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Analysis of Microbial Contamination in Microgreen from Harvesting and Processing Steps and
the Development of the Predictive Model for Total Viable Counts
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Abstract: This study was performed to assess the microbiological quality and safety of microgreen sampled from harvesting
farms and food processing plant in Korea. The samples were analyzed for total viable counts, coliforms, Enterobacteriaceae,
Escherichia coli, Salmonella spp., Listeria monocytogenes, Vibrio parahaemolyticus, Bacillus cereus, and Staphylococcus
aureus. Total viable counts were highly contaminated in samples collected from farms (7.7~8.2 log CFU/g) and the final
products (5.8~7.8 log CFU/g), respectively. B. cereus was detected less than 100 CFU/g, which was satisfied with Korean
standards (<1,000 CFU/g) of fresh-cut produce. A predictive model was developed for the changes of total viable counts in
microgreens during storage at 5~35°C. The predictive models were developed using the Baranyi model for the primary model
and the square root model for the secondary model. The results obtained in this study can be useful to develop the safety

management options along the food chain, including fresh-cut produce storage and distribution.
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& AAAY ool B3] AF e AEH7REES 71
owA afE *S-?]E%—r U= A=, AL T 2
o= Hejstar alD}(NAQs 2020; MFDS 2021a). 21413 ]
shEe] A = Aol wet ALt glont
Adelsike EZ‘ 1A¢] A9 dxe e A Ve
o] FAHES M7 AR, oF, o]Ed o F %
Zgefioll theliA et Hejsiar 371 wiol Al kA
of st &7t AlLE L JTHKim et al. 2019a). 2=
AR ErbEol ok 4HRRe] Qb B AFERP ALAL
W Sl 2 1o AN, tExe] § AFE Wik
HAARY 7 FAE o3} SIATHNAQS 2020).
W, AdE A E PR AitEe AlEFS AFHAH
3 1}7%@_7&/\} 2ol wet R vt} 13] o) 22kl
= ol el A2 AAE “’\10}04 1
e 7:‘ § X‘“ﬁ‘-/] 3, #7] 9
o} BTHMFDS 2021b). SR *‘Elxw Ldﬁd/] 213E-9]
A E 4L Escherichia coli, %3737+ (Entero-
hemorrhagic E. coli), Staphylococcus aureus, Salmonella
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spp., Vibrio parahaemolyticus (SNt i AlFol g3,
Bacillus cereus, Clostridium perfringens®| T3] 2] =3
ATHMFDS 2021a).

AA7EA =dollM = AR HFE QIS A= T
Aol BAER] ko), welox= A&HHOR AFE AL
7} Sk itk B3] 20119 HUolA] dojdt o|FEAE
S 23} AR A (Fenugreek sprouts)Oll A€ E. coli O104:H4
off o3k tiati 25= AlALe oF 40008 ] HAASt 53
ol AlgASEE 7123 vl QIth(Uphoff et al. 2014).
Carstens et al.(2019)9] w2 20103FE 20173714 w]=
o] 7l o)de] FollA A7} WA 255 ARl (multistate
outbreak)& A3t A3, F 85710 AldA|AFol HHFHS
o YRS WU W+t, Listeria monocytogenes,
Salmonella spp. 522 FAIERITE. o]ol] vl=ox= 4E<t

A8 (Food Safety Modernization Act., FSMA)2] #|
RS FEl 1L EHET, 2. ARES N, 3 AR
g, 4. 715 2 oPlEE, 5. AR S 2 BA9A, 6. 7]

AldE] B A7l EHSH 7S st wAES QF
A Aol 2L 7]20]3 YTHFDA 2021). oA &
S A A, FEE BEANRAR, olE 52
AE 55 &3l si=9] KA S BEde s
2](Good Agricultural Practice, GAP)E £, Alsstal 3L
O} FAkEe] g vAE flEled #Y Ve AR
&35 Aol

of| S| A= TheFst 3H0A mAlES] A, APE 5
< A5 F e 7 2dE dFcke 5}%9& °]§

o2 nAgEe] fElE AR FHE F 3
2009; Yoon 2010). <I&m| &S 7|te

sk 9
(risk assessmenty= VF|AJESHY 93] Q4E dEslaL 2\4%
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£ A|AISTH(Van Abel et al. 2017). S-S} 722 4]
AR |AF-L FAHE AA 9] A=} 227HS FAs) o3t
= AFS B At AaEAE o8-S X TS 3l
AES A7tslele] AES Eargth 2ed ol vi7kd
et WA 2 E] FEE] e mAES AlASk=T g
A7E Aol AnkAl Al AFe] A9 °F 10°~10° CFU/g
o] Fa57t EAEH, i AYE AFolA A 9 T2
2 F47F A F 10° CFU/RY] 29=2 Yehd Bl sk
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AU ANAEMNENT, Brassica campestris var. narinosa)2]
A 7 3 T PAE fEIAE B, AR
A7) fleted 20139 6~797HA] A7e, SHEE 2
AEE A ojddAa At F7FE WEste] LAl A
SEEFE 9 P E)E Ao, 20129 4
~2013d 7971 FHGE A AAH N E Ve
WRslel TYR@E, A4, AF, 95, BAF) LA
AEE ANFBIATHON et al. 2016). ZF DAIIM B34zt
it ZEAEM S o] gsle] T o® ARE A F st
4~10°C9 OPO]*HMOH nysie] olFsied, AEANH F
6A17F ool A3S skt

tlo me > 0{}1'
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2. MK | EMTe| HEEA
offelxfae] M= kY B FHES WUs] 9
8l Ft, d=tt, FWlAlel ey g S A
T}, F¢F(total viable counts)= 2)3F-8%(MFDS 2021a)°]
w2} A& 25g9 phosphate-buffered saline (PBS) 225
mLE 7}8te] 2 7](Stomacher® 400Circulator, Seward
Laboratory Systems Inc., Port Saint Lucie, FL, USA)E
o]-8-3ted 260 rpmollA 287F A T Al 1 mLE
Fsted PBS 9mLell @A 3]sttt zF ©A 314
I mLE H 3ol B3} Plate Count Agar (PCA, Merck,
Darmstadt, Germany)E <F 15 mL¥] F-o] 324 E3st &
37°CollA 24~48717F wigste] @ HekrE S6Iith
Ao (coliforms)S &3 A g4 A(10, 1, 0.1
mL) 77} /WS FE#S ¥ Brilliant green bile
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lactose broth (BGLB, Merck)ell HE38}aL 37°CollA] 48A|7F
HjgFate] 7k A -5 SISk 7k Aol SiklE
HFH2 Endo agar (Merck)oll EA1 wiF & A4 19
o] 1= Nutrient agar (Merck)oll Z41 w3ttt A
gk ol sl 2 243, ok 7hto] ERIEW A
o Yo=Y etal, 2 E53E (most probable number,
MPN)l| w} thdt-r& AF=sk3it.

FRAIES 1SO W (2004)00 whel dubdla4ee} 5A sk
Agd 1 mLE HIbo| ¥53}3L Crystal-violet neutral-red
bile glucose agar (VRBD, Merck)E 2F 15mL% F-of 31
EA| E5tete] 37°CllM 24417 v F 2%, W, Bepd
< we= Js At AT E ARSIt
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AAa AFE AREE SR AEFFTH(MFDS
2021a)°l Wt B. cereus A FEA B T8 AFEHA 4T
(Salmonella spp., L. monocytogenes, V. parahaemolyticus,
S. aureus)°ll 3l A3EA-S AT

B. cereus®] A1 ARHAFT EA I sAS AF A
1 mLE @A 848 F, Mannitol-eggyolk-polymyxine agar
(MYEP, Merck)ell Z} @7 3|4 4& 02 mLY 53] =
ste] F HEAo] 1mLe] HA gk F 30°Colx] 24417F vl
. 4378t Fgt 3ol lecithinase® A3 shs EEsH
o] gl BEA YL AT A5E BN )
ol o] AFA Fee AHste] TSA (Merck)el 4 =
Z5le] VITEK® 2 compact® B. cereusS %5 FQIsta
B3 Ssic.

Fo AFEde] AHRAE AR 25 el 7w
< 225mL 71 F @271 olgsto] 181 #dst A7
< L. monocytogenes= 30°C, UHA| dF= 37°CollA
18-24X17F v FeIATh. S+t Wi gl Fte] 7+ 8 A
ujAlol] HZF3ked L. monocytogenes= 30°C, YHA| 4=
37°CoIA 24417F mi et A== FEHe TSAC] ¥4
Tek 5 37°ColA 24417 wiget ohg VITEK® 2
compact® FE 43T

4. Zo SA0EEH

oAU 2ol Ftro] A5 NS 98 Hextd
I WAz Bage oA A EE 71 5, 15, 25,
35°Cel] Astar I8 AzF 744 mith AR E FHske] Ft
TE A3 At mE #4 WSS Baranyi model
(Eq. (1)) (Baranyi & Roberts 1994)°] H &3} 12} 24
S Mo, HNAAE (W), =71(LPD; lag phase
duration), 7] #TNy) % HWH VE 4TNuw) 5
kinetic parameterS 2FE3IAT}.

(M

ex xA)—1
N, = Ny + Hpae X A~ ln[l + _.P.EH_L“.%Z‘_.__L)_.__}

exp(N -Nyp)

max

A = t+

1 ln(exp(—pmax xt)+ ho)

Mmax 1+ hO

A adjustment function; pp.: maximum specific growth
rate; Ny: initial bacterial cell count; N, final bacterial
count; hy: a parameter defining the initial physiological
state of the cells; t: time.

AU oA FH52] 23} SEE-S Square root
model (Ratkowsky et al. 1982)& ©]-&3t] A=l u}
£ AAGES] HstE S3HATHE.(2)).

Square root model: . = [a(T—Tmin)]2 2)

a: the slopes of the regression lines for . T:
temperature; Tp;,,: the theoretical minimum temperature
for growth.

1. o3 nEt

1. MAEHEEY O{ZIURAS| IMX|EME 2 B4

2] A ane] ALFAAA mAE fBQIAL A4S 9
ste] AR (BT, 787 tHE 3572 57 (Type I-110)
ol HF 3 oAU A7) el T 2 WIS
A A3, T 739 7.7-8.2 log CFU/g] =2
Fo R A Flom, gt 75 2.9~3.9 log CFU/
gol LUEE Hilow, Tt i+ BT 4
o]& zpol= VERA] th(p<0.05)<Figure 1>, Lee et
al. 2016y AL ABArbE7Ee] AufgHg oA 8RR
Al A5 QUAEE FALEIN O, Aujo] ARREE
FEAAM TS B7E ~4.27 log CFU/g, 8 F71olA
£ B. cereus?} 3.36 log CFU/g 52 @ 9%+=S Yepi}.
Kim et al. (2011)¢] A7olx] 45} &5 Ak o] v
£ 09 Wrie A, A5 FAA = vAEe] HEHA
eskom, FEo e HH Alte] TH7E AF] SH AL
e ES} dX| st o] ApjadelM FEC] 29
Alsto] A2 Hold 7FsAol e AoE dAdaiitt. o
23k Aol nAYEHLE FAHES oo & ITFS
HZ g Jonz AMAesiHEe] nAlE JElE EFT
FeiMe B, &9 22 Ao nlAlE kg e
7} Ae)E|ojor & Aoz AlEHT
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2. 7538 EAIE ofgldi 2l Er 24
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Figure 1. Microbial contamination levels in microgreens from different farm types.
(A) Total viable counts, (B) coliforms
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Figure 2. Total viable counts of microgreens from processing
steps

o] T W3t AE AFANIIE D stod(visiting I
2013.03; visiting II: 2013.07) #4138+ A3}= <Figure 2>}
2t 7R dellA S AR LA THEAE Tt
4 A3, 7] 98 Q95 O] HIAF LEEE v
39S w visiting & 69.5%C. % 7+23 B visiting 11
96.5%°] LAEE Hol AlFd o3 Tt gAYt
Ao R UeRtt ol AFH AYF7te] 257 A
Jo8 =7 A= mAEL] Al o frelehA 285t
Zow Atsdr
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Table 1. Total viable counts of swab samples from processing

machine
Environments Visiting 1" Visiting 11"
Sanitation water negative <3.0 log CFU/g
Washing water negative <3.0 log CFU/g
Processing environment [ negative <3.0 log CFU/g
Processing environment 11 negative <3.0 log CFU/g
Processing environment 111 negative <3.0 log CFU/g

DThe samples were collected in March 2013 (Visiting I) and in July
2013 (Visiting 1)

CFU/g 1Rk Alto] QHE Ao R SRIFATH<Table 1>
Kim et al. (20192)°] AolA 52 A5l F55<1 oA
QA& AFL vAE QAEE B4 A tidwe] 7t
7} 3.60+2.53 log CFU/g#} 5.59+1.18 log CFU/gC.2 &
A AF] LAET FolvlshA =A veRt A 7129
zto|7t o] AQA 2ol P E AE B FA o FIE HH
= Jo=z FAotdn)

3. HEIYA A~ HZE2| Roll|dE @E: =4

AR A Fe] An7E STl maEt AdAs B Al
TR HEF AAE T ASE ARLE oWel] flal =
Ul 2Fe kg A o e Al 2 Fel sl Tt 2
o] 745 A3t Aok WAHE®m=5, c=1, m=10, M=100),
S. aureus (1g3 100 ©|38}), Salmonella spp. (n=5, c=0,
m=0/25 g), B. cereus (1 g3 1000 °]3}), F=34 W&
(n=5, ¢=0, m=0/25g), C. perfringens (1 g3 100 °]3hH=
AEstar o, tizgetwrell theh A7l A=l
] FTHMFDS 2021a).

A Egdoll A AL s AR A AES] R =S
A QP B 8l MAE LAEE AR S8l S

FAT R B. cereusl]l thall BHEH S, T8 ATEd 45
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Table 2. Microbial contamination of fresh vegetable products produced in plant factory

Quantitative analysis (CFU/g)

Qualitative analysis"

Products

Total viable counts E. coli Coliforms B. cereus Enterobacteriaceae A B C D
Samplel 5.7x10° - - 7.0x10" 8.2x10° + - - -
Sample2 5.9x107 - - 2.0x10" 2.8x107 + - - -

YQualitative analysis was conducted for detection of foodborne pathogens. A: S. aureus; B: Salmonella spp.; C: V. parahaemolyticus; D: L.

monocytogenes

)

Figure 3. Changes of total viable counts on microgreen in different temperature.
(A)-(D): microgreens were stored in room temperature before experiments; (E)-(H): microgreens were stored in refrigeration temperature before

experiments

o thete] ZAEAE AAsllTH<Table 2>, Fat<F, W,
g, AT 2 B, cereus®] F3EA A3 AlRvlch
ztol7} YR oyt FHF4E 5.8~7.8 log CFU/g, M2
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< AR ATH. F8 AT BEwEA A F
AF B S aureus’t FHLZ HEE 01} o] 9 Salmonella
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Table 3. Primary model kinetic parameters of the total viable counts in microgreens

Before experimens Temperature Total viable counts (log CFU/g) SGR? R
O Initial Final (log CFU/g/h)

5 6.83+0.26 9.50+0.14 0.02+0.01 0.88

RTY 15 6.76+0.11 9.43+0.13 0.03+0 0.95

25 7.08+0.11 9.80:+0.12 0.07+0.01 0.95

35 7.05+0.12 10.01£0.14 0.11+0.01 0.96

5 7.03+0.07 9.89+0.07 0.010 0.99

RF 15 6.61+0.1 9.52+0.15 0.03+0 0.96

25 7.0120.07 9.87+0.12 0.04+0 0.97

35 7.08+0.21 10.01£0.12 0.07+0.01 0.97

YRT: room temperature
JRF: refrigeration temperature
9SGR: specific growth rate

Table 4. Secondary model of the total viable counts in microgreens

Before experiments
RT" Uinax=(0.007(T-0.004))?
RF? Umax=(0.004(T-0.298))?

Secondary Model

YRT: room temperature
IRF: refrigeration temperature

9 SEAN RRPE ewe A age] Eh0)
g mA 5 Qg Aoz BuwE

2 18 of ¢
_zijiﬂ
i 4o
go, o
:N:’?
>3
off

i

, M 5 YRR EA T S aureus, Salmonella
p., V. parahaemolyticus, L. monocytogenes, B. cereus &
o] A5 nAES odEE BASINL AR e F
oA T ojAddA 8] T A= 7782 log
CFU/ge 2 52 =S HATh A8l Aikshs of
A4 AEE 58~7.8 log CFU/g 559 Z4F L9%
£ Yellon, B cereuse 0.3~0.8 log CFU/g 5202
AZEHo] AFFA 1 g 1000 ©]3ks W=t F2
Amte] AR A3, S aureuss T AF BT A

%)
=}

By A LxE g3l oA 0] B 2rd A
8Pt 5~35°CollA Ferle AE=A] &
T 2% Ha oF 3 log CFU/ge] S4]8h=
CHAGES] A A2Ed Aol W
Hig] oF 1.6-2.00] =& 52 &5

W A7t ndE 4S8 Algksked F2
sk Aoz ddE)

AAH ] FAHES AW, 7, 7 B HE F8elA o
St Aol BT = glor
A A Ao} 72 A2 FL] AME FA)9F Fof W
£ 93 rAE e 7lFe] g Asts ool & e vt

(ind
d
i)

¥0 1k
o
B
AT
>,
oot o

;.:%x%
(o3
rﬂLm
>

uﬂé
(U v
2

2
4
_l a
ol _101,
£

e}
o,
o f
fu
il
off
:OL_Iz
ok
o
=]
=
lo
rot
to

2
o

Acknowledgments

This research was supported by a research grant of
Korea Food Research Institute and of Export promotion
technology development program by iPET (Korea
Institute of Planning and Evaluation for Technology in
Food, Agriculture, Forestry and Fisheries). We appreciate
for the technical service provided by Tae Young Oh.

Conflict of Interest

No potential conflict of interest relevant this article
was reported.

References

Baranyi J, Roberts TA. 1994. A dynamic approach to predicting bac-
terial growth in food. Int. J. Food Microbiol., 23(3-4):277-294.

Carstens CK, Salazar JK,Darkoh C. 2019. Multistate outbreaks of
foodborne illness in the United States associated with fresh pro-



| 90 S4&{elA2{HWSEX|  Vol.2,No.2 (2021)

duce from 2010 to 2017. Front. Microbiol., 10:2667.

ISO. 2004. Microbiology of food and animal feeding stuffs-horizontal
methods for detection and enumeration of Enterobacteriaceae.
International Organization for Standardization, Switzerland.

Kim HJ. 2009. New Technology-Application of Predictive Microbiol-
ogy in Food Safety. Bull. Food Tech., 22(2):339-348.

Kim SR, Chu H, Yi SW, Jang YJ, Shim WB, Nguyen BH, Kim WI,
Kim HJ, Ryu K. 2019a. Investigation of hazardous microorgan-
isms in baby leaty vegetables collected from a Korean market
and distribution company. J. Food Hyg. Saf., 34(6):526-533.

Kim SR, Lee JY, Lee SH, Kim WI, Park KH, Yun HJ, Kim BS,
Chung DH, Yun JC, Ryu KY. 2011. Evaluation of microbiologi-
cal safety of lettuce and cultivation area. J. Food Hyg. Saf.,
26(4):289-295.

Kim SH, Lee GY, Heo SY, Lee W. 2019b. Research on Fresh-cut
Fruits and Vegetables. Korea Rural Economic Institue Research
Report, pp1-307.

Lee CG. 2012. Production trend and task of fresh-cut produce. Food
Preserv. Process. Ind., 11(2):12-18.

Lee ES, Kwak MG, Kim WI, An HM, Lee HS, Ryu SH, Kim HY,
Ryu JG, Kim SR. 2016. Investigation of microbial contamination
level during production of baby leafy vegetables. J. Food Hyg.
Saf., 31(4):264-271.

Oh TY, Back SY, Choi JH, Jeong MC, Koo OK, Kim SM, Kim HJ.
2016. Analysis of foodborne pathogens in Brassica campestris
var. narinosa microgreen from harvesting and processing steps. J.
Appl. Biol. Chem., 59(1):63-68.

Park GJ, Gu MS, Jeong MC. 2016. Sterilization and washing tech-
nology of fresh-cut produce. Food Preserv. Process. Ind., 15(1):

MALEE

18-25.

Ratkowsky DA, Olley J, McMeekin T, Ball A. 1982. Relationship
between temperature and growth rate of bacterial cultures. J. Bac-
teriol., 149(1):1-5.

Uphoft H, Hedrich B, Strotmann I, Arvand M, Bettge-Weller G,Hauri
A. 2014. A prolonged investigation of an STEC-O104 cluster in
Hesse, Germany, 2011 and implications for outbreak manage-
ment. J. Public Health, 22(1):41-48.

Van Abel N, Schoen ME, Kissel JC,Meschke JS. 2017. Comparison
of risk predicted by multiple norovirus dose-response models and
implications for quantitative microbial risk assessment. Risk
Anal., 37(2):245-264.

Yoon Y-H. 2010. Principal theory and application of predictive
microbiology. Food Sci. Ind., 43(1):70-74.

Ministry of Food and Drug Safety (MFDS), 2021a, Food Code.
Available from https://www.foodsafetykorea.go.kr/foodcode, [cited
November, 2021]

Ministry of Food and Drug Safety (MFDS), 2021b, Food Sanitation
Act, Available from https://www.law.go.kr/® ¥ /2] & ] A Al &)
7+4, [cited November, 2021]

National Agricultural Products Quality Management Service (NAQS),
2021, Agricultural products standards, Available from https://
www.law.go.kr/ 3 A 7 2 /5 A+ & X F 7F 2/(2020-16,20201014),
[cited November, 2021]

U.S. Food and Drug Administration (FDA), 2021, FSMA Final Rule
on Produce Safety. Standards for the Growing, Harvesting, Pack-
ing, and Holding of Produce for Human Consumption. Available
from https://www.fda.gov/food/food-safety-modernization-act-
fsma/fsma-final-rule-produce-safety, [cited November, 2021]

Mi Seon Kang(University of Science and Technology, Ph.D. course, Korea Food Research Institute, Student researcher, 0000-0001-9516-3766)
Hyun Jung Kim(University of Science and Technology, Professor, Korea Food Research Institute, Director, 0000-0002-0504-4665)



