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Effect of Microcapsule Entrapping Isothiocyanates (ITCs) Extracted
from Horseradish Armoracia rusticana Root on Shelf-life Extension of
Myeongran Jeotgal, a Korean Salted and Fermented Seafood

Soon-Sung Kwon, Su-Jin Kim', Hye-Young Shin? and I1-Shik Shin**

Department of Bio-Resource Sciences, Kangwon National University, Chuncheon 24341, Korea

"Food Safety Center, Daesang Co. Ltd, Icheon 17384, Korea

“Department of Marine Food Science and Technology, Gangneung-Wonju National University, Gangneung 25457, Korea

The effect of entrapping isothiocyanates extracted from horseradish root by microencapsulation on the shelf life
of Myeongran jeotgal was evaluated. The total viable cell count of Myeongran jeotgal reached 10" CFU/g (initial
decomposition level) on days 43 and 45 of treatment with 1.0% and 2.0% microcapsules (4.0 mg/mL), respectively,
compared with day 21 of storage at 5°C as the control treatment. The proteolytic bacterial counts of Myeongran
jeotgal treated with 1.0% and 2.0% microcapsules were 2.0x10° and 9.5x10* CFU/g, respectively, with 2 and 3 log
reductions compared with the control count (1.1x107 CFU/g) on day 33 of storage at 5°C. The total volatile basic
nitrogen (TVB-N) level reached 30.0 mg% (initial decomposition level) on days 47 and 48 of treatment with 1.0%
and 2.0% microcapsules, respectively, compared with day 33 of storage at 5°C as the control. Based on the sensory
evaluation, the freshness of Myeongran jeotgal treated with 1.0% microcapsules was best compared with the other
treatments. Based on the total viable cell count, TVB-N and sensory evaluation, the shelf life of Myeongran jeotgal
treated with 1.0% microcapsules was extended by 22, 16 and 15 days, respectively, compared with the control at 5°C.
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am B0l 419 8% ofolel
o} TEiu e 49 SR Qle

ol & SAsto] -8 71%ko] Hhobx]= ©@hilo] Sltt. ofof Az
5] 45715 942 915101 pH 27 (Kim and Lec, 1991, 2
ulA 2 AK(Jo et al., 2004), 4:2](Cho et al. 2002)9]- tl=(Jin et
al, 2001)°] 27} & thoFat A7} AalE a9
1—7—%4 o] % (Horseradish, Armoracia nzstzcana) L9 =
YR} QAkx] o] Thd A S Al B FRAlE T A 0] olgkm
u]— ofe}l 1 daF AL FES by 9ty 1 EGo A=
2191 ko] ol =42 allyl isothiocyanate (AITC)E H|53t
isothiocyanates (ITCs)2 748t 3t &2 7HA 2L Utk Cej-
pek et al., 1997; Shofran et al., 1998). 115=1o]F1o] A|E Z
ol &= ITCs B FA|(sinigrin)@} £} 41 myrosinase”| 4|
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ah=t], T30l L Zhel A%} 53] 1, myrosinased] 2]
5t ITCs A =58 ITCs7} 2] == 7healutsol &
of ek ITCst= 44 BAR 12%59] fwA/k 2eiA 9o
, 71 5 allyl isothiocyanate (AITC)%} phenethyl isothiocya-
nate (PITC)7} 71310 50| 243 0 2 o1e} 4] 9} (Mazza,
1984). ITCs] 3t 24 7|70 A4, A2} peptide 2 o
210l SH7| 5ol ITCs?] thiocyanate”|(-N=C=S)7} 2}-&-5}
= Al Z HuE 1 Qlck(Turgis et al., 2009).

ITCSE 412 5713 A4S 9l8}o] 283 A2l cooked
rice (Kim et al., 2002), ground beef (Nadarajah et al., 2005),
stone fruit (Mari et al., 2008), cottage cheese (Goncalves et al.,
2009), chicken breast (Shin et al., 2010) 5 TFFsH A7} Q)
OUHTCs= & 224= 8- 3ol Zbafl A&l 215 28514 &
W 7|5 o] FEEE AL, | AT A o= make] A&
7|7to] B2t o] Qlth. o] 9F A2 wAl S sl A st ] St
o] sz wro]A =& 0] A7} Stk nlo] A= &I =
ITCs®| WEs st 2dsto] AL 4ol Bolsh=
nAEe] SAof 2 = vAA g ERtofu et v ok
£ b g st 5718 ol E RokA o A8t
=+ (Ko et al., 2008).

Gum Arabic (GA)2 Acacia senegal} Acacia seral®] &7|
of 7HAloflA] FEE Behid e S0 ' T aEAF dsfE
o|th. GA= A A e thdrel a1EA=F9] hydroxyprolone
o] FHet Pt A = S E o] Itk T B Aap/d of T
A ITCsoh ALE 2§ 31T A4S Thfris B3 45218
g2 glof o8 Aol A GASHITCSE 23} 412 4 Q7 &=
C}AL ITCs7t @AW W= 21 Yol=th(McNamee
et al., 2001). Chitosan [poly(p-1, 4-2-amino-2-deoxy-D-glu-
cose)] chitinof| 4] F-2gt A Fol2A4 thdFE, chitind}
o] A =8 H ol A chitosan®] oFF1 7| E-2 Y/ AFSHE H,
ol& Qlsf ALZA} ARE Abo] 9] Hbdo] Yojubr Gafiitt &,
A g-ofof thgt g8l do] Srsh of e 7HA] FEl= A Y
7}gAdo] golatel, 2 chitosand ulo] AR %, vlo] AR
HIE, flEQl 58] FHE A xto] o] oFE A& o
A, AlE W g4 ske 9A|, 229 (Miyazaki et al., 1981;
Ouchi et al.,, 1989) 5-2] H-ofo]| -5-83}11A} 5l= A7} &t
8] o] Fo] x| 1L qlct.

olof & Ao A= GAL} chitosane wall material 2 3}o]
ITCsE 33t npo| 2272 A xste] Aol 28, 13571
oF A% Aol tigt A= skglen, 1 AE B alsh= )
ofc.

Iz H U
NI

ITCs &2 $35}9] FBiocoats (Seoul, Korea)o| A <]

S} 1Yol F(Horseradish Armoracia rusticana) ¥2] 2242
ARESEITE 53 ITCs9| 3 S4S 9’ F5% AITC

(>99.0%)2} PITC (>99.0%)+= Wako (Osaka, Japan)of| 4]
A5kt mlo| A2 e AFE ¢35 GAE= Nexira (Rouen,
France), chitosan< ()% 7] E 1 E WA (Gyeonggi, Korea)
oA G810, lactic acid@} tween-20-2 Sigma-aldrich (
4], MO, USA) A8 AH513itt. Aol Wekaze-()d
LA E(Gangwon, Korea)of| A A& =IQITE.
Fd0|? wa22E TCs0 25

aldlol i fte] 29 700 g¥ S 2,000 mLE &9t
3, ITCs A4HS [ 2 517] §]310] 40°Col|A] 120427+ §H-&-A]
7121 120°Co|A] rotary evaporator (Rotavapor R-200; BUCHI
Labortechnik AG, Flawil, Switzerland)2 12087 573 &
5,000 goll A 2027 Al 2lste] ITCs =53 Aok

DRY0|R #a| FE20| TCs BY 5

it

[

FEE9 ITCs 2 gas chromatographic Mass Spec-
trophotometer (GC-MS-CTC; 7890N/5975C, Agilent, CA,
USA)Z BA4314t) 55 4 mLE Hexane} 1:12 =3}
o] wABFeRaL Aol A 3L RS F, SN ITCs A+
S GC injectord]] U3+t Columne 5% phrnyl silozane
capillary column (HP-5, 0.32 mm L.d*x30 m, 0.25 um film
thickness; Agilent Technologies, Inc., CA, USA)2 A-8-5}%
1 injection porte] &=+ 220°C= 32|35 t}. Spilt ratio=
1:21.50]1%1 2™ carrier gas+ heliumS ARE-5}I T} ITCs TF
Alke 913 EEEA 2= AITCY PITCE ARE-8H3ITH

ITCs &% microcapsule M=

ITCs 7 microcapsule Ko et al. (2012)2] Wl of| &3}
of AlzskATh & 25% GA F8(wiv) THEo] A-2oflA
SR wHkSE & tween-20 (0.5%, w/w)S EZ3HE GA 48
AT ITCsE 3:19] H|S-2 &35}al homogenizer (X-1030D,
Cat Gmbh, Wesendorf, Germany)E ©]-€-5}¢] 11,000 rpmo]|
A 387 #AZFsE] GA-ITCs emulsions ¢ %1t} Microcap-
sule?} ITCs?] 482 =0]7| 95}o] microcapsule?] ZE |
2] chitosan solutioni} AZE 24| dextrinS €4 5= H7}s1
o ERAZ7](Buchi B-290, BUCHI, Flawil, Switzerland)=
microcapsules A 23t TEH B8 Ax 0] 242 inlet air tem-
perature, 200°C, outlet temperature, 100°C, pump 20%©] it}
GA, chitosant} dextrinS 2% o7 2, microcapsule-S A %
o off ohR9] o] AUAA| B o emulsion®] =7} o}
A B AZ7] 9] YlFof] emulsiono] Eelzo] microcapsule?]
4=g-0] 9ojz|H, wall material 2 291 GA+= emulsion& 2+
S A= TS 7] flol] £ x S ITCs W& 1)
ofA| Eoh. E3F chitosan} 22 AR EHS ARG 3
£ =oFA] = WHH, emulsiono] H|s}Fo] Ero] 220 7| & A
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Ao g vlagAolrt. o]o] & ¢ALo] A= microcapsule®] 4>
S} ITCs 3]4=8°] 714 =3¢ GA-ITCs emulsion®]| chito-
san solution 1%, dextrin 10%%E %7}3+ ITCs &7 microcap-
sule (data not shown)& A| &, W5 e 2 5°Cof| Hykato] A
ol ARE-31S T} Microcapsule?] & e+ AR 1] 7 (IN-
SPECT F, FEI, Netherlands) ©. & 3-2ks}9] o A2 2] 7442
ion coater (IB-3, Eiko, Japan)E- ©|-8-5}o] X135 0.1 torr & 31
ZA(800-1500 V, 8 mA)stofl A 57 o= AR} FHS
5Tt YA}2] A7]+= microcapsules 1-propanolof] F4k
A7 &, laser light cattering ®5 2.2 CILAS 10649 (CILAS,
Orléans, France)2 =7%3}%t}. Microcapsule®] ITCs TaF-2
organic solvents extraction Y& 4 3}0] A5 tHKo et
al., 2012). &, ITCs & microcapsule 0.1 g= 15 mL test tube
of Yil 224 4 mL, hexane 4 mLE £35}9] mini-shaker
(MS2, IKA, China)= 327 XI&3gt &, 4¢-2-0f BF2]5}o] hex-
ane =2 ITCs &2F2 GC-MS&E 24519tk
Microcapsule22E HEE= ITCse| & 58

MicrocapsuleZ2H-E ®&5+= ITCs] g2 Arthur and
Pawliszyn (1990)2] wiio] ulgl SPMEH S 2 =314t}
Vial (23 x 75 mm, PTFE/solicone sepra, aluminum seal)®| 7}
0.1 g2 92t ol € A 2] SPME fiberE 4¢3} heat-
ing block (Dry thermo bath MG 2000, EYELA Co., Tokyo,
Japan) 0. & 7143%t & 39S m= [TCs7) Z-H fibers
GC injectoref] FY3sto] GC-MSZ £43}% T}

04E 5%

s

A ESA(MFDS, 2019) & v]8E AWl &8to] A& 25
g% BE 71910 2 5.0.% A3 ovl ofo) BFAINAEE
ol(Butterfield’s phosphate buffered solution, pH 7.2)3} &3}t
3, stomacher 400 circulator (Seward Ltd., Worthing, UK)©.
2230 rpmoflA] 1527 A3} 3, oA N 11 mLof| Haf QA
2H5-8-2(PBS, pH 7.2) 99 mLE 7}sto] THA| 4] .= A< 514
afol 7} vz Ba1o] AJE-gol .2 AFgallct.

AubA| o= 7 A A| 2 S plate count agar (PCA; Dif-
co Laboratories, Detroit, MI, USA)o]l &3}l 35+ 1°Coj|A]
48 2417k Fet ujokRt & A E Mk s Al AR 1 g3
colony forming unit (CFU)= 3%7]3}%tt.

A2 EC medium (Difco, MI, USA)S 0]&-3F MPNH
o2 Ak &, A28 10,1,0.1,0.01,0.001 mLE Z}
ZF 57112] EC medium tubeo]] £33 44.5+0.2°C2] 2>
ZOl| A 24 £2A17F v 5, A o] kA7 AR tube S
&2t (Escherichia coli) %/go|2kal WA SIAL 2|ehpof u)
2k A 100 g 52 thd=tr5 Aokt

Al B2 =42 skim milk agar (Difco Laborato-
ries, Detroit, MI, USA)E o850 =43} th A vl X (skim
milk 11 g, distilled water 100 mL)2} B H}2|(NaCl 50 g, tryp-

tone 5 g, yeast extract 2.5 g, glucose 1 g, distilled water 1,000
mL)E 22 St 7, Baste] Alel A Azt 2t
814 ThA|9] Al | mLA-S B3 petri-dish 240] F74 0.2
717y B350, 49.54+0.5°C2 G4 E A9 vz = 18-20 mL
A o2 ZEsto] B3, SALAIZATE 36.0 £ 1.OTCOf| A 484]
7k vjerstol YA4E WS AG, AR 1 g CFUR H718H

ek

32t H7|EA(Total volatile basic nitrogen,
TVB-N)

3P 71 -AF2 conway micro diffusion assay (Con-
way and Byme, 1933)5 95 =4sto] S4sH3th =, 20%
trichloroacetic acid (TCA) € 30 mLE A= 10 gol 7}sfaL
mixer (SFM-700BI, Shinil Ltd., Gyeonggi, Korea)Z 0}t
T v A AR E FaL 30 HAEE -, 100 mLE 78531t
0|2 YAEZ|(4°C, 5,000 g, 10 min)3t 3, 0.45 um syringe
filter (Toyoroshi kaisha, Ltd., Tokyo, Japan)& o] #}5}o] A}
HE A7 =2 AHE-5FSI T Conway unit YAl olli=0.01 N H, SO,
| 1 mL, 2] Az 349 1 mL % 23} K,CO,1 mLE
Z47F a1 37°ColA] TA1ZE §ES-AIZ] T, WA ol brumswisk
(0.07% methyl red, 0.03% methylene blue) | A|F 12825
715kl 0.01 N NaOH= 27 skof 91y 7] & 4wk -6}
St 2= A& Al 20% TCA 8-S A-8-513 Tt
At (Titratable acidity, TA)

AHE= AOAC (2000) B U5 =ste] 2483ich &
AR 20 g& Hat 5575 30 mLe} &350 Stomacher 400
circulator (Seward Ltd., Worthing, UK)2.&2 #2433t &, <
Zof 100 mLe] pH7} 8.30] & wj7}A] 4H]% 0.1 N NaOH
(Showa Chemical Industry Co., Tokyo, Japan)2] ¥ lactic
acid (%)= gHiksto] UEt St

s dAk

gt tiek W AAbs AEE Adeste 7919 panel
= 7d5to] A= 2] WAl(odor), S(taste) 1]l FE 1 7]
% %= (overall acceptability)2] 37}2] =0 thato] 94 HH
O: ol £33, 71 55, 50 B5, 3 85, Lol de) o= 37t
SFRAL, o]9] Hatgro 2 YERlIeh SHA 7| 2= 4
7} 6.00 (acceptable score) ©]5}2 HojA|H HSFAAS AA]
SHA] gkttt
SAXE

2 AoA] He AE Al dHR o2 Yskgl o, =3
= Al Ak Batgke = et gloh FAZ =192 SPSS
version 21 software (SPSS Inc., Chicago, IL., USA)%|| 4] one-
way ANOVA % Duncan’s multiple range testS AR5}
(Duncan, 1955) P<0.059]| 4] 2432 A5t
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Fig. 1. Scanning electron micrograph (SEM) of ITCs-loaded gum arabi-chitosan microcapsules. (A), x5,000; (B), x10,000. ITCs, Isothio-

cyanates.

M
]

Tt
FHO|F H2| FE29| ITCs &

Yo B Hig] 2250] [TCs T3-S GC-MSE £4(Choi
et al., 2015)3t A3}, AITC7} 67.4%=2 713 woril, PITC:
30.6%0°] 1 tH(data not shown). 12| 1L 0]=F AJE S 2 3-bute-
nyl isothiocyanate”} 0.9%9¢] it AITCS} PITCS] standard
curve 2 5E| A4k AITC2] g2 471,952 ug/mL, PITC2)
e 154,418 ug/mLO.2 % ITCs $H3-2 626,370 ug/mL
o|3itt. Choi et al. (20152 A oFAF T3] Maj2 HEf 7+
Sy o7 2231 AITCS} PITCY) B]E-0] 212} 59.995%2F
35.819%= Hi1stql=t, 2 A2 971 AITC H]&o] ot
A2 A0 e

ITCs &% GA-chitosan microcapsule?| E%

FAAAFEN H 02 TS ITCs $H+ GA-chitosan micro-
capsule®] X%} W 12+ Fig. 13} 2t} GA-chitosan ¢
A A% Eok Ho] 202 I3 o Evlo] &% 5
72l @53k e = Rosenberg et al. (1990)3} Bertolini et al.
(2001)8] Hiref frAket E45 YEF RITE Microcapsule]
AAF 271+ 0.5-40.0 um= Hat 272 1.45 umo| 3t} Yang
and Lim (1998)2 alginate 2 TH5o] % 7442 100 um ©]4+2]
=17) ek s, 2 170] A o] et Abes] e
7|2 el AL 21T 4= it

Microcapsule 2 5 €] & 5= [TCsQ] g =
Fig. 29} T}, 71 U ITCs] 27] S22 12,315+482 ug/
mLE A% 302 F0F & 4,495+ 180 ug/mL2| ITCs7} W&
wo] HA] 36.5%7F HEE Ao g Yeyth A% 30Y 5
ot 512 H WEHS 15049 pg/mlLo] 9o, o= Ko et al.
(2012)2] GA-ITCs microcapsule®] #AF 1544 ol 2F 20.0%
S AITC7H 325 17 Ak} gAfatoiet.

[
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0
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Fig. 2. Release behavior of ITCs from gum Arabic-chitosan micro-
capsules. ITCs, Isothiocyanates.

N

ITCs &% microcapsule X2[0f 2|5t LBtNH2| &
Al Ax|

ITCs (4 mg/mL) ¥+ microcapsule= A17ZF S-=Fdlv] 0.13-
2.00% H7Fet WA 2] dRbAletas H3k= Fig. 31} At}
Ad 27] dubAlta= 1.4x10* CFU/gol 3l e, 471+
O] B, SCollA= A% 21970l mAYE3H2] Rl 27|+t
2l 107 CFU/goll =231 2. H(Fig. 3A), 10°Coll A= A% 12
o Aol s8] Fal2 7] 42 107 CFU/go] el it
(Fig. 3B). HFHof| ITCs (4 mg/mL) & microcapsule 1.00%
©}2.00% H7HEe] 49, SCAME 242 A7 430791 479
Aol 107 CFU/goll =23}e] ITCs -3 microcapsule %717+
F7Ht| Blsto] 222649 f-5713F A% AHP<0.05)E
LR §lom(Fig. 3A), 10°CollAl= 242t #1721 4719 27
Aol 107 CFU/gol| ==gste] 371t Blgto] 6-15U 9] -8
713t A% avks veh )ick(Fig. 3B).

0
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(A) 1E+10 Hong and Kim (2013)2] A-of| w2 LA, &9, =2
5 222 2A0] 7ol Wrhsle] §E718S 24T Ak, 36
2 o] Q4 HIE et 2 A4 1526200] AR
2 o] o]& FE&°| ¥let] ITCsS] f-5 715 A et 74t A
= © & Uyttt
2 s, mE AlRpold gigEs A2EA eoldata not
E o-Cont shown) -2|utet 453 H(MFDS, 2019)2] 51§71 2(d) 4
E 1E+3} e 025% /)= WSk Ao YERTh
3 L2 Balbeds ITCs &% microcapsule 2|0 2I§t CHEHEISL5HH
a-200% of 54| o
005 6 o 12 15 16 21 24 27 30 33 36 39 42 45 46 51 ITCs (4 mg/mL) 33 microcapsule A7 Zaktfiv] 0.13-
® tEvt0 2.00% A7HE kA o] A Bala-o] Waks Fig. 49}
o e o 2tk 27) WA Bajgdel 2.1 x 104 CFU/go| glom, 73
S e Zn. 748] 72, SCol M= A4 338Aje] (Fig. 4A), 10°Col A=
G el ¢ A 21294 107 CFU/g 27131 CKFig, 4B). ¥HHo]| ITCs
‘\_E/ 1.E+6} (4 mg/mL) &3 microcapsule 1.00%2} 2.00% H7+-2] 4
8 1Ess -, 5°CollAl= A 48U A (Fig. 4A), 10°Coll A= 414 33Y
T b ~o~Control A(Fig. 4B)el = 10° CFU/g o] 82 LtefLt & 240](P<0.05)5
% 1E+3| :3;2:2 e AT
| e oson GAFAE-S w7} Aol uke} kb Rl o8] vl
€ el o-100% 1o ol iAo B W ChA] Aabe] Bre) AR Hojshe
N g o] 7]e) Aae] Fere AR AMES Bolskat F8
0 3 6 9 121518 21 24 27 30 33 36 39 42 45 48 51 ‘5—]_\1]’351_‘8] _‘?‘41?__'_]—/\; 057]%__'—1/\‘/] 7:] _1,]-‘——;(‘1 E/\-]oﬂ 3_71] J,]-oq
Storage time (days) 3tH(Cho et al., 2002). wehA] 2 ¢519] ITCs $H8- microcap-

Fig. 3. Change of total viable cell count in Myeongran jeotgal sule | =] ofgh T OH%L"] <A oqxﬂ arhs A
added microcapsules entrapping ITCs (4.0 mg/mL) during storage O] f-571%k Aol fFastA &84 4= US A o= woETh
at 5°C (A) and 10°C (B). Each point shows the mean (log CFU/g)
in triplicate. Error bars show standard deviation. ITCs, Isothiocya-

nates.
(A) 1.E+8 (B) 1.E+8
D 1E+7 1E+7 |
)
L
© 1E+6 1.E+6 |
o
= 1E+5 1.E+5 |
c
3 /
O 1E+F 1E+4 |
5 —o—Control —o—Control
% 1E+3 | —e-0.13% 1E+3 b —e—0.13%
8 ——0.25% ——0.25%
QS 1E#2¢ —4—0.50% 1E+2 | —4—0.50%
= —-0-1.00% —0-1.00%
% 1.E+1 | _=2.00% 1.E+1 | —=—2.00%
D- 1E+0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1E+O N N N N N N N 1 1 1 1 1 1 1 1 1
0 3 6 9 12 1518 21 24 27 30 33 36 39 42 45 48 51 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51
Storage time (day) Storage time (day)

Fig. 4. Change of proteolytic bacterial count in Myeongran jeotgal added microcapsules entrapping ITCs (4.0 mg/mL) during storage at
5°C, and 10°C. (A), proteolytic bacterial count at 5°C; (B), proteolytic bacterial count at 10°C. Each point shows the mean (log CFU/g) in
triplicate. Error bars show standard deviation. ITCs, Isothiocyanates.
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(A) 60 (B) 60
—o—Control —o— Control
50 L —0-0.13% a 50 | —0—0.13:& EC
——0.25% b ——0.25%
—4—0.50% c —4—0.50%
O 5 1.00% Ad 40 | —0—1.00%
! e —=-2.00%

—=—2.00%
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Storage time (day)
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Fig. 5. Change of total volatile basic nitrogen (TVB-N) in Myeongran jeotgal added microcapsules entrapping ITCs (4.0 mg/mL) during
storage at 5°C, and 10°C. (A), TVB-N at 5°C; (B), TVB-N at 10°C. Each point shows the mean (log CFU/g) in triplicate. ITCs, Isothiocya-

nates. Error bars show standard deviation.

(A) 25
—o—Control
—-0.13% 28
20} —2-025% 4 b
° —4—0.50% A,
g —0—1.00% c
S 15| —#-2.00%
KO P
z
S 10l
S)
-
£
g o5t

0.0

Storage time (day)
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(B) 25
—o—Control
——0.13%
20 |} —©-0.25%
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Fig. 7. Change of odor score, taste score, and overall acceptance score in Myeongran jeotgal added microcapsules entrapping ITCs (4.0 mg/
mL) during storage at 5°C, and 10°C. (A), odor score at 5°C; (B), odor score at 10°C; (C), taste score at 5°C; (D), taste score at 10°C; (E),
overall acceptance score at 5°C; (F), overall acceptance score at 10°C. ITCs, Isothiocyanates. Each point shows the mean in triplicate. Error
bars show standard deviation.
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