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Abstract

In this study, we investigated culturable bacterial abundance in various crops. Total
culturable aerobic bacteria in tomato plants were enumerated on NA and it showed
that the amounts of viable bacterial cells were changed among the different parts
of the plants (roots, stems, and fruits), ranging between log 1 and 4 per g sample.
To investigate the bacterial abundance dynamics in different crops, culturable aerobic
bacterial cell numbers were enumerated on NA and compared between the samples
(tomato fruit, sesame leaf, and green onion) harvested freshly from one field trial
(Yangsan, Korea). In this trial, the number of total culturable aerobic bacteria of the
samples were 8 times higher in sesame leaves and green onions compared to the
tomato fruits in the field. Interestingly, culturable aerobic bacteria on MRS were only
found in sesame leaves, whereas lactic acid bacteria were not detected in tomato
fruit and green onion samples in this field. We also found that the field location
(Yangsan, Gangneung, or Busan) influenced the number of culturable aerobic bacteria
on the surface of the crops. Tomato samples freshly harvested from the different
field locations were tested and showed that the amounts of culturable aerobic
bacteria on NA and MRS agar were significantly different based on the field locations
of the samples. Finally, lactic acid bacteria were isolated from all the tomato and
sesame leaf samples used in this study, showing 20 and 28 morphological diversity.
With these isolates, we will be able to conduct further biological and functional
investigation to develop a new probiotic strain originated from the crops in Korea.
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Enumeration of Total Viable Bacteria in Agricultural Crops
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20024¥ AIAEA7IHWHO)E = A1 3 s A7 1-HFAO) M=
‘mRHlo] QEIAT R RS S AFGIE W 59 1SR
< 7H Q= Aolgl= mAE o2t A 2lsttKWHO/FAO, 2002).
F2o] ZEHlo|QE JFEEE fANl &oiH, &5 U |l
9] S Adfohs B0 30| AR S| o=pAgtt
(Ahn, 2011). @A tefet ZEHpo]QEIA A|Fo| AH(HH], A
AL A 9 5 SYAHE 52 okl A&k HHOE
2H|ET Qlom, T APgo] A& 0= SiE|1 }lriAhn, 2011).
IZHo| QEA] 28 HPBE]] AN §AIE, A, A4 5
O] g Ao FH5HA EAeHH(shin er al, 2017), ZEHO|Q
g nEE 48R ANEE WS Lacrobacillus spp. H
Bifidobacterium spp.©l 514 (Ahn, 2011), 4X9] F£2 ¥&E
ANEO 2E Jeuconostoc, Lactobacillus, Weissella%} Pedi-
ococcus spp. 5°] UtHlee er al, 2016).
Frabt- SR AREER o}, A= Qe TRt 2 #H 5
AAEo= AMaeh, AAAC] QA Ex2=lo] ItkPark, 2019). 7]
EL tofotal EBHAQl S04 EA6E7] d2oll(Johnson et
al, 2015), "E 232 ol 9 d&stal FAlohk=s A2 TRt
ATollA AR AR -8 Fofe] HHoR 2gE & thWolfe
et al, 2015). TEpA] £ dAolal= =t TRt A9 EYIA
71 A oldst] fANES FEolE, tE A YGolA Azt 2
< 7Y A=Y o 8} A2 A oA At vE SR AEE
9] 5 FHZCE Hwsilth ol B9l thRt A gt
A0 TE AR Eejof| s 1 AHEE AtstarAt ool
o} ESH FHo) EAcks HRt i 9 HASL2RE fAF
< wE5o] EEE FARSHL, TSRt 22 fafl] JAA )
O|QElA W [ANF SHSIIA}; SI9IT.
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£ doAE EvES A, diupt AR AMEERleH, Ent
EE YA TY AAEATA AvERGIIATAE S}
AA A A PAFA| Q] EntE, QFAlo] Q1 Blitoll A At
UL, ¥ 7, A, GALOE sl Pt AP F 4
Hog olfojxon A AFoAE = |&AT+doA AT
HEe BEHlE A%E olgot FEEH, 714, ¥7], B2 &
W RS ERE YolEYY, F WA Ao 22 EvlE
Z12.9] FATES ALgslo] F71EE B ulAES] AR F o
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S0} GAFS AE3P] Y8 1.5%2] agar(BD, sparks, MD,
USA)7} 228 Nutrient broth(BD, sparks, MD, USA, ©]a}
NA agar)®} MRSBD, sparks, MD, USA, ©]3} MRS agar)°| Hj
Ittt Al A AolA= A EVfEE oldsto] nldES
2Fon, upxd AP FiF Ente, Q] s RxE &
ofHgtt}, tBE Halof ARSI AL 0.1% peptone buffer(BD,
sparks, MD, USA), sonicator(Brason, 2510EDTH, 40kHz,
USsA), 94E8]7](gyrozen, LaboGene 1580R, Korea)o|H, &
ARl FH5E dot7] o) NA agars ARSI E3F 7
9] gAkre] B 5 el MRS agars ARSsIGich AY dik=
GraphPad prism 8.4.3(GraphPad SoftWare Inc., USA)Z ©]
Bofo] 1 yehfal SARAS Zgsiitt o T Qb
T 719] A& ®]F A] unpaired Student’s -testS, Al 72| A&
£ H]1 A One-way ANOVAE ARS3IIC)
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ENE Mx9| 2o/d niME =2

EntE Ax0] ¥H vEE P S floto] 8714 &
A(162.5 g), F4(19.9 @), 7HA1, 7HA2, €71, 4, 4, S
THEIYTE FoEE MRS ERfE Hxo| W nBES Eeot
7] 918l WA =S FAE S78% = ARE B 0.1% pep-
tone(BD, sparks, MD, USA) buffer®]] o] ultra sonication&
105 AYs195tHThomas er al, 2013). 019 S5 T}
93l NA agar©] ultra sonication®] ¢ AEZ2H(0.1% pep-
tone buffer)& 0.5 mLA& spreadingd}o] 30TOlA 24A17 vk
Eipig

ENlE MX0| HMED| MT F = XI0| 22l

A 108&2T ultra sonication?t 0.1% peptone -SHS G4
(3,220 xg, 158, 4C)3t Z(Thomas et al, 2013), o] & AFs
Aol B4 23S 5ta] NA agaroll 0.5 mLA spreadingslo]
30COlA 24A17E HiFSIGIE. ol YR AT F+i AlE
Hlwsto] AHE7E F o|FoFEAE AHET] Hsf A3t
o YiEe 2, pellet S&ATA Hlo]AZHPo|E HAS 9
Stof 80T Hyksiict.

EOIE pjAlo| HH O[ME Fe

EntE AzolA =710 Atgle] Aoz I 67iE At
7Hog ndE EYE oiglth EntEs & 4, S0 4, &
< I 3ERE 2t 271 2704 F 6719 S A9

2 AAsta, MRS FAE &% & E+H 0.1% peptone &
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HZ Tpio] - A= 77t do] & 3M 208, S I 158,
ZR2 AL 1080 F yltra sonication AASFATHThomas

et al, 2013). 4TS LotH7] YA NA agarol] 1 mlA
spreadingd}1, AR FAkE B8] HI5te] MRS agar
ol 1 mL spreadingdto] 30C Al 24A17F BiFoiTt. S5 ulo]
J=zHlo]go] B4 9ol YHER](3,220 xg, 158, 4C)5t] A
S92 H7]5kL pelletdt -80To] EH3F¥ct.

EOE, 749, ool BH ojd=E 22
Z N5o] FAE E4% 5, EBH 0.1% peptone bufferg Al
37} A4 dkE @of 2087k ultra sonications AAISH & ujAY
B Eotlt}. S5t fAFS AR 8]l Ultra soni-
cation®] ¥=¥ 0.1% peptoned YAz} 108 A%t SHS
NA agar®t MRS agar©ll 1 mL¥ spreadingd}®] 30TOlA 244
2k eeFstoint. E3 HHS AHED (3,220 xg, 154, 40)51
pellet?t 80T Hsto] o] % 2+5 njo|A ZHolE el £4
St SoiTt. A EREES} A9, tinte] ndE Eefe= F Al
o A4 ¥HEsto] ZYst3ict.

HI

A=d Ee2lgt 7o = Akt

AEEE 3H UBES E2loto] NA SPdEiR|2F MRS gHdHEA]
o] A2t #= (T4 xARESE 0.1% peptone(mL)l/{A=E2] F7l(g)
x A} x 8J4Juli4~(A: spreading Al £33+ 0.1% peptone buffer)
9] A& o]g5to] log(CFU/g)9] #Ho& 3Tt

=]

MRS SHMHIX|ZRE A2 # 22

P ZF AR MRS agar2HE 2 w2 T colonyE &I
93f streaking?t ¥, FEfSFAo® PRSI @Y colonyE
MRS brothell F&ste] 30Tl 24A1%F wiefstaL, wtol A2hd
25% glycerin stock< AF5t0] -80T o HIa}ch.

o
Z7 Y 1%

ENE HEO| CiYst 220N Y 7iset Sds &
Fig. 12 EHIE Ax=25H Eefsh uES NA agar(©]st NA
iAo A BTt - WAL Adlold}. EnfE AxE
T 270(162.5 g, 19.9 @), F, 7] 7ML, 7H2, o= &
stlom, HrtHog Fo] AAQHQ FH4E etetiat okl
o}, 8719 AZERE NA 3 HiA1E B3l ¥ = AR 1 g

°F 474.5 CFU°] A&= 91, 53] fejolA 5,888.4 CFU/g>
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Fig. 1. Total culturable bacterial abundance on the surface of
tomato plants. Total culturable aerobic bacteria of tomato plants
were enumerated on NA agar. Samples (tomato roots, tomato
stems, tomato leaves, fruits and soil) were freshly collected from
Smart Farm Research Center in Gangneung.

2 7P B2 o] Aok 9SS RIS ol 9F 41.7
CFU/go = 7P A2 9] ool A&H HA(162.5 99 +4%
H WS of, oF 1418) @2 o] EARIH= AS RIS
Seo(2017)0 wEw #e] A9l 99, A, o FE2E 15
A, 5%9] FA] §AkFo] 107 CFU/mL o o& AJL{3h= Ao
QIE QL oF Fal, Hel AE EE A& HeEo] A5k
FARFS HIEeh uAE] 2] A7t 9ad Aole) wekEh
EvlE 3H0] HL oF 4.8 CFU/g9] Aol 74(19.9 g)o] T
W2 o] wo] AEFHouE EntE Mok o] A4S &
U5t

ENE 20| Exi5k= Y 7St 0l8=2] X8 x10]

WA APS B8 Ente FHAoE o] ZAIRHE AL wielst
T, o2 M99 Entg 39| #9] £X §EE AR 4
T AGEARGEA], AAEE)S Aot9itt Fig. 25 FARFHA|
oF oA e EvlE Mol EAcks S NA gHd v
A2+ MRS agar(°]st MRS 3Hd 8jZ])o]| spreadingsto] &3t
w55 UERd Aoltt. 5 EnFES} A ENFES NA 3 HY
Aof| wjyet A}, 247k oF 5,011.9 CFU/g, 9F 50.1 CFU/g2] #
o] A&E|oH, F 1004 ol zlol7t drk= A& ERIskirt
(Fig. 24). G AL WAt BEnlEL 99.9%9] A1Z7L7L olojlA] &
Ao E FoHQ Zpol7} k= A& FRIskTt. HAHQL f4t
7S AZ384 MRS 3Hd HiA|o]| spreadingdto] wjUst <
Al A9 5 tiA-olA] 25.9 CFU/go & 7H§ ol A&=|9om,
99% AlZ2E QtollAl FejF o g Zjol7} Wit E3h 7S EVlE
o] A&kl 1.9 CFU/g9] 25.1289H29] o] AZE o] ZAZ
AR Al A9 F A7 7 B2 0= oot 4= QlrkFig.
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Fig. 2. Culturable surface bacterial cell numbers of tomato fruits from different fields. Culturable aerobic bacteria of tomato fruits were
enumerated on NA(A) or MRS(B) agar. Tomato fruits were grown in different locations (Gangneung or Yangsan) and freshly harvested
for this study (A, B) and Daejeo tomato fruits were from farmer's market in Busan (B). The average * std of two to three individual

fruits is shown for each bar (":p<0.001 by unpaired student's T test(A); ":p<0.01 by one-way ANOVA(B), ND: not detected).

2B). YAt BEntEo|A= o] HAEEA] Aokth(Fig. 2B). A Ent
B AR s BAT, o2 Ao vig AAH g4
o] EAfelA] F= Aoz AE WHrHFig. 24, Fig. 2B). Kim
(2018)° W= Alg9] AFH Al7] @ A G microbiota w4
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Fig. 3. Total culturable aerobic bacteria on tomato fruit, sesame leaf, and green onion in the same field. Culturable surface bacteria
of different crops from the same filed were enumerated on NA(A) or MRS(B) agar. The average + STD of two to three individual crops
is shown for each bar (: p<0.01, ™ p<0.0001 by One-way ANOVA). ND: not detected.
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Table 12 7} A=A £213E nP=2 MRS HdHiAIelA 30T,
24AIZY sl A2 w2 FEiSHAoR FEe i Zolth §
Hiohdos Enfe 32 20579 ool dEHdeH, Al
285F2] ol HEHU. divk] B¢, MRS HdHiA|oA o]
HEEA FAT. Ko er al(2013)0] T2 571 2] Thefet
7Y AAZRY A SR, 1 2 12459 24

Table 1. Morphological classification of lactic acid bacteria from
freshly collected crops

N2 E% 5 HEEEH (mophoogy) SHO TE 7

EniE 20
7349 28
CH NA

NA: not available.

A B
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a
T a
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g g
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%), 625 BRYA, 9959 MFUA, 3359 A2 7}
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e ) ErhE T AL 242 3 A BoRNE 20% oY
o fANFS Befsigon, ol EvtE I3t AQ ] R}
clRt 9] gkl EAISE A0E WRY 4 Urk

YIMEaI9t yltra sonication AlZte] XEM

Fig. 4+ A4t YHEET ultra sonicationA|7HE =&
A Aol A ARERE AR ultra sonication Al
F log(CFU/g)2}t vt Aot} EntE Ax AFA ARESE
UAEE(3,220 xg, 158, 4C) YHS 5o Y& A5
T Aolg WA AN AT YR 2R W
HAHEE o] NA PHHAE Bof AETH ol dAlEd oA
ofl "3l 96% o)/l AAHS ERlIst e, pelleto] F4AL
2 HgE0] FAE Q7| f2e] vle]3E2nold HE 4 A &
A7k Qi s Ailae] WRo] stk 482 WRlthFig.
4A). Fig. 4BoA= A& & AAISE ultra sonication A7l wh
£ NEEY # log(CFU/g)9] B2 Uetd 2=, 7P} 22
o] AEHE AL 158 T 7H) w2 ool HEH ATl 20
2ol A oF 4 B HEE|I) AlolE ERIT &= AT BA AR
Aol 93-S ERIstrt. 2087t ultra sonicationA] EEH
At °F 105.7 CFU/gdl FH= HE=R 7P 243t Zos
ey

-

&= x0lo M= OlE 22| Al A 1 g 0.1% pep-
tone(mL) E&
Fig. 5& Tl AE(ErtE, Y, tiuh)E o83t AY A, 1
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Fig. 4. Optimization of sample preparation to enumerate the surface bacterial population from freshly collected crops. Culturable bacteria
was enumerated before and after centrifugation (A) and from the samples processed in different sonication time (minutes) (B).
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AE 228 Yol ARSFE A= 1 g9 0.1% peptone buffer?]
HS Yepd Aol AU 1 gF oF 14.3 mlL, tute 1 g&
% 13.1 mL7F ARSEIIeH, EFfEE 1 g7 oF 1.3 mL7F ARSH
At diufet A2 EntE Al Bl oF 104] F=2 0.1%
peptone buffer’7} W5, A& 1 ¢ 10 mL °JA9 0.1%
peptone buffer7} Q3 A0 F HWTAsITt EntEE 99.9%
AZT27E QtoflA fojH o0& Zjo|7t glom, 1 g oF 1.5 ml ©]
9] 0.1% peptone buffer’} A3t Folgk= 22 Witk

LAt 2

£ Q7 Soldfe 20199 AYmLnk] Q7H|e S,
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