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Abstract

Microbiological, physicochemical, and organoleptic properties of fresh-cut vegetables (FVs), carrots, green peppers,
cherry tomatoes, and paprika after X-ray iradiation were evaluated to verify food quality suitable for the
immune-depressed patients. Total concentrations of aerobic bacteria in non-iradiated samples, except for cherry
tomatoes, were 1.63-3.34 log CFU/g. Iradiation dose exceed 0.4 kGy was used for camrots and green peppers
whereas the sterilization dose of 0.2 kGy was used for both cherry tomatoes and paprika. A dose of 0.4 kGy
was tentatively determined as the minimum allowable dose for sterilization of the FVs, based on Djj-values of
X-ray imradiation (0.11-0.32 kGy) for Escherichia coli, Listeria monocytogenes, and Salmonella Typhimurium
inoculated on the samples. With respect to the physiological properties, only hardness was significantly decreased
as the absorbed dose increased; however, there were no significant differences in hardness of the sterilized samples
using X-rays at 0.4 kGy compared with those of non-iradiated samples (p<0.05). Moreover, overall acceptance
scores of the sterilized FVs were higher than 5.0 points on a 7-point scale, indicating a good organoleptic quality.
In a survey on preference of hospitalized patients with cancer (n=50), the average scores for the sterilized FVs,
except for carrots, were higher than 4.0 points. In conclusion, it is considered that the FVs, except for carrots,
sterilized using X-rays at 0.4 kGy could be served to immune-depressed patients as hygienically safe foods with

acceptable organoleptic properties.

Key words : X-ray, fresh-cut vegetable, quality, immune-depressed patient, D;o-value

JU Aol QoI G B EE o
At elakg s B1E gl
@A Sl AE) ] wEst Q) Q139

_‘Lo]—E]—(Z) a2 gretslsl

271 340 el &k BAe) 4k B5E Sk vk, s, WA A2y F ASE W A8
$R02 Q3 ool YAL 5 Q= AF] FEL A
*Corresponding author. E-mail : mbg@kaeri.re.kr Aot} U%O_ﬂ]E'_ﬂ‘O] C.L,E‘H 2] §1—7<]—7} H]Uﬂ-'nL zﬂ%g A# e 7

Phone : 82-63-570-3217, Fax : 82-63-570-3207 o
Received 7 November 2016; Revised 13 January 2017
Accepted 25 January 2017.

Copyright (©) The Korean Society of Food Preservation. All

< A
rights reserved. H ol

Hl%H 571 w%OM(:&)
3743} g Eo] AT o] Ay o
N aFeh 2ol AlH, vy, Adt F A& VMo R



28

o

FH8 oz AHATD 5 e AFe] T A=
tFsHAl ArfE o 9lom, A& o' aH|7F SUbekaL
ATH4,5). 2t AdH ) AaFel A AH o v

A FH & AXNER EFRRE fefd HF5d
wEo] A0, Al o 24k o9 B AF 3w
ehoR Qe A kAol wobd = Slrk whetA]

7t
u}
o5 AiaFe| e vt 2A3E FAISIAAE H
A S R 4 gl s 7] Agel
Aol

Pl=re] 735 19902001 59k A4 A& 5o 2o
A AF5E ALE F 1487009, BE 455 A
9%l e gHThaL skltk6). 7, Aol
7tE AR E 5 Ogd Ans AHshe do] ol
A A, FEF T AN Anst BhE A5 AlLE
A A A AL ATHT.8). = Al 7] THFAO/IAEA/WHO)
oAl WA 2AE] A3 BAld el FUH o oF
23001 2] AFel diste] A3 WAM] AR 817Fsta
ATt WA AL 712 T EAR) HIZME At 71 EA
A% Afe] Fed FA AV Thesta AlEE 289
FeolM A7} Theste] AntAle] § A2l uhe
27 23S WA T 4= ATKO-11). 53] A 2MLe AF 24}
Aol AHE 7he Rk o] 28t WAl shuEA Zivhid 2t
2 A steln o]k fARE TS Uehit) -
A& Esto] vt el At &9E vlad 4
2} 7.5 MeV A2 Ak b, AP fARRE At
EIE UehiIt(12). B3, d2al A= A9Et
7Festa A o= A7t 7hs sk, ARzl ghdet
g 284 SHdA B S 73 2lta3). dA
doide 2 A e ol A 5o SHe=
&85 glon, obA 7= SielA o
& AR 871 o] QA STk 1
A W 7] BHe R AFe] ARt
S22 ool AR it 7ldiEw, o
ol o]-8-3te] Au]AbE<lA P=eHA
A F4d Aot YA @2 e
ofr7] 913 47t B esith
T, UEEE 9 ghze]
o= st vt

F g BeA, o584,
of

5
o
o
oo P
B oox L
o o > pigh

i

o}

o fp

o
Rl
==
ofr 4

_ﬁ
=

ol
—_

R
o
tlo
2

o
ol f o alo

2

, -l
v

>,

¢

v 2
£
e i

e
Lo
2

B r

o
o
fr
o Iy
X,
PN
S
%

2o
i

LY
N2
%l% i)
= U g
E, O_>|:4 J%
z
s
In =
m ]
i
z # 5
18
]
e
N oo
i P
fo
g N
o =
ol

wl
.
Az
o
g
120
rx
)
1o,
1>
ol
o,
by
oo
N
N
olf
rO ox

L7

i
H
HL

Stk obzre] FaAdxt e
o2 Mow AR AR Agstoza) A8

Strhstith

A

SLood o 2 W orkd gk
of gy S J2 o Ay d

o
tlo i

T ZA 58S A A4 A1E (2017)

N =

AaM AL

AlZe] A ZAA B = low energy X-ray ZAI7LA
(Cabinet X-ray system CP-160, Faxitron X-ray LLC.,
Lincolnshire, IL, USA)E ©]|-8-3}°] 160 kV, 10 mA<] beam
current 713kl A 0.2, 0.4, 0.6 kGy] &+ o] He=
AlRbe gelste] AR EBIITE A 8o Sl e 24
A A 273871 el 443t alanine dosimeter(Bruker
BioSpin GmbH, Rheinstetten, Germany)ZE electron para-
magnetic resonance analyzer(e-scanTM alanine dosimeter
reader, Bruker BioSpin GmbH)Z ¥23l3lor, o]
dosimetry A| 2812 A2 7] gRe] Aol whe} FF3}
& F AMESIITE S E AT 2 et
95% FTo=Z 5% olUl%iTh

(S

ojdE 2 & gt

182 VAT LeTEs Aleh] st F 57144
I, AR, WA, Escherichia coli, Salmonella spp.,
Bacillus cereus, Staplylococcus aureus, Clostridium perfiingens
o] Qs SAsItE =, A5 10 goll ¥ peptoneT
90 g< 7}sle] 1#3t stomacher(Mark II Lab Blender,
Tekmar Teledyne Technologies Inc., Sacramento, CA, USA)
£ ol &3t At § 107 AP R Mg HEY
< Al ARSIt 22| vl viste] g Hl
A8 AL ZF 2713 AH T2 plate count agar(PCA, Difco
Co., Detroit, MI, USA), Xt F+= potato dextrose agar(PDA,
Difco Co.), W77t eosin methylene blue agar(EMB,
Difco Co.), E. coli= 3M petrifilm(St. Paul, MN, USA), B
cereust= mannitol egg yolk polymyxin agarMMYP, Difco
Co.), S aureust Baird-Parker Agar(BPA, Difco Co.),
Salmonella spp.= Salmonella Shigella agar(SSA, Difco Co.),
C. perfiingens= tryptose sulfite cycloserine agar(TSC,
Oxoid, Hampshire, England)E AH8-3}51t}. S|4 E Al& &
gl 0.1 mLE platedl] Zt7} =23 & PCA, EMB, MYP,
BPA, SSA WA= 35Co|A] 24-48A17F, TSC HIA&=
anaerobic jar(Oxoid, Hampshire, England) & ©|-8-3l] 7]
A Z710| A 35Tl 4] 24-484] 7k, PDA 8| A]= 25Tl A
T2AIZE 247} v eketed 30-300709] FE-e B e wiA Rk
Astdnh. e AR 1 mLE &8 B8 12345
HI 2] = 35 CellA] 24487t v ste] 71325 7131 blue colony

> 0
bt THO
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Nz @it o slal] 9la) AEF R A
HKFDA, 2012)2 ©]-83l5ith 5, A58 Fa4o=
S %3t & Wt PBS buffer solution 90 mLE 7}8} a1,
20%7F vortexing 3ttt o] £99] 1.0 mLol| Eod
thioglycollate medium(Sigma-Aldrich co., St. Louis, MO,
USA) 9.0 mLZ 7}38laL, 35C2] incubator(MIR-262, Sanyo,
Tokyo, Japan)©l|l 4] 48A]Zt E<2F vl FAIA yellow AlEL
HAE 2] e AS Hvd 2oz gl

HHT ME 4%

0| Y =1 ZAE oA Sallmonella Typhimurium(KCTC
1925), E. coliKCCM 11234), L monocytogenes)KCCM
40307) 5 £ W2 T tryptic soy broth(TSB, Difco
Co.) 100 mLol| T 100 LS FF3t] 242t 6X13L, 7A17E,
15713 A eufksto] ti=7] dele] A4S @A o] 5
50 mL falcon tubecl] 30 mLA 58 & YA EE]7]E o] &
8o 3,000 rpm, 10T, 107 F<F A& st Zolxl
TAZS A Qsln &AL A 73 3 PBS buffer 30 mL<
Z}7k9] tubec]] oA £ tubeE vortexingh 4
£2](3,000 rpm, 10T, 10%-7HE 314 clean up 2} 58
sttt o] By 33 WHEsEle] Bolxl FAE 107914
10° FE2 slo] dedoz AE3IY

ATAE 35 Aol 30 kGye] AR Aupid det
A2]E 10 g9 Al=ol| 3F<] Al A= 100 uLE 2+
clean benchol| Al Ao 2 HE519 o1 10027 243 4A
Z 3T o] % sealingdle] Fdol w2 vhagt ST
o7 A2 ZARAYE St AR F AR 10 g°ﬂ
0.1% B3 ES(Difco Co)E BH filterbagol]l 2
stomacher lap blenderMark I[I Lap Blender, Tekmar
Teledyne Technologies Inc., Boston, MA, USA)ol| 4] 133t
T2 shet & dA 548t Tryptic Soy Agar(Difco Co.)

o =Esiint. =EHE FAELS 35T, 48431 vl st
Heke Fge mA *j‘ﬂio}@l AT i AE 1g &
colony forming unit(CFU)Z UWeR AT} ] AE AE H|
2= 1 log CFU/go]Ath.

1% A9 B nAE 359 Dy g A 54

S BAEE Aoz U] RBE] MAFE /102 ZFol=t
Z 2 3k WAL A E-E- DI0value = 3lo] 1 743} A3
4= EA8AH

pHE A& 10 goﬂ g SHFT 90 mLE 7tshe
homogenizer(DIAX 900, Heidolph Co., Berlin, Germany)=
20,000 rpm o= 187t ﬁéﬂ 3T o] ¢ EntEE A9
&k AlS= 10Tl A 1083F 3,000 pm o2 A4l2e] AF
on, Eu}ff_t Col A 1043+ 5,000 rpm 0.2 4]+

AlZTE 1 35S o] 3}x|(Whatman No. 4, Maidstine,
England) 2 ¢ 2}3}>] pH-meter(Orion 520A, Orion Research
Inc.)E AH&3t] 63] Why SAsto] ko= YepiTh
ARAEE o] 7kol-S 0.1 N NaOH &9 © 2 pH7} 8.39]
H 25 AR ste] oA 7)==t &H|[E NaOH 42H] H(mL)
< =233 T FE 0.0067(malic acid), Q0] 11F29} vFZ ]
7} 0.006(acetic acid), B2 ERIEE 0.0064(citric acid)=
ghksto] F4k (%)= FAISH o, AR A
63 W 5% T FE@ge = Yehiglth

A= A7 THH S A A (Chroma Meter, CM-5, Konika
Minolta Inc., Marunouchi, Japan)S ©]&3}9jon W
(lightess, L), 24 %=(redness, a), &4 =(yellowness, by =
7 8FA T} 7 == Texture Analyzer(TA-XY2i, Stable Micro
System Co., Surrey, England)E ©]-8-3}%0H, A|l52] H=
(firmness)E& 7 3F%t}h  Cylinder type probe(S mm
diameter) & AMg-3le] AJ2olA A B2
pre-test speed 5.0 mmy/s, test speed 5.0 mmys, post-test speed
5.0 mmy/s, distance 50.0%°. % A3}

Alze] Hegrte dHEoE At A7 7d 8
= ez 74 AEYE o] &3t Vse 9 SA%
ArLE AAEST Brtdse 715s AR ¢
(appearance), % "|(flavor), 32| Z(texture), B(taste) 2
2 7] 3 % (overall acceptance)E H 75l ST
AbE ©]F (off-flavor)ol] thate] At didelA &
7—1/§]. % 1/}01 /Htﬂ %_.94 7]§0}J_ EJ,]. /\]Ef:‘ Hﬂ‘_: 74.94
A= Atoldl] A FatR om, AL o daFs HAis)s7]
A3l F 28AITHE 1020822 5

EIE JI?_‘! M K o

mz el WA S50e, 1 B
oA A7EA L

S AWsty AEZEAE HELe 5
Al F 53 A (e v, 1 vty 2; Bgo| 3
Zt}, 4; vl E} 5% ERete] AEAld SHt=s
e
EANzZ|
RE 23 Adxe FFFLEFAXNIE JeRAdon,

Statistical Package for the Somety Science(SPSS, windows
ver 21.0, SPSS IBM.,, Chicago IL, USA)< ]85ttt 2+

A&7k felAd S HS53 T p<0.05 F=ol A Duncan’s
multiple range testi AP S AAEA .



30

o
Al
1
i

Al

MM AMAFo o|d=EH
AL AEFE TS F54%H0.0-0.6 kGy) o=
A ZAMAE S & =73 A3}= Table 19
UERAIRATE vl Z2AA E] B9 A §- & 57144we] 227
log CFU/g ©]13L 02 kGy<] S5A3o 2 A8
] 1.00 log CFU/g &2 2F 1 log 750 7w ATk whahA,
% 3714412 A% 04 kGy ZAKE AlBdAE HE:
SHAI(1 log CFU/g) ©3t=2 YERSTh v ZAEel A o)+t
o] 1.15 log CFU/g °]1 24 02 kGyZ A2 Al A&
A oletR ERIF AT F ST TS Al
9%+ E coli, Salmonella spp., B. cereus, S. aureus, C.
perfiingense B ZALT2E BB ZARTAA HEH A 9%
on, ATdEAE S B3 At o5 2 HrF A7} 04
kGy ©]/de FFAgoz 3t AFdFEL Hito] d
Ao It Lo]uFo] A5 HZAL ATl A
747} 3.34, 2.68 log CFU/g®| & 57|/ A1xt 3 thogdtol
AZE o] Aldd AHEH NEE F 7P 58 095FS
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2 A3t AP e duETh UEErE} gxe)v}
o] ¢ &2 Qo] Hlg| nAYE LAGTo] Weke
), 25 02 kGy9] 547 o|doz A1 ZARAE

]

9

THH
[}
(17}
N

DY

ol

AZ-553818) A A24d A1Z (2017)

A Aol wgol
Ed=
B 04 kGy ©]3te] FFAFo R dad

Uepstr). o) 4te] Aue
ARl G2, 0ol 1, WEEvhE, gireshe

ZAAE] Al

dito] 7hed Aoz ddsisit
AMEe HaFol HBE LT S Aado| M7
=1

AdAe] A &aFol| HEE E coli, L monocytogenes, S
Typhimurium®l] thale] Axe] At gy 23 A3s
Fig. 13} Table 20 YehHUTE B2l HFE E coli®]
A% 27] FFE 7.10 log CFU/g °]21 21} 0.18 kGy2
Trdgor A AR Al 526 log CFU/g S&
°F 2 log o] AAaE ]l AN A S T 27 IdT
°] 90%(1 log +5)5 #HaAl=d o FFAEd
D10%2 0.11 kGy= A== AT} L monocytogenes®t S
Typhimurium®] & 7] #5% 217t 6.837 6.94 log
CFUJg ©]%1 21} 0.180 kGy2| A7 2 2 F2A1A
2] Al 247} 5849} 605 log CFU/g 2.8 ZHAH 1tk whebA
ol HFE L monocytogenes®}t S Typhimurium®] D10
S BF 020 kGy= AHEFH AT S 00| F, WEE
nlE, gt g] el HEE AlES] DdtE2 E colidl
3o 0.13-0.21 kGy, L monocytogenes©l thale] 0.21-0.26
kGy, S Typhimurium®l] thale] 0.20-0.32 kGy<] M= 1
B 21Tt Moosekian “5(14)2 Al 54| ¢F EvtEed HF5H

Table 1. Viable cell count in fresh-cut vegetables irradiated with X-rays at various doses

Viable cells (log CFU/g)

Sample Abso(rﬁ)gd)dose Total aerobic ~ Yeast and . Escherichia  Salmonella  Bacillus  Staphylocuccus — Clostridium Bagts,rti}?l
Y bacteria molds Coliform group coli Spp. cereus aureus perfiingens g
0.00 227037 ND" 1.15:0.15 ND ND ND ND ND 2
0.20 1.00£0.00 ND ND ND ND ND ND ND +
Carot 0.40 ND ND ND ND ND ND ND ND
0.60 ND ND ND ND ND ND ND ND
0.00 3344023 ND 2.68+0.10 ND ND ND ND ND +
Green 020 145:045 ND ND ND ND ND ND ND +
pepper 0.40 ND ND ND ND ND ND ND ND
0.60 ND ND ND ND ND ND ND ND
0.00 ND ND ND ND ND ND ND ND +
Cherry 020 ND ND ND ND ND ND ND ND
tomato 0.40 ND ND ND ND ND ND ND ND
0.60 ND ND ND ND ND ND ND ND
0.00 1.63£0.33 ND 1.15+0.15 ND ND ND ND ND +
0.20 ND ND ND ND ND ND ND ND
Paprika
040 ND ND ND ND ND ND ND ND
0.60 ND ND ND ND ND ND ND ND

"Not detected within the detection limit<1 log CFUJg.

PBacterial growth was observed through color change of thioglycollate medium after incubation at 37°C for 48 h (positive).
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(A) Carrot (B) Green pepper
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E 3
n o
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0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15 G.20
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(C) Cherry tomato (D) Paprika
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Fig. 1. Viability of bacterial pathogens inoculated on fresh-cut vegetables following X-ray irradiation at different doses.
O, Escherichia coli, X, Listeria monocytogenes, ), Salmonella Typhimurium.

Table 2. D10-values of X-ray irradiation for various pathogens inoculated on fresh-cut vegetables

Sample Microorganism Regression equation R D10-value
Carrot Escherichia coli Y=-9.29X+7.07 092 0.11
Listeria monocytogenes Y=-5.10X+6.85 0.95 0.20
Salmonella Typhimurium Y=-5.11X+6.94 0.98 0.20
Cucumber pepper Escherichia coli Y=-7.43X+7.36 0.89 0.13
Listeria monocytogenes Y=-3.85X+7.14 095 0.26
Salmonella Typhimurium Y=-3.57X+6.87 0.94 0.28
Cherry tomato Escherichia coli Y=-6.27X+7.41 097 0.16
Listeria monocytogenes Y=-3.92X+7.19 0.94 0.26
Salmonella Typhimurium Y=-4.93X+6.66 092 0.20
Paprika Escherichia coli =4.87X+7.19 0.89 021
Listeria monocytogenes =4.80X+7.50 098 021

Salmonella Typhimurium Y=-3.09X+7.17 0.95 0.32
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E. coli O157:H7 2 L. monocytogenes, S. enterica®l| 1) 3t
A 2X 9] Dygkel 7+ 0.39-1.10, 0.66-1.00, 0.56-1.20 kGy
o] H9lE Yepdtia Hagh v} 9lo] B Agle] Az Hr}
=2 Dpdbs HERRITE 12iy o= FEA @l AHe-d
2] 2ol et A| 59| 2ol efaf 7]Rlske Ao® AleH
=3

AFZHAA AT A FQ A E 7ES E coli‘t
10 CFU/g, S aureus$} C. perfringens’} 100 CFU/g, B cereus
7} 1,000 CFU/g ©]&tol™,| Salmonella spp.= 24 ] ok
gtha HAlsta ok & AdS B8l E1E 249
Aafe] nAE LAFTS AEFTHY s 4=
FEAZIA UAT, B Ao B ool Astd
AR A= S e Wy Skajol| A n| A EEA o
AR 2l A AALFE AT Aol wied d
227} F aslt) o]2f g B A 04 kGy2| S5 FS
2R iR HiE 93 A FEAFeR ddd
th 2 AAH] HaFe 27 nYE AT} 1 logd]
HETH olste] ol AFHE S &3 Al Dok
o] ] 04 kGy °l3lo]Eg AlXA ] A ifFe] nYEt
2 kA S 98 A0l HA HAA g R 04 kGyS

o Ml il of o

T ZA 58S A A4 A1E (2017)

o] olgted F4 7t Z3E Table 30 YERAATE
G2 AF pHE AL LE g5 glo] v A9}
AR 2] T Atolel A 9] o<1 Ateol= gl 12y
T Fo4Q 2fol S Uehd pHY| AF A
o] 7t W vl Wt o B2 ol 2AAE
whe G Hrhe Als HA witte] Ajo] miEel Ao
A=Y Qo]nFe] 79 pH, ARAIE B ATolA] £
29] 2ol IO, 0.6 kGy FAFA 2] Froll 4] B ZAFE
o} thxsto] vt tha gobrl ot {§o A% Ao} fle
2o & Ueyith B2 ErES] A4 A2 0.6 kGyol
FrAFe R 2AAE 39S W vl2AREe} T 28]
Frolz ol Zol7F Yebto™, 0.6 kGy A2 9] A=
T e AFTE vlal fodor e Aes VEhil
THp<0.05). #tze]7}e] 7§ Amrto] o]l Aol & 1}
ERAI oM, 02 kGy o3| Frdgo s e Al &
FAFT Frb wal wEder A=t Fasky

(p<0.05). THA 02 AAH e ool Fmute] FHA
] 7ol whet HlE| A o2 o] AQl Al 5 YERAI S
™, 9z 7}E A9kl 04 kGy ©]ste] FFAFo R o
2 2/ EE AR5 AEE H AN foAbt

ol do Iy

MME | zfaFel of3tety, alsy Z

ek FrAgoR s A ele

g7t

RREEEES

S Ao Ak

Table 3. Physicochemical characteristics of fresh-cut vegetables irradiated with X-rays at various doses

ol g AAaFe A e F
Suw AE9 72 0 AR 290 vt 2ol 7} 0w,
A S 431 hemicellulose2} pectin 5-°] HFARA €]
o] 3} Zrg-o =7 v = FFOoEZRE 7|5t A=

Absorbed dose e Color ]
Sampl H Acidity (% ,k : . F
ample (kGy) p cidity (%) L X " irmness (N)
0.00 6.48+0.08"™ 0.0620.01™? 59.30£2.71™ 36.93+1.93" 40.99+2.76™ 70324310
cn 020 6.52+0.08™ 0.05+0.01 59.35+2.61 37.8542.12 4146+3.02 6,957+409
ot
040 6.42+0,08" 0.06+0.01 58.08+1.05 36.70+1.89 409242.65 6,854+561
0.60 6.58+0.04° 0.06+0.01 58.3340.83 37.65¢1.77 4181297 6,736+400
0.00 6.55+0.08" 005:0.01™ 4085232 -9.10+0.70" 2154277 38494376
S 020 6.52+0.08 0.06+0.01 40.88+1.69 -9.06+0.80 22.54+307 37804313
reen cr
pepp 040 6.48+0.08 0.06+0.01 40074181 -9.08+0.63 22484226 37144393
0.60 6.55+0.05 0.05+0.01 39.56+2.74 -9.10+0.82 22.1842.67 3,620+359
0.00 4724004 0.37£0.02 33.68+1.43" 18.06+1.43"° 17.1122.64 1,637+132°
a t 020 470+0.03 0.38+0.01 33394052 18.36+2.08 15.89+1.00 1,557+191°
C] tomato i
Hy 040 4.73+005 0.38+0.03 32.93+0.51 18.8622.16 15.90£1.43 1,537+148"
0.60 4754005 03820.01 33.10+0.59 18.771.70 15.78+1.30 1353£106°
0.00 525+0.05" 0.18+0.01™ 35.16+1.28" -27.90+3.60™ 15.24+2.07 2,728+105"
— 020 5254005 0.18+0.01 35.5142.08 26524384 1647254 2,553+130°
apri]
P 040 527+0.08 0.17+0.01 35.14+2.44 27.6843.70 1675211 24114107
0.60 527+0.08 0.17+0.01 34144183 -26.29+1.99 15.96+3.33 23754117

"Mean value*SD (n=6).

»Mean values within a row follow by the different letter are significantly different (p<0.05).
™No significant within a column for each sample with a 95% confidence level (p<0.05).
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Table 4. Organoleptic evaluation of fresh-cut vegetables irradiated with X-rays at various doses

Absorbed dose Attributes
Sample G
(kGy) Appearance Flavor Texture Taste Off-flavor Overall acceptance
0.00 6505 6008 6.510.8” 6305 1.0+0.0™ 6.540.5"
o 020 63105 59406 6.110.8" 6.0£05 1.0+0.0 6.110.6"
AITOol
040 64105 604038 56105 58409 1.0+0.0 5.610.9°
0.60 64405 6,003 56107 55408 1.1:04 56407
0.00 6.9+04™ 6.8+0.5° 68405 6.8+0.5" 1.0£0.1 6.8+0.5"
. 020 6.9+0.4 63+0.7° 6.3+0.5° 6.1204° 1.0£0.1 64+0.5®
reen T
peppe 040 6.9+0.4 6.0£0.8° 5.9+0.6° 59:0.6° 1.0£0.1 59+0.6°
0.60 68105 6.1+0.6" 58+0.7° 56:0.7 1.0£0.1 5807
0.00 70401 6.80.5" 6.840.5" 6.810.5' 1.0+0.1™ 6.8+0.5™
020 7.0£0.1 6305 6405 63105 1.0:0.1 6.3105
Cherry tomato »
040 70£0.1 64405 6.3+0.5 64+0.5 1.0:0.1 6.3£0.5
0.60 70£0.1 6.1£04° 6.1:0.8 63105 1.0:0.1 6.310.5
0.00 6.610.5" 6.5+0.5" 66405 6.5+0.5" 1.0£0.1 6.5+0.5"
_ 020 66405 5.9+06" 6.1£04" 560" 1.0£0.1 58+05"
Paprika b b b b
040 6.6£0.5 59+0.6 59+0.6 5805 1.0£0.1 5.6t0.5
0.60 6.6£0.5 5.8+0.7" 5508 5.540.8° 1.0£0.1 5.5+0.8"

"Mean value+SD (n=8).

MNo significant within a column for each sample with a 95% confidence level (p<0.05).
%"Mean values within a row follow by the different letter are significantly different (p<0.05).
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Table 5. Preference survey on fresh-cut vegetables sterilized by X-ray irradiation at 0.40 kGy

No. of respondents (proportion to the total respondents, n=50)

Sample Attribute Score
Very bad Bad Normal Good Very Good
Color 1 2%) 15 (30%) 21 (42%) 13 (26%) 3.90+0.86
Flavor 1 2%) 16 (32%) 21 (42%) 12 (24%) 3.86+0.86
c Texture 1 (2%) 11 (22%) 26 (52%) 12 (24%) 3.98+0.74
t
e Taste 13 (26%) 25 (50%) 12 (24%) 3.98+0.71
Overall acceptance 11 22%) 27 (54%) 12 (24%) 4.02+0.68
Average 3.94
Color 5 (10%) 26 (52%) 19 (38%) 4.28+0.64
Flavor 1 2%) 12 (24%) 24 (48%) 13 (26%) 3.98+0.77
G Texture 8 (16%) 27 (54%) 15 (30%) 4.1420.67
reen T
peppe Taste 9 (18%) 25 (50%) 16 (32%) 4.1420.70
Overall acceptance 7 (14%) 29 (58%) 14 (28%) 4.1420.64
Average 4.14
Color 4 (8%) 28 (56%) 18 (36%) 4284061
Flavor 9 (18%) 24 (48%) 17 (34%) 4.16+0.71
@ Texture 9 (18%) 24 (48%) 17 (34%) 4.16+0.71
tomat
ey fomaie Taste 5 (10%) 28 (56%) 17 (34%) 42410.62
Overall acceptance 7 (14%) 25 (50%) 18 (36%) 4.22+0.68
Average 421
Color 1 2%) 4 (8%) 26 (52%) 19 (38%) 424%0.77
Flavor 7 (14%) 24 (48%) 19 (38%) 4244069
Pk Texture 7 (14%) 28 (56%) 15 (30%) 4.16%0.65
R Taste 1 2%) 2 (4%) 17 (24%) 21 (42%) 9 (18%) 37040.88
Overall acceptance 8 (16%) 27 (54%) 15 (30%) 4.14+0.67
Average 4.10
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