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Effects of Improved Heat Treatment on Microbial Reduction and
Germination in Sprout Vegetable Seeds

Hyejeong Yun, Kyeonghun Park, Eun-Kyung Hong, Tae-Hun Kim', Seri Kim, Wonil Kim,
Jong-Chul Yun, Moo-Ki Hong, and Kyoung-Yul Ryu*
Division of Microbial Safety, National Academy of Agricultural Science, RDA
'Daenongbio Agriculture Corporation

Abstract This study investigated the germination and reduction of microbial population in domestic (radish, Chinese
cabbage, and vitamin) and imported (radish and red cabbage) sprout seeds by heat treatment (40, 50, 60, and 70°C for 15
min or 30 min). The germination ratio (define the ratio) was 45-97% at 24 h after treatment <60°C and was decreased at
70°C. In domestic radish seed, total aerobic bacteria were decrease by approximately 1.71 log CFU/g after heat treatment
at 70°C for 30 min and viable coliforms were decreased to under the detection limit at temperatures over 60°C. Decrease
of total aerobic bacteria and coliforms in domestic Chinese cabbage seed was 1.23-1.34 and 2.77 log CFU/g, respectively,
after heat treatment over 60°C. In domestic vitamin seed, total aerobic bacteria were decreased by about 0.3 log CFU/g
at 70°C for 15 min. In imported radish seed, total aerobic bacteria were decreased 2.12-2.30 log CFU/g after heat treatment
over 60°C. Total aerobic bacteria in imported red cabbage seed were reduced by 0.66-0.84 log CFU/g after heat treatment
over 40°C and coliforms were undetectable. In case of Bacillus cereus, there was no significant difference by heat
treatment in any sample. Staphylococcus aureus and Salmonella sp. were not detected at the detection limit in any tested

seeds at any temperature.
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AT FASITHE). webA] A5 A 2 Ay & dRb
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T 2 AEFZE(1516)50 gt d77t FAYE L Joh Gas
5 §FE At - A WHoE AN WA HEo
dz] o]&FHI = Wely, THM(Trihalomethanes), 3=
59 220 2(17,18) Al Ha thA] AP gt AT

7} A8 9T}, E=3F National Advisory Committee on Micro-
biological Criteria for FoodsONACMCF)oll A A 2tall & 5=}
20,000 ppm CaOCLE A5t HWAd WAEE 5 log FAAIF
O}, 20,000 ppm ©]ste] AFFEAME B mA= el
a0 ZAUATH19). WERA ke FAES FF ¥ st
a2 shetekE AE 9 {4 H7HE Ay
7/

o Tigk hanger
O 71E WE W ARAE FA o)$HT e DAY Py
2 g FAe) 27109 FEE AdBsE 1844

2ol " sk AAolt).

A B AfdAs Uit ARRA T4 3FE Wi,
Ay FULt FA 2FF, APNF)e] X Bl wE o}
&3 £ A, T 2 3, B cereus, S. aureus 2
Salmonella sp.2] A7¥sl a5 Fotste] A Ho|a a&3<
A S BAsaAr gt
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AR Q3 9N ATAL AAT F o] ANF AR
£ Auslo] Ward WY 204 AT F BFS 150mLS A
ek, @712 9 Al FA] Wobg W vy

E e
E Atsl mxe 92 Aurs] 918 40, 50, 60 B 70°Ce]l
A 2z 15, 3084 252 BW-05G Jeiotech Co., Ltd., Dae-
jeon, Korea)oll x| 2]ttt @xlg] & Alg= Yol 308 &
QF WZHAIZ] o ol nAE A ARSI oln &
A 212 AYATFE Tl Holgol JFS mAA| FOTHA
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25+1°C A27|0l|A 24717 vl & HolgS Z7gsIAtt o] W
wole] 71L& Ko] E 2 o7t 0.1em ©] AL wolst
Aoz 7HEsie] MRS (%)= YERY A THR0).
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A F AR vAE Arlke At 3714 A, g 2
W, B. cereus, S. aureusZ Salmonella sp.oll el 2]E37
of wt AASATH21). &, AF 20g0] BHE AET(0.85%,
NaCl) 180mLE % 7}ste] Bag mixer(Model 400, Saint Nom,
Interscience, France)S ARE-3te] 120% 9+ £33 & 107 3
Ao R FXate] Zhzte] wiR| o] mEelddth. At 5714 Al
I it 2 AT 542 7HZF 3M Petrifilm Aerobic
Count Plate (Petrifilm EC, 3M Co., St. Paul, MN, USA), 3M

Table 1. Origins of five sprout vegetable seeds used in this study

Samples Scientific names Origins
Radish Raphanus sativus Korea
Chinese cabbage  Brassica campestris ssp. pekinensis Korea
Vitamin Brassica campestris L. Korea
Radish Raphanus sativus USA
Red cabbage Brassica oleracea L. var. capitatafrubra. Italy

Petrifilm E. coli/Coliform Count Plate(Petrifilm EC, 3M Co.)&
AF&3IA T B cereus?t S awreus AEES 93 WX+ zZHzt
Mannitol Egg Yolk Polymyxin Agar(MYP, Oxoid Ltd., Cam-
brigede, UK), Baird Parker Agar(BP, Oxoid Ltd.)Z AF&-3}%].oH
Salmonella sp. 2| 7Z&S XLD(Difco Laboratories, Sparks, MD,
USA)E AR&sisith gt 2714 A, e 3 tid«, S
aureus R Salmonella sp. < 37°CAIA 24A7F vg3lR o™ B
cereusS 30°CONA 24A|17F vl Fated FAE colony 5 AlF3H
o 1 g colony forming unit(CFU/g)>-= YERJSITE.

EHEN

RE AL 33 ke dAsgion, dojxdl AES SAS
software(22)ol4] ZZ 7% general linear model procedures 4~
el FAHEA 5 folFl Zpolrt B wf HHpk 7F Aol:
Duncan®] tHsA8H-& AHE-ste] H71818A thp<0.05).
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Aol o Ak @ YA AR L FAfe] ol
Table 20 VER vlel 7ho] H<Rul2E A|Lsk 35504 80%
olde] #EE YeRIth Hulst Fof A9 A 7te] zbzt
15, 308, 2% 40-60°C HoA 2 o2 zlole
YehlA] egron 70°CY W 31.5%% wolgo] ZHAEAT) vl
FollAE HEAze] 158Y W oz g4 &= e &
o]FQ] zfol= YEREA] eFkont, Arlzke] 300 E FUH
< ) 70°C 2N 34.5%F dolgo] 7hAE o] thzitel Bl
frojHog AT oAl A9 2= W Ak X2zl
Z}7k 40-60°C B 15890 7% 22 Fo42l Apole UL
U 70°CE HE=s 71t 7% wolet /A7 E YeR] eigitt

FA AR FRpo] A9 FE 2@AZk] 1582 B9 70°C
APA = Wolgo] 85%= EA Ueht dzad §934A 2}
ol UEA| ¢ksith WA AHAIZRE 30202 ZUHSE g
70°C 27004 Wolgo] 30%= 7HAHATE HAPFE tE A
B HlE] X0 w2 o] F AR Yelth XAz
o] 15831 A§ 40-50°CollA EATA izt Asa2e] &
&l zpo]7} GERFR] kot 60°ColAE 52.5%= Eol&
o] ZAEIAIL, 70°CAlM = Loyt o] FojRA] Akt o]Het A
g AT A7) 30822 Z7HeE Aol FASHA UERsiTh

Park 5(23)] AN Luba}, F2H, HF FAl 20,000
ppm CaOCLEdS A2|st HF 90% ol/de] Eol&S Yepil
o, B2FE9 FoFe A5AIAEeE BAG] 70-82%2
Tha Wolgo] WA Yttt F FA= 55-62°ColA] 2-887F &
ABA] 95% olde] WolgS Yo, 2 o] Xzl Al
4ol wolgo] 7FASIth24). ©]2ldt A B AT
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Table 2. Germination rate (%) of five sprout vegetable seeds by heat treatment
Seed
Time Temperature -
(min) °C) Domestic Imported
Radish Chinese cabbage Vitamin Radish Red cabbage
Control 83.00a" 91.50 82.50a 97.00 65.50a
15 40 89.00a 95.50 83.50a 97.00 71.50a
50 90.50a 92.50 85.50a 96.50 72.00a
60 83.00a 90.00 77.50a 98.50 52.50b
70 31.50b 82.00 0.00b 85.00 0.00c
SEM? 3.99 3.09 2.65 2.77 343
Control 83.00a 91.50a 82.50a 97.00a 65.50a
30 40 89.00a 86.00a 84.00a 99.00a 77.50a
50 86.50a 86.50a 85.00a 98.50a 66.00a
60 80.00a 86.00a 59.00b 95.50a 45.50b
70 2.50b 34.50b 0.00c 31.00b 0.00c
SEM? 2.03 2.75 2.42 2.77 3.06

Values are means of triplicate experiments (n=3).

YValues with different letters (a-c) within the same column differ significantly (p<0.05).

IStandard errors of the mean (n=15)

o} o] FXe] 27t 60°C o] 27X AHEA| Wolgo]
2ol vjd) feldog 7hAde Ak XS Ity
o2 Fake] FHelue} wolES 8 AMgEE seEdE
2 FTA R FERSTE VIEGslete] Tl 43 2 A8
8§ EXN7I ZAEHEE FTUATl= 471 Stk o]9ddl A
A AR, A1 9 2k AP T 22 B AU
F2ke] FHEl, golg Sk, wolEd 2 S &3 59
S 7EITHQ25). £ A7Age} o] FAke] HHEg EAE
2 At FEETE US 7S A T $5)
LS FNA Lols S7MA AHEE STHTIE
2 IdEch

¢

> WE o ol

Ax2| WOl ot MMRIA BXto| OIS XU}
Aol g FU L FUA AL FAe] LAAEA
4 u A vage] A7 U JEe Table 3790 e}

T o

et B Ao AMEE 550 AREA A A, S aureus
9 Salmonella sp= AEHA B4t =it F TR A =
7] & 371AAITEE LEEE 4.69 log CFU/gF30ll o 40°C,
30% FEE 50°C, 15% ERF €Al ZHZF 1.10, 113 log CFU/g
7astgem, 70°ColA 307 Ex2le A9 1.71 log CFU/g
Zaste &3 JeEpiYh it AETHA ol
o2 YePtE B cereuss 7] Q9% HI5] 50°C, 30 *E
3 7% 026 log CFU/g ZHAslom, 60°C, 30% o] =7
o=z HgA H 169 log CFU/g ZHAE U THTable 3). =4k
W3 FAN & 3714 Alae SxlE 2= 2 A7l wetk o)
Zof vg)] felHos Fhadhe A eIt 53] 50°C
A MPAIE 158004 30822 F7FE 739 0.67-1.05
log CFU/g 502 F 3714 Algol ZAaEHALH 60°C o
o] A MHE 1.23-1.34 log CFU/g A4S0 thaae 271
U=7} 2.77 log CFU/g 52019024 60°C oo dXj2|A] 4
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Table 3. Reduction of total aerobic bacteria and pathogenic bacteria (log CFU/g) in domestic radish seed by heat treatment

Time Temperature Total aerobic

(min) “C) bacteria E. coli Coliform B. cereus S. aureus Salmonella sp.
Control 4.69a" ND? 2.87a 1.69 ND ND
15 40 4.98a ND 2.67b 2.00 ND ND
50 3.56b ND NDc 2.00 ND ND
60 3.61b ND NDc 1.33 ND ND
70 3.20b ND NDc 0.77 ND ND
SEM? 0.160 - 0.04 0.59 - -
Control 4.69a ND 2.87a 1.69 ND ND
30 40 3.59b ND 2.48b 1.69 ND ND
50 3.60b ND NDc 1.43 ND ND
60 3.19¢ ND NDc ND ND ND
70 2.98d ND NDc ND ND ND
SEM? 0.05 - 0.07 0.63 - -

Values are means of triplicate experiments (n=3).

YValues with different letters (a-d) within the same column differ significantly (p<0.05).

PND: Viable cell was not detected with detection limit at <10,
dStandard errors of the mean (n=15)
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Table 4. Reduction of total aerobic bacteria and pathogenic bacteria (log CFU/g) in domestic chinese cabbage seed by heat treatment

Tnpe Temfl))erature Total aerf)blc E. coli Coliform B. cereus S. aureus Salmonella sp.
(min) °0C) bacteria
Control 5.15a" ND? 2.77b 2.50a ND ND
15 40 4.88b ND 3.26a 2.00b ND ND
50 4.48c ND 3.16a 2.00b ND ND
60 3.92d ND NDc 2.00b ND ND
70 3.81d ND NDc 2.10b ND ND
SEM? 0.044 - 0.09 0.06 - -
Control 5.15a ND 2.77b 2.50 ND ND
30 40 4.62b ND 3.46a 2.26 ND ND
50 4.10c ND 3.46a 2.64 ND ND
60 391c ND NDc 2.20 ND ND
70 3.82¢ ND NDc 2.26 ND ND
SEM? 0.07 - 0.02 0.15 - -

Values are means of triplicate experiments (n=3).

YValues with different letters (a-d) within the same column differ significantly (p<0.05).

IND: Viable cell was not detected with detection limit at <10'.
Standard errors of the mean (n=15)

Table 5. Reduction of total aerobic bacteria and pathogenic bacteria (log CFU/g) in domestic vitamin seed by heat treatment

Tlrpe Tem[ierature Total aerf)blc E. coli Coliform B. cereus S. aureus Salmonella sp.
(min) (§O)] bacteria
Control 3.48a" ND? ND 2.26 ND ND
15 40 3.45a ND ND 2.16 ND ND
50 3.33ab ND ND 2.10 ND ND
60 3.27ab ND ND 2.10 ND ND
70 3.18b ND ND 2.00 ND ND
SEM? 0.06 - - 0.11 - -
Control 3.48 ND ND 2.26b ND ND
30 40 3.26 ND ND 2.10b ND ND
50 3.28 ND ND 2.56a ND ND
60 3.53 ND ND 2.00b ND ND
70 3.24 ND ND NDc ND ND
SEM? 0.06 - - 0.08 - -

Values are means of triplicate experiments (n=3).

YValues with different letters (a-c) within the same column differ significantly (p<0.05).

IND: Viable cell was not detected with detection limit at <10'.
Standard errors of the mean (n=15)

A olstE ZAEATE T3 ulF Fate] B9 dXE] Wy
B. cereus®] A7¢slel & FEFE VXA LAUATHTable 4). F
oA F2ks 27 F 371AEe] LF=e s 70°C, 15
B EHA AlEZRY] folFQl Zole YEREOY, 03 log
CFU/g 202 mudt 22832 Yeh)SIth(Table 5). ©]<]9l
RE AolA AT AEEA o)ty FFoE AEH
A A0 B cereust 70°C, 3047 AN HEHA] LUt

FYat B FAE 50°C 20 A-A7HS 15, 30808 &
71 AS- & Z71AFe] dizel Hisl Zk 0.68, 0.92 log
CFU/g #A&3sllem, 60°C oldoz dXzls AAT o 2.12-
230 log CFU/g Zr4a8te] f2lZel 2to]2 YehfATt. thad
9] 739 60°C °o|de] 7o g Fx2]A] 340 log CFU/g 743t
£ 2342 YeERitKTable 6). R4 FdlE FAs 4318
o o9& F F714 AMlste]l folHoR AstEs A U
Welom olm 0.59-0.84 log CFU/g 7H4AHitt. 28Y B. cereus
B 94 A7 2 exd wE vdE A7 g YeRiA|
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2 UTHTable 7).

FHZ AR TR PAE Aojol] e A F 3EHE oF
FE AR nAE ASel g A7AdE SR Aok
T ZAe QA Z S pphimuriume FEAZ F o]Aksld A
F(CI0,)9} citric acidE FE=BE A3 F S yphimurium®] A
73te AR A3} o4kl 100 ppm ), citric acid 2.0%
Ag)z7o)A thzatel] Bls)] Z}zb 0.55-1.08, 2.89 log CFU/g 7+
28t 2342 JERIATH26). ©19)o] 100 ppm chlorineS 15%
ZE AGF Sk AR, 5, A, o] A
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22, F2, AFT], HF)] 79 2-3 log CFU/g 74313
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Uulyl, 2B, HE Tl 4827 AP A5 AT gjzgol
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Table 6. Reduction of total aerobic bacteria and pathogenic bacteria (log CFU/g) in imported radish seed by heat treatment

Tnpe Temgerature Total aerf)blc E. coli Coliform B. cereus S. aureus Salmonella sp.
(min) °0O) bacteria
Control 5.39a" ND? 3.40c ND ND ND
15 40 5.37a ND 3.87a ND ND ND
50 4.71b ND 3.66b ND ND ND
60 3.20c ND NDd ND ND ND
70 3.09¢ ND NDd ND ND ND
SEM? 0.06 - 0.02 - - -
Control 5.39a ND 3.40b ND ND ND
30 40 5.40a ND 3.97a ND ND ND
50 4.47b ND 3.40b ND ND ND
60 3.27¢ ND NDc ND ND ND
70 3.15¢ ND NDc ND ND ND
SEM? 0.06 - 0.01 - - -

Values are means of triplicate experiments (n=3).

YValues with different letters (a-d) within the same column differ significantly (p<0.05).

IND: Viable cell was not detected with detection limit at <10'.
Standard errors of the mean (n=15)

Table 7. Reduction of total aerobic bacteria and pathogenic bacteria (log CFU/g) in imported red cabbage seed by heat treatment

Tlrpe Tem[ierature Total aerf)blc E. coli Coliform B. cereus S. aureus Salmonella sp.
(min) (§O)] bacteria
Control 4.37a" ND? ND 2.00 ND ND
15 40 3.71b ND ND 2.00 ND ND
50 3.63b ND ND 2.00 ND ND
60 3.60b ND ND 2.00 ND ND
70 3.53b ND ND 2.10 ND ND
SEM? 0.16 - - 0.04 - -
Control 437a ND ND 2.10 ND ND
30 40 3.61b ND ND 2.20 ND ND
50 3.67b ND ND 2.10 ND ND
60 3.78b ND ND 2.00 ND ND
70 3.57b ND ND ND ND ND
SEM® 0.16 - - 0.07 - -

Values are means of triplicate experiments (n=3).

YValues with different letters (a-b) within the same column differ significantly (p<0.05).

IND: Viable cell was not detected with detection limit at <10'.
Standard errors of the mean (n=15)

of it AT28)14 1-5kGy WA ZAMA] LA+ 1-2 log
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85 = 90°ColM ztzk 403, 8.8, 3.3 2 1L.1ESE Yehten 7}
dAz] 3G F 90°ColA 108 o) 7HEAlelE eE] AES)
A A TH(32). MAFA 29 E B cereus A7IE A=
2 AFA] HEes 2= 9 A7 Bt =2 X xde] o7
Aoz A, Awrzoz dajg o3 xHERe] wolg
e I PIAA] gor, HnAE Mzt THA FA
2 272 ARFARY] 37], 5400 wet e P e
oh =AE 2 QR AR EAE] 2] mE wolg
nAE A7el g3 AAAAS Avrd S T F
i, oRlE Zbzb 0423, 0396, 0.1958 UERE, YA 22
ol ¥, HulFE 0464, 02318 YERo] FHo AAAAE Y
BRI AEEApE Ade FAE] 24 FUlAl B SRk
50-60°CAlA] 158 EE= 40-60°CoA] 308, ZUAF B3 40-60°C
oA Ztzt 15-30%, U4t T FA= 50-70°CoA 155, 50-60°C
oA 308, nEAEte R FYPA HulFE 40-50°CAlA] 15-30%
AP A AAEE FASRs Lol&S 7 vAE A7) &
el Aoz FE),

A2 WL e SRS Atk Wi g oF %
93 el g HEvt flo] AAIH ey &8ide] & W
Holo}h, g St FA1e] o] 88 &S Eolw A
AE F2E a3t & 5 9o 0|87Vt & o= AdE
oo w} wolg g Mgt YeinllE Aztsks {8l
A ARG dAe] 2= AP AT F der o]
& AT 8 AR S SAATIE 2449
el o7 ket

R

-~

=)

e of

B oATs g8 Wl 93k Ak AR A FA) 3FE,
H|Z, oA YA 28, AdulF)e] Tolg et F 51A4A
& 2 B nAEY] Aztsle] dis] Aalsdnh. X2l 40,
50, 60, 70°C] 2=z7oNA ZHz} 15, 307 Bt AASHATE &
ob&2 60°C o]a} 27N EAE] T ulg 24417 = 4597%
2 Jepgtom, giFE 70°C o] 2olA] wolgo] 7HAste
ok GAgel] 93 mAE At Gais st £ Exke] B¢
Z 37)MFE 70°C, 304 BA] =704 1.71 log CFU/g 7+
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