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Abstract Radish powder was prepared using radish and by-products of radish processing by three
different drying methods, such as hot air drying, freeze drying, and microwave vacuum drying. The
radish powder was characterized by measuring moisture content, color change, particle size, particle
shape, and antioxidant activity. The moisture contents of the standard radish powder under the hot
air drying, freeze drying, and microwave vacuum drying conditions were 5.15%, 5.22%, and 4.62%,
respectively, while the moisture contents of the non-standard radish powder were 5.57%, 5.51%,
and 4.85%, respectively. The smallest particle size of the non-standard radish powder was 9.5+0.10
pum observed by the microwave vacuum drying, and the largest particle size of the non-standard
radish powder was 12.2+0.08 pm observed by hot air drying. The DPPH and ABTS radical
scavenging activities were the highest in the hot-air-dried standard radish powder of 79.0% and
83.4%, respectively, and the lowest in the microwave vacuum-dried non-standard radish powder of
50.0% and 16.7%, respectively. Therefore, when manufacturing radish powder using non-standard
radish waste discarded during radish processing, freeze-drying is considered the most suitable drying
method because it could minimize color change of the radish powder and show high antioxidant
activity.

Keywords radish powder, hot air drying, freeze drying, microwave vacuum drying, upcycling
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838 95 AthGamba T, 2021). 53], 7o IF & &
Ze 2 AgA 49 o)) w0, Aoldf e vyt
2Hh ol 43| 27 SXlof| 710 4 Utk ERL Fof 9
FE VER O e PABYRA AR wohE AL,
471490 9 el Tk 710 2 ek 5. 2015),
el &4 tiAMHE S Sl 4-methylsulfinyl-3-butenyl
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22.1. 2 A7 FH]|

74 Fo} |4 5E RS AE & FA4 0.4 cm, Zo]
7 em=z G7goHA Adstleh. AT 712 At §F AE=
27y GEAZ(0CP-M600S, OCOO Co., Ltd., Boryeong,
Korea), 52 7AZ(FD8508, Tishin Biobase Co., Ltd., Dongducheon,
Korea), Ofo]Z 2 Yo]H H-ZAZ7](V1400, Union Tech Co.,
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AT A7|9] FARE -60°C H5527]|(ULT-387CR,
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2.2.4, OI0|2 20| TIBHX

AT 2719 FARE Afo|AE o] E ZFAX7|(V1400,
Union Tech Co., Ltd., Seoul, Korea)E 0]&5}o] ZQJA &
50°C, XFEE 28 torre] 271510 30& &<t ARSI
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40 2 BgrpULoR 2450 4 ()

o]-&sto] A

AFSFTH(Shin 5, 2017).
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24 M- FF

T BTl M= 1-94.31, a=0.53, b=2.252 HA3T} M}
A(Ci6xNB, X-Rite Inc., Michigan, USA)S o]&s}o] L*3k
(lightness), a*Zt(redness) & b*Zt(yellowness)& =43t} A
FHF 33] vHEslo] 274519 0, MXtotal color difference,
AE):= otF9] 4] (2)F o]&sto] AAtstAth(Park &, 2020).
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2.5, Scanning electron microscopy(SEM)Z 0/235t
7 229 At FE AE

ax pde A28 74 Sol wi § 2uel 9 gy
% YREETE SHL AAREY FARAATA(FE-SEM,
S-4800, Hitachi Co., Mastuda, Japan)& ©|-&35}%ic}t. F &2
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3000, Malvern Panalytical., Co., Ltd, Seongnam, Korea)E ©]
3;}04 2K L £ F 7 B9 AR dold 32y
pwe] JEg 2SI Frvel HE YAAIE 3
'5‘11 “J—‘i? Z7goto] BAHoE H|sHl o, & AFoA A
H 4z =H7k2l Dv (10), Dv (50), Dv (90)2 Yz=9] A&
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o, DisIE 9 % 712 2 A St 84
29| A9 T BUE $8o00)A] BT 95te] SRS
mLo] 5 g9] FETE Estl, WG F Yx FA71E %hg—
slof. BabE QIAe] A7]8 PRSI

2.7. 2,2-Diphenyl-1-picrylhydrazil(DPPH) 2/L/Z!
275 55
55 10 mLE 7folo] A2 A 4A]7F
8L o|g3to] Parskse 245
Gk, DPPH 20l 27152 lung 5(2022)9] Wlo] e} &
AR 100 uLE 0.004 mM2] DPPH 900 pLojl ¥l 205t &
Aof 9rx]etc}. o]%, H-g-8-H-S UV-Vis Spectrophotometer
(OPTIZNE POP, Mecasys Co., Ltd., Daejeon, Korea)E ©|-&
3to] 492 nmef| A FFEE S50 DPPH eted &4 &
AL o A 3l 2sf SatE

DPPH radical scavenging activity (%) =
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2.8 2,2-Azino-bis(3-ethylbenzothiazoline—6-sulfonic
acid)(ABTS) E/LlZt 275 &

ABTS @tz 2452 Jung 5(2022)2] HHo] whet 7
mM2] ABTS®} 2.4 mM potassium persulfateS 1:12 Z3}5t
T F2olA 2447 SR} FHAE FEsHTh AR S
A gz 8HL 734 nmof|A TFE7} 0.740.010] EHEE 3
Asto] ARESHITE 314 ABTS 2Htjz -89 2.7 mLo} A&
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2 Y 24 29 Table 13} 2 B T2 Az517] S
7 AZ 242 2 AZPYEE S B SLGAS
243 4PS AP 74 79 59 9FA29% 52
A2 PROIAE 5% RS2 FFY o] Bt o) A
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o|Ht} HL 4.62% AL TAFT}. Tt H|74
ASoHE QEAZS} FAAZZANA 55% FEo] &
o] watsiel Aiket Aow BAsigon, volazsle s
AT ARG SEAES 485% FEZ SIHc,
WAl A2 vl ke 25} vl o) SRae] 4 5
2nsleract tha =2 A3k HojZ9th Yusof 5(2012)0]
w2 AR Axste] ZHEshe IO, ST 10%
olstold Bo] AL WA o] Bk AN AY
3 SEgHolety BuEgon, B UL Az thE 7
7 AZR7 BT SR 10% v]gho R PHEo] njYE
o Thet o@e 9 Ao Wawch

3.3 £ 22 A29 M
T4 5ot vt 7o) Az 272 gysto] A2 F &
o] ME MAAR é’ﬂo}(ﬁ %E ), AL (a*), FAE
(b*) Fo g Yehd Ae Table 29F P} L* e A4 7
Hol = p|3d 22 =4 AR 2o 91.15+0.098 74
A U on, 4 F& vlo]Azge|H 745«3} oA
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9] A= tE A EY 14 B npo|a=go|B AF
A2 EToA 1.34+0.0282 =4 YEsH. 44 FolA &
Z Az Eda 54 AR B2 747} 0.1140.01, -0.46£0.01
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A)

B
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D)

Fig. 1. Images of standard (A) and non-standard (B) dried radish samples, as well as standard (C) and non-standard (D) radish powder
samples, under different drying methods. HD, hot air drying; FD, freeze drying; MVD, microwave vacuum drying.
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Table 1. Moisture content of standard and non-standard radish
samples according to different drying methods

Samples Drying methods Moisture content (%)
Standard HD" 5.15+0.217"

FD 5.22+0.13°

MVD 4.62+0.09"
Non-standard HD 5.57+0.09*

FD 5.514+0.05%

MVD 4.85+0.11°

PHD, hot air drying; FD, freeze drying; MVD, microwave vacuum
drying.

DAl values are mean+SD (n=3) and different superscript letters (*°) in
the same column indicate significant differences (p<0.05) by Duncan’s
multiple range test.
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Table 2. Hunter’s color values of standard and non-standard radish powder samples under hot air drying (HD), freeze drying (FD),

and microwave vacuum drying (MVD)

Samples Drying methods” Color value
L* a* b* AE
Standard HD 88.20+0.16" 0.11£0.01° 12.33£0.12¢ 13.87+0.10°
FD 90.69+0.35 -0.46+0.01¢ 7.88+0.03° 8.83+0.25°
MVD 82.02+0.19° 1.34+0.02° 13.3740.1° 18.26+0.09°
Non-standard HD 89.10+0.13° -0.47+0.01° 12.67+0.05° 13.64+0.06°
FD 91.15+0.09" -0.650.01" 8.50+0.03° 9.04+0.08°
MVD 79.58+0.07" 1.57+0.01° 15.76+0.04° 21.67+0.03*

PHD, hot air drying; FD, freeze drying; MVD, microwave vacuum drying.

DAl values are mean+SD (n=3) and different superscript letters (**) in the same column indicate significant differences (p<0.05) by Duncan’s multiple

range test.
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Standard HD

Non-standard HD

Standard FD

Non-standard FD

Standard MVD

Non-standard MVD

Fig. 2. Scanning electron microscope photographs of standard radish and non-standard radish samples according to drying methods.
HD, hot air drying; FD, freeze drying; MVD, microwave vacuum drying.
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A% BANH) HUHOE £ LETt 28 L w2
REshEA BH0] 25 Fe9) AN EWS A 202 B
gelrhgung 5, 2022)

3.6, £ 2 gx=zo) AF

M2 OE Az o R AxE 4 Fe v4 F 2g
Al=0] 714 & #4 AIHE Table 37} Fig. 3A°] UEHSL
o AT B4 4y, F 2o gy3re 8% AR 44 F
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o] Ego|B AX 4 F £ 9.8+0.07 um=E YERLL,
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Table 3. Particle size of standard and non-standard radish powder samples under hot air drying (HD), freeze drying (FD), and

microwave vacuum drying (MVD)

Samples Drying methods Particle size (um)
Dv (10)" Dv (50) Dv (90) Span®
Standard HD 28.27+10.03* 349.00+162.56° 1,520.00+£96.44" 4.8+1.72°
FD 4.89+0.08° 14.97£0.21° 73.10+10.67° 4.55+0.63°
MVD 38.8343.35° 132.67+25.48" 658.00+348.14° 4.48+1.57°
Non-standard HD 10.42+0.77° 120.67+26.39" 1,092.67+220.77° 9.03+1.73"
FD 4.74+0.03° 14.5040.10° 63.80+3.08° 4.07+0.19°
MVD 41.70+10.10° 246.33+44 28" 780.00+106.41 3.0240.14°

"Dy (10), Dv (50) and Dv (90) are the equivalent volume diameters at 10%, 50% and 90% cumulative volumes, respectively.

ISpan, [Dv (90) - Dv (10)] / Dv (50).

DAl values are mean+SD (n=3) and different superscript letters (*) in the column indicate significant differences (p<0.05) by Duncan’s multiple range test.
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Fig. 3. Particle size of radish powders (A) and radish powder in water (B) by different drying methods, as well as dispersion images
of standard and non-standard radish powder in water (C). Different superscript letters (*T) on the bars indicate significant differences
(p<0.05) by Duncan’s multiple range test.
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Fig. 4. Antioxidant activity DPPH (A), ABTS (B) of standard and non-standard radish powders according to drying methods. Different
superscript letters (**) on the bars indicate significant differences (p<0.05) by Duncan’s multiple range test.
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