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ABSTRACT - In this study, the conditions of dry heat treatment (21 days at 65°C, 16 days at 70°C, 10 days at 75°C,
and 7 days at 80°C) were investigated to inactivate Bacillus cereus ATCC 12480, Listeria monocytogenes ATCC SSA81,
Staphylococcus aureus ATCC 6538, Escherichia coli O157:H7 ATCC 43894, and Salmonella Typhimurium ATCC
14028 on alfalfa seeds, without affecting the rate of germination of seeds. Alfalfa seeds were inoculated at levels of 6—7
log CFU/g and treated with dry heat at 65°C, 70°C, 75°C, and 80°C; thereafter, the rate of seed germination was deter-
mined. The rate of germination was set at 70%, according to the market standards. The bacteria were inactivated when
B. cereus was treated with dry heat for 21 days at 65°C, 18 days at 70°C, 14 days at 75°C, and 4 days at 80°C; L. mono-
cytogenes was treated for 21 days at 65°C, 18 days at 70°C, 12 days at 75°C, and 7 days at 80°C; S. aureus was treated for
18 days at 65°C, 18 days at 70°C, 11 days at 75°C, and 4 days at 80°C; E. coli O157:H7 was treated for 21 days at 65°C,
18 days at 70°C, 12 days at 75°C, and 6 days at 80°C; and Sal. Typhimurium was treated for 24 days at 65°C, 22 days at 70°C,
14 days at 75°C, and 7 days at 80°C. For all bacteria, the D-value (R*= 0.5656-0.7957) significantly decreased when the tem-
perature increased from 65°C to 80°C (P<0.05). Since dry heat treatment of alfalfa seeds at 80°C for 7 days affects their ger-
mination rate, dry heat treatment at 75°C for 14 days is the most effective way to ensure their safety. This study suggests a
potential method of bacterial inactivation using dry heat treatment to increase the microbiological safety of sprouts.
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WA Escherichia coli (E. coliy?} Salmonella?} %)

Uk o] Fx 1910|QAL, Listeria® £ WAEJTHY,
ol AR AHE A5 AR EASER] AT
AlFsh= M A& A Bacillus cereus, 973 E. coli,
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E. coli O157:H7, Salmonella Typhimurium (Sal. Typhimurium)
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Aol o) A, AFel WA e FA
o] Wol-&L 70% olAolth mAE BEA1L 93] AA uj

A= nalidixic acid (50 pg/mL)E 233t tryptic soy broth
(TSB; Bacto™, Becton, Dickinson and Company, Sparks,
MD, USA) (TSBN), A ®JX]:= tryptic soy agar (TSA;
Bacto™, Becton, Dickinson and Company) (TSAN)E A}

2319 3L, peptone water (PW; Bacto'™, Becton, Dickinson
and Company)E 0.1% =2 A2l 34 AR5t

AHE =

ol fﬂ'_’ “%%"i"?}(Anseong, Korea)ol|A] Hure
Gram-positive 2155 v|A =< Bacillus cereus ATCC
12480, Listeria monocytogenes serovar 1/2a ATCC SSASI,
Staphylococcus aureus ATCC 65383} Gram-negative 2%
= u|AEQ Escherichia coli O157:H7 ATCC 43894,
Salmonella Typhimurium ATCC 14028% A& A}&-3}
At BE FFE -70°C 24 WEI(MDF-Us3V, Sanyo,
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YL & incubator (WIF-105, Wisecubed®, Seoul, Korea)

oA 35-37°CE 22422171 St Uk, 0.1% peptone water
1,620 mLE 1%1 HH ookou KR Zu] 0}0:‘1:} HH okol Oﬂ oI-:LL_ﬂr
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Results and Discussion

AYH2 ¥ YT FAiY T2 UFE M 5
dHu FAE 55 AeE PdES JFSt 1AEA
2 S Wl FANA PAE A EIE Table 1-490
YERI AT, 65°CoA AEAE 39S Wl S. aureus= 15
e, B. cereus, L. monocytogenes, Sal. Typhimuriume 18
d, E. coli O157:HTS 2197F AGAE sl o &2
3t FAte A w o] AEFHA k. 70°ColA ALA
2] 319 Wl L. monocytogenes, S. aureus= 144, B. cereus,
E. coli O157:H7, Sal. Typhimurium< 1647+ A€ A2 &}
Ne Wl GZa} FAA mEo] HEHA &t 75°C
oA AEAE RS Wl E coli O157:H7-S 9Y, B. cereus,
L. monocytogenes, S. aureus, Sal. Typhimurium< 1097+
ALAe] stds W g2u FPoA mAE] HEHA
ATt 80°CollA AGA T dt9S W B. cereus, S. aureus
= 4%, L. monocytogenes= 59, E. coli O157:H7, Sal.

Table 1. Bacterial population on alfalfa seeds treated with dry heat at 65°C

Time Bacterial population (log CFU/g)
(day) B. cereus L. monocytogenes S. aureus E. coli O157:H7 Sal. Typhimurium
Control 6.37+0.06% 6.26+0.44* 6.24+0.09°* 6.26+0.63% 6.00£0.14*
3 2.25+0.12® 2.52+0.45" 2.27+0.18%® 2.65+0.29° 1.56+0.20"
6 1.56+0.25"* 1.4940.11% 1.58+0.17* 2.18+0.25%4 1.41£0.40%
9 0.83+£0.41** 0.91+0.49* 0.67+0.52* 1.65+0.46™* 0.72+0.57*
12 0.67+0.52*4 0.50+0.55* 0.67+0.52* 0.50+0.55* 0.33+0.524
15 0.50+0.55** 0.33+0.52* ND* 0.50+0.55** 0.33£0.524
18 ND* ND* ND* 0.33+0.52* ND*¢
21 ND* ND* ND* ND* ND*

Values are meantstandard deviation; ND, not detected. **Means with different superscripts in the same column are significantly different
at P<0.05; *®Means with different superscripts in the same column are significantly different at £<0.05.

Table 2. Bacterial population on alfalfa seeds treated with dry heat at 70°C

Time Bacterial population (log CFU/g)
(day) B. cereus L. monocytogenes S. aureus E. coli O157:H7 Sal. Typhimurium
Control 6.37+£0.06*8 6.64+0.18® 6.2440.09* 6.45+0.12°48 6.40+0.254P

2 2.35+0.09 3.97+1.61% 2.16+0.18** 3.15+1.17% 3.00+0.76%
4 1.94+0.15%4 1.95£1.17 1.88+0.18%4 1.91£1.14<4 2.47+0.34<4
6 0.88+0.45** 1.38+0.88"* 0.96+0.51** 1.54+0.43 1.28+0.15%*
8 0.67+0.52° 0.98:0.54"4 0.50+0.55* 0.83+0.41%* 1.01£0.53*>*
10 0.83+0.41°* 0.67+0.52%* 0.67+0.52°* 0.33+0.52%A 1.05£0.127*
12 0.67+0.52** 0.33+0.52%4 0.67+0.52°* 0.50+0.55"* 0.88+0.45"A
14 0.17+0.41* ND* ND** 0.33+0.52%* 0.50+0.55%*
16 ND* ND* ND* ND* ND*

Values are meantstandard deviation; ND, not detected. ““Means with different superscripts in the same column are significantly different
at P<0.05; *®Means with different superscripts in the same column are significantly different at £<0.05.



228 Soon-Young Hong et al.

Table 3. Bacterial population on alfalfa seeds treated with dry heat at 75°C

Time Bacterial population (log CFU/g)
(day) B. cereus L. monocytogenes S. aureus E. coli O157:H7 Sal. Typhimurium
Control 6.37+£0.06** 6.61+0.22™ 6.24+0.09* 6.15+0.56" 6.19+0.30™

1 3.16£0.2198 4.2240.13%8 3.43+0.41% 4.2240.70%8 4.4740.19°®
2 2.38+0.03* 3.67+0.19% 1.99+0.35 2.77+0.81°48 3.2240.334¢
3 1.49+0.11° 2.29+0.45 1.56+0.15" 1.96+0.74°* 2.39+0.20%4
4 1.05+£0.12* 1.77+0.33* 1.15+0.16™* 1.28+0.83* 1.79+0.32°4
5 1.05+£0.12*4 1.06+0.58* 1.15+£0.16* 0.86+0.72*4 0.82+£0.67**
6 1.00+0.00** 0.88+0.45™P 1.00+0.00** 0.60+0.67"® 0.7240.57*"
7 1.00+0.00** 0.50+0.55* 0.67+0.52* 0.50+0.55* 0.50+0.55*
8 0.67+0.52** 0.50+0.55* 0.50+0.55* 0.33+£0.52** 0.50+0.56"*
9 0.50+0.55* 0.17+0.41*4 0.33+0.52* ND* 0.50+£0.57*
10 ND* ND* ND* ND* ND*

Values are meansstandard deviation; ND, not detected. “Means with different superscripts in the same column are significantly different
at P<0.05; *®Means with different superscripts in the same column are significantly different at £<0.05.

Table 4. Bacterial population on alfalfa seeds treated with dry heat at 80°C

Time Bacterial population (log CFU/g)
(day) B. cereus L. monocytogenes S. aureus E. coli O157:H7 Sal. Typhimurium
Control 6.37+0.06°* 6.47+£0.27 6.2440.09° 6.47+0.43°4 6.32+0.46°*
1 1.87+0.11° 2.2440.53% 1.59+0.11° 1.91£0.26" 1.78+0.19°*
2 1.000.00** 1.00+0.00** 1.00+0.00** 1.18+0.21*4 1.55+0.34%8
3 0.67+0.52* 0.50+0.55* 0.67+0.52* 0.50+0.55* 0.93+0.48*
4 ND* 0.17+£0.41** ND* 0.17+0.41*4 0.50+0.55*
5 ND* ND* ND* ND* 0.17+0.41*
6 ND* ND* ND* ND* ND*

Values are meantstandard deviation; ND, not detected. ““Means with different superscripts in the same column are significantly different
at P<0.05; *®Means with different superscripts in the same column are significantly different at £<0.05.

Typhimuriume 647 AGA 2] 39S w g2} Fx}o E 65°ColA] 219 o], 70°CollA] 18Y o], 75°CollA]
A m A Eo] AEEA] Z9dth o] 65°CAlA 10Y, 70°C 142 o)A, 80°ColA 4 ol ALAY 3dIAS w EA+
oA 19 o] AEAT stdt= &I FAPlA v 7} dolstd = mEo] AEEA] AT L. monocytogenes
Eo] B38A43} FA &A= Neetoo9t Chen'®2] A9} = 65°ColA 21Y o], 70°ColA 18U o], 75°Cel A
80°CAlA 1Y o AEA g st &&ut FAfol|A 12 o]/, 80°CollA 7¢ o)} gAY SIS o FAb
g Eo] B3}t =X ZUTh= HongZ Kang'”e] A+ 7} wolstol vl Eo] AEH A ZUTE S aureus™
oF fFAFSFATE. Jun¥t Lee®7t AQFSH - FAto| Al w]AY 65°CollA 18Y ©]4, 70°CollA] 189 o]/, 75°ColA 11¢Y

=g Aojste A4 20 75°CE 3027 EFAE dh= o, 80°CellA 4 ol HEAE FAS W FAL
Wdolth, 23 EE AR LS 75°CE AE 2 A olstodx mAEo] AEZHXA] Ut E coli O157:HTS
sk A2 AR 4] bHA ghRol lo] a3l W 65°CollA 214 o], 70°CollA 18 o], 75°CollAl 12¢
o7 AtgHL o), 80°ColA 64 o AEAT S W FTAL T

ofstedx mAEo] HEEA] U Sal. Typhimurium

g2 ¥ Wolvt AW} Ae] FQ MFE M@ 5 65°CollA 24 o], 70°ColA 229 o], 75°CollA 14
T
=

BB} FAE 5T AFE pPES WFA AGA o1, S0CIA T ol LAY S W FAL ot
g gk o]F 5U7F FFdt] 1 mm o) wotdk Aol = stk mAEo] HEER] FTh dEut FAbl| JFE B
8 A== Ald F£FL Table 59 YEYT. B, cereus cereus, L. monocytogenes, S. aureus, E. coli O15T:H7, Sal.
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Table 5. Bacterial population on alfalfa sprouts after dry heat seed treatment

Treatment Bacterial population (log CFU/g)
Teimp ) Time B. cereus L. monocytogenes S. aureus E. coli O157:H7 Sal. Typhimurium

O (day)

65 15 - - 5.73+0.13 - -
18 5.75+0.15 5.07+0.15 ND - 5.56+0.44
21 ND ND ND ND 5.73+0.07
24 ND ND ND ND ND

70 14 5.59+0.15 5.75+0.07 5.76+0.15 - -
16 5.65+0.21 5.86+0.01 5.74+0.53 5.99+0.08 5.97+0.30
18 ND ND ND ND 5.99+0.30
20 ND ND ND ND 5.87+0.64
22 ND ND ND ND ND

75 9 - - - 4.48+0.22 -
10 - 5.76+0.22 5.59+0.09 4.88+0.46 5.59+0.09
11 5.89+0.14 5.64+0.10 ND 4.77+0.22 5.63+0.19
12 5.75+0.09 ND ND ND 5.77+0.08
13 5.66+1.93 ND ND ND 5.78+0.02
14 ND ND ND ND ND

80 4 ND - ND - -
5 ND 5.77+0.27 ND - -
6 ND 5.44+0.07 ND ND 5.80+0.49
7 ND ND ND ND ND

Values are mean+standard deviation; -, not tested; ND, not detected.

Typhimurium & E8/33} A17]7] fJsiA= 65°ColA 24U

7F, 70°CllA] 229 7F, 75°ColA 1497}, B 80°CollA] 7
A7+ AGH 7 Bosith rAES HEe g4Iy $2b
£ 65, 70, 75, 80°ColA 1A oS ol FAF el
Al wAEo] AEEA RuEte 20-30°Ce] 2=ofA 5Y
7¢ WrolslA A log 5-6 CFU/golAt mlA&Eo] Z7}13k3itt.
ol HAES FE F TA] nAEo] &35 AA
A ek 20, 25°CE 5Y7E wol 39S w v]AY
E9] log 5-6 CFU/g7A] Z7}8F Bang 529 A+ 23}
o} Bttt e B R Ajto] wholst= g ollA] WA
Eol wm2A F71ed & A7) wiEel, MR L FAPel A
A Eo] E8493) [ ete Wolsl= HFodA HA=
o] AEE=A gRlatofof AL S FHT
T o

ALHD 2= TGE U473 vl

dat Fabol HEFE HAES 65, 70, 75, 80°ColA
AEAY als W AaHS vlastr] 98 g 2=
nAEe] 90% #adhetl aF A7l DEE Table 6
ol WeP AT}, B. cereus, L. monocytogenes, S. aureus, E.
coli O157:H7, Sal. Typhimurium E5 65°Cel|A] 80°CE 2

T7F 7Kk Dakel freld oz %
Hug vz dFd 4 gleo] &
5 A JFE A= aRFHOE Ao F
< Flskh 65°CE AEAE S o, 7 D
o] fre]AQl Afol7t §lA7] W&ell, 65°CE G el 3t
AL #FFol A glo] mAES AaA7=d a3t
sRlsteich 70°CE AEAY A
L. monocytogenes, S. aureus, Sal. Typhimurium& H|xL3}
98 w9t B. cereus, Sal. Typhimuriume H¥]x s} o
D7L.4 2ol 8 el zo]7F GATHP>0.05). Sal. Typhlmurlum
L. monocytogenes, S. aureus, E. coli O157:H73} B
sted DEke] freldoz A YERTh(P<0.05). 13 EZ
dIut FAE 70°CE 1A 2] 3132S W Sal Typhimurium
o ¥lal L. monocytogenes, S. aureus, E. coli O157:H7S
Ao R Ao F =S st 75°CE HEA

2] S ul, B. cereus, S. aureus, Sal. Typhimurium<

ekl Th(P<0.05). 2
A EE7F wobd

2~ olo
=]

W], B. cereus,

L rlo

vl 39S W9} L. monocytogenes, S. aureus, E. coli
O157:H7E WAL &3l W Dgkol F2l22l 2fol7} 1%
THP>0.05). B. cereus, Sal. Typhimurium< L. monocytogenes,
E. coli O157:H73} ¥]i3ted Dke] fojH o2 &4 e}
WTH(P<0.05). ¥ ER 49 FAE 75°CE 1A
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Table 6. D-values of bacterial on alfalfa seeds treated with dry heat

D-value (day)

Strain
65°C 70°C 75°C 80°C
B. cereus 5.07+0.03"sP 3.97+0.03¢ 2.70+0.08"® 0.72+0.03**
L. monocytogenes 5.37+0.56° 3.47+0.50% 2.06+0.21%® 1.26+0.09°*
S. aureus 5.03+0.04° 3.74+0.21¢ 2.31+0.30™" 0.76+0.02"*
E. coli O157:H7 4.94+0.49° 3.54+0.31%¢ 2.22+0.25% 1.20+0.18%
Sal. Typhimurium 5.48+0.40° 4.32+0.17*¢ 2.67+0.12"8 1.37£0.14**

Values are meanstandard deviation; ™No significant difference; *"Means with different superscripts in the same column are signifi-
cantly different at P<0.05; *""Means with different superscripts in the same column are significantly different at P<0.05.

3192 Wl L. monocytogenes, E. coli O157T:H7 B. cereus,
Sal. Typhimurium®l| B3] @342 Aojd 4 3L &
o135kt 80°CE ALA Y 39S Wi, B. cereus, S. aureus
S H2ENE W9 L. monocytogenes, E. coli O157:H7,
Sal. Typhimurium< B35S o DgFe] /2% =}o]
7F SA A TH(P>0.05). L. monocytogenes, E. coli O157:H7,
Sal. Typhimurium B. cereus, S. aureus®t V]nLdle] DZk
o o105 7 Ueksth(p<005) TemE Qo) %
A5 80°CE AEA 2 stlSs W L. monocytogenes, E.
coli O157:H7, Sal. Typhimuriume B. cereus, S. aureus®l
v EgH oz Aold 4 9o Folsdt)

AYHzE] 2T G2 Wobg ol
T 65, 70, 75, 80°COlM AL 3 Gy} FA)o)

oke-2 Table 701 WERSITE 65°CoIM 2443t DA
g 3t A2 23 vlaste] ool WAZW 2ol
7F 192 1H(P>0.05), 70°CAIA 229, 75°ColA 1 80°C
oM 74

797 ALA Y st AL EHZ:%J% H]m-o}Oﬂ o}
pas

&o] o150 AU rhP<0.05). AF LT} 19|
drolg 2719 70% vvhe g Zhad 2712 80°CellA 7
A7k ﬁoéﬂﬂ —5‘]‘3:- VA O]TL}‘ O].‘L:: T Ex}_é Soocoﬂ}\_l

481 7 0]/\0 A7 9L m dolgo] 7hATH Bang
T At frArelth 80°Cell A TR AEA
o s 2Ae AWt B Wolgo AT AW} B

ngro g 7rAsl7] wliol AdslxA] &
IHEZ 65°ColA 244, 70°ColA 224
I5ColA 14907 AR Sk Alo] st Eabe) ol
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Table 7. Effects of dry heat treatment on the germination rate of
alfalfa seeds

Dry heat treatment conditions Germination rate (%)

Control 87.33+2.52¢
24 days at 65°C 86.33+0.58%
22 days at 70°C 84.67+0.58°
14 days at 75°C 77.00+1.00°
7 days at 80°C 55.33+£0.58*

Values are meantstandard deviation; *®Means with different
superscripts in the same column are significantly different at
P<0.05.

sh7] 918l xzfo] il M3k 7AEHHE o83kt &
ol Exlo] Wolgo FIFS W XA &I B cereus, L.
monocytogenes, S. aureus, E. coli O157:H7, Sal. Typhimurium
< E8Ast A717] 918 7P S0 HHS 75°Col|A]

1497F 21922 Sk holh oleld Az AHS F
As) Qo AHALE YASAN ARG Hu s

N

AR 0189 AO2 AL, oF A7l 38
F4 Wt ohlet thE ARAL EAN HFE 7

2 B A7) AP FHHoR o) ol Aok,

1:;

O OF
a5

2

B ApoiE AdAee B 2B A AEH
Bacillus cereus ATCC 12480, Listeria monocytogenes
ATCC SSAS8I, Staphylococcus aureus ATCC 6538, Escherichia
coli O157T:H7 ATCC 43894, Salmonella Typhimurium ATCC
14028& Wolgol T jlol &Y}t Al7l= 21(65°C
oA 21, 70°CoNA 162, 75°ColA 102, 80°CollA 7€)
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Md



o 4 21, 70°ColA 18Y, 75°CollA 12¥, 80°CollA 7,
S. aureus= 65°CA 18, 70°CAlA 18Y, 75°CAlA 11
A, 80°CollA 4Y, E. coli O157:H7S 65°ColA 21, 70°C
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