 933l s
T o7k A=A Bl 98 34 B ANOVA 415 dAlst AUtk A A FAIE HF FA0] flenw dA HF
Act. FAEIA DibAldret el s1871%0] 7P =2 4
Ve ES SAAER B/ Group 19 A9 URMAIFGlA 7|RENFE] WEAFE 4 vlaLsto] D*—rﬂ* o A
pirel 008012 FAH FoxkE Holw FikEo] 7iEAFRT o AdHE detstaat sk Dby wihEe] 4 AA o
gatgkel oF 2ul, Haghe o Syt o} FAkEo] THEAFR e s 7IE 744 A o] a3 R Vel Ad
o eA=TE =0T AT FAEe] "ol TEAER SR wEbA e AlF e VM AdFH sk dexed
ok o 2v] EoU pike] 065112 EAIZC F31= YEh) (ready-to cook type)Zt S4] 413 &-(ready-to eat type)>Z H-F3}
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Group 2(HE7FEAAT, AUER, D97ked®/)2] ANOVA 5,000,000 CFU/g}, 7FESIA] &0l A3 shs We2lEe dukA

S A A3 duballtret ﬂ%%&#«l parel ZHzt 0.0337
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TS Al B Y] QE =Tt L% &+
At} Bae 5(11), Chio 5(12)2] d+olA 5 T L@ﬂo] Al
2] i3k AuklF<= 3.74-8.04 log CFU/g, thaT-< 0.16-
502 log CFU/g °]2} B3Iy B AFolxe] Trlagiias
Aot HISgE ol AuERE PdE Aol Slo] £
Sk 2700 = B33 YRIMFT 6.8 log CFU/g, <= 3.5
log CFU/g 9] Q¥=E Rk 3 Auix(13), 45 2 20]
Al AR (14), B7] 5 AE AMA(S)AA EFe] el
47} 6.8-7.1 log CFU/g, t+o] 1.8-3.9 log CFU/gdl A%
H2g REEYS & F AU T Dk Ad R BS-
g 2.9 log CFUES 2 W ks Hole Wi Ik
TTE 62 log CFUgC R E9T ol EvtE ¥ HAF ¢
HEA = 0.70-4.48 log CFU/g, tAd<=2 0.00-0.67 log CFU/g
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Table 4. Multiple comparisons of group 2

Mean+SD (log CFU/g)
Simple processed vegetables Dried vegetables Simple processed fruits F@)
(n=180) n=32) (n=46)
Aerobic bacteria count 7.1£7.5 6.8+7.4 6.2+6.6 3.44 (0.0337)
Coliforms count 4.1+4.1 3.5+4.4 29434 6.29 (0.0021)

Table 5. Detection rates of 1,000 CFU/g or more coliforms count in ready-to cook type (185 samples) of Group 3

Group 1 Group 2
Agriculture Processed food ~ Simple processed vegetables ~ Dried vegetables Simple processed fruits
(n=171) (n=14) (n=146) (n=32) n=7)
Detected samples No. (rate,%) 41 (23.6) 2(14.3) 29 (19.9) 12 (37.5) 2(28.6)
Mean+SD (log CFU/g) 4344 47+4.8 42+4.4 45445 35434

Table 6. Detection rates of 100 CFU/g or more coliforms count in ready-to-eat type (73 samples) of group 3

Group 1 Group 2
Agriculture Processed food ~ Simple processed vegetables ~ Dried vegetables Simple processed fruits
(n=43) (n=30) (n=34) (n=0) n=39)
Detected samples No. (rate,%) 6(14.0) 6(20.0) 5(14.7) - 7(17.9)
Mean+SD (log CFU/g) 43+4.5 3.7£3.7 4.4+4.6 - 3.6£3.7

(164%)0. 2 dikAlst=pel] vl @ HAEES Holu HEE
o] Hatgtel 71 Wil TheAEe] g 45H, A
g WA Aafe] A9 T8 ok 1900141 230817 ek w
2 SHAF ke AER AE A SAER ERE 3L
Tk e AEAAN Y] TR eR AN EESA
HAESH A7t 2 F AxE HE A7 viEEoejof & A
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e

3}
A BT BAEEH HAANEHS ofdS & 5 UUTh
FUelA Seo S(17) AldHo] AielA 58% o] HE
HAvx Bysided 2 Aol HEE 44 25 Ay
72 ey, dd, Ax §
9 0 T =&HAS Aol AlHh
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v A AlgS2E F HA 2584 F 4174(16.3%) AEH 0]
759 AFgEd T MY L& HEES 293 53 AUEFRIH
971(28.1%) 22 AZEEC] /M =th vk E: A2 &
A B3] EY] &3] dAxE 289 TA FHFoE 4
FARAA ZH4A24F0 Bl 1,000 CFU ©)3h/gz #elst
3 JEH F 64(23%)°] 1,000 CFU/g ©1’d HEFAUL A4A
o] Y9l 145 %7} 1,000 CFU/g ©) AZHATkL B3l
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g2 AFES T ¢ e v A7 10,000 CFU/
g odolERs A 2192 & o A5E wA A Y
dol drkal & = glom ok Tt e AffEelM = 2
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2 A2 #5 F 47%7F HBL 842 Uehd 5 AS 7o
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Table 7. Distribution of emetic toxin gene and enterotoxin genes of B. cereus strains

Emetlc Enterotoxin genes
toxin gene
HBL complex NHE complex
cer beeT entFM CytK
hblA hblC hblD nheA nheB nheC
No. (%) of 1 39 58 (97%) 35 49 44 31 59 41 40
B. cereus isolates (2%) (65%) (58%) (60%) (82%) (52%) (98%) (68%) (67%)
15 (25%) - < < s s % % < 1 1
1 (2%) - < < 1 < + + < 1 -
3 (5%) - < < 1 < - + < 1 1
1(2%) - < < s s + - < - -
1 (2%) - + + + - - - + + -
2 (3%) - < < - s % % < 1 1
2 (3%) - + < - s % + < - -
1(2%) - + < - s - % < 1 1
4 (7%) - + < - s % - < 1 -
4 (7%) - +F +F - A 3 - +F - -
2 (3%) - + + - + - - + - -
1 (2%) - +* 4+ - - - - + - +
6 (10%) - - < s s % % < 1 1
1(2%) - - < s s % + < 1 -
3 (5%) - - < s s % - < 1 1
4 (7%) - - +* 3 - - - + - +
1 (2%) - I - - - - - + - +
1 (2%) - - +* - 4 + + - - -
3 (5%) - - + - s % - < 1 1
1 (2%) - - I - - - - + - +
1 (2%) - - +* - - - - + - -
1 (2%) + + + - - - - + + -
1 (2%) - - - - - - +F - -

TEEAE cereulidest . E2]= AEA}F Helo|l=2 A H o]
AL F3t 2h, G 9 i sl Gho® A o]
om FZ & Fo 5 AFAAM FE ASEHIL 2 FAG #
o] Utk HIEIL QIrh23). S-EuhEtellA vhd 2 A9
2 Qg A5 His Aol giiEely TEY AF5E At
#2008 &4H24), 2011 HE(Q2S) Fo] HIEHI . &
AFolA | vpdE s A 607 5 17 2%)00M FE
E47F AEERen EAU AL SN EEE e
Al $-220lM 21%7F FESAS Yaksitty 1ud 1 506)H,
SAAFAEI A2 FNA 22 594%, 35.6%2] TESA 7
EES Ueille v s AlgeLaE Bk 2as A
SO NS o vl FE FEolE T F ok AT
TEEA7F AEH AFEe oJUYAASE 150 CFU/g 9] v g
2 A2t AEERL JEde 2700] 25d 49 oA S
sk X2 J44e] B4 A4 7F B ol HEEY AFE
59 % 7FeAS WA & flch

0
12

%

ol
S 2

A vhE W FABEA AN T BT 5
g 25871 PO plBESH ogueE 2] sl 2
Ads 2 WIFLFE FHAAL olF A /M 1FeR
Foto] vlwsdeh, WA BeTlE SRS EAED TAE
2 v} ASlR A3t Bl dudas Fgol o 247t

g =3, Ak =g oF sy w3 g AAaR, AuE
7, G HESAFE 75t ANOVARA S AAg 23 v
T+ =2 BAA FAE BHoH derkaAARe] Ae dnt

@< 7.1 log CFU/g, <= 4.1 log CFU/g, AVER2 3%
AukH#4= 6.8 log CFU/g, W7t 3.5 log CFU/g, T7ka-3t
AFe duAldS 62 log CFU/g, thATT 2.9 log CFU/g) H
7S Uello] 717 B TSRS Aikler 9 O]
Aol LA 228 € F AT Eo deREgo
TR gk shHE 18571 & YRklETE 5,000,000 CFU/
g o)l AFL 6771(36.2%), W7} 1,000 CFU/g ©]7d<]
AFS 4371(232%)°10 3L, SHHEHAE drks sk 13U F
AubAl#57F 500,000 CFU/g ©1/d<1l AlF2 3271(43.8%), g+
578 100 CFU/g ©17d%l A2 F 1271(164%)°10H. 255
o 750 U3 2 HelE 2AleE Ax Adnde) g2ty
AFU/EY, gaHEol RiAlEAUAE BT 34, Sx
ZUAFE 0 CFUgS R 25 EHEHAUT HY9u3dae 7
- 288 g 4749(1.6%) EF AUEFOIM AEEHAL 5
AA= lER] gkgto) B o 7S wiAE 4 9l
. F22EPF HEzAMAE 271(0.8%) EF 50 CFUg AE
R FEFAARE HA3I IR sk vl A9
4171(16.3%) HEFR oM Eejd vy Alge2 6057
g 1R FESA TR A543 g8 A% B
1557 o3 B4 FHAE Bt e oo/ A5
F2E 25 BAske A7 1557025%)% 7P Bskar,

B

B 2 orfr &
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ESAE 1502%)7F AEE A
A FEEe derkeidte 2 FEeh Mt gt
olF R AFHORE AEsirlddle et Aol T &

e HE NFoR BAET ABNES

2 AL, 5 FHHA7 Fe ok s,
HEAPP HBAEOE BtE ¥ FIE
AL aste, AH, 1 zelste] HAtE Bt B4
B B3 940 AN Be), WY AR BT AT
S e AN g Yore visie] Telshs o]
w5,
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