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Changes of Bacterial Diversity Depend on the Spoilage of Fresh Vegetables
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Almost 10~30% of vegetables were discarded by the spoilage from farms to tables. After harvest, vegetables
are often spoiled by a wide variety of microorganisms including many bacterial and fungal species. This
investigation was conducted to extent the knowledge of relationship the spoilage of vegetables and the
diversity of microbes. The total aerobic bacterial numbers in fresh lettuce, perilla leaf, and chicory were
2.6~2.7x10°% 4.6x10%, 1.2x10° CFU/g of fresh weight, respectively. The most common bacterial species were
Pseudomonas spp., Alysiella spp., and Burkholderia spp., and other 18 more genera were involved in. After
one week of incubation of those vegetables at 28°C, the microbial diversity had been changed. The total
aerobic bacterial numbers increased to 1.1~4.6x10%, 4.9x10, and 7.6x10® CFU/g of fresh weight for lettuce,
perilla leaf, and chicory that is about 10* times increased bacterial numbers than that before spoilage.
However, the diversity of microbes isolated had been simplified and fewer bacterial species had been isolated.
The most bacterial population (~48%) was taken up by Pseudomonas spp., and followed by Arthrobacter spp.
and Bacillus spp. The spoilage activity of individual bacterial isolates had been tested using axenic lettuce
plants. Among tested isolates, Pseudomonas fluorescence and Pantoea agglomerans caused severe spoilage on

lettuce.
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Aol X4z |2jo] A ol F
Nguyen-the2} Carlin, 1994).

) F-E-2] 2]E-L polysaccharide cellulose, hemicellulose,
pectin 522 M EHo] o]Fojx] o Mo JH=E
PEEE AT Aol FlE Yo7 B2 MAE
tjeksl Rl g as /ng/ﬂ Hulshy o]# sk polymerg

st A= Al Fast Yoy FROE AL
43} (Miedes®} Lorences, 2004). F3l 2 ollA] A1 A=)
’\94 91?419] FE7t Y= B WA E FHete] A
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(Whitehead 5, 2002).

st E4E o]&st AEAEE et wiFut
& 5o AT Fajdd Hoste Aol o
g TRV AFE] e dukAoE F dHxl Al
© 2= Erwinia(Pectobacterium) 9 &3l dFE°] 3
o, o|9ol| = Pseudomonas chicorii, Ps. marginalis, Ps.
syringa ‘& X3FsH= Pseudomonas spp.tr, Xanthomonas
spp. 5°] A=l ATk Tournas, 2005).

Fofjito] AL Au) Al71E HIRS 8, fF

o|27|17kA] & AL 12%
o] &4lo] WA= Zlo g HiHo] 9o (Pariser, 1978),
UM 10~30%2] AaF7F Faljol] s WXL Qi

Aol ofgt =8 o] FAHES] Fujjof &3k B4l
azgol| wgt Al e] A S244 F 24 F (ready-to-
eat food) 52 XS A AAFeo Aoy rdE
LAE #AF A7 FES] o] FoIA AL YTH(Choi T,
2005; Jung &, 2006; Kim 5, 2004; Lee 5, 1999;
Magnuson 5, 1990; Seo %, 2006; Seo 5, 2007). F=3F 2]
5 BHedTel dis HSE AEHeE AFEHIL 2
t} (Abadias 5, 2008; Viswanathan®} Kaur, 2001). ZZ&{1}
oo mE Al o] ®st 9 P g AT e
Wol o] FoX|A] ¥al e AAe|th

A 2 Ae 78§ A e Aldas 2
Fo Aol EAlste Mol TS AN, AaF
o] Fafjo] wE A+t TFHE} DEO WHSE dolr A}
sttt o Yot AdA AF/E For7e AldS 5385
of, AMAf 0] RS o & WA s 93 72 AE
2 ZEHEE st 53

AR, B dyo) AgdE AFZE 20099 2¥HH
3E7HA] MEH A7 = F A9 diFERIA, k=
Al Al Fal| 7} o] FoiA|A] eF& HF vl Fejel Al
AANEFE FYEAL MM AR vy EFS 17
AeiM e s & SA AFLARE Nk} §AIZE o]
o] Agdel Abgstaion, a7t dojd 59
Aaie dad vdgol zzte] AFEE v
oA 77 HAs & Hal7t dojd A EE ARSI

F3A97) A A, HE A0 A Qe
Aol 2ASte] thest o] AASATE AAE 247

25 g 225 m/9] EH¥ peptone water(Oxoid, England)2}
Aol 2Er] Ao ¥& & 2ERFE o] 85
17 dAstssh. #2dskd &9 25 miE 4,000 rpmol]
A 1587 el § 35S AASkAL BitE peptone
water 1 m/Z @E3IAT Aozl AEA-S 10%0]4] 10°
7] T GAME R 81438 & nutrient agar(NA; Becton,
Dickinson and Co., USA) Hl| Aol Z=&3}o] 28°C -2-Hl
GF7101A 48417 vl FetTE. ZHzhe] wjR] e FAH F=
YE A58l colony forming unit(CFU)/g of fresh weight
o= At
Aol e g A

=3 & o AT
£ 918l -80°C W-saLell Asiict. 22| #5155
7o A wjAle] HEst] AFA vk B IS g
A3t o, H52gt AxE Hole #5ES Fo o
Mol ZFe 2 Urdth 2H2te] 259 1071414 thit
o2 A3l & Biologet 16S rRNA @714 E £41& o]
23l 57431 (Macrogen, Korea).

BiologE °o| &3t #el]#2] 4. ¥ AlFS tryptic
soy agar(TSA; Becton, Dickinson and Co., USA) Hj=] ]|
HEot] 28°CollA 24~48A 7k iR -, AT AFS
W20 7 2F k] GN/GP-IF(0.4% sodium chloride, 0.03%
pluronic F-68, 0.01% gallan gum) &< o] 5x10® CFU/m/
FEE HES 3 77 GN2 microplate(BIOLOG, USA)
150 u/ H-3ako] wjokalAtt. 24-48417F W% & Biolog
A|="lE o] g3t 4] B FA ST

16S rRNA A B4 <& o] &8 £2F2] 4. TSA
iz oA 718 MldS ©]-&3l] Macrogen(Korea)oll 16S
rRNA Ad E4& olFaiqlnt. 2H2e] #5258 dojzl
16S rRNA 1714 €& National Center for Biotechnology
Information(NCBI) A ¥ ol| 4] A|F3}= BLAST ZZ 17}
S 0] &3} GenBank database®] SEE o] U= F7)A
g3 v, 435t F74 33 thhttp:/www.ncbi.nlm.
nih.gov/).

g Ao WEA HA. R AaflA 2
gk th3E Al 1859 WS AT ZH2te] Al
S TSA wjA e HE 38t 28°Cell Al 24~48A17F vl gt
T, A #5S HEeE AFHs 5484 (10 mM
MgCl, 0.01% Tween20)ell 5x10° CFU/m/ =2 @&
sttt AEA S Tt W Fe AFel E571E ol&st
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Za o na
3o AFe) & 5714 Z Wk Aa Huv) Aol

U7 Az Qo 3o & 5714873 o] HAZHS Table
19 urawom Faf7F dejupr] Al Al g A Aol
Aol Bt E 3714 # FE A32(2.6-2.7x10° CFU/g),
A8 (1 2x106 CFUlg), A9 (4.6x10° CFUlg) £ ¥
o].q, JH7]. 01011,]. _/] = §7]/\4 T+ 5 1: }\]H ZH/\
Fol Aot MR R, FF(1.1~4.6x10° CFU/g) 712

Of

(7.6x107 CFU/g), A%1(4.9x10" CFU/g) =22 =%t} A
HAEE ARE 3, A8, 271 BFolA Rzt o
olutz] Aol wis Ff7t dojt ol F 3718 o+

7k ok 10° CFUJg A% S7ketint. ol Falao] A4
£ FAIE SAERAAY e Tt o =23l
ArzHE 428 YRS olgelel e A Ads
o] Z2Al8t Ho =z AArHET)

Table 1. Total aerobic bacterial number changes according to
spoilage of vegetables

. O LA

3 - A - fFE - 3147

Bl AFe Al T, 2 AnFe ) Ao
FE Al Table 2~590 Bttt A &edA =
210 & 27%8] Alatol, g Ao e 1470
14%0] A=A, B T o] FoARA] &2
55 7|EHothers)2 734 TH A AaFol wE FullF
o] FR9 EEE, AT s Fu Hdll= Pseudomonas
sp.(29.5%) > Alysiella sp. (15.5%) > Ralstonia sp. (6%) =2
FAENoY, Rl Fol= Pseudomonas sp. (45%) >
Arthrobacter sp. (12%) > Bacillus sp. (5%) =22 574
Ak HAFo A= B3I Hol= Pseudomonas sp.
(26.9%) > Burkholderia sp. (10.8%) > Brevundimonas sp. (8%)
o2, Hil] Foll= Pseudomonas sp. (36%) > Arthrobacter
sp. (12%) > Bacillus sp. (8%) ¢ 2 TR = ATt AL L B
3| A= Pseudomonas sp. (27.5%)>Ralstonia sp. (10.8%) >
Alysiella sp. (9%), -3 Fol= Pseudomonas sp. (48%) >

1B ofie of

Table 3. Bacterial diversity isolated from fresh or spoiled red
lettuce

Fresh Red Lettuce Spoiled Red Lettuce
Number of total bacteria No. of No. of
Vegetables (CFU/g of fresh weight) Strain Isolates Strain Isolates
Before spoilage After spoilage (%) (%)
Red lettuce 2.6%10° 1.1x10° Acinetobacter calcoaceticus 1.5  Arthrobacter sp. 12
Green lettuce 27%10° 4.6%10° Actinomyces canis 0.3 Bacillus sp.
Perilla leaf 4.6x10° 4.9%107 Alysiella sp. 1.5  Brachybacterium sp. 3
Chicory 12x10° 7.6x107 Bacillus licheniformis 0.3 Chryseobacteriumsp. 4
Bacillus mycoides 0.3 Pseudomonas sp. 36
Table 2. Bacterial diversity isolated from fresh or spoiled green Brevibacierium sp. 1.0 Psychrobacier sp. 8
lettuce Brevundimonas sp. 8.0  Sanguibacter sp. 8
Frosh Groen Lettuce Spoiled Green Lettuce Brevundimo.nas vesicularis 1.8 Serratia sp. 3
Burkholderia sp. 10.8 Sphingobacteriumsp 6
No. of No. of .
Strain Isolates Strain Isolates Burkholderia glumae 1.3 Staphylococcus sp. 8
(%) (%) Chromobacteriumviolaceum 2.3  Others 4
Actinomyces canis 0.3 Agrobacterium sp. 3 Corynebacterium sp. 0.3
Alysiella sp. 15.5  Arthrobacter sp. 12 Curtobacterium sp. 0.3
Bacillus licheniformis 0.3 Bacillus sp. 5 Dermacoccus sp. 0.3
Brevibacterium sp. 0.3 Brachybacterium sp. Enterobacter sp. 1.5
Brevundimonas sp. 3.8 Chryseobacterium sp. 2 Gemella sp. 0.3
Corynebacterium sp. 0.3 Pantoea agglomerans 2 Pantoea agglomerans 0.8
Curtobacterium sp. 0.3 Pseudomonas sp. 45 Pseudomonas sp. 26.8
Gemella sp. 0.3 Psychrobacter sp. 5 Ralstonia sp. 3.0
Pantoea agglomerans 2 Rahnella sp. 4 Rhodococcus sp. 0.3
Pseudomonas sp. 29.5  Sanguibacter sp. 5 Salmonella sp. 0.5
Ralstonia sp. 6 Sphingobacterium sp. 5 Sphingomonas sp. 0.5
Rhodococcus sp. 0.3 Staphylococcus sp. 5 Staphylococcus schleiferi 0.3
Staphylococcus schleiferi 0.3  Others 4 Staphylococcus xylosus 0.3
Others 41.3 Others 36.5
Total 100  Total 100 Total 100 Total 100




Table 4. Bacterial diversity isolated from fresh or spoiled perilla
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leaf
Fresh Perilla Leaf Spoiled Perilla Leaf
No. of No. of
Strain Isolates Strain Isolates
(o) (o)
Acinetobacter calcoaceticus 3.3 Agrobacterium sp. 4
Alysiella sp. 9.0  Arthrobacter sp. 12
Brevibacterium sp. 0.3 Bacillus sp. 2
Brevundimonas sp. 2.3 Brachybacterium sp. 3

Burkholderia glumae 1.8  Chryseobacteriumsp. 2
Corynebacterium sp. 0.3  Pantoeaagglomerans 2
Curtobacterium sp. 0.3 Pseudomonas sp. 48
Dermacoccus sp. 0.3  Others 27
Gemella sp. 03

Klebsiella sp. 0.5

Pantoea agglomerans 0.8

Pseudomonas sp. 275

Pseudomonas synxantha 1.0

Ralstonia sp. 10.8

Rhodococcus sp. 0.3

Sphingomonas sp. 45

Staphylococcus schleiferi 0.3

Others 37.0

Total 100  Total 100

Table 5. Bacterial diversity isolated from fresh or spoiled chicory

Fresh chicory Spoiled chicory
No. of No. of
Strain Isolates Strain Isolates
(%) (%)
Acinetobacter sp. 1 Acinetobacter sp. 5
Alysiella sp. 3 Agrobacterium sp. 3
Brevundimonas sp. 3.75  Arthrobacter sp. 15
Burkholderia sp. 3.5  Bacillus sp. 7
Enterobacter sp. 0.75  Pseudomonas sp. 36
Pseudomonas sp. 18.75 Rahnella sp.
Ralstonia sp. 2 Sphingobacterium sp. 3
Salmonella sp. 0.5  Staphylococcus sp. 5
Others 66.75 Others 17
Total 100  Total 100

Arthrobacter sp. (12%) > Agrobacterium sp. (4%)7} 574 =
e
239

Atk AA A=

Hol=  Pseudomonas  sp.
(18.75%) > Brevundimonas  sp. (3.75%) > Burkhoderia sp.

(3.5%), F-3l| F-oll= Pseudomonas sp. (36%) > Arthrobacter

sp. (15%) > Rahnella sp. (9%) =] At}

3l A3 & 25\ Pseudomonas spp.7t 7V Bol

)
o= EO} Pseudomonas spp.<= ’d/ﬂiﬂﬁ:
op7lshs 8 At o= AETE. Arthrobacter sp.=
ool U] ZA|sHe AlFoZ, AL E AEHR
ROt Fof Foe 459 AL EFA 12~15%°
|2% Pseudomonas sp. U2 & B2 AETHUTH
wEbA] FA Al o 2A] BaE fafFolr &EE /7]
S o83t FAS Aoz FAHHAL
QS 7H Ao w2 IEH A Burkholderia
Az, A, AN 12.1%, 1.8%,

3.5%9 g YA}, Klebszella sp.= AN A
ZH Ao, 53] AN = AFH5d AFAA
Salmonella sp.7} EFE ATt 0|7 & of ] AFolA=
Ao A LTI AeE5dd 22 Wil ool
=o] Slth= ARdo] 184 Utk(Abadias 5, 2008; Nguyen-
the®} Carlin, 1994; Wells2} Butterfield, 1990). d}x| %+ -
7} dojit o]l = ko] W to] BT FAEA &F
UTh ol tE Aol AL AN R EAAL,
Tl 2ES oor9o g FH o]Lskx] Ba Axpr) o}
W7} o=t

53 A5 ““ffvl A% W3l Z4F AaFolA e
ol A5 A+t D= Table 2~5¢F 2t} F-3) Zoj
= oWl &o] AdE 30%E 94 ¥e UEE L
), AT A, AL, AAZ MM 2H} 69%(13% &
92), 75%(20% Z 1525, 63%(16% = 10%5), 50%(8
% 4%)°l sFete ke &E50] 2% olate] W i

5 BT sHAIRE 7t X o] o= A
E &9 Alstol 2% ol e "HEE AR ek AFE
ATk 53] Pseudomonas spp.2l 33171 73sHAl e
<, F37E dejupr] o] o] Al A Aol M= 18.75%
MEE 28.5%0) o2& WEE BYo, Fuljrt 18E
ol Folle Al 36%lA BAE 48%l o2& & 2
5 THe FHE B

Yo AFe] A7) b sk giHHgoz Hojrt
dojub7] Ao] Al AFellA Faff o] Fo H|s| thFet
Al TFE BAh A A4 Ao e 2zt
2070 &, 1671 9] Aol =AY, Fofjzt dggh
ojFol= 107 &3 77 &o] SR EHAUTE HAdFot A
AgolM = FHE &9 ForM= Fol dFo)] & o]
£ HolA & {hor}, BEsA 0] o] FoIR A 2
7]EHothers) 7ol &3 9] WE7F F3 Ao AA
Edzay 41.3%«#1*1 4%, 66.75%AA 17%= "l§- F& 5
TO 2 BRI ol ATt ANAAME 2+ 36.5%
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Fig. 1. Disease symptoms on axenic cultred lettuce by inoculation of 18 isolated bacteria. C, control; 1, Pantoea agglomerans; 2, Bacillus
pumilus; 3, Pseudomonas putida; 4, Pseudoclavibacter sp.; 5, Microbacterium sp.; 6, Brachybacterium sp.; 1, Stenotrophomonas sp.; 8,
Arthrobacter sp.; 9, Psychrobacter sp.; 10, Pseudomonas graminis; 11, Pseudomonas fluorescens; 12, Acinetobacter sp.; 13,
Sanguibacter sp.; 14, Rahnella sp.; 15, Serratia sp.; 16, Chryseobacterium sp.; 17, Sphingobacterium sp.; 18, Staphylococcus sp..

NA 4%=, 37% A 27%= F-3 o] F dA A Fols
Atk olef g A2 HE A4 Bls) Flf gk 2 4o
ZASke Aol FR7F AL AL & 5 ATk =@
A RHE A U MBI E 2t Ao Rst )
At B Fo JriHow e FAE ME RO
= Uperton], olsh ol 27kl Aol =
A Aw Aol ek weeslsls vl 7)els B
o by Ro) Ao FAR Lol fo st 7} A
9 WE Aol2 FHe] weke W, AAA L B
7 @A G o] o= Aol thFdo] w9 ©EshAl Bt
Atts AMS & 5 Atk

22 Ao A5 59 HAA. T 18T At
< Adste] 0|59 Faljd s Tt gt 4ol it
AA A THFig. 1). 18F2] A& o A oA Fujgt
N aFolA TS Ald 5 Agrobacterium sp.& A 2]t
15% 3, ol AFoA Fafigh A ioA T4 3F
(Microbacterium sp., Pseudoclavibacter sp., Stenotrophomonas

sp) (FIEE AR)E ARESATE Felgk AaFelA 7t
=2 U9=E BRI Pseudomonas spp.ol HsX= 54
A3}E ngo =z 3719 o2 F< Ps. fluorescens, Ps.
putida, Ps. graminisE ‘A9 sto] R} AlFH o2 Haf 7
AL AT Aol HES Al F Ps. fluorescens
7F 7P AR AF] dS FEA EleH, ool P
agglomerans™ A 7}3 Ho|54S f-aslic) 3 Ps.
graminis, B. pumilus, Serratia sp.& HZE3 459 ¢
T EHAe A4S BT 28y drthrobacter sp.,
sp., Ps. sp.,
Staphylococcus sp., Stenotrophomonas spi= T34
WA eokth U A MHELR oAl e 4ol
ok, dA ds FE2A she AtEde g wixell
e FFE7IHE AT AolE Hole ZOE Hol,
olFo] AHHA R 459 Fojo] Host= FIHF QA
] SEliMeE Bo Axle A7 2esita &
b=

Microbacterium putida, Sanguibacter



AR AT
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Sl =

N AaF7T L8 E 7 7HA] oF 10~30%01] °o|2& o] Fuj
o oJaf MHAIAL AT MAFe T F FES Aol
v Fgolet 22 tgst nAES o5 |7t o] Fo
Rk, AFo] Falf o Altte] BAE dotB A} A+t
o] thdell #Agt 2ALE STk Al S Aok A, A
AgelMe] F 3714 & F= A7 2.6~2.7x10°, 4.6x10°,
1.2x10°CFU/g of fresh weight®] 1.2, Pseudomonas spp.,
Alysiella spp., Burkholderia spp.t L €19] 18719 Tt}
gk 5o gRlHATE AAT AMAFE 28°CollA L5
o FF iSRS W Ml kol WS AT &
37144 4 T 5o ALY, AAG st 747t
1.1~4.6x10%, 4.9x107, 7.6x10® CFU/g of fresh weightZ
e oH, ol= of 10 Ax F7ke FX|oltt. 84
T Al S T A B A o] Alste] &
2], 5= AT} Pseudomonas spp.7t -2 A 613
© ™ (~48%), Arthrobacter sp., Bacillus sp.7} =L & ©]
At - A+t 742 Fellss ARt FAm gt
gk 5ol HEI e, =L A3} Pseudomonas fluorescence
9} Pantoea agglomerans7} 7333 Fo & oF7]3}Sith.
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