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The purpose of this study was to analyze microbial hazards for cultivation environments and personal hygiene of
strawberry and tomato farms at the growth and harvesting stage. Samples were collected from thirty strawberry
farms and forty tomato farms located in Korea and tested for Staphylococcus aureus and Bacillus cereus. To
investigate the change in the distribution of the S. aureus and B. cereus, a total of 4,284 samples including air bomn,
soil or medium, mulching film, harvest basket, groves and inmigation water etc. were collected from eight
strawberry farms and nine tomato fanms for one year. As a result, total S. aureus and B. cereus in all samples were
detected. Among the total bacteria of strawbeny farms, S. aureus (glove: 0~2.1 Log CFU/100 cmz, harvest basket:
0~3.0 Log CFU/100 ey, soil or culture media: 0~4.1 Log CFU/g, mulching film: 0~3.8 Log CFU/100 cmz), B.
cereus (glove: 0~2.8 Log CFU/100 cn?’, harvest basket: 0~4.8 Log CFU/100 cmz, soil or culture media: 0~5.3 Log
CFU/g, mulching film: 0~4.5 Log CFU/100 cmz) were detected in all samples. The total bacteria of tomato farms,
8. aureus (glove: 0~4.0 Log CFU/100 ey, harvest basket: 0~5.0 Log CFU/100 ey, soil or culture media: 0~6.1
Log CFU/g, mulching film: 0~4.0 Log CFU/100 cmz), B. cereus (glove: 0~4.0 Log CFU/100 cny’, harvest basket:
0~4.3 Log CFU/100 e, soil or culture media: 0~5.9 Log CFU/g, mulching film: 0~4.7 Log CFU/100 cmz) were
detected in all samples. The contamination of S. aureus and B. cereus were detected in soil, mulching film and
harvest basket from planting until harvest to processing, with the highest count recorded from the soil. But S.
aureus and B. cereus were not detected in irrigation water samples. The incidence of S. aureus and B. cereus in
hydroponics culture fanm were less than those in soil culture. The amount of S. aureus and B. cereus detected in
strawbenry and tomato farms were less than the minimum amount required to produce a toxin that induces food
poisoning. In this way, the degree of contamination of food poisoning bacteria was lower in the production
environment of the Korea strawberry and tomato, but problems can be caused by post-harvest management method.
These results will be used as fundamental data to create a manual for sanitary agricultural environment management,
and post-harvest management should be performed to reduce the contamination of hazardous microorganisms.
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Microbial population of Bacillus cereus of strawberry farms (left) and tomato farms (right) of six or nine area at the
growing stage. Unit : mean Log CFU/g, mL, 100 em’ or plate.
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Introduction
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FAAFI] PAEE vlEL 10" CFU/g, 13t 10'~10°
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Sl= Ao Hugh vk gk (Kim et al, 2004), 2ol
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typhimurium 5°] AE%E v} 9low, o], ALz}, lof
Z W WS\ Salnonella, F coli OI57:HY, I, nonocytogenes
7} =28°Cof|A] 125 F<F A&tk HArskir} (Oyarzabal
et al,, 2003), T|Zo|A] 2005~2007¢ Alo] A4 HAlZa}
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HiuLy, &5, Fue, AleAl, 9 5270, e vlE,
5 ollen, I ejofe of] it S EAX A
HE FR7E Al AlEo = BRI (CDC, 2008). Y
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om Algtolut F29 SR Hao] S Bt ofuzt
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SIAJof| @ HE 7Fs/do] v~ 3=t} (Cho et al,, 2011), Bacillus
cereus= B, & 5 AAA A A= 17 S
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Materials and Methods
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Table 1. Samples collected from strawbenry and tomato farms for 1 year for the microbial assessment.

Farm Samples Sampling method The number of samples
Soil or culture medium  Sterilized sample bag 3
Cultivation environment Irrigation water Sterilized plastic bottle 3
Soil or Water Mulching film Swabbing 3
culture worker's hygiene and utensils and gloves Swabbing 3
work  tools Harvest basket Swabbing 3
Airborne 6
Number of farm 17
Number of survey 12
Total 4284%

*Total: Number of sample per farm(24) X number of farm(17) X number of survey(12)
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Fig. 1. Microbial population of Bacillus cereus of strawberry farms (left) and tomato farms (right) of six or nine area at the

growing stage. Unit : mean Log CFU/g, mL, 100 em’ or plate.
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Results and Discussion

T719} BEnte Al Ao B cereus®| XS
ZARSE A} HE 2AL Aol A AEE Ut (Fig, 1), B7]
O] 79 =7 A e wix], WA, mEA, 2R, 42
HY, ISyt Al Al 242 3,0241.18 Log CFU/g,
0,3740,45 Log CFU/mL, 0,83+0,66 Log CFU/100 cmm’, 0,90+
0.78 Log CFU/100 cm’, 1584094 Log CFU/100 cm’,
0.50%0, Log CFU/plate/5 min®| B cereus’} H&% 1,
ERANC] - B, WA, wEA, 2, ut
Y, FEdshktaAtolA 2zt 4.8510.11 Log CFU/g, 0.28
40,34 Log CFU/mL, 1,63+0,91 Log CFU/100 cnd’, 2,20+0,98
Log CFU/100 cm’, 1,95+0,97 Log CFU/100 em’, 0,50%0,27
Log CFU/plate/5 min2] B cereus’} AZE It E0lEQ]
735 AL viA), B, wEA, 2R, ek
Y, 32l 2AlA 2t 4,6910,32 Log CFU/g, 0,140,
Log CFU/mL, 2.80+0,99 Log CFU/100 cm’, 2.2740.99 Log
CFU/100 e, 2.4040.27 Log CFU/100 em’, 0,4620,10 Log
CFU/plate/5 min®] B cereus’} HZE 3L, EZRA ]9
B BEY, W, 954, =23, 2y, 35
Sl 242 4.2140.83 Log CFU/g, 0,2140.22 Log
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CFU/mL, 2.95%0.84 Log CFU/100 cm’, 2.30%0.93 Log
CFU/100 cm’, 2.7840.98 Log CFU/100 cm’, 0,50%0.26
Log CFU/plate/5 min 2] B cereus’} HEE| o, Auj
Wol WE B cereus®] AT Zjol= Gl AR UE
P

D712} EntE Aul, ARG ollA S aurcusd] BEE F
ARgE Al HE AL Aol AZE T (Fig, 2). B719]
735 473N e] viR], WA, mEA, R, ey,
FEUslg A4 Z42) 2.740.68 Log CFU/g, 0,20+0,24
Log CFU/mL, 1,040,75 Log CFU/100 cm”, 0,00+0.00 Log
CFU/100 cm’, 1,05%0.62 Log CFU/100 cm’, 0.8440.32
Log CFU/plate/5 min®| S aureus’} HEE A1, E7ZA 4]
o] A% Bk, WA, mEA, 2, ERY, 35
Ushgz At A ZHzE 3.8240.20 Log CFU/g, 0.57+0.44
Log CFU/mL, 1,17+0.50 Log CFU/100 cm’, 1,13+0.70 Log
CFU/100 cm’, 1,2840,59 Log CFU/100 cm’, 0,90+0,39 Log
CFU/plate/5 min 2| S auwreus”} FEE ALt E0tES] 7
- AN wiA), R, w8, SRR, gy,
Tl zAM A Zhz) 1284123 Log CFU/g, 0.0040,00
Log CFU/mL, 0,46+0,52 Log CFU/100 cm®, 0,55+0,48 Log
CFU/100 cm®, 0.7340.64 Log CFU/100 cm’, 0,440, 32
Log CFU/plate/5 min®] S aureus’} A& 1L, EFAHY
o] A% EoF, W, wEA, 2, Y, 35
Yl 2A A Z+7F 3.53+1.04 Log CFU/g, 0.2940.35 Log
CFU/mL, 1,50%0,68 Log CFU/100 cm’, 0,96+0.53 Log
CFU/100 em’, 1.69%0.82 Log CFU/100 cm’, 0,97+0.36
Log CFU/plate/5 min®] S aureus’} AZE 0], EZA a2
o A EA 1/2 o1 S aureus7t AA HEE U E
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¢l 6 Log CFU/g olstz HEH o 2o 24d
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= 59 QIS C] FEFe 71Xtk Halkof gle
™ (Noleto & Bergdoll, 1980; Troller, 1986; Utermann &
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Fig. 2. Microbial population of Staphylococcus aureus of strawberry farms (left) and tomato farms (right) of six or nine area at the

growing stage. Unit : mean Log CFU/g, mL, 100 em’ or plate.
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Table 2. Microbial population of B. cereus in samples collected from strawbenry farms for one year. Unit : mean + standard
deviation; Log CFU/g, mL, 100 em’, fruit or plate. NS: No sampling; Do not used season.

Cultivation )

method Feb. Mar. April May June July Aug. Sep. Oct. Dec Feb. Mar.
Soil or Hydro.  4.60£0.00 4.93+1.58 4.33£1.41 5.30+1.70 4.10£1.34 ns 0.00+0.00 4.78+1.58 4.78+1.58 5.74+1.90 3.57+1.28 4.10+1.37
culture Soil 4.40+1.80 5.03+£1.94 4.81+1.99 5.43+2.04 3.88+1.69 5.40+1.98 4.60+£1.69 6.09+2.58 5.18+2.09 6.17+2.55 5.34+2.23 4.07+1.66
Mulching Hydro.  0.00+0.00 0.00£0.00 0.00:+0.00 4.33+1.40 4.22+1.42 4.22+1.42 0.00£0.00 0.00+0.00 3.85+1.27 0.00+0.00 0.00+0.00 3.40+1.22
film Soil 2.22+1.02 0.00+0.00 3.27+£1.40 0.00+0.00 3.54+1.48 3.54+1.48 0.00+0.00 0.00+0.00 2.18+0.93 0.00+0.00 0.00+0.00 0.00+0.00
Hydro.  0.00£0.00 0.00+0.00 2.74+£0.90 0.00+0.00 2.70+0.87 ns ns ns ns ns 2.30+0.78 0.00£0.00

Glove Soil 2.00+0.98 0.00+£0.00  ns ns ns ns ns ns ns ns ns ns
Hydro.  0.00£0.00 0.00+0.00 2.54+0.90 4.69+1.58 0.00+0.00 ns ns ns ns ns 0.00+£0.00 3.10x1.12
Basket Soil 0.00+0.00 1.40+0.76 3.06+1.07 3.00x1.27 ns ns ns ns ns ns 0.00+0.00 0.000.00
Hydro.  0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 ns 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.40+0.20
Water Soil 0.00£0.00 0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.37+0.20
Air Hydro.  0.00+0.00 0.00£0.00 0.05+0.08 0.69+0.38 0.00::0.00 ns ns 0.00£0.00 0.3240.10 0.10+0.09 0.00+0.00 1.4440.53

Soil 0.00£0.00 0.00+0.00 1.28+0.60 0.00+0.00 0.24+0.14 0.30+0.00 0.30+0.00 1.10+0.13 0.90+0.29 0.00£0.00 1.07+0.52 0.00+0.00

Table 3. Microbial population of S. aureus in samples collected from strawbenry farm for one year. Unit : mean + standard
deviation; Log CFU/g, mL, 100 em’, fruit or plate. NS: No sampling; Do not used season.

Cultivation Feb. Mar.  April  May June July Aug. Sep. Oct. Dec Feb. Mar.
method
Soil or Hydro.  0.00+0.00 2.40+0.85 3.65+1.25 4.11+1.46 0.00+0.00 ns 0.00£0.00 3.30+1.15 0.00£0.00 5.11£1.71 6.54+£2.01 5.46£1.72
culture Soil 0.00£0.00 3.07+1.34 3.33+£1.48 0.00+0.00 0.00£0.00 0.00£0.00 0.00+0.00 3.88+1.62 0.00£0.00 0.00£0.00 6.66+2.62 5.81+2.20
Mulching ~ Hydro.  0.00£0.00 0.00£0.00 0.40+0.27 349+1.16 1.10+049 1.10+0.49 0.00:0.00 0.00£0.00 2.000.76 0.00:0.00 0.00£0.00 0.00+0.00
film Soil 0.00+£0.00 0.46+0.44 1.44+0.77 2.45+1.32 3.74+1.91 3.74+£1.91 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Hydro.  0.70+0.27 0.00+0.00 0.00£0.00 0.00:£0.00 2.10+0.69 ns ns ns ns ns 0.00£0.00 0.00+0.00
Glove Soil 0.00+£0.00 0.00£0.00  ns ns ns ns ns ns ns ns ns ns
Hydro.  0.00+0.00 1.00+0.40 1.83+0.68 3.31+1.08 0.00+0.00 ns ns ns ns ns 0.00£0.00 0.00+0.00
Basket Soil 0.00+0.00 0.00£0.00 0.00+0.00 2.78+1.16 ns ns ns ns ns ns 0.00+0.00 0.00+0.00
Hydro.  0.00+0.00 0.00+0.00 0.10+0.17 0.00+0.00 0.00+0.00 ns 0.00+0.00 0.11+0.11 0.00£0.00 0.00+0.00 2.14+0.76 0.00+0.00
Water Soil 0.00+0.00 0.00£0.00 0.10+0.22 0.00£0.00 0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00=0.00 0.00+0.00 0.00+0.00
. Hydro.  0.00£0.00 0.00+0.00 0.88+0.31 0.00:£0.14 0.00+0.00 ns ns 0.00+0.00 0.00+0.00 0.38+0.16 0.00+0.00 0.00+0.00
Alr Soil 0.00£0.00 0.00£0.00 0.93+0.47 0.00+0.00 0.00£0.00 0.00+£0.00 0.00+0.00 0.00+0.00 0.00£0.00 1.61+£0.74 0.00+0.00 0.00+0.00
olgfgh -4 alE9] JFor AlmrH) 2HE 99 247 Sale] drrt FAs] gAskact
Aarg R HAIRLo] ;‘J i, 2N, 8715 B cereus 7F A & F7F sl B cereus®| Wi FA17191 84
o} S aureus UE% L 5:87]0qt HEE o] Ayt Twe~9Y g AlQstie A B 3.3810.65
Aoz mg- <%f FABH e FY-8ollAl= A Log CFU/g, E74%1t 4.5340.43 Log CFU/gC.2 4] &
o] A=A & °PE} (Table 2, Table 3). =AM A4 R, S aureus®] Y 4250] o]FojA|= FA7] #
sfre) Bri Aujubgol T Aolmris 7k ok T ¥ opyal mob Ei wjxe] £} 25°C0]ske Hol|i
Szt W wAZ Qe 10958 sk 28] daste] 15°Coleke fAI5H 12
EntE S A w7 Al 713t 6~8E2 5 Al A7HA] HEEHA] §A3ATh (Table 4, Table 5).
T FA7] Tz sHA Al A A7 = A9 ek SHA EntE - @7] ik o) B, 5 A, o7 2=} f-a
A= A7IHom, T~8Hof= Hrtol whel AEA|7F 3 o= o] AR AIS 24581 (Fig. 38, Fig. 4).
== XS AlFsH. ERAH 57k 8~9dol FA7] 4 Al B B iAol 25415 Adt w7k At
Ti o 58 T 45 W BA HAVIR 5010l I, Tk B cereus} § aureus BE SE7} ROl A4 uby

A E7Ee] - iRl 9] ks Y ShA| 447191 6 BF ol HojA o] A Al 53] ik 5 7t



Soh-Young Oh, Ki-Woong Nam, Won-II Kim, Mun Haeng Lee, and Deok-Hoon Yoon

515

Table 4. Microbial population of B. cereus in samples collected from tomato farms for one year. Unit : mean + standard deviation;
Log CFU/g, mL, 100 cm’, fruit or plate. NS: No sampling; Do not used season.

Cultivation )

method Feb. Mar. April May June July Aug. Sep. Oct. Dec Feb. Mar.
Soil or Hydro.  0.00£0.00 4.35+1.59 4.40+1.55 5.80+1.92 5.34+1.83 0.00£0.00 0.00£0.00 3.48+1.30 4.44+1.70 4.60+1.71 4.78+1.74 0.00+0.00
culture Soil 4.64+1.62 4.65+1.66 4.40+£1.57 5.95£1.99 5.40+1.87 5.10+1.76 4.82+1.73 0.00£0.00 4.70+1.68 4.88+1.76 4.92+1.76 4.92+1.63
Mulching Hydro.  0.00£0.00 4.62+1.70 0.00+0.00 3.54+1.30 3.26+1.18 0.00+0.00  ns 0.00£0.00 4.20£1.48 4.00£1.59 4.00+1.59 0.00+0.00

film Soil 0.00+0.00 4.91+1.75 0.00£0.00 3.72+1.25 3.15+1.08 0.00+0.00 0.00£0.00 0.65+0.00 4.30+1.33 0.00+0.00 4.92+1.76  ns
Hydro. 2.48+0.93 3.11£1.08 0.00+0.00 3.27+0.82 ns ns ns 0.00£0.00  ns 5.26+1.95 4.18+1.53 0.00+0.00

Glove Soil 2.18+0.88 3.09+1.15 0.00+£0.00 4.12+1.35 2.70+1.01 0.00+0.00 ns 0.00£0.00  ns 5.44+1.95 ns ns
Hydro.  2.00£0.78 2.00+0.76 2.08+0.80 3.22+1.13 ns ns ns 0.00+0.00 4.53£1.63 5.10+1.87 ns 0.00+0.00

Basket Soil 1.88+0.77 3.20+1.20 1.88+0.77 3.05£1.16 3.00+1.10 0.00£0.00  ns 0.00£0.00 5.00£1.61 0.00:£0.00 ns ns
Hydro.  0.00£0.00 0.37+0.27 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+£0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Water Soil 0.00+0.00 0.08+0.12 0.00+0.00 0.00::0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00::0.00 0.00+0.00 0.00£0.00 0.00+0.00 0.00:+0.00
. Hydro.  0.00+0.00 0.21+0.12 0.00£0.00 0.27+0.14 0.33£0.12 0.00£0.00 0.00£0.00 0.00+0.00 0.00::0.00 0.00:+0.04 0.20+0.13 0.00+0.00
Ar Soil 0.00+0.00 0.40+0.16 0.38+0.23 1.28+0.62 0.85+0.30 0.10+0.05 0.00£0.00 0.65+0.33 1.38+0.47 0.00+0.00 0.48+0.23 0.00+0.00

Table 5. Microbial population of S.aureus in samples collected from tomato farms according to one year. Unit : mean + standard
deviation; Log CFU/g, mL, 100 em’, fruit or plate. NS: No sampling; Do not used season.

Cultivation

Mar. April Ma June Jul Aug. Sep. Oct. Dec Feb. Mar.
method P Y Y & P
Soil or Hydro.  0.00£0.00 3.83+1.37 5.18+1.86 6.16+2.28 3.52+1.38 4.00+0.00 0.00£0.00 4.47+1.69 0.00+0.00 0.00+0.00 6.72+2.19 6.13£2.24
culture Soil 0.00+£0.00 4.01£1.41 5.24+1.94 6.70+2.36 2.92+1.22 5.47+1.95 4.07+1.41 3.60+1.03 0.00£0.00 0.00+0.00 6.74+2.19 6.48+2.26
Mulching Hydro.  1.43£0.54 0.00+0.00 0.00+0.00 4.48+1.71 3.01+1.12 0.00+£0.00 ns 0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
film Soil 1.00£0.46 3.72£1.35 1.76+0.77 4.45£1.46 0.00+0.00 0.00+0.00 0.00=0.00 0.00+£0.00 4.20£1.51 0.00+0.00 0.00:0.00 ns
Gl Hydro.  1.30£0.51 1.65+0.69 0.00+0.00 0.00+0.00 ns ns ns 0.000.00 ns 4.93£1.77 0.00£0.00 0.00+0.00
ove
Soil 1.90+£0.65 1.90+0.70 0.00+£0.00 4.30+1.54 1.7040.65 2.74+0.99 ns 0.00+0.00 ns 4.48+1.58 ns ns
Bask Hydro.  1.82+0.55 2.20+0.51 1.45+0.58 4.37+1.53 ns ns ns 0.00+0.00 0.00+0.00 0.00+0.00 ns 0.00+0.00
asket
Soil 1.86+0.59 2.26+0.64 0.00+0.00 4.46+1.54 1.22+0.57 2.00+0.81 ns 0.00+0.00 0.00+0.00 0.00:0.00 ns ns
W, Hydro.  0.00£0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+£0.00 0.80:0.34 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
ater
Soil 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00 0.18+0.20 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
Al Hydro.  0.00+0.00 0.00+0.14 0.00£0.00 0.00£0.00 0.94+0.41 0.00£0.00 0.00+£0.05 0.15+0.19 0.00+0.00 0.68+0.36 0.00+0.00 0.00+0.00
ir
Soil 0.00+£0.00 0.49+0.17 0.00+£0.00 0.11£0.09 0.65+£0.28 0.00+0.00 0.00=0.00 0.00:0.00 0.00:0.00 0.00+0.06 0.00+0.00 0.00+0.00
8 - 3 -
* B.cereus & Saureus
7 - 7 - *
¢ ¢
1 * * 6 -
6 . *
| o0k o 5 *
5 5 ot ¢
£ TR MR $ YR
o4 * b/ & G 4
k] ‘ L 4 o 3
3 - y = -0.0954x + 59307 % 7
5 r'S 2 - 01064 1] y = -0.1506x + 6.531
1 0 -
0+ "M & 0 ¢ & -1 10 20 30 40 50
10 20 30 40 50 -2 -
temperature(°C) temperature(°C)

Fig. 3. Comrelations between B. cereus (left) and S. aureus (right) occurrence in the strawberry farm at the growing stage and
temperature(soil or culture, fruit, mulching film) surveyed. The coefficient between the temperature and B. cereus occurrence was
calculated as 0.10. The comrelation coefficient between the temperature and the incidence of S. aureus was determined as 0.24.
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Fig. 4. Comrelations between B. cereus (left) and S. aureus (right) occurrence in the tomato farm at the growing stage and
temperature(soil or culture, fruit, mulching film) surveyed. The coefficient between the temperature and B. cereus occurrence was
calculated as 0.12. The correlation coefficient between the temperature and the incidence of S. aureus was determined as 0.29.
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