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Microbiological quality of fresh cut fruits in Korea
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Abstract This study was performed to evaluate the microbiological quality of fresh cut fruits in Korea. Forty freshly cut
fruit samples were assessed for aerobic mesophilic count (AM), aerobic psychrophilic count (AP), total coliform, generic
Escherichia coli, yeast and mold (YM), Bacillus cereus, Staphylococcus aureus, Salmonella spp., and E. coli O157:H7.
The average value for AM, AP, and YM was 4.51, 5.35, and 4.31 log CFU/g, respectively. The average of the total
coliform was 2.42 log CFU/g, and E. coli was not detected in all samples. For foodborne pathogen bacteria, B. cereus
and S. aureus were detected in 2.5 and 7.5% samples, respectively, and Salmonella spp. and E. coli O157:H7 were not
detected in all samples. Among the samples, pear generally had the highest contamination level. Therefore, to assure the
safety of fresh cut fruits, low temperature and thorough hygiene management should be implemented.

Keywords: fruit, fresh cut, minimally processed food, microbiological quality, foodborne pathogen.
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AMHo] 2SS doF 4 e WY vAEE Clostridium

botulinum, Escherichia coli O157T:H7, Salmonella spp., Shigella

=

spp., Listeria monocytogenes, Bacillus cereus, 71/8%, vlo]#] 2
geFstAl dEA dew, I T Salmonella spp.ot E. coli
O157:H7E 53] AAdHe] 255 Wis) ddd F8 ddde
2 HIEIY QItHHarris 5, 2003). #]=+2] Centers for Disease
Control and Prevention (CDC)= 20021 ©]=f 197 FFollA] S )
22 Q18] 4070 E coli O157:H79l ZAA=EAL, 2 F 49¢]
484 QEZFEHUSP] 2HTH B7el oM (CDC, 2021a),
Salmonella spp.2] 735, 2017-2019'd &<t A|&HFH o7 AAHo]
MEolt Y A4 Fol 45 ALE fUs Ao By
SFATHCDC, 2021b).
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Xz 2

HE=E

2020 3EFE 1197 A= F8 nPloRNH F 40719
AMEe] HLS Fujste] £ APl o] g3th AlE 552
A N E(dnanas comosus), LRNA(Citrus sinensis), A+ZH(Malus
domestica), Y= EVFE(Solanum lycopersicum var. cerasiforme), 3
X (Vitis vinifera), W(Pyrus pyrifolia), 7 (Diospyros kaki THUNB.),
W2 (Cucumis melo), 71| (Actinidia deliciosa)A2M, AF 74 &
ofo]zwo] F7l ofo|zukrol] A FA| Aol ARE-SIAATE

dinjdEel M 4

EE AE 48 )=t 2Fe)eke] Bacteriological analytical
manual (FDA BAM, 2020)3} 413&3Z(MFDS, 2020)2 ko
g5 A e FEE A FHHAL 74 A 25gS
F2A AHS &, buffered peptone water (BPW, Difco, Sparks,
MD, USA) 225mLE 718l 287 2 7|(Bag Mixer 400CC,
Interscience, Saint-Nom-La-Bretche, France)® w2 3}sle] 2
< FHlE AT

F2at, Aat, W, W, RS 3ol A &
e Yl 72+ A5 #2 1mLE BPW 9mLoll 10'-10° THA|
At & 7 wlge] 1 mLE FHsl] S22 3M aerobic count
plates (3M, St. Paul, MN, USA)ll £33k & 36°Col|lA 484 7F
Hiekate] FAE HeEks SRl 9 ATt didtd o
< 3M E. coli/Coliform count plates (3M)ol] #5=3l] 36°Col| A
7z} 242703k 24-48717F W £ 7125 T H24 JEE
gd o=, 7125 77 o=k JEge 7zl 71xE o)
A ez 71Fste] ALtsldt 229k F3ol= 3M Rapid
yeast and mold count plates 3M)ll B3} 25°ColA] 48-
60X ke & AZARe] A Al mEt At A2t
S AzEuA 9] &% A|Fo g 2lF| plate count agar (PCA,
Difco)E AHE-SISATH A2t ® FLskAl PCAuiAI] 7t 3|4
= 01ml¥ =2 3 5 6°CollA 579 wigS st o ¢ Al
< skt

Salmonella spp.2] MMY 2N

Salmonella spp& AZ317] A3l T2+, A2+, Wt th
e, AR 8ol HEo ARSS BPW S 36°CellA 24
AlZE E)b 1&F w0l ¥k} 0.1 mLE Rapport
Vassiliadis (RV, Difco) 10 mLoll &S $ 42°ColA] 244]7F B2t
22} S+ wilgsIsith. S wlldgt RVE xylose lysine deoxycholate
(XLD, Difcoyell &4 =@slo] 36°ColA 24A17F w31, o]
% o4 ke TSHIA] (TSI, Difco)oll &3kl 36°ColA] 244]
7F vk 3 API 20E kit (BioMerieux, Marcy I’Etoile, France)
< o] g3le] FHE BRI

Bacillus cereus®| MEX 2A

Bacillus cereus= ¥4 ¢35t 0.85% Ha A A 225
mLe} 7t AR 25gS #AsISte] AFol| ARSI FEY 1
mLE 0.85% Ei AL Fs omLel 10-10° SA 348ty 7
3|Mlol A 02 mLA 582] MYP (Difco) HiA|o =23k 3 30°C
oA 24A17F vl T MYP HiR] 2] )4 %] 2h(lecithinaseS A}
bl EE3 3ol e B34 I EHS nutrient agar (NA,
Difcoyell 22 #l¥sle] FDA BAMS] <113 (2020)7 API 50
CH/B kit (BioMerieux) ©]-83t] FHF2l st

Staphylococcus aureuse| HX £

S. aureus= B. cereus %290 AFESIAE NS T3 AL
st} 7} & A 8498 Baird-Parker agar (BPA, Difco) HIA] 3
toll & 1mL7t S58 HJE, =2 3] 36°Collx] 482]7F v %k
Tt BPA Hiz|9] oAl (FH3 w2 SuRl Fglo] 3l
2742 2 brain-heart infusion agar (BHI, Difco)ol] &4
ZESEAL 36°CellA 24X17F FRF wigste] Coagulase AE 7 API
STAPH kit (BioMerieux)>.2 % &<13}9c}.
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Escherichia coli O157:H72] &

E. coli OI5THTE #AZ3t7] $13) Al& 25g9l novobiocin
(Oxoid, Basingstoke, Hampshire, UK) 20 mg/LE 37} tryptone
soya broth (TSB, Oxoid) 225 mLE T&3}sle] 36°ColA 244]7F
S wiFEll L, S MFNS Tellurite Cefixime (TC-SMAC,
Oxoid)©] #7Fl sorbitol MacConkey agar (Oxoid)°ll &4 =Us
o] 36°CollA] 24417 &< vlgskdieh. TC-SMACe] vehd 24
e nutrient agar (NA, Difcoyel] EX w=ibsle] 36°ColA 24
AIZF wlFsta F=7F ERIAIE = APL 20E kit (BioMerieux)2 ©]
st HF SIS

2AHe] Ao gk nAE QLARE Hrtelr] {8 tds
Fol AEE st 2 AES Fsioitt. Aol Hde]
T2t LUE FES W99 Werel 747} 1.00-5.81 log CFU/g
2+ 451 log CFU/gSZ UEPTHTable 1). 522 L9x7} 7}

9lo] oY% E Hi 1.72 log CFURE 7P dskeh wje] 7%
BE AE7} 56 log CFU/g 22 HwH &4 JeREARE

2 N 89 67.5%= 3 log CFU/g ©)3t2 YeR} AlAd#oe] 3}
Yo] F2+t LPEE HwA W oz IRIFAL o9 &
ARF AEo] o =Rold Bwd Hl YT, Abadias 5(2008)
2 300719 AdHo] FAES EAS Ay, o] 2HE 72
o] ¥+ 3.8 log CFU/g2.2 7P Al Yelt o™ B4 6-7 log
CFU/ge] AlA¥e] Aie} vlwste] fde] 2H= F50] dA
3] YA YebtSS B3It T3 Seow 5(2012)2 AlXHo]
Ao 09 HFS 3440 log CFU/gCE H 313, Hong
520122 187719] AA H HUF| QLHEEE AN 43, 3
AF7} B 53 log CFUSE 7P @A UehdA|vr 2 A3
o] A3} Hils 2 X8 AASAT

AMHe] AEe WAE ez AnrtEe] Y] Wi
Ao QAT FFo] wlf- Fosith B A M2 He
£ No detection (ND)-6.61 log CFU/g ©I13L o2 535 log
CFU/ge 2 YEPHTH(Table 2). T273 VIR 2 A24% vl
o] o 0] 644 log CFU/gC 2 714 Hgkorm, 719 RE
AlgoA] Aevto] HEEHA FAUh. & A7) A 2w T+t
2 WS o AEHIAY, AT LAt Heleh 3
oA 1 log Bx T =A #ZEATE. Abadias 5(2008)°] AT
e AlxdHe] Aol T2 H2d Haol 47 3.8 log
CFU/g3} 3.6 log CFU/ge.2 UEFSS, Hong 5(2012)2] <39
Ae A Fd T2 A2 Hdol 22t 53 log CFU/g
7 44 log CFU/gE YElth 3, o]& AFoX® F&a3)
Aeite] LUE FEL HSPARE A2qto] T Ul JERY &
Ateks O A3E BHed, olgst Adyke i AFedA A
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Table 1. Total viable counts of aerobic mesophilic in fresh-cut fruits sold in Korea

Numbers detected in each range (%)

Sample species <10 10%-10° 10°-10* 10*-10° 10°-10° Range" Mean”
Pineapple (n=6) 1(16.7) 3 (50) 2(333) 1.90-3.91 324
Orange (n=4) 1(25) 3(75) 1.30-2.50 2.15
Apple (n=5) 1 (20) 120) 1 20) 2 (40) 221-5.11 4.74
Cherry tomato (n=6) 2(333) 1(16.7) 3 (50) 1.00-3.39 2.96
Green grape (n=7) 5(71.4) 1(14.3) 1(14.3) 1.00-4.33 3.50
Pear (n=3) 3 (100) 5.03-5.81 551
Persimmon (n=2) 2 (100) 2.04-2.11 2.08
Melon (n=3) 2 (66.7) 1(33.3) 2.91-3.04 2.94
Kiwi (n=4) 3 (75) 125) 1.30-1.60 1.72

Total (%) 13 (32.5) 14 (35) 6(15) 2(5) 5(12.5) 1.00-5.81 451

YRange in log CFU/g of product.
ICounts are given in terms of log CFU/g of product.

Table 2. Total viable counts of aerobic psychrophilic in fresh-cut fruits sold in Korea

Numbers detected in each range (%)

Sample species NDV <10* 10%-10° 10*-10* 10*-10° 10°-10° >10° Range? Mean”
Pineapple (n=6) 2(333) 1(16.7) 2(333) 1(16.7) ND-4.29 3.69
Orange (n=4) 1(25) 2 (50) 1(25) ND-3.51 3.02
Apple (n=5) 2 (40) 1 (20) 2 (40) 2.00-5.43 4.96
Cherry tomato (n=6) 1(16.7) 1(16.7) 1(16.7) 3 (50) ND-4.60 423
Green grape (n=7) 5(71.4) 1(14.3) 1(14.3) ND-5.26 442
Pear (n=3) 2 (66.7) 1(333) 5.06-6.61 6.44
Persimmon (n=2) 2 (100) 2.20-2.30 226
Melon (n=3) 1(33.3) 1(33.3) 1(33.3) 1.90-3.08 2.80
Kiwi (n=4) 4 (100) ND ND

Total (%) 13 (32.5) 2(5) 8 (20) 6 (15) 5(12.5) 5(12.5) 125 ND-6.61 5.35

ND (No detection).
YRange in log CFU/g of product.
ICounts are given in terms of log CFU/g of product.
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ol Fo7t Bad Row Ak} T3 B A7) Ade
2] 9 ¢o] 7k HAAXRE o] AIFHUS 7FEE Al
sta Qo g Auzte] ok 2ldHoe] e uf Al wkE
A7 T YR oS AWeia 3l
S AR 407 F 30%14] 74*32;10@ AZ HY
ND-3.62 log CFU/g, HH< 242 log CFUge R #HZE YTt
(Table 3). =] AlM#o] 2Fo] A+ 42 1g T 10 o3}
2 A E =, & A3 BE *1*3011*1% o] EQE
101 71 At wie] A BE A|RoA tiigtto
EH9oy odx|, 7, WEL gFFTo] BE ABAA B

e

=

AZE HAUTE Jang 520212 = AdHe] Y 100719 W
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ok BAIBFATE T3 Graga 52015y 6872 A dHo] A}
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110-350 CFU/g8] &0 & thadoe] AEHYL, I A8ES 3
71e] AdFre} 1719 B WS ¥gheitia B sl Song
5017)2] AT 39079 AlXHe] A FoA At rﬂﬂ
o] ZHzb 1.03+2.469F —1.03£1.04 log CFU/g AZHAL, 21 F
340 g+t 715 28Tl Bt gt @
FRAR AZEHUE BHH] AFAFOR AMEET] Wi
ARG QBT Do, WA 2 AAREA HF5E
% _ﬁ_ul—zﬂ 7]"41\4 [e) \A—;(]n]_ EH;‘]"‘TJL;?—O] Jio] OJ/H Shigella
L= Salmonella 52 EA 7FsA4E vlsi 917 | wjZol 5

7t B 3tiJo &, 2011).



812 =2 E 388 %] A 53 WA 6 & (2021)

Table 3. Total viable counts of total coliforms and generic Escherichia coli in fresh-cut fruits sold in Korea

Numbers detected in each range (%)

Coliform

Sample species 1 ~ ~ ~ E. coli 1)
ND" <10 10%-10° 10*-10* Range? Mean” (CFU/g)
Pineapple (n=6) 4 (66.7) 1(16.7) 1(16.7) ND-3.62 2.85 ND
Orange (n=4) 4 (100) ND ND ND
Apple (n=5) 2 (40) 3 (60) ND-2.88 2.58 ND
Cherry tomato (n=6) 4 (66.7) 1(16.7) 1(16.7) ND-2.46 1.70 ND
Green grape (n=7) 6 (85.7) 1(14.3) ND-2.71 1.86 ND
Pear (n=3) 3(100) 2.49-2.90 2.74 ND
Persimmon (n=2) 2 (100) ND ND ND
Melon (n=3) 3 (100) ND ND ND
Kiwi (n=4) 3(75) 1(25) ND-3.25 2.65 ND
Total (%) 28 (70) 1(2.5) 9(22.5) 2(5) ND-3.62 242 ND
ND (No detection).
JRange in log CFU/g of product.
ICounts are given in terms of log CFU/g of product.
“Number of detected E. coli (Mean).
Table 4. Total viable counts of yeasts and molds in fresh-cut and fruits sold in Korea
Numbers detected in each range (%)

Sample species ND" <10 10%-10° 10°-10* 10*-10° >10° Range? Mean
Pineapple (n=6) 2(33.3) 3(50) 1(16.7) 2.08-4.11 3.46
Orange (n=4) 2 (50) 2 (50) ND-2.70 2.34
Apple (n=5) 1(20) 1(20) 2 (40) 1(20) ND-4.81 4.16
Cherry tomato (n=6) 1(16.7) 3(50) 2(33.3) ND-3.95 3.40
Green grape (n=7) 4(57.1) 1(14.3) 1(14.3) 1(14.3) ND-5.22 437
Pear (n=3) 1(33.3) 2 (66.7) 4.64-5.51 5.23
Persimmon (n=2) 1(50) 1(50) 1.85-2.30 2.13
Melon (n=3) 2 (66.7) 1(33.3) 2.00-3.08 2.70
Kiwi (n=4) 1(25) 2 (50) 1(25) ND-3.15 2.79

Total (%) 9(22.5) 2(5) 14 (35) 9(22.5) 3(7.5) 3(7.5) ND-5.51 431
ND (No detection).
JRange in log CFU/g of product.
ICounts are given in terms of log CFU/g of product.
Ewsh Fol SAES BT A, Welsh Hitol 47 ND- © HesiE, HES) Fgelo] A9 ke pHoME 2 Az )

5513} 431 log CFU/ge.Z HAEATKTable 4). vl9} HET 9]
Hao) ztzt 52337 437 log CFU/gC2 718 EA) Yelston,
7+o] 2.13 log CFU/gCZ 7173 WA LebT) Tournas 5(2006)
o] AFolMe HY AHE] 97%A <2.0-9.72 log CFU/g¢]

ARt AEEAEd, FEEA B Bdel ARE g 30
log olshe. Uehbl mEe] 9 st e A TFgeit
sk AN 9] EUL ouBITty BT} Abadias 5(2008)

o] ATl AlxHe] HUe] gare] W7t 1.74.9 log CFU/
g2 2 eI, Graga 5(2017)9] AolME 160712 LA
aRel FFo|7} 23-104 log CFU/g] FFo 2 AZEHU &
3l Seow 5(2012)2 Atz W, @R oA FR} FFo|o
ol 247+ 1,5, 12, 1.1 log CFU/g 2 Yehd AFvict
aRel Fgo| £l v LA AEEUE A
AATE FA-e FEI} FRo] &) wlitel wAEe] F

%
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=
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Tl Mol vlg] el Hullo} o] Er(Tournas?} Katsoudas,
2005). Tournas 5(2006) &R} Fgo|7l 243 HAojME=
Z*‘OP] AHA T &4 dHo] =EHAS We 5]
e o] AFET BIssnt HEo *"*4401 ol A

3‘

WAYE AR Zgols WA Lxo Xy o] 7153 wek
aRe} *%}0101] o]t Lu—% WAs] Sl AT 14 &
LMEHO| B thE AFE Mz 2 24

Adde] #d 9F9 *-1% &+ A% AIE= Table 59 2tk
B. cereus= WoIA F 17(2.5%)°] HAEFJL S awreus= WS
EntEe} wjollx] zkz} 273 1710] AEH ] ¥ 371(75%)°] A
ZF ) E coli O157T:H7} Salmonella spp.2] 3% e A&

M HEHA &Skt
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Table 5. Incidence of foodborne pathogens detected in fresh-cut fruits

Number of detection (Detection rate, %)

Criterion Bacillus cereus Staphylococcus aureus Salmonella spp. E. coli O157:H7
Pineapple (n=6) NDV ND ND ND
Orange (n=4) ND ND ND ND
Apple (n=5) ND ND ND ND
Cherry tomato (n=6) ND 2 (33.3) ND ND
Green grape (n=7) ND ND ND ND
Pear (n=3) 1(33.3) 1(33.3) ND ND
Persimmon (n=2) ND ND ND ND
Melon (n=3) ND ND ND ND
Kiwi (n=4) ND ND ND ND

Total (%) 1(2.5) 3(7.5) 0 0

ND (No detection).

A4 o] 21F9] Bacillus cereus =W 71 42 3 log CFU/
g ol3t2 AL Ut B cereus= i 17T AEEHAA T
3.18 log CFU/g 2] o] HEHHA 715 4o 43t
AT} Shim 5(2015)2] AT B cereus’t ¥IS #|9] 3+ 22 Foll
A BT EAE HEA B d7et fARE 295 B S9
AtE HFVEANA FYS v 271(33.3%)01A H 04 log
CFU/g o2 2 A3un WA AESEHAA N AlxHe] e
7} o] wliEel] S9E o] WA et Aoz dts
ST} Jo 52011 FHU M =oM B. cereus’t BHE EHAUA
9 2lxHe] Ay E0] 14.5%7) 3 logE Z3sAA 7|50 F-3
AR, T F 37.5%9] AL A =Tt 7S Z A
Fo|7F Fesitty BIFITE Tango 5(2018)9] AF+= 3607
o] AA FAHEOA Bacillus cereus’t 503% o2 =A A
EHA=H, B cereus7t A1 AR #HIA AHFES Bol
Jo7|7] %= #olgt sE AF A=rt oW AF kAo
EA7F € 4 Aot BAEHTE B careuss TFHE 2% H9
HlgiA AA FakE Ao BAR B A= LA B
ol sk} 7o) ARdAAle| dE] EEIA e H4Y Ao
2 A55S Ao ] wiRel F7t 83ItHOh 5, 2018).

Staphylococcus aureusS AFAEH otk Aol 7dall zAA
of gl FaxsiH, Aol I gAlsted AFH AlEe] 29
2 7}sA0o] =3 enterotoxing AATIHA 2F5ES dod|E
ZAog d4#HA UrHCho 5, 2011). Table 5949} 7o), W-e E
utEel wjolA zkzk 274(1.70, 2.30 log CFU/g)a 171(2.34 log
CFU/g)e] HEHNOH, 27339 7122 log CFU/g) T+4°l
TR AlEE 27102 ERIEIT]. Johannessen 5(2002)y2 173
79 B71E A% A, 15%] AFlAM Staphylococcus spp7t
TR Eem, 2719 A8A HE4AF S aweus7t ERAEATH
3 BIEATE Kim 5(2011)2 A =7 3143 AAHo] A&
F 6040 et S aweus QLPE BALS Es) 7tz Ho)
0.93+0.48 % 1.65£0.57 log CFU/gC. & RE A 87} 713 23
ST o, S aweus’t AL G vt Al 2 3 ¢
Aol vl Z G g 4 Qo] AFEY A AUt ulS- F
|3tk HIsHT

2 Aol AgHE AlMHo] LA E coli O157:H7=
Salmonella spp= 525 HAIARNA EAZ =AU o9} #HA
B gREe g2 AFNME E coli O157H7S AEHA 29k

ow, Salmonella sppi= AZHEZHE wf$- HS FEOZ HY
Atk Zhang 5(2020)2] ATellAE 1007072 AW e] A&
o] odx %A} A} RE ABAA E coli O157:H73
Salmonella spp7t AZEA] U3, Seow 5(2012)2] A+%= 125
79l AxHAHe] FAHENAM E coli 0O157:H79} Salmonella spp.7t
AEEA gytiz Bg vl itk Roth 5(2018)2] A-t-ollAM+=
40172 21X FAEANA E coli O157:H70] AZEHR 23kA|5
2710] Salmonella ¥4 2 EPEO M, Bae 5(2011)2] SA-ollA
= AA 10079 A BIX E. coli 0157:H7S AEHA A vt
B3 A8 1740A SalmonellaES 13 AS2 RIS T] o]
o] o3 AFolA E. coli O157:H73 Salmonella spp.2] 7
AEE WA, Olmez(2016)= 2 AldHo| &3 A
] A= AVAEANA E coli O157:H7Z Salmonella?} T8 A
4o =2 g3l 9lor oo} AHH AFE AlEe] A%
7Feka vk WISt} E coli O157:H72 Salmonella spp.2]
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