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Abstract The objective of this study was to examine the
combined effect of fumaric acid with mild heat on the inactivation
of microorganisms on spinach. Spinach leaves were inoculated
with Escherichia coli O157:H7 and Listeria monocytogenes.
Based on the results of single treatment of fumaric acid (0.1, 0.3,
and 0.5%) or mild heat (40, 50, and 60°C) regarding the
inactivation of the inoculated bacteria, the optimal condition for
the combined treatment was suggested to be 0.5% fumaric acid
and mild heat treatment at 50°C for 5min. The combined
treatment of fumaric acid with mild heat caused 2.53 and 2.62 log
reductions of the populations of L. monocytogenes and E. coli
O157:H7, respectively. In addition, during storage of fresh
spinach at 4°C for 12 d, the combined treatment reduced initially
the populations of total aerobic bacteria by 2.77 log CFU/g
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compared with the control. In particular, after 12 d of storage, the
population of total aerobic bacteria for the combined treatment
sample was 4.84 log CFU/g, whereas the control sample had 6.66
log CFU/g. Color and vitamin C content of spinach samples were
not altered significantly by the combined treatment during storage.
These results indicate that the combined treatment of fumaric acid
with mild heat is an effective method to control microorganisms
on spinach during storage.

Keywords combined treatment - fumaric acid - mild heat -
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A 8

FH ARRES 747 digh #Ao] Eolle et 214 o]
Azl 3 a7t S8k ATk(Pemi 5, 2008). L oA
= A|FX|(Spinacia oleracea L)= & JYH 7KXE 714 €
g AHEE AL F R, A7 F HER O Bol $h
ol A, wek A, vkavlE, 9 o ohdE ddRE F
8l2L ATH(HongZ} Ahn, 2005; Koh &, 2012). A&l
2 UER A, H2ole 55 5 YsIx &L A=
AF ke a¥E F7iEk ok Ad FAF7F Exe] T 2
P E AXA &E AF, vAE 290 =E2HL AAE 2
2 2dde] FAFE IS Fhe] AT HIHATH
Miller 5, 2013; Taylor 5, 2013). Al&2]2] 7%, 20063 W]
=tol| X Escherichia coli O157:H72] outbreak® 2059 ¢] 7+
wo] 4o] APREIlar, 2012991% 3390] E. coli O157:H79
ZA9ERTta BaE vl ATHCDC, 2006; 2012). Wk AlF

N o
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9] A A e AESH kA FRE % W A7 Aol
Zasiriy ddtEn

AdHe] AT vAETH kA SRE SlEiA A
ZAKNthenge 5, 2007), F714H(Akbase} Olmez, 2007), 2=
(Garcia 5, 2003), 9A(Beuchat 5, 2004), H7|&a4
(Guentzel 5, 2008) 5 ThFeh HI71E 2] WhHo] ARg-Eoh
slahA Az W 714k A, 28 WFE AF 7K
T AF BEAR AR B9 U 2 A7) FUE 9
g AR gk F714R 2Fe] pHE 231 undissociated
forme 2 wAES] S-S AAISITE F, §714k] undissociated
formo] A PYE A2 FHst] AES] cytoplasmS ¢
Azl oM ngEe] dAlEE 7)Zoltk(Ricke, 2003; Akbas
9} Olmez, 2007). #7114 5 fumaric acide 73+ Aa3E A
e, 271, B2 &, Al FoA 2 &3 BaE
THComes$} Beelman, 2002; Kim 5, 2009; Kim 5, 2010).

vAE A7EE 9% 2840 WHOE mild heat 2]7F
tksAl ARSI e, WE, I, baby spinach oA T
AE JAFI7F B A= T Lamikanra®} Watson, 2007; Huang
3} Chen, 2011; Park %, 2013). Z8]3 mild heat= A141¥Ho]
el 24 B G491 polyphenol oxidase, peroxidase 5
S 2843 AA Z2HeS JAAIZ thLamikanra®t Watson,
2007). ©]#% mild heat= TS AlH AL WA A Al
Aol MAE oA &35 FHAA Fo. Delaquis 5(2002)y>
E. coli O15T:HTCE HE3 iceberg lettuced] FAFZ 47°C,
3% A2 P& uf izl Y8l 2 log CFU/g 1 Tt I
o™, Lin 52002y E. coli O157:H73} Salmonella enteritidis
E HES gl FslrdiE 50°CAA A7 Al 9F 4 log
CFU/ge| #Ht 32 Buiy 233 v Qi

wEta B AFE AlERe] AE FHE 9 sEH
ARl #7145 =274 A2 #E0 mild heato]] o8 T
2 g #xgle] mE uAE Ao a3 2 AlEXe A =
FAusle) viX= 298 ARl 2 A9E HAsle vlolt)

Az 2wy

AY A5, 2 AFolA AR-E AFA (Spinacia oleracea L.y=
HIEE A5t 57kl g Zer, 3 & Ads
24X)7F olujel] Ao AR

HAA vAE WY 2 HZF. Escherichia coli O157:H7
(ATCC 43889, NCTC 12079)%} Listeria monocytogenes (ATCC
19111, KCTC 13064y= 22} 25mLe] tryptic soy broth (Difco
Laboratories, Detroit, MI, USA)S} brain heart infusion (Difco
Laboratories)oll &3l 3790141 24A17F &b wjfst &
3,000xgoll Al 15327F A4 siih A4liEe] $ 0.1% d
HEFZ cell pellet 23] AT & 0.1% B4 FEFE &
EHellaL, ZF 2 cocktaildt ¥ HFE=7F °F 10°-10° CFU/
mL7} HEE 3Asle] AMgSIGth AlE FHol| SAlste &
uYE-S A ABE] 98l ultraviolet FAFR AlE ¥, WS 7}
Zy 1588 AE$E &, E coli O157:H73 L. monocytogenes
Ll 1mLE AEA 10 g FHoll HE3le] clean bench U
oflAl 20iE7F =3

Fumaric acid$®} mild heat A #]. A|FX £ tap watert}
fumaric acid &l 1:50 (wv)e HIEE 587 JAX3 F,

e 7l

laminar-flow biosafety hoodol|A] 3087} air-dried *JEIZ ZH
o HollE FES AFAIAY. Fumaric acid €942 79 0.1,
03, 05%°] &kl we HAE F =t H4E Bl F
Aeeg AR, d2TEs AR 82 AlFRE AR
3}t Fumaric acid 894¢] AN 7= W= 7€ A+ 2
FHKim 5, 20092 Fsle] HAETE Mild heat U
tap waters >=% (40, 50, 60), AIZFA(1, 3, 5 )= =4
AAste] 1:50 (wiv)el HIERE AlFAE sisich
WA, WA Ee dYAEE B HH o= A"
0.5% fumaric acid &3} 7 %o W} 1:50 (wiv)Q] &
2 587F HA S ¥, laminar-flow biosafety hoodollA 307+
air-dried JE|2 FHA Holle 78S ARAH
A7 @ ¥, gz v EAE, HF 2eR A%
H WE M3F Az AlEE low density polyethylene bag
(25x30 cm, 60 um thickness, 4,100 mL O,/m>24h-atm at 24°C)
of EZAT T 4°C cold chamberollA 129 &<t A3l w)AY
FAWsE 46t

L AIEA AR 10gd H WESF o0mLe H
bagoll ¥ 3% 59t stomachers ©|-&3lo] #23} 1T

tlo rlo

)
=
i
4 42
&

ki
423} | ANEE A7 HESE (M) A5 343 § 7 o)
Aol BFFAL, T &7/ 2 plate count agar (Difco

Laboratories), E. coli O157:H7- sorbitol MacConkey (Difco
Laboratories), L. monocytogenes= Oxford medium base (Difco
Laboratories)= AF-3131th 37°ColA 48717 vijeksl & AR
colonyE A5l g colony forming unit (CFU)E YERN ST
e Z2H. AlFA9 Az AAA(CR-400 Minolta Chroma
Meter, Konica Minolta Sensing Inc., Tokyo, Japan)& A3}
o ZAstd=d, AMHSE EF WEe L, oa, b @ 77
L=97.36, a=-0.07, b=2.03°]it}.

Hgll C #F 54, AFx19] HgRl ¢ ¥ #4& HPLC
(Waters, Milford, MA, USAYE °]&3ld ZA3IUY. Alg=
mixers o|-&ste] Rt & FAAZSI FHEIGlY T2
235 AR 20 10% HERIAHES 2mLE 71sted 1087 &
AR, oAl 5% HERIGE & 25 mLE o] 30%%F +F
A3} stk FEstE AIREE 1,590xgolA 1587 YAERE
slod el vhS FHoka, el 1 mLell 5% wERIAH 89 3
mLE 7}ske] E4A)71 3 02 um polyvinylidiene fluoride
filter= 1348k ¥ 10 pL¥ FYste] E48isitt. AMSE 24
< Kinetex 5u EVO CI8 100A (250x4.6 mm, Phenomenex
Inc., Torrance, CA, USA)STh °l&42 0.05M KH,POy/
acetonitrile (60:40, v:v)= ImL/minSZ Z#HF9om UV
detectorS AF&3t 254nmollA HESATE HEEIRZ
ascorbic acidE ARE-s| HIEF] C S 4FE319] mg ascorbic
acid equivalent/100 g2 A &}5]c}.

SAEY. A9 A 242 SAS (Statistical Analysis
System program version 9.4, SAS Institute Inc, Cary, NC,
USA) Z2I38 o] g3l oM, Fo5<F p <0.05¢14 Duncan’s
multiple range test WHS ARSIITE AF di= H4 33
o wHEAY sl Wt + FFAUAE HERHUTH

Az 9 3%
Fumaric acid @4AZ ] w2 v]PE Ao] & A|FH4
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Table 1 Change in the populations of L. monocytogenes and E. coli

Table 2 Change in the populations of L. monocytogenes and E. coli

0157:H7 inoculated on spinach by fumaric acid treatment (log CFU/g) 0157:H7 inoculated on spinach by mild heat treatment (log CFU/g)
Treatment L. monocytogenes E. coli O157:H7 Treatment L. monocytogenes E. coli O157:H7

Control 6.11£0.124 5.97+0.16" Control 5.92+0.16% 6.03£0.07*
Water 5.69+0.165 5.39+0.108 Water 5.64+0.118 5.69+0.158
Fumaric acid 0.1% 4.89+0.06° 4.88+0.06° Mild heat 40°C, 1 min 5.47+0.08% 5.38+0.08°¢

0.3% 4.61£0.09° 4.42+0.18° 3 min 5.50+0.178 5.24+0.200

0.5% 4.19£0.15° 3.89+0.22F 5 min 5.07+0.18¢ 5.07+0.21PF
DAny means in the same column (A-E) followed by different letters are Mild heat 50°C, 1 min 4.98+0.14° 4.96+0.07°
significantly (p <0.05) different. 3 min 4.74+0.14° 4.71£0.09°
5 min 4.38+0.10FF 4.29+0.256
Mild heat 60°C, 1 min 4.60+0.16"F 4.68+0.17°
fumaric acid @9AMeE ¥ F HEE L monocytogenes, E. 3 min 4.22¢027° 4.63£0.08"
5 min 4.10£0.146 4.22+0.06%

coli O157:H72] vAE Aol a5 =735 THTable 1). AlF
9] %7] L. monocytogenes, E. coli O157T:H79 = Z+z
6.11, 597 log CFU/gelth. 0.5% fumaric acid & +
4.19, 3.89 log CFU/ge® 1.92, 2.08 log CFU/g®| #A&F
2 B3, 0.1 0.3% fuamric acidoFe 913821 x}o)]2 Ko
M e AAEHE JEth oldd Ade %7 L
monocytogenes, E. coli O157:H79] w|A&E F7F 739, 6.14
log CFU/gQl B2Za] & 0.5% fumaric acidE® @Y Az
Al, 229, 2.26 log CFU/go| ZA3lSithe A+Axe) Akl
THKim %5, 2009).

Mild heat @A) W& v]PE Ao] &3} Mild heat T
A 74$-, 2240, 50, 60°C), AI7HE(1, 3, &) XS T
3 7t 2xo mE HAAE Ahe AFEIATHTable 2). thx
el %71 L. monocytogenes, E. coli O157:H79] = ZHz+
592, 6.03 log CFU/gel=tl, ©e & AlFe] A9 5.64,
569 log CFU/gZ T & AARIC 2= nAlE & 74t of
Hoks 2S¢ 5 ATk 40°C A2 A5, 17 A A
L. monocytogenes, E. coli O157:H72] 7} 547, 530 log
CFU/ge & T & AlH Aol fAksh 750 244aE Hel
whde]], 58 A Aol izl vl 0.85, 0.96 log CFU/g
o] ZAEHE 1E T 3 vE =& PAE Bk S0z
60°C M| dA] 5% A Al 7HE =& UAE BT 53,
50°C, 5% A2l 7% F L monocytogenes, E. coli O157:H7
F7F 7ol Bl Z2b 1.54, 1.74 log CFU/ge] 242 Uet
WA, 60°C, 5% 2zle] 9ol 50°Ce FAkeh =52 7
A2g3E Bt oyt A= E coli O157H7S HES
baby spinachS 40°C (%), 50°C 2&)9] /T2 AL
o) ozl el Zkzb 1.1, 1.6 log CFU/gd] ZAsliitke o

Table 3 Change in the populations of L. monocytogenes and E. coli O157:H7 inoculated on spinach by combined treatment

DAny means in the same column (A-G) followed by different letters are
significantly (p <0.05) different.

TFAHe} FAEFA Y (Huangs} Chen, 2011). %38 Koseki 5
(2004)2] Aol WEM, E coli O157:HT SalmonellaS %
g AFE SR 50°CeM 5wk AXAEE sHs o
Z 7l Y8 E. coli O157:H72] 739~ 2.73 log CFU/g, Salmonella
o] 739 281 log CFU/gd) #Aaas Bt ol8d AxE
2 AL20°C)N4 2] AFETH mild heat®l 50°Col|lA <] AlZo]
S g el oA o aFHAS & & AT

Fumaric acid®} mild heat Al w2 v|BE Ao &3}
9 2EE B3 A-E fumaric acid 4 F=9 & mild
heat 2Z|e}e] WA E 3l A= Alo] BAE FRlsiitt
(Table 3). & A AL T3l fumaric acid®] % FE=
0.5%2 Agsion, 7t 2&d e A AI7k Z5F 58S
2 AAsAh 0.5% fumaric acid®} Zb 2o wWE mild
heat A2 IS 75 40°C A2lel Hlsh 50°C A2]elA H
& 895 YERSlen, 50°CH 60°C 7l & Apols B
o]A] ¢kttt 0.5% fumaric acid®} 50°ColAe] WEAE] -,
L. monocytogenes, E. coli O157:H78] <=7} tz7 w3 7z}
7} 253, 2.62 log CFU/ge] #4 a3E YeRNL, 0.5%
fumaric acid ©dA gl 3|4 Z}7} 1.03, 0.94 log CFU/g®]
AaE YERigieh ol8d 723 Rahman 5(2010)°] %
ol 1% citric acide} 50°C *2] Al, L. monocytogenes, E.
coli O157:H7 & &7} izl Hla] z}zb 2.83, 2.85 log
CFU/ge] Zr4sith= Rk, Huang® Chen(2011)9] baby
spinach®ll 1%9] lactic acid, citric acid, malic acid 5= 50°C

(log CFU/g)

Treatment

L. monocytogenes

E. coli O157:H7

Control

Water

Fumaric acid 0.5%

Mild heat (40°C, 5 min)

Mild heat (50°C, 5 min)

Mild heat (60°C, 5 min)

Fumaric acid 0.5%+Mild heat (40°C, 5 min)
Fumaric acid 0.5%+Mild heat (50°C, 5 min)
Fumaric acid 0.5%+Mild heat (60°C, 5 min)

5.80£0.05% 5.98+0.08"
5.34+0.108 5.44+0.168
430+0.21° 4.28+0.18°
4.8140.17¢ 5.04+0.13€
4.28+0.15° 4.27+0.20°
4.15+0.12PF 4.16+0.16°
4.01+0.07° 4.11+0.31P
3.2740.19° 3.34+0.09"F
3.2340.27° 3.26+0.10°

YAny means in the same column (A-F) followed by different letters are significantly (p <0.05) different.
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Log CFU/g

Storage time (days)

Fig. 1 Change in the populations of total aerobic bacteria of spinach
during storage at 4°C. @: Control, Ill: water, A: combined treatment

oA Ag Al MAE 7} 2 log CFU/g oA 243tk
TAHE} FAlstATh

A% & MAE & HE 78 5 AT AlEA] AlEE B A
TFoA PR HHe] WA 2720 0.5% fumaric acide}
mild heat (50°C, 5%) 2|3t % 4x1°CollA] 1287 AAshd
A PAlE S AgE 2gsItkFig 1). A% 27 gz
% 3714 & 47F 578 log CFU/gol T & Al1Z& 530
log CFU/g <1 whaHol. WAl 49 3.02 log CFU/g2E
2.76 log CFU/ge| Z4AE Jeplen, 277k 52t o=+

Table 4 Change in Hunter color values of spinach during storage at 4°C

o BE Aol vAE 7 Tkl 43S BT Kim
5(2010)° W= 0.5% fumaric acidE B7]ol *zg|sle] A%
D& W, A 27] thx7ol vs] 141 log CFU/gS] #4AE
B3, Klaiber 5(2005)2] F2oll 50°C mild heatEZ #2]5t
AgNE W, A 27 F 571 o] tizTel HIs| 1.7 log
CFU/ge] #aaiaict. webA] olejgh A3 Ad=S FalA, &
AFoNA2] fumaric acide} mild heat8 3127} synergy effect
£ Ueile] o & 2t &3E UERS o Aok 53,
A% 129310 WA 77} 4.84 log CFU/go® thxT-9}
Hlwsle] 1.82 log CFU/ge] Zdt &35 Ho A o= v
AE A G ASHAT o= Wei 5(2005)2]  iceberg
lettuceol] citric acidZ 50°CE 2|Z|3F 3 4°ColA 7d A% A,
AR 27 F 2714 ol Tl sl 230 log CFU/gS]
225 BAA AR 74 Fole 29 log CFU/gS R 2 &3
£ A&tk A7 Ak olefdt AREL siehE
AZASE mild heatehe] WA 7F AlHAe] GdA R} ]
AR 7o) A AL AAVEH, mild heat’} AZAL] wAd
E AREHE FSAA Foe Ae & F Urh wEA
fumaric acid®} mild heat®] HA T A|FXE H]ES A4
Hol] HAFE] A T wAdE Alofoll oAl a7zl WhHe
2ha AT

Ax ¥g) 2Ee] A F 74 AR F sl Axe) Ad
A, AlFX1e] A% F Hunter L, a, b3ks JeERiIET, 12
A7H] A F AT 7 Al Aol HolA] dTh
(Table 4). Park3} Kang(2015y AlFX]o] 10 ppmv ©]4tsld
4 7128} 80 ppm peracetic acidE A2lste] 7U7F ALRE
o, tiz7-e} Hlaste] fe]AQl Apolrh Arkar Bargk v gl
o} Siddiq 5(2013) E3H FIE 50, 60, 70°CoA 1327 A
23k & 4°ColA 2197 A W, 60, 70°Ce] 75 A7

—

Color

Storage time (days)

Treatment"
parameter 0 6 9 12
Control 31.61+0.8942 31.65+0.724¢ 31.51£0.7242 31.54+0.93M¢ 31.65+0.924¢
L Water 31.64+£0.917 31.57+0.954 31.56£0.65" 31.62+0.90"¢ 31.62+1.014¢
Combined treatment 31.57+0.76"¢ 31.60:£0.754 31.54+0.674 31.47+0.874¢ 31.58+0.86"¢
Control -9.2140.54A2 -9.23+0.5742 -9.28+0.3142 -9.31+0.26% -9.45+0.16"
a Water -9.34+0.50% -9.25+0.61" -9.28+0.474 -9.34+0.2242 -9.36+0.49"
Combined treatment -9.26+0.55% -9.25+0.2742 -9.26+0.24% -9.31+0.2142 -9.39+0.214
Control 13.24+0.46" 13.2540.554¢ 13.2440.5642 13.24+0.62" 13.10£0.0342
b Water 13.25+0.4472 13.2540.574¢ 13.254+0.5042 13.24+0.40M 13.23+0.414
Combined treatment 13.24+0.417¢ 13.26+0.58"¢ 13.26+0.524 13.29+0.321 13.32+0.397¢

"Control; no treatment, Combined treatment; 0.5% fumaric acid + mild heat (50°C).
Y Any means in the same column (A) or row (a) followed by different letters are significantly (p <0.05) different.

Table 5 Change in vitamin C content of spinach during storage at 4°C (mg/100 g)
Storage time (days)
Treatment"
0 3 6 9 12
Control 55.51+0.0544 55.50+0.3742 55.56+0.484% 55.02+0.194%® 54.90+0.234°
water 55.49+0.454 55.48+0.5142 55.45+0.164% 54.99+0.26"7 54.92+0.144%
Combined treatment 55.21£0.704 55.48+0.4842 55.78+0.644% 55.03+0.1942 54.97+0.244%

YControl; no treatment, Combined treatment; 0.5% fumaric acid + mild heat (50°C).
Y Any means in the same row (a-b) followed by different letters are significantly (p <0.05) different.
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Zrell mEh Lgko] 7St WhA 50°C A2l A9 A7 &
Lgke] Wbt gtk A 2 A7ddel fA1e w
A B Ao A ALLE fumaric acid®t 50°ColA 2] mild
heat B3A 2= AlER9] Ame] J3S mXA] beriar A
Ha, B ApoMe SR AT BA Tk & 99
< 7IAAE etk AzbEh

Hel C ¥F 33, A% & AlFX9] vEN] C S Table
5ol Yepliich. A =7] viz7e] vlell C g 5551
mg/100glA] 128 3 54.90 mg/100 gol1om, WAz 74
© A% 27] 5521 mg/100 golA 54.97 mg/100 g2 AT 7+
o] fojHl zolE HoA| Akt Choi 5(2007)0] wEH,
B Ardstels 2] 349 A% Al HERIC FEke] 7HAsk
=, AR AR Al vlER ¢ g £480] AR w0
we} gsithy s, HERl C AstE ATt A 2ox BTk 3
2o = LS AUy wlFolgly Bt weba Al
=X e C FdFe F5, FEA7], 27] vERICE
o] zjo], Aol wEl tEd, E Aol AMgE AlF
X|¢] 7%, fumaric acid®} mild heat®] A7} HIEF) C
el oA & FFE 7IXA] FdTh. whEbA ol AT
A= fumaric acid®} mild heat®] B 2]|7} Al FX]2] AMx,
PR, B 5 A IFL 7AA gemME AR F

nAESHE QA frAlel BEQl AgEe S AAT

i

3

Ju

Al ZA)9l fumaric acid2} mild heatd] BWEH S S8 HAA
e Ao &S FHeA AFXl E coli O157:H7, L.
monocytogenes & &3¢ T 7t GUAE T wAE + WIS
24389 th. Fumaric acid (0.1, 0.3, 0.5%)% mild heat (40,
50, 60°C)°] 7} ©dAE] A4F AFE E=E, ¥EHE AT
fumaric acid®] HAEEE 0.5%, mild heat XZZHAS=E 50°C
Al 5smine 2 XA, WkAE]l Al L. monocytogenes, E.
coli O157:H79] S+ Whz7d uish ztzh 2,53, 2.62 log
CFU/g 748t} 12]ar Alxgh Algx]o] Wiz & 4°C
oM 1297F AFsEA wAE = A 2 EE s AL
stk Al 271 vAE ol oA tiTtet Blaste,
et AgFelr F 57148 +& 2.77 log CFU/g A Z .
53], A% 12d & W3 AMre F 38 F FE 484
log CFU/ge 2 tx7¢} vlwste] 1.82 log CFU/ge] 7+t &
= 7T BEg AlFA A% F Hunter A% g 2 H]E}
9 C 3ol QoA AHET 7Fe] frolFQl Aolg: HolA] &
okt Wb B A7 A3}, fumaric acid®t mild heat®] kA
27F AlFRY] ABESE B fAel a9 Azl &
cEth

Keywords ‘8904 VIS - 8@e] - AgA 9 A - ot
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