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Investigation of Microbial Contamination in the Raw Materials of Meal Kits
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ABSTRACT - This study investigated the microbial contamination of agricultural, livestock, and marine ingre-
dients in 55 meal kits distributed across Gyeonggi-do, South Korea. Of the 55 meal kits, 48 contained agricultural
ingredients, 43 contained livestock ingredients, and 16 contained marine ingredients. The detection rate of the total
aerobic bacteria in the agricultural, livestock, and marine products was 100%. The average numbers of the total aero-
bic bacteria were 6.57 log colony-forming units (CFU)/g in the agricultural products, 4.60 log CFU/g in the livestock
products, and 5.47 log CFU/g in the marine products. The coliform detection rates in the agricultural, livestock, and
marine products were 81.25%, 69.77%, and 43.75%, respectively. The average numbers of coliforms were 2.83 log
CFU/g in the agricultural products, 1.34 log CFU/g in the livestock products, and 1.12 log CFU/g in the marine prod-
ucts. Escherichia coli was detected in 13 livestock products (30.23%), with levels ranging from 0.70 to 2.36 log CFU/
g. Contrastingly, E. coli was detected in only one marine product (6.25%) and was not detected in any agricultural
products. The detection rates of fungi in agricultural, livestock, and marine products were 97.92%, 93.02%, and
93.75%, respectively. The average numbers of fungi were 3.82 log CFU/g for the agricultural products, 2.92 log CFU/
g for the livestock products, and 2.82 log CFU/g for the marine products. The isolation rates of foodborne pathogens
from the agricultural, livestock, and marine products were 35.42%, 37.21%, and 31.25%, respectively. Forty-five
foodborne pathogens of seven species, including Bacillus cereus and Salmonella spp., were isolated from the raw
materials of the agricultural, livestock, and marine products in 55 meal kits. To prevent foodborne diseases caused by
meal kits, it is necessary to focus on washing, heating, and preventing cross-contamination during cooking.
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Materials and Methods
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olo|A FjEE HRYME 248 A8 $£H I 54
o Az TAAA FH LEE [REEA(62 Max, Fluke,
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3t T FAE AZ 25 g0 HaA el 2] 4 (Oxoid™
Saline tablets, Thermo Fisher Scientific, Waltham, MA, USA)
225mLE ¥ 9] stomacher (400 Circulator, Seward, West
Sussex, UK)& #2313t 2 LA oa Algsigon
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ZALO A AAEE 7z o2 PCR BFES AAE 3 H
F 252 QIAxcel DNA High Resolution kit (QIAGEN,
Hilden, Germany)9} QIAxcel (DE/QIAxcel, QIAGEN) A}
TP T E AMESte] 7|9 Fste] SolfHAtE
Feolstgtt. SANETOREE BASHF5FE AL,
FANEFLZE ZF PCR kit E3E0] Jde FAAAE
S AMESFATE ZF PCR kite] #5 % 5o fxx =4
2 Table 13} 7l PCR #4143 Bolfxzrt gld
Ao 7o £ 2 ER1E fste] AFFHe 75
H uAEAEE Y et APt o # 482 VITEK
(2 COMPACT, Biomerieux, Paris, France)= A3t}

FAXE

2% ZA3E SPSS software program (ver. 25.0, IBM
Inc, NY, USA)S &-&ste] Haat FFAAE AE3H
o, 5AA FoHe SURE T @47 Jdgnx 24k
F-2] (one-way ANOVA), AFFE2] 0 2 Scheffe’s test =
Dunnett T3 testE ©]-83}4] 95% AlF] 4 (P<0.05)914 A
3T

Results and Discussion

FWEE | 27U

13%2] 5ol 75 8<lsl7] 918kl PowerChek™ Gram 20239 145 997bA] 24 e U= 27E
Positive Multiplex Detection Kit (Kogenbiotech, Seoul, | x 2 P ulEA FEHE 7ZFEZINE 5574
Korea), PowerChek™ Gram Negative Multiplex Detection FAsF 7tz k] HF ek M xHE =4t
Kit (Kogenbiotech), PowerChek™ Diarrheal E. coli 9-plex 2 A2 nAE odrE ZAEIAL 5549 7HEZ
Detection Kit (Kogen biotech) 2 PowerChek™ Vibrio PAE F 450 AEE Eol/l= AEFL 4841, =
vulnificus Detection Kit (KogenbiotechyS AH&-313.2.H, A cheo] AR Eol7ke AR 437, FAHE] AAlR
Table 1. Specific genes of foodborne pathogenes for multiplex PCR kit
Multiplex PCR kit Pathogens Target gene
Listeria monocytogenes prfd
PowerChek™ Gram Positive Multiplex Detection Kit Clostrldz.um perfringens P cpe
Bacillus cereus groEL
Staphylococcus aureus femA
Salmonella spp. invA
Yersinia enterocolitica inv
Vibrio parahaemolyticus toxR
PowerChek™ Gram Negative Multiplex Detection Kit Vibrio cholerae cix
Campylobacter jejuni hipO
Campylobacter coli lysC
Shigella spp. ipaH
Enterohemorrhagic E. coli (EHEC) stxl, stx2
Enterotoxigenic E. coli (ETEC) ST(STh/STp), LT
PowerChek™ Diarrheal E. coli 9-plex Detection Kit Enteroinvasive E. coli (EIEC) ipaH
Enteroaggregative E. coli (EAEC) aggR
Enteropathogenic E. coli (EPEC) eaed, bfpA

PowerChek™ Vibrio vulnificus Detection Kit

Vibrio vulnificus wh
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Table 2. Number of sample according to recipe and raw material

Raw materials

Classification of food according to recipe  No. of Sample

Agricultural products

Livestock products

Marine products

Chicken Beef Pork
Stir-fried dishes 20 19 6 4 5 6
Soup/Stew 17 15 2 10 3

Noodles 3 - - 5

Steamed dishes [§ 6 4 - 2 -

Grilled dishes 4 1 1 2 1 -

Total 55 48 16 16 11 16
2 Sol7k= AlF2 16700130 t(Table 2). FAb=2 Fuh,  Fih= 487 & AojAM ARsl= w4kE 2079 B A
g, 27, 2, Fvke, AAA, F 5 olen, F4F T 7.07 log CFU/ge & HIAA ALE F4b= 28%71¢]
B2 g7] 164, &2327] 164, HAL7] 11d002, F Hid HAE% 622 log CFU/g Bt} foldo g =7 v

e A, 9A,L A T
AEd FAEE TR EC] ¢E e
HAAR Eele] dds AAlskit 22 =

9% B 555 207, S/ F 174, HE 87,
A 671, FolF 4z1elqdth. Bz e FAA S
Bl YA Eol 417, WsaFel 1410190, WA F
e BT o] &an7jde] 6oy, ¥eaES &
o Z&m)7|go] UHLRE 17T7HE7bA] hdleh

oldtt FtEE AQlg F

AHXZNEL] PIX| T (e, U=, tgw)
oot H]
™ Bl Ly |
AutAlt2 AF9 Ax B F5AgolN A48 ZHE

2 =
JAF F = AED AGEY, 4Fe] o) H=g B
%;

she A FoITH). M E 5571¢] dukAl+
| <

T AAVEA I Table 33 2t} 52RO Al AWkA
2 100%S] AEES EAoH, Fi=EodAE F+ 6.57

log CFU/g, 2= HF 4.60 log CFU/g, SFAHE9
ME Hi 547 log CFU/gO R FAES ZAME| H]3|
fFeldom w2 dukild $A7F HERRTHP<0.05). B3

Table 3. Contamination level of total aerobic bacteria in meal kit

YA (P<0.05) HoAA AMgshE AHES] A9 =29 o
2 AIH & ARgste Zlo] Fastttal A7t ti(Table 4).
=AHE 437 T ", &3, SRS ekl 3
AZHS 7tz 495, 4.14, 477 log CFU/ge19leH, zt
= 2 A 2pole YRR 98kt P>0.05). Lee 57
DI Fu 553 43 359 dutdlgs 4 23,
b HJAaFolA B 6.66 log CFU/g, 7oA 3
T 3.27 log CFU/ge 2 Yehar, L Afiafola] 3
7 5.62 log CFU/g, oA H+t 3.82 log CFU/go =
YeEht 2 A4 Fe) o] At oz SR/l vl Afa
o AAAEA LU=V XTI BRIt 2 F 9
OFE QP A A #|2020-4435. 215 F HIAE ALl A3
T8 (MFDS, 2020)?¢l= 2] SX A 2%, 2 &3l el
fFrEEe Al 2371, HiAA] § A5 Akl
715 6.70 log CFU/g °ol3t2 HARsta or, i st
A E 252 dukdlFF7F 7.00 log CFU/gS How
FHe JAsPE AL, o] FH7E wAYste] Fao] A%
o8 BISY Y. 2 Al HAE]
it AEFE 460 log CFU/gO R A1 F 9| FF A 9]

i

2 orlo oL Ay

Contamination level

No. of

Distribution of total aerobic bacteria

Raw materials samples (log CFU/g) (log CFU/g)
Mean+SD Min Max <2 >2-<4 >4-<7 >7-<8 >8
Agricultural products 48 6&;215;)1,??‘ 3.15 8.38 0 2 2 20 2
Livestock products 43 4(6;);/‘1‘36)8h 0.70 8.18 3 11 25 2 2
Marine products 6 0 "(‘17;11'2)4” 2.8 7.73 0 4 7 5 0

*®Means with different superscripts in each variable were significantly different (P<0.05).

UNumber of detected samples/number of analyzed samples.
YNumber of detected samples within the range.
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Table 4. Microbial contamination level in agricultural products of meal kit

Type No. of Mean+SD (log CFU/g)
samples Aerobic bacteria Coliform Fungi
. 7.070.84° 3.48+1.86° 4.49+0.81°
)
Washing 20 (20/20)" (18/20) (20/20)
6.22+1.24" 2.37+1.74° 3344133
- ing?
Non- washing 28 (28/28) 21/28) 27/28)

*®Means with different superscripts in each variable were significantly different (P<0.05).
YWashing: agricultural products with “cooking after washing” written on the recipe.
?Non-washing: agricultural products without “cooking after washing” written on the recipe.

Number of detected samples/number of analyzed samples.

Table 5. Contamination level of coliform in meal kit

Contamination level

Distribution of coliform

Rawmaterials 11 0 (log CFU/g) (log CFU/g)
Mean+SD Min Max <2 > 2-<4 > 4-<6 > 6-<8
+1.86° )
Agricultural products 48 2(;;; p 418?'? <0.70? 6.30 16% 19 12 1
b
Livestock products 43 ! (3; (;:/41130)9 <0.70 3.60 28 15 0 0
+ b
Marine products 16 Hé /116';19 <0.70 4.40 11 4 1 0
*®Means with different superscripts in each variable were significantly different (P<0.05).
YNumber of detected samples/number of analyzed samples.
IDetection limit was <0.70 log CFU/g.
YNumber of detected samples within the range.
S FAE, FAEY AET vE] foHoR =4

AAEERT Yo T2 BAA 449 AFA 6.70
log CFU/gs 238ttt A% 5 IvHAldT+= 4 log
CFU/g ol8td w ¢hdsitta dwsls, 5-6 log CFU/gY
WE 27|59 SAZ He Zo] dutdoly. 18y 2
Fol FHsiATta 1A F e A gk WAy

= al A& 7-8 log CFU/
g9 "Wl o]HE WA "D, FYelH = sAHE
of tigk kAl 7ol A= o] AA AT, 45.83%

ol (2271)e] wAtEel FIE AAT F e o
HHAlgo] AEE oM Aoz nd=sty Fojo]
gol =& Ao Ay A E W wikze] A

Awel ik #ej7t Zasirkal Azt

WAFES AEFINY EHede] ANEFow it
2 AE FFIF AAol tisk Aaid AFAA HAEA
2 AL, Aol &b Arde) Azt 3
22 fFamAEd ddde] EA 7S dvlEtar A
of A EAES YepL o0 ZHEXRIME 5570
o] et AFAAL A= Table 59 2t} F-F-54
oA thddS Z+2F 81.25%, 69.77%, 43.75%2] A&
S BT UddT HEFS S0 Hd 2.83 log

CFU/g, Z2HEoA Hd 1.34 log CFU/g, FAMEOA H
T 1.12 log CFU/ge 2 Yl SAHEA ] Hd

YERSTHP<0.05). B3, A 487 5 A oA ALE-3l=
FhHE 2070 5 1871(90%)0A] thAd<to] ERI= e, H]
A2 AFE FAME 287 F 21714 (75%)00A thA=to] &
o1Eo] AojA AlEsHE SAHES] UAH HEEC] =
UTHTable 4). WA Ht AESFE NojA AHgsh=
FAES] Ht HETHLE 348 log CFU/gO 2 HAIH ALE-
AR i AEH 237 log CFU/g BT} folzo=
E=A YERA (P<0.05), A AME3te Fib=e] 739
ZH = AlF T ARgSte Zlo] Fasithar Az
2b= 437 5 warrl, &a7), A7) e A
L 717 93.75%(1571/1671), 50%(871/1671), 63.64%(7
Mmzez gazja 7 wol AE=HAT. #ar7l,
a7), A A7)e] i AEHS 2 1.99, 0.90, 1.04
log CFU/geleH, Harr]e] g+ B HEFS &
a718] Wi AEFET FolFoR E=A YERITH(P<0.05).
Lee 59 QI FUH 5T 9 359 o+ AF
A A, b A aFolA e 2.94 log CFU/g,
SFox HF 127 log CFU/ge 2 Yeba, 9y )
2FoNA Ha 331 log CFU/E, &FolA Ha 1.93 log
CFU/ge 2 Yeht £ Axdse} o] BE AFAA &
Fe ANEFEY FoHo2 P& SHET YERT L

B e e pX
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Hgarge] AT
o w 3 EE 24 Q7ARE 429 Aok, ) A4

% WH9l= 0.30-7.80 log CFU/g=
BUAET, B A AGFE AR A e

oE

B2A AZEYM A uuAER 1 g AleE 9
o} ZHZYAHE 55749 AT AFHEA 2= Table
63} 2t FAFECAM g 3023%2] AEES HA

3, FAE = 1A A& Q&dﬁm 25%), A=A =
2 AZEHA Fohrh. FAHEAA Y] gt F A
S 047 log CFU/g®E YEHHAL, Hi7]= 68.75%(11
il 89 Hd AEHF2 1.06 log CFU/g AW
WA, A3 7)9F sjA A7l = ZH2 1714(6.25%, 9.09%)
AEEol HarloA e W AEE0] &
A8 =R} Jeon T Ak‘ﬂ*k‘ﬂ “‘ﬂEé dE8¥z 7
FollA g

T E4E Hduy H 3}‘?11} Cho ‘é””c’ & T

71914 g+ HAEEol B =7 L}E}kkﬁ‘r Ao oFE<t
AASLA] A2020-445 2 T WA= AAR] B3 4

Table 6. Contamination level of Escherichia coli in meal kit

(MFDS, 202020 4§ 24A 4, A&l §5
He A8 dE 5 1Ee 2

FHEEXEMEL] T (e U
AFF(EE 2 FFoh)e AF 59 M S
< HEA7 = #HEo] AP, XA E 55719
& ALAA A= Table 734 72t} & |
T2 Z7F 97.92%, 93.02%, 93.75%2] AEES At
o AEFE FiEA B 3.82 log CFU/g, FA4HE
oAl 3+ 2.92 log CFU/g, 53F=ollA H+ 2.82 log CFU/
O 2 UeI, ARG B AEFS FAE, 7
2ol A& Hlal foH o2 =4 YEFTH(P<0.05).
3l AR 487 T AoA] AREShE wAHE 20102 B
5 o] B21(100%) ¥ WHE, vlM1F AR F2HE 287
2771(96.43%)° A Flsto] gRlE] o] AojA] ALg-3h=
FAHES] X AEEC] EUTHTable 4). X Fd A=
P oA Algshs FAMES] Hd HEFS 449 log
CFU/go. 2 H|MH AR FAib=e] Hd A& 3.34 log
CFU/g BT} o802 A YA (P<0.05), R oA AL

AN

]

™

g

S
=

B

[0}

K

°1N

Contamination level

No. of

Distribution of E. coli

Raw materials (log CFU/g) (log CFU/g)
samples
Mean+SD Min Max <1 >1-<2 >2-<3

Agricultural products 48 <0.70" <0.70 <0.70 48% 0 0
. 0.47+0.77

Livestock products 43 (13/43)? <0.70 2.36 31 8 4
. 0.04+0.17

Marine products 16 (1/16) <0.70 0.70 16 0 0

YDetection limit was <0.70 log CFU/g.
YNumber of detected samples/number of analyzed samples.
Number of detected samples within the range.

Table 7. Contamination level of fungi in meal kit

Contamination level

Distribution of yeast and mold

Raw materials sI:n(:p;)efs (log CFU/g) (log CFU/g)
Mean+SD Min Max <2 >2-<4 >4-<6
Agricultural products 48 3(%218)2‘?1 <0.70? 5.86 6 14 28
Livestock products 43 2(942(;‘1132)1b <0.70 5.04 8 27 8
Marine products 16 2(812 ;} '65)0b <0.70 491 7 5 4

*®Means with different superscripts in each variable were significantly different (P<0.05).

Y"Number of detected samples/number of analyzed samples.
IDetection limit was <0.70 log CFU/g.
Number of detected samples within the range.
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log CFU/gellew, S7], &7, sHAL7|7He] R+
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sttt 2 AFdAME T-FFAE 107719 Mg 4

(e}

A AEES 9533%, B+ A& 331 log CFU/

fr

02

AW 9E 1.00-5.86 log CFU/g 5502 AZE o] AFHAL

B 97E 98RT o A4 AEHAL T5FAE

A 71 AolA A o R 28, 49, +

B, ZF A, i AT A 527 28ske 54

2 ART F o)W, ZHzINE ) FE5AE A7)

g9 Rt 09 o S et BoF Zlog A7En
o AL BN

HEHXIME] MFS
HAZYHE 55709 AF=
83 At TS AEY AEs 5
35.42% (177/487), FAHE 37.21% (1671/437), &
31.25% (571/167)Z F2HEe] AEEC] ES &
of Hls] =Tt AFEFE 2F QgHo] elA
A= Y| w2t 298 Assdt A

SRR
FoR FEY & AP a9 HFERe 2%

Table 8. Isolation rate (%) of foodborne pathogens in meal kit
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E 4352 9o & 9% 494 Age g §
WE EE FRES AU Fow AvdnFE

(Salmonella spp.), Bl2HlE|o} EXAlo] EA| Y| 2 (Listeria
monocytogenes), S\ Uo} B ZZIEIT}(Yersinia enterocolitica)
ol ok ALl Aemd-e Il AeEo] v
3 Aoz fElert W 42 upAEA M~
(Bacillus cereus), E22EZ| & ¥ Z-RX(Clostridium
perfringens), AV B8] QA (Vibrio parahaemolyticus) &
o] Ath. FAHEL] A= vH T MY Lt FREAE
gulg HAzAA27F FY AL, 53], vpA T2 A
2E 3333%% ¥/ ASHAT vHEEE AdeAE =,
&, 371 5 AdA e Exste EYRAERE 9
HEA A o2 RE vpA R A2 £
A3t7] 5 =go] Qs Zo=w AHT;, FikEY
S HHFA Ages, FRAEUR HxdA
AuBE) 7t Z47F 18.75%, 6.25%, 6.25%% )=
LSRN = ARdet, st R A, Ay
)4+t (Enteropathogenic E. coli; EPEC), oAU o} <llE|
Z2g7%, glaH ol BiAl]EAM L, S RAET
HxHAMN27F 22 13.95%, 11.63%, 9.30%, 9.30%,
4.65%, 4.65%% T Ho] e B FAE] Hs) ok
5 A F=go] BEHAL, SAHEF FAELS A QEA
syt el v, SAEd e a9y A
o] o B E AT 53], Har7|e] HEES 62.50%(10
ZAN67)E A5171(18.75%, 371/167)eF =A3271(27.27%,
37/117)8] AEEl Hlsl =9k, 6719 AAA = 270
olie] AFEsto]l FEEUTE Lee 59 ZIHFUH 5

o

1o

I

Mo fl ox I o oX of il
o 3@

¢

N

Raw materials

Foodborne pathogens (%) .
Agricultural products

Livestock products

Marine products

Chicken Beef Pork
Bacillus cereus 33.33% 6.25% 6.25% 27.27% 18.75%
(16/48)" (1/16) (1/16) (3/11) (3/16)
37.50%
2)
Salmonella spp. ND (6/16) ND ND ND
. . 25.00%
pathogenic E. coli ND (4/16) ND ND ND
.. . 25.00%
Yersinia enterocolitica ND (4/16) ND ND ND
- . 2.08% 12.50% 6.25%
Clostridium perfiringens (1/48) 2/16) ND ND (1/16)
L 12.50%
Listeria monocytogenes ND ND (2/16) ND ND
0,
Vibrio parahaemolyticus ND ND ND ND 6.25%

(1/16)

"Number of detected samples/number of analyzed samples.
IND: not detected.
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3 99 359 B9 vAEERdEE, g2H o}
R Abo| EA 2, WA ) AAME R 3719] A7)
oA glzdEHglol RisAlo] EA| A7 B ATk B
SHAAL, Ao E &ar7]olA] 27)e] BZHEoF B
J_A}O]Exﬂd]é% 235tk Cho 59 U 45 F
ol Ay 2 G7IEEANA eqeA FHAAE 7R A
HAA AT 1670(20.0%) S HESAL, B AFol=
S04 eqeA FRAAE 7 AHEAANAT 471(9.30%)
= %Elé‘} 3T Moon 5229] %141 =53 *‘%4 HV@E

A

l

v, £
Eobsh 2wy AFSre] R, 27|
FF 2 UM TS

feloh wasbgoINgl B of Aks, 7wEe] A%
#AH 2 A% 5 5@ Ame] dAy Sus Az

2 FEBAMe SRt B AN Ao Fasol
oF & Zlolth, AMRACINE B9 2719 W 5
2 22N 99 HGxsi, T WA e 4
Ag} 271 7o) mAL Al WA P 2w,
z2 @0l Ud BAS B7t Bay Row AZH

2229

2 AFolME A7 W frF S ZHXAE 5571
T2 AHE AR nAE LAEE FASEIT 55
ZYMNE F FAE0 AR Eorte AE
gzj’ ZALEo] A BER —‘;—c&ﬂf A E
2 o7l AEL 167019 5= —*r*&%
of| A %_Jt&xﬂ&—q 100%2] Zé%%ﬁ Hom, dvtald H
HEHFS 525 6.57 log CFU/g, 4H2 4.60 log CFU/g, 5
AHE- 547 log CFU/go 2 Uttt 52540 o
Z+z} 81.25%, 69.77%, 43. 75%4 HEES B
, EH%H}—E Hd AEFS 54 2.83 log CFU/g, FA4t
34 log CFU/g, ]‘E 1.12 log CFU/go- 2 JElsith
< 1371(30.23%)2] Z4HE<A] 0.70-2.36 log CFU/g
AEE W, AR = 174(6 25%)13} HET]
SO AZEEA FUTE F5-FAEAA Z
Z+zt 97.92%, 93.02%, 93.75%2] 7&%%& R,
B AEHS F2HE 3.82 log CFU/g, =4HE 2.92
CFU/g, SAHE 2.82 log CFU/go 2 UElT &5
oA AFEFE 2+t 35.42%, 37.21%, 31.25%<]

HU

M X2 o o mE Rl ooX ¢

F:IJFlOHEF#J~

<)
02

+
[

&S B, vAREE AL, Ardest 5 7E
o] 457) AFEFS Byt Az ER Q13 4
FT&5 AR oS flEte] MFH, SRS UHE AdH 2 %

gg T ware el digk Fo)7t e st
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