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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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Washing

Cutting
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Pre-heating

(S
(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)

Preservation

Preservation experiment (5°C, 10°C, 15°C, 56 day) A
experiment

Fig. 1. Manufacturing process of radish product.
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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 904834 88328

Microorganism (log CFUjg) ~ 4.16£030  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

LoD . Drying time (h)
Heating™ time (min)
1 2 3 4 5 6
0 945420062 92.24+0.14° 87.44+025" 65.66£0.32° 39.44+0.25" 30.880.21°
3 92.87+0.06™ 89.47:0.30° 73.71+0.96° 59.20£0.33° 26.84+0.14° 15.91£0,04°
5 89.6320.05" 84.09+0.49° 76.19+0.12° 63.59+0,28" 26.13£1.18° 15.8520.16°
7 83.5140.13° 82.62:+0.19° 74.11£053° 49.82+0.37° 20.84+0.34° 16.30£0.15°

Heatmg temperature: 250C, Steam temperature: 30C.

Values with different lowercase superscripts in the same colunm are significantly differently by Tukey’s test (p<0.03).

AT} ZAaEA Tt Eusiich B AZRE WA A
S st 3 el o] SuSaA FER)
7ag Ase gztE.

HAZ7 2 du]7tde daie] Azt a2 Ae
WSh= Table 30 eI 7FEAIR ] w2 L gke] s}
ou]71d 2ol wpel M} A4 %L Ao AN
Aot a gkt b el Wske 2 Ao vehsith 3437
5 %2 7% A2)A] 3427 A2 v A, 6417t
Ax Folle e8]z S7Ierleh W 3% 3t R 7t
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Drying times (h)

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 63.092.64"” 68.89:1.03" 67.03£1.01° 67.31£107° 60.65:1.04" 58.681.02°
0 a -1.62£0,09° -1.7920,04° 1.5920.09° 2.82£0,34° 6.42£048" 11.86£1.17°
b 8.96+1.13° 13.030.54° 201£1.71° 21.00£1.05° 24.5240.84 29.23+1,03"
L 6327289 70.19+1.02° 66.351.25" 65.46+4.28" 59.81£0.69° 58.170.98°
3 a -1.6420.15° -1.7720,05° 1.5240.13¢ 274037 6.08+1.00° 11.89£1.07°
b 84540.59" 12.99+0.49° 218121 2057135 24.68+1.29" 29.17£1.14°
L 63.38:2.65" 63.12£2.28° 64.32£137" 59.89+147° 64.80£0.44" 67.72£0.65°
5 a -1.1540,08" 1.40£036° 2.030.90° 2.64:0.06° 6.224044" 9.58+1.29"
b 1121£1.16" 16.89+1.95° 18.7240.68° 2353£123° 24.30£1.11° 33.99+1.30"
L 61.77+141° 61.93£0.86" 59.63£1.10% 57.57:097° 60.33£1.96" 65.83£1.5T°
7 a 1.58+0.17° 1.842027° 52240.16° 6.390.34° 720+1.06" 10.24+0.46"
b 20.13+1.71° 21645111 2621£1.57° 2625+0.79° 27.0241.69° 32.95+1.10°
Heatmg temperature: 250C, Steam temperature: 30C.
PValues with different lowercase superscripts in the same row are significantly differendly by Tukey's test (p<0.0).
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

o Z AurAQl 7]&

AZ3E A9 Zn|
T A4l o gl BE A%k

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" 5.1402° 6.2404°
Comments Weak texture Good texture, Good texture

strong acidity

9 Point hedonic scale.
Solutlon A = Drinking water : Sugar : Vinegar : Salt = 2 : 1 1:025
ISolution B = Drinking water : Sugar : Vmegar Salt =2 :1:08:01

Values with different lowercase superscripts in the same row are 31gmﬁcantly 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 5.08+0.02"” 5.630.06" 5.800.04ab 6.75+0.01°
Hardness (kg) 2.89+1.04 2774112 2.93+1.14 0.78£1.13
Huner L 66.78+1.07° 63.28043" 62.53£034° 60.210.29°
color a -0.61£0.05 -0.1920.01 -030£0.04 -0.05£0.03
value b 18.00+0.64 16.78+0.11 1636+0.24 16.1240.15
Microorganism (log CFUfg) 3.13:0,01° 6.64£0.05" 6.54£0.03" 833£0.56'
Appearance 6.60£2.19° 6.42+1.07" 5.8740.95" 424+151°
Flavor 6.60£1.14° 549+1.55™ 5.04£1.78"
Preference” Taste 4.80+1.79 4.4510.67 4.34£1.93
Chewiness 6.60+2.30 6.41£1.61 6.29£1.24
Overall preference 5.40£2.3(0° 5.11£2.46" 5.141.89" 4.11£1.20°
Y7-Point hedonic scale.
PValues with different lowercase superscripts in the same row 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 ) 35 ) 49 56 Falue
5C  6290:0357  6445:037° 6568035  65.71:0.04°  6562:000° 65.28:0.16°  66.55:030"  6749:006' 6495:0.08% 59121
10C 6290035  6682+175°  67214005"  65.23:0.04"  6507+001°  65.67+0.74°  6587+001°  64.86t0.06° 6547005 735"
15C 6290035  62.98+023F  6644+004° 67344008 6394+0.17°  65.28+001° 64.62+0.11°  65.02:0.048°  64.47+0.12° 163548
"Values with different lowercase superscripts in the same row are significantly differently by Tukey’s test (p<0.05).
Table 7. Change in Hunter color values of radishes restored during storage at different temperatures
Storage period (day)
0 7 14 21 28 35 i) 49 56 Falue
L 6364£173™ 67.71£156"  65.15£1.03"  64.20£2.61" 6150:1.76" 61.93:038° 5698:0.10° 6348+1.90° 59.50:1.75° 7735
5C  a 0606025  053:0.12°  090:0.13°  085:020°  0.62:008" 061023  035:0.18" 020011  025:0.18 12982
b 1362:082° 1825025" 1638001 1677:052° 1626:144° 1593124 19.52£2.04" 17452025 1386:0.84° 6798
L 6364:173° 6207235 68962099  6123048° 6045:158° 6135:037° 62.60:098°  64.67:044° 57.14£19F 10910
10C  a  -060:025 156004  033:009°  243:0.11°  076:018"  130£042°  185:005°  1.08000°  148:023 40052
b 1362:082° 17.07:079" 1723:028'  17.10:037° 1520:073° 17.76:1.56' 16941027" 1831:082° 1641197 4001
L 63.64:173"  6128:044° 6148:129" 59740.13° 5728:003 61.97t136° 57.73:051 6233083 6028:134° 8416
I5C a  -060:026° 253:008°  131008°  259+095  085:000°  109+023  251:005  188030%  131:034  15348™
b 1362+082° 1682:021° 17910.14° 1848+0.57" 1522+038° 17.924025" 16.74+059" 1856189" 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 5(17)2] AFolA 7o EAg 257} ZoldTs ME F =Y ¢
AU T} F7et] a gho]l F7bele AEE Hiled, & zZn e A Bdg Fo| AA F 22 W=
Aol A AR & EAgE Fo] AFREV} moldrs Fig. 4 JehATt Zn| oz A gk Al d o] o7
a #kol S7lehe AT fARE s eI TFHPYEL NEA R Ao|7} §lo] AlgoME HAL

A AR 2y 20 AR A
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Fig. 4. Changes in hardness of radishes restored at different
temperatures.
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Fig. 5. Changes in pH of radishes restored at different temperatures.
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Effect of manufacturing process using superheated steam on the quality improvement of pickled radish product

References

. Park JY, Na SY, Lee YJ (2010) Present and future of

non-thermal food processing technology. Food Science
and Industry, 43, 2-20

. Kim YJ, Lee EJ (2007) Application of hydrostatic

pressure techniques on the meat products. Korean J Food
Science and Industry, 40, 36-40

. Park JY (2009) High-hydrostatic pressure pasteurization.

Food Industry, 210, 9-23

. Lee SJ, Kim CJ, Cho YJ (2000) Hydration and texture

characteristics of brown rice treated with superheated
steam process. J Korean Soc Food Sci Nutr, 29,
1190-1194

. Seo SH, Kim EM, Kim YB, Cho EK, Woo HJ, Lee

MA (2014) Quality improvement of Galbijjim using
superheated steam and high hydrostatic pressure. J
Korean Soc Food Sci Nutr, 43, 1423-1430

. Seo SH, Kim EM, Kim YB, Cho EK, Woo HJ (2014)

A study on development of Samgyetang using
superheated steam and high hydrostatic pressure. Korean

J Food Cook Sci, 30, 183-192

. Choi Y, Oh JH, Bae IY, Cho EK, Kwon DJ, Park HW,

Yoon S (2013) Changes in quality characteristics of
seasoned soy sauce treated with superheated steam and
high hydrostatic pressure during cold storage. Korean J
Food Cook Sci, 29, 387-398

. Oh JH, Yoon S, Choi Y (2014) The effect of superheated

steam cooking condition on physico-chemical and
sensory characteristics of chicken breast fillets. Korean
J Food Cook Sci, 30, 317-324

. Kim OS, Lee DH, Chun WP (2008) Eco-friendly drying

technology using superheated steam. Korean Chem Eng
Res, 46, 258-273

Kim BC, Hwang JY, Wu HJ, Lee SM, Cho HY, Yoo
YM, Shin HH, Cho EK (2012) Quality changes of
vegetables by different cooking methods. Korean J
Culinary Res, 18, 40-53

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

607

Park JE, Kim MJ, Jang MS (2009) Optimization of
ingredient mixing ratio for preparation of Chinese radish
(Raphanus sativus L.) Jam. J Korean Soc Food Sci Nutr,
38, 235-243

Korean Society of Food and Cookery Science (2003)
Dictionary of food cookery science. Kyomunsa, Seoul,
Korea, p 100-101

Kim GH (1999) Optimization of minimally processed
white radish for Kkakrrugr preparation. Korean J Soc Food
Sci, 15, 633-638

Sun SH, Kim SJ, Kim GC, Kim HR, Yoon KS (2011)
Changes in quality characteristics of fresh-cut produce
during refrigerated storage. Korean J Food Sci Technol,
43, 495-503

AOAC (1990) Official Methods of Analysis. Association
of Official Analytical Chemists, Washington DC, USA,
p 17, p 37, p 440

Kim MY, Chun SS (2009) Changes in shelf-life, water
activity, and texture of rye-wheat mixed bread with
naturally fermented raisin extract and rye sourdough
during storage. Korean J Food Cook Sci, 25, 170-179
Lee SH, Hwang IG, Lee YR, Joung EM, Jeong HS, Lee
HB (2009)
antioxidant activity of heated radish (Raphanus sativus
L.) extracts. J Korean Soc Food Sci Nutr, 38, 490-495
Son EJ, Oh SH, Heo OS, Kim MR (2003)
Physicochemical and sensory characteristics of turnip

Physicochemical characteristics and

pickle added with chitosan during storage. J Korean Soc
Food Sci Nutr, 32, 1302-1309

Kim GH, Cho SD, Kim DM (1999) Quality evaluation
of minimally processed asian pears. Korean J Food Sci
Technol, 31, 1523-1528

Jo IH, Kim HS, Kim GM, Kim JS, Kim GC (2012) Effects
of packaging method on the quality of blanched Narmu/
during storage. Korean J Food Preserv, 9, 328-336
Lund BM (1992) Ecosystems in vegetable foods. J Appl
Microbiol, 73, 115-126



