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Abstract

This study was conducted to develop radish as a food product for home meal replacement using superheated steam
(SHS). Also, the change of quality characteristics was studied during their storage. The radish cuts were treated
with SHS for 0, 3, 5, and 7 min, respectively, followed by complete drying at 80°C for 6 hours. The results
showed that radishes restored with mixed solution (drinking water:sugar:vinegar:salt=2:1:0.8:0.1) were harder than
those restored with drinking water. All radishes were stored at 5, 10 and 15°C for 56 days to investigate the changes
of quality characteristics during the storage. Radishes in the control group, restored with drinking water and stored
at 15°C, were spoiled after 7 days of storage. The radish in the experimental group did not show any change
in the water content; except an increase on the first day of storage. The hardness of radish decreased with an
increase in the storage period. It was found that microbial growth was inhibited due to low pH of the mixed
solution, in which radishes of the experimental group were immerse.
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Radish o E:

‘Washing 3 times ’

Cutting
(60 mm x 12 mm x 12 mm)

Pre-heating
(Oven Temp. 250°C, Steam Temp. 370°C, Time 0-7 min)

Air drying
(80°C, 300-600 min)

Restoration
(Acid solution, pH4<)

Sterilization & Heating
(Oven Temp, 180°C, Steam Temp. 350°C, 5 min)

Packing (polyethylene packing) packing
Pass in hot Water (100°C<, 10-30 sec
(To remove surface contamination of wrapping) ]
e
Preservation experiment (5°C, 10°C, 15°C, 56 day) Preser.vaﬁon
experiment

Fig. 1. Manufacturing process of radish product.

& & SFvist

Fig. 19] 3% 0 & |z AA| %< PEXESI] 5T, 1
0T B 15ColA] 5647t #17gatir] 79 1HH o2 F2ws)
2 2T 598 3N SEFE o] &dte] B
G AEE xR AFste] HluddS st

Adzel FAMSE FETFS AOAC(15)9] T
Aol Fate] 105C I7tEAxz o S4siit
EYX = Labmaster-aw(Labmaster-aw, Novasina SG,

Lachen, Switzaerland)Z ©]-§-3fo] =48ttt Me= Azt
Al(CM-3500d, Konica Minolta Sensing, Tokyo, Japan)E- ©]
4-3fo] =%3}1L o] = Hunter Lab Scale©ll 2|3+ L(lightness),
a(redness) % b(yellowness) at2Z LFERHSATE



_’F_’—‘l?:.L

T 7FgEe] 2A 7 Texture analyzer(TA-XT2, Stable
Micro Systems Ltd., Godalming, UK)E ©]-&3}o] A& 3
mm<! aluminium cylinder probe(pretest speed: 1 mmys,
posttest speed: 10 mmy/s, test speed: 2 mmy/s)Z FEA 72 3
W hardnessE 57453 21, 103] HHs 57 § W=

Alrtstsitt.

pH

T 7R pH= F7HE A8 10 g2 #/5k] 90 mLo]
S5l 3|43k & Whatman filter paper(Whatman filter
paper No. 2, GE healthcare life science, Buckinghamshire,
UK)Z o] 75t pH meter(Orion 3-star plus pH Benchtop
meter, Orion Research Inc., MA, USA)E o] &3} =431

o

= 7} T 342 3M 132 E(Petrifilm™
plate, 3M CO., St. Paul, MN, USA)<= ©|-&-ato] zlgjstsi o
#, 357 W|Q71ol 4] 48417 Wl F 25250709 WL
Y JRHL Gl g F FARE ANSAG
SHEA

BAATE 3§73+ T2 2 (mean+SD) 2 EA S
1 Z7 A2l Statistics Package for the Social Science
(SPSS, Ver. 18.0 for windows, SPSS Inc., Chicago, IL, USA)
T2 o] 83}] one-way ANOVAES A 5}3] o0,
A2 3t oA ASLS Tukey's test 2] S5 p<0.059]]
A AAsEA T

Zn 9 1
MAE FE=
A Fol Axe] o2 3 Z57]7](SHS, superheated
steam oven) 2 o8] 7}E S AA|el T} du]7td & :L—] Els
HolgR AT 275 ES A AERAIRME ©
“TOLL- duZid & 2 2 FIe} 270 9S U 742
2 A7l HEF71719) 2de YH-2E 250T, &
25 370CE d8% 5, 47240, 3,5 2 729 Al 7&%2}
FE A3t & A ¥gte}l Fatde] WgEs A EgT
71 A Table 16 YERASITE FA19] Hsk= 7 & A2A]
AA T FAE AT 88.3%01 e, 7H4Ate 7t
AA 288 AL 2 F oy 3 B3 5§ 22k o
735 97t &Y EF o] Holx| &Sttt 4“5713 3
1 Aee T2 e o] Bl e o] a7
gl 1293 =2 BE37E YA} gle 2oz

7:7-| o| A-lx-l

=832 A24A A5Z (2017)

A7 e T), A A B
o] Wsh7t glu “‘?”7'” Aol = 52% 8 =
ALEIQATh FTe] Mt MR 27
log CFU/g A% AZH o 3d357] 358 7MiMz
o] AZEHA or 27| A4S AAsk=H &2t A=
Ao A webd B3] AA e 24 U
-2 % (heater) 250°C, 2L Z7] -2 (steam) 370 Tl A 55
Ndats Aoz AAslant BdZ7)s BEAH o9
LT e FI7IRA L2 VIS o8 Ay, 2,
B3 Fol 2l ANE Y 5 A0 3ol A,
r3l o) o Hlg) We AxEES YehlH e
Az A7 }_z;g o] olairie A= UH6,7,1022).

Table 1. Changes in weight and microbiological analysis of
radishes heated for different duration at the same SHS
temperature (heater 250, steam 370C)

Heating time (min) 0 3 5 7
Weight changes (%) 100 982425 948434 883238

Microorganism (log CFUfg) ~ 4.16t030  ND" ND ND
"Not detected.
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Fig. 2. Changes in appearance of radish pieces after treatment with superheated steam treatment (heater: 250°C; steam: 370C), heating
time: 0, 3, 5, 7, and 9 min, respectively, and air drying (80°C, 6 h).

Table 2. Moisture content (%) of radishes with different SHS pre-heating and duration of drying at 80C

oy ) Drying time (h)
Heating” time (min)
1 2 3 4 5 6

0 94.54+0.06” 92.24+0.14° 87.44£0.25" 65.66+0.32" 39.44+0.25" 30.88+021°

3 92.87+0.06™ 89.47+0.30" 73.71£0.96° 59.20£0.33" 26.84+0.14° 15.9120.04°

5 89.63+0.05° 84.09+0.49° 76.190.12° 63.59+0.28" 26.13+1.18° 15.8540.16"

7 83.51%0.13¢ 82.62+0.19° 74.11£0.53° 49.82+0.37° 20.84+0.34° 16.300.15°
"Heating temperature; 250°C, Steam temperature: 370°C.
MValues with different lowercase superscripts in the same column are significantly differently by Tukey's test (p<0.05).
Y=/} AT Husinh FF AZERA g A2S Tl A9 2403 o) DRSS L o] T4}
FEo} Yol el $Ro] Sl SRBYEL Ak Redness® UEhAE a S HAF1E 3,5 2 7
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Fig. 3. Water activity of radishes after different SHS pre-heating
and duration of drying at 80C.
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Table 3. Hunter color values of radishes with different SHS pre-heating and duraton of drying at 80C

Heating” time (min) Drying time (%)
1 2 3 4 5 6
L 63.09£2.64"™ 68.89£1.03" 67.03£1.01° 6731£1.07° 60.65:1.04° 58.68+1.02°
0 a -1.6240.09° -1.790,04° 1.59£0,09° 2.82+0.34° 6421048 11.86£1.17*
b 8.96£1.13° 13.03£0,54° DO1ELTIE 21.00£1.05° 24.50+0.84* 29.23+1,03°
L 63.272.89° 70.19+1.02° 66.35£1.25% 6546428 59.81+0.69° 58.17+0.98°
3 a -1.6410.15° -1.77£0.05° 1.520.13¢ 274+037° 6.08+1.00° 11.89£1.07
b 8.4510.59° 12.9920.49° 2.18£121° 20574135 24.68+1.29™ 29.1741.14°
L 63.38£2.65" 63.122.28° 64.32£137° 59.89+147° 64.8020.44™ 67.7240.65°
5 a -1.150,08¢ 140£0.36° 2,03£0.90° 2.64£0.06° 622+044° 9.58+1.29"
b 1121£1.16° 16.89£1.95¢ 18.7240.68° 23534123 2430£1.11° 33.99£1.30"
L 61.77£141° 61.9320.86" 59.63£1.10% 5757+097° 60.331.96" 65.83£1.57°
7 a 1.5820.17° 1.842027° 52240.16° 6.3910.34° 7.20+1.06° 10.240.46°
b 20.13£1.71¢ 2164£1.11° 26214157 26.25+0.79" 27.02+1.69" 32.95+1.10°
"Heating temperature: 250°C, Steam temperature: 370°C.
Walues with different lowercase superscripts in the same tow are significantly differently by Tukey’s test (p<0.05).
ARl 713 =7t 5.1 2 eyt o, g BE o] 831 = pH7F 57} 8llaL, L ko] fHastsion, njAdE
s Wele 62d o2 Yehgouy F &9 F/ 7H Bol S48k E}(p<0 05). A% 15ColA 7°‘7J

e fo14 Aol Al HepA 7
= XJ/\7], }_.;o _9_014 BZE QXOJ o],o:h;],

o Z AurAQl 7]&

AZ3E A9 Zn|

AT BhE TR} 71 B o
A Rofsle] 75w 3, ot A
AgPelA] Falom 7Y o] Fol

Fea9

53t

B4 ko
Gl e HAke

BHg

aF % N 5 SEHE
G Z7] Y H-&E(heater) 250C, <€ 57 ](steam) 370C
o] A 583 He]e T2 80T ARz A 643t

Az3 ﬂ%—, ZH|dB)= 01%&04 Q% & BE3NI(L
Hew 2= 3500)0lA 583t 231 7198 A
3t T2 PE :EXJZ] 01] 300 g A ©2 o EESISLE 25
gt AJAIE-E 100T o]t 'l 10-30 23t BHAA
FA] 9u)o] QAES A AT thy A Q9] )&
AAsALE o8 4 BF vkl AlAES 5T, 10T
2 15Tl A 56L7E AFet 7Y o w FAWMIE
dolr gttt LS FA A 2r g il &5 B

A AL 272 st on gzt et A A7=
Table 5 YeEPH ATt thzFol|A] 15ClA] 7€3t A7t

Table 4. Preference test with different immersion solution

Preference” Drinking water Solution A? Solution B”
Overall preference ~ 3.5:0.2** 5.1:02° 6204°
Comments Weak texture Good texture, Good texture

strong acidity

"9-Point hedonic scale.

Solution A = Drinking water : Sugar : Vinegar : Salt = 2 : 1 : 1: 025
Solution B = Drinking water : Sugar : Vinegar : Salt = 2 : 1 : 0.8 : 0.1
Values with different lowercase superscripts in the same row are significantly different
by Tukey’s test (p<0.05).

Zm| o] HA|e BUg F-of A7 S TS Table
6°l JeERAITE Ad e A7
TS VA ggke
21—5 W »% Z7|H o} FiEgEo] ?7}0}Mu}(p<0.05). =

MNE T AT pist
Zn|Hof] A G B Fo] A% F e
7oﬂ ‘%E]rlﬂ‘}i‘ﬂr T/H—L——J—.Lg] o“[‘ ?*—_J Zixc} 3?: 7(17%%1;;
E2T5 lightnessE YERH = L gto] 28, &<
s Uehl= a 3ol 76tk Adwol e Rk
o= #7713t whe} g A= Eolﬂ e Bt et
#g Helilet ol Ax3d o 549 77 2
o ofaf Hgovt A o9 72 7] wiEolzk
3 AZHET v A7 2719 v 2 Bl as) ERL

e AT v, a B b e SUME Blo® Helt
#73713ke] % Oi*"“i F7t Aol H& A3t ol
Falilxlen, 10 C of AL Wl a gto] 1482 7HF %2
15Tl AZAE v b kol 17.6322 713 A7 Ykttt
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Table 5. Physicochemical properties, preference and microbiological analysis of radishes restored with drinking water during storage

Analysis  Item 0 day 7 day (57) 7 day (10) 7 day (15C)
Moisture content (%) 49.59+0.34 44.84+1.01 45.8910.48 44.140.27
pH 508002 5.6340.06™ 5.800.04ab 6.75£0.01°
Hardness (kg) 2.89+1.04 2774112 293+1.14 0.781.13
Huner L 66.78+1.07° 63.28:0.43® 62.53£0.34° 60.21£0.29°
color a 061005 -0.19:001 -0.30£0.04 0.05£0.03
value b 18.00+0.64 16.78+0.11 1636+0.24 16.1240.15
Microorganism (log CFUJg) 3.1320.01° 6.640.05° 6.54£0.03° 8.33£0.56"
Appearance 6.60£2.19 6.42£1.07° 5.87£0.95" 424£151°
Flavor 6.60£1.14° 549+1.55® 5.04£1.78 -
Preference” Taste 4.80£1.79 4.45:0.67 4341193 -
Chewiness 6.60+2.30 6.41£1.61 6.29£1.24 -
Overall preference 5.40+2.30" 5.11£2.46" 5.14£1.89" 4.11£120°

"7 Point hedonic scale.
Walues with different lowercase superscripts in the same tow are significantly differently by Tukey’s test (p<0.05).

Table 6. Change in moisture contents of restored radishes during storage at different temperatures
(unit: %)

Storage period (day)
0 7 14 21 2 35 4 49 56
5T 6290035  6445:037°  6568+0.35°  65.71:0.04"  65.62:0.00°  652820.16" 6655030 67491006  64.95:008°  59.121°"
10C 62901035  66.82+175°  6721:005°  652320.04°  6507:001°  6567:0.74°  6587+001°  64.86:0.06°  6547£0.05" 7.355"
15C 62901035  62.98:023  6644:004°  67342008"  63.9410.17°  6528:001" 64.62:0.11°  65.02:0.04°  6447:0.12°  163.548™
UValues with different lowercase superscripts in the same row are significantly differently by Tukey’s test (p<0.03).

F-value

Table 7. Change in Hunter color values of radishes restored during storage at different temperatures

Storage period (day)
0 7 14 21 28 35 42 49 56

F-value

L 63642173 67712156"  65.15£1.03"  6420£2.61°  61.50:1.76°  61.93:038°  56.98+0.10° 63.48+190° 59.50£175 7735”7
5C  a  060:025  053:0.12°  090:013*  085:020"  062:008" 061023  035:0.18°  020:0.11°  025:0.18" 12982
b 1362082 1825025 1638:0.01" 1677:0.52°  1626:144° 1593:124% 19524204 17458025 13.86:0.84°  6.798"
L 63.642173° 6207235  68.96:099" 61231048 6045:158° 61351037 62.60:098° 64.67+044° 57.14:19F  10910”
10C  a  -060:025  156:004°  033:009° 2432011  07620.18"  1.30:042°  185:0.05°  108:0.00°  148:023 40052
b 1362:082° 1707:079° 1723028  17.10:037 1520:0.73"° 17761156 1694027  1831x082° 1641197 4001
L 63642173 6128044 61482129 59.7420.13°  5728003° 61.97t136° 57.73:051°  62.33:083' 60.28+134° 8416

15C a  -060£026°  253t0.08"  131+0.08°  259+095°  085:0.00°  1.09:023°  251:0.05"  1.88+030%  1.31:0.34° 15.348™
b 136240.82° 1682021  1791+0.14°  1848+057° 15224038  17.92+025" 16.74+0.59°  18.56+1.89°  17.63+2.00° 5234

"Values with different lowercase superscripts in the same row are significantly differently by Tukey’s test (p<0.05).

Lee 5179 A7elq 7o dAe] 57} Boldss XY B =5 @

A=) =

A w7} S7kete] a frol S7lete A BHie, ¥ Zu|do] A FAg Fof A F AL W=
ATelA AR = B8 7o AR LET) Fold s Fig. 4l YeRAAT. zv|dle g g Ald o] o i
a gol Z7heHE A% FAHE S g, FEHEI ARH o2 Aol7k glol ARANE AR

A AR 2y 20 AR AT A7
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Effect of manufacturing process using superheated steam on the quality improvement of pickled radish product
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