Resour Sci Res, 2021, 3(1):46-54
https://doi.org/10.52346/rsr.2021.3.1.46

RSt (Resources Science Research)
PISSN: 27137872 eISSN: 2799-3442

ARTICLE

OH

s}, “RECEt o8,
IR EISIEIR TIPS

Characterization of Black Radish
(Raphanus sativus L. var. niger) Extracts according to
Different Extraction and Drying Methods

Ha-Young Kim', Tae-Kyun Shin?, Mee-Jung Ahn®®, Gi-Ok Kim*, Ji-Yeon Chun'"

'Department of Food Bioengineering, Jeju National University,
Jeju Special Self-Governing Province 63243, Korea
"Department of Veterinary Anatomy, College of Veterinary Medicine, Jeju National University,
Jeju Special Self-Governing Province 63243, Korea
*Department of Animal Science, College of Life Science, Sangji University, Wonju 26339, Korea
“Jeju Biodiversity Research Institute, Jeju Technopark, Seogwipo, Jeju 63608, Korea

Received: May 8, 2021
Revised: June 12, 2021
Accepted: June 29, 2021

*Corresponding author :

Ji-Yeon Chun

Department of Food Bioengineering,
Jeju National University, Jeju Special
Self-Governing Province 63243, Korea
Tel : +82-64-754-3615

E-mail : chunjiyeon@jejunu.ac.kr

Copyright © 2021 Resources Science
Research Institute, Kongju National University.
This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (http:/
creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is
properly cited.

ORCID
Ha-Young Kim
https://orcid.org/0000-0003-2208-4973

Tae-Kyun Shin
https://orcid.org/0000-0002-9851-4354

Mee-Jung Ahn
https://orcid.org/0000-0002-7302-9694
Gi-Ok Kim
https://orcid.org/0000-0002-7386-3582

Ji-Yeon Chun
https://orcid.org/0000-0002-4336-3595

46 | Resour Sci Res, Vol. 3, No. 1

Abstract

This study investigated the effect of the extraction method and drying method on black radish
quality properties. The yellowness of black radish extracts was significantly different according to
the extraction and drying method (p<0.05). The yield was higher at L. plantarum fermentation and
freeze-dried extracts, and there was no difference depending on inlet temperature and extraction
method. The extracts by ethanol extraction and spray-drying were smallest particle size (107-118 nm),
highest zeta-potential (-33--39 mV), and low polydispersity index (0.238-0.250). In total phenol
contents and Ferric reducing antioxidant power evaluation, spray-dried ethanol extracts were higher
total phenol contents and L. plantarum fermentation and freeze-dried extracts showed the highest
ferric reducing antioxidant power. It was suggested that spray-dried black radish ethanol extracts were
economically effective in applying the food process and were expected to be bioavailability in the
digestion system because of micronization by spray-drying.
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ARLele] He|fiael Fe B ARE 2 AasA vd, vlER], Aoldf 5& Alast
© AaolH, SFE 79 3 FRolth. S5= A% & (black radish)2tal &2}, 3G Raphanus
sativus L. var. niger® GE|A Sltt. 5= o] 20| 42 3w, Wi E T} ufento] 735t Ho]
o} (Kim ef al., 2018). Yukz 02 f= Huglmolai= Alst E2S 31l 9o, o= giAe,
T, Fad 52 dAlsks Aoz HAEA Qi (Im er al, 2010). ZZ AFA S7= FaiA|
5, YIS, ), =4 A 5 Ut AR 7 202 geiglon, kol Q1% 7]
5 Aots 7WAdsk=t] AxpHol2tal S} (Ahn ef al., 2018; Jeon et al., 2020).

ARt ol Aagoe] Fhiohs B4 F8 ASRIECH, e SFIAEH0|EY

4% 7lpBe] AHEQ] o] AE] @ AJOR|0]E (isothiocyanate), UEZA (nitriles), ATo]= (sulfide)
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59 SFgEo] 7IQIRITH (Ha er al., 2008). 7= AASH} e A5 TRV &R S70f o
SFIAREH|OIE (glucosinolate)7F SF-22]2] EA4 o] whet m]ZAJUA] (myrosinase)of] 5] Z5=
o] o]AE| QAJoR[°]E (isothiocyanate)E /g%l wiet mhe-9kE U=t o] wiedte] the F S5
S0 HlsiA] 53] Aol T4 712%=7t R A0 . S TR 47715 d= AlRe
o ot FEY A7/ AR E Adsk=t Ajte] Jlow, FAdn 22 o ol
ol Fo] Wit Atoks WA= o] gHgEo] Jrt

EAZRE Aol EARE AN toftt 3719] EEE vk 2] 5 siuel, dRE
nN|glele=d| a7}40] Aoty BREHAET (maltodextrin), 2T 24 (glucose), TEZA (lac-
tose), ARIZEEAET (cyclodextrin) 59 FHA] @ FRA| 59| 7k ol Ftt 242 I8
(Hashsto] IR ofet F4 AotE WASk=t| Ax}Zolch. WYo] Y= FF7IF Sol £
slo] £71A 07 Ho] ZdE AZRE o] Bt A&E0k AJAkel=d], o] inlet temperature, outlet tem-
perature, atomization power, flow rate, air blow rate 52| $50] wjg} 249] E4o] thoksHA Yerdt
o 53] Ul £308 nAlEEstt 49, £49 #HAoE Jrfslsto] &L E =oFoEN
FSAEE AR Al A7Fohs 49 7R-AE 71 330l Slof AlEste] 8857t =2 22
o}, 5374 4 g4 ofdf ZEE =42 FeHAol| gt WA 2 WHskE A
, BARAIREE ST o Sl A=A 71U Bk AASeks 2t 7o 4= Qitk
TFore B59 715 B8 FE5V] Ao ERFEE Y oEE FEES ARSI o]
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ER8 ST Y T 5COI 158 59 A7) Agtlel SR4E YR 2L g
AEIA]7] (SMX-6500]S, SHINIL, Korea)S o|-8sto] Eal3ich. £ autoclave steam
sterilizer (JSAC-40, JSR, Korea)2 B4o1o] Latobacillus plantarum (KCCM11322) -2 vloFs}o]
AlZ9] 1% (wiw) H71FET) (Kim et al., 2017; Kim et al., 2020). ©]5 incubated shaker (SI-600R,
JEIO TECH, Korea) 37TCOl|A] 48A17F 83T & 95COlA] 158 &<t 71Este] vioke Wit 94
B aE> Y4 s Adshal 345 5%7] (TYPE N-1300, EYELA, Chin)Z 55&2 THs
o] o}-gs}3irt

52 HEES F=5 Hx

SFE AlHslal 43 T 80°ColA 1027t HIA7]1E A6 olE EF4%7] (PS-100C,
Shiniltech, Korea)S ARE-5}10] 50+£5C 96A17F AZRBIAT} A”HIAY] (SMX-6500]S, SHINIL, Korea)
2 Baf5lo] EEA test sieve (425 um, CHUG GYE, Korea)Z ZAZ 5t} 70% ethyl alcohol=Z
108 3)A45to] 24A17F 250 rpmOE wWHISE & AUAEZ] (LaboGene 1248R, LaboGene, Korea)Z
4,000 rpm, 25CE 1087+ Asto] F5HE 2d5E5%7] (TYPE N-1300, China)Z 52
gkSo0] o853l

P HESH
SE2EN UEUAEY HFES 5L ek 2252 20% ethyl alcohol2 10:10:80 (w/w/w)

of lg2 Eqlel AZSTE 1AZKESE 500 pmo= milele] T3 & UEE Tk o A
27|12 10,000 rpm, 3 min FAFGH
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1 Btk oes 89 49 5807 S0 AU 00 HEee} e
o $AUxE A Yt

Uri=

Dynamic light scattering (DLS) @&]of| 2519 DelsaMax Pro (Beckman Coulter, Indianapolis,
USA)Z EA5I9T). AEFIY (¢-potential) 272 electrophoretic light scattering (ELS) Q2]of 2Js}
©] DelsaMax Proz ZASIQIth ARES S/l AlEAtsto] 63] WhEsto] S5ttt

ABSEE OH ME EX

S ESEES Moisture analyzer (MX-50, AND, Korea)S ©]-&5}] 33] ¥ 24J5}%1 0, pHO| =7
ozL A9 ZFHSLE 19 (ww)E 7l #A3KEE T pH meter (S 470 sevenExcellece™, Inti
Switzerland 2 A8310] 38] HHE 28Ik, XA (CR-210, Minolta, JapanyS AF§3te] L'(Hm),
2’ (BHE), b (FAE)E 575190t

Op

Hi= &2 (Total polyphenol contents, TPC) &

AR9] F Hl= S Singleton and Rossi (1965)2] Folin-Ciocalteu B HEgoto] S5t
ZF A& 200 pL}t 554 900 pLS £33t &, 2M Folin-Ciocalteu’s phenol reagent 100 xLE 7}t
T AFR0] QFAof| A 5B 7F HESA|ZITE 1 & 2% Na,CO; (Daejung chemicals & Metals, Korea) 300
pLE EFolo] S/FE 2 mL AEsto] g9 daoli 1AZF ¥EE &, microplate reader
(EpochTM, BioTek Instruments, USA)S ARE5] 760 nm2] IAoA T3S 24519y HEETX4
2 gallic acid (Sigma-Aldrich, USA) &0 & A5l o, A|89] & M TS 100 mL %9]
mg gallic acid equivalents (GAE)Z LERATE

FRAP assay

Benzie and Strain (1996)2] B'HE £ A7o] UbA] U A5 ct. FRAP reagent -2H-2 Sigma-
Aldrich (USA)o|A] SFuljSt 300 mM acetate buffer (pH 3. 6) 10 mM TPTZ in 40 mM HCIZ} 20 mM
FeClyS 10:1:1 (viviv)9] 122 B3tslo] RZ3HIT 1 3 AJR 100 4L, 2522 300 419} FRAP
reagent 29 3 mLE &¢}5l0] 37°Co] F24=30fA 3087t H-3-A17] & microplate readerS ARE-5}

o] 593 nm9] THoA SHLE =451t HETAL FeSO, + 7TH,0 &9 (Sigma- Aldrich, USA)
0= Hste] mM2 Lrehiglek

SAHXE

57242 Minitab 17 #41 (Minitab 17, Pennsylvania, USA)°|| oI5} s33130tt. AA2= Bt
+RFUAE YERglon, ZF Ago] ol AL Tukey?] T H] Al¥S o185} p<0.05
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Fig. 1. The appearance of washed black radish.
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Extracts Spray-dried Spray-dried Spray-dried
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Fig. 2. The appearance of samples according to different process.

S Hie} o] ZHE 7% QRS2 MRl niRT A& SIS LB QIL. B A&Tt Y53
o 77k WiEe} thEA Fo|7h W 30l 7t & AollAe SRS AEE AACH] Bgke
o, AlA, Y, 24, 4% 59 FAT dAE AA —rz?m*oﬂ ARGSITE. L. plantarums 347}
sto] a3 B9l Al STEaETY 10% o FE8H= °}——‘|1?5§% 77| 5
& Ao} Bie7} BgolA Zjol7h o, thefRt inlet temperature 2 7d 3 HdAHow 5%
IREo] ¢ S 7t &, ofehE FE555E0] Mo] ofFal A, EFARECE %=
nx SHRERTE ofhe 550 © 2] Yehd ZloE IAE]Ith
tofet 27402 7hgE SRETO Mg FAeH Z3Ke Table 107 YRt Bk (L)) 39
EEAZ inlet temperature”} =oF0] wet A EE Ao 1oy, SHEIEES (94 zjo]7t
onj ZH=210 1809 A9 $0H0F UGkt (p<0.05). L] AT Hro} QARG 73
FE HGoH 5 UZZHO] TR =& 2 Ve (p<0.05). FHEO] B9 SHIAEL
29| #Z HolH SFEEE9 Hls| AT} 7Rt Aow ST &, ST FoHoE
ST (p<0.05). ZELRES T BS B, AN FOR0R 7Y WRloH (p<0.05),
A= SRSEET 724 Aol Qi3 E] SHaEHbE FYH0RE E3IT (p<0.05).

SHEEY SESEEEY BR 39 587% $9 8, $E Y pHes Table 29 ‘/}E‘r
Utk SRR EY SREEES TSt inlet temperature 2 ERAXHE I 257 225 E &
Hashe AFe BYoH, SHEEES 180CA AXFS o fojdoz 71} e 88
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Table 1. The color of black radish powder produced by different conditions

* * *

Extraction method Spray drying inlet temp. L a b
160T 89.62+0.96° 3.59+0.41" -4.16+0.48"
L. plantarum fermentation 170C 88.97+0.40° 3.54+0.25° -4.03+0.84°
180T 88.71+0.59* 3.42+0.18° -3.61+0.49"
160T 89.17+0.12° 4.46+0.13® 0.68+0.13*
Ethanol extraction 170C 89.58+0.12* 4.51+0.06" 0.53+0.35"
180T 86.90+0.87° 3.39+0.03¢ 0.44+0.32*
L. plantarum fermentation 83.02£0.10° 2.27+1.04° ~0.26£0.08"

and freeze dried

Mean+SE within same column with different superscript letters differ significantly at p<0.05.

Table 2. Yield, water contents, and pH of black radish powder produced by different conditions

Yield Water contents
Extraction method Spray drying inlet temp. pH
(%) (%)
160T 8.54+1.17% 3.99+1.05° 4.32+0.06°
L. plantarum fermentation 170C 9.32:+0.74" 3.19+0.31% 4.3140.03°
180T 7.58+0.21% 2.97+0.56® 4.29+0.06°
160T 7.75+0.00% 3.41£0.10° 4.86+0.00°
Ethanol extraction 170 9.34+0.00® 2.63+0.02° 4.86+0.00*
180T 5.60+0.00° 3.35+0.13% 4.87+0.01°
L. plantarum fermentation 12.70+0.00° 2.98+0.05 4944347

and Freeze dried

Mean+SE within same column with different superscript letters differ significantly at p<0.05.
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At (p<0.05). Park 5 (2017)9] A+ A3}l 2Jo}H inlet temperature”} S7HEES SA|2h 2
9] 3lg=gko] ZHAstlom, ol S| AXREA] PR o] Ax7| WHo| Rakd o g 4
ATk Ret Fdo] WHHol RatE= dS ARt EH2Ee} fEjHlol2 Aol ofs ke
Hh=d], o] Zjo]7} A A }Jo] WAstn| E5] fejHlol 2yt ¥ IRE TR ARolA T
3t} (Collares et al., 2004). 2 AFAE HEGAEHL] FE|H0| 2Ll w2 inlet temperature=
QIZt FHRE AJo]Z Qlof fgo] WA TEH Z 0% itk 52453 SRR 82
oA Aol7t Qi 9}1]”} P =& 582 HRloH, ol 1R 3 F Wcks AlREY &4
Aolofl A HFT 4= gkl Ak

ZB3}2F0] AL inlet temperatureo]] W §-0]Z]9] Xjo|= QloL}, ER=ZE9 170 oA AZ
= o 7P A SAEA pHE| 79 inlet temperatureo]] 2J3F FF loH, SHEEFEE0]
SHEESRET fOH R B SHHAG (p<0.05). Of= L. plantarum®] TESK= IPolA ik
S lactic acid?] YFL A= Yz}, Iy 232 SHEaEc] 7dxd folFes
E2 pHE YEHIET, ol g5 £} 521X E B9l AR2T Jeong 5 (2006)2] A
Aol fAfoltt. ol Azl whet thekdt FEEL] Hslo] s AT 4= glon, E3



(o]

Az Al 2 250 ot &z ddEn.

olxl.Ekl

SHIaEY SREEEY #E 2 527% § REA (Y%, AERS), #ATE)S Table
30 et fee S, AR 9 AR50 wE Aot e e ES A%
P o fojFo F 2 UL (633.90+26.80 nm)S UERACTH (p<0.05). 2 STHFES HE
ZPL o Y=r} A9 Auk 2o QojHOo R ZhA (p<0.05)310] 316.90-350.20 nmE ZH |90
™, inlet temperature”} S7Fto] Wt tha 2o = F3e HAiH. SFSEES EALde 1
107.75-118.50 nm& ZA%|o] §oA o0& 714 2R Qw2 Yehdth (p<0.05). Park 5 (2017)9] &
Tl oot TRIofE AFHE BHEAR (42.58-53.32 )P o %@ﬁ Z3F 2% (501.57 )=t
PAL7 17 fodor 2R A715 YT St} & Ao vlsf & BIa71E Eoied, 1
2200 Yo 7RI HEUAED 9 Q714N §9Efo] o5t Ao T A} T;]. HoAzol A
ARl OJ3f) s 2 Alert BAREHEA 39 JAE FASHL, ZiiiEOH ofsf| ok & O}L
W= Hop|= ST, AR Be- A0 TR vEe IR SSAA R B2 718=
7HAA sto] Aaed} Al BIHEE =olARE BT FEf7E of7] wiEoll AR T B 2 Ao
of] 2 AR7I7H 2ARE 4 lom, 4 Al AlETt EAQ AEHAS WE 4 QIT} (Her,
2021).

WAL BAHANA Y] 712491 ZEES el AR (mV)E AR % o SFFEE0] -
33.86 - -39.43 mVE S5 o] FARMIA SHA £2 g2 UEhiloH, 527%H S7dasEo
7P & AESIE Uit APl 2205890 501 e YAlIA UrEth =94 §
|, YRS FARPYAZ dlEsl7] fIet A1 RE AR (Lim e al, 2010). & Aods S75
SE-ER > SREEE- R > SRR E-A7R ¢0% RIS YEd & Sl

ol PD Indexgloll A FARE 43S Ho 1—':1] +RARE SREEE S EE0] 544
2 SR aERT AV PR o g SAEQI. gRbA o R QRpe] BAlw= 00]4] 1A

o]9] gro g HA|EH, Ao w} THEAMY, SEAMY, THEAME FEll= AR (Jo et al,, 2016;
Kim and Shin, 2020). £ ¢I7-o]lA] AR&3} Qi 4 1= 09l 7145 A, 0.5710] 77k
E thibfo 2 BAg 5 oy, 5AARE STRIEEL 046602 TR0 2 YeRith ¢
AEA BAARo|A = B SRFEE0 l P77} 7¢g Zrom, A9 Aok 71

I
=4

Table 3. Particle properties of black radish powder produced by different conditions

Extraction method Spray drying inlet Diameter Zeta potentil PD index
temperature (nm) (mV)
160T 350.20£69.97° ~24.10+0.82° 0.266+0.047°
L. plantarum fermentation 170C 340.10£59.89° -24.10£0.94° 0.241£0.013°
180T 316.90+60.18" -23.50+0.05" 0.265+0.054°
160T 113.60+1.79° -33.869.35° 0.239+0.001°
Ethanol extraction 170C 118.50+4.30° -35.28+3.36 0.250+0.022°
180T 107.75+2.28° -39.43+1.70 0.238+0.001°
L. plantarum fermentation 633.90426.80° ~17.7541.21° 0.466+0.119°

and Freeze dried

MeantSE within same column with different superscript letters differ significantly at p<0.05.
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1, ANl 7FE 7T &, AP Al § 7RSAA B AUl E-eol T &2 7hsAdel
Ak U] YAhs 1A S712 ot S, e 22719 Hke/do] FEh ®
3t olARE ARk AdelA Y= JFIE B 715 AR 5 a8kE7t 8ols) A At
(Hong et al., 2013). & QLojlA] 0] 83t BHO| AL 1R IZ FIZ, B E44A 5 thkst
RS 7= ZAog dEA Ql=d] (Ahn ef al., 2019; Kim et al., 2020), TIAISH AAI2 A|=z510]
ol g A, AU 2 o8-8 A WIS AAE Y & e Ao=E AZEr.

SHE2E 9 SHUFg 50l & HE $19F Ferric reducing antioxidant power+= Table 4°]] BB
th & = Y BF SFFEEC] fH R A SHE0] (p<0.05) AT ET FEH
Ot o] B =2 A= wErh SHERES] x| e aiE B 52 255 A

= EREY ST FYH R B 52 TS Ytk Vu 5 (2020)9] AolAl=
SanS ol &3t et HaFEES Ut FE8E ol8slo] & & A5 adt (DPPH 2}
ZF 2715, ABTS assay)E TSI, JAEH g F55< Ard 35 Ya3EE8< e og
= B oEE FE2E 08 P 2AE B Han 5 (2019) AollA=
FEEC| FAks E400 sl Eell=t, ARFA ST § e
9] JHAE 1_—?} 21, & ¥l $EP DPPH 2t 7 47 84, ABTS ol iz 44
27, FRAP $H18 & ORAC Ho| 9] JTAIE Uefio] 27k 4 ofleks 3559 A}
WA B2 F HEs A S %t Ao=w AZEHA st

Ferric reducing antioxidant power?] 732, SH=3l5F 2119} th2 7] AX4Ho| ¢ J3go| &2
AOE Uehitl, $RAZH SRUEE GRS2E 10] §O402 Aofe golorh FHUE
B 27X Aol ERARS A foFoE w2 TS BT (p<0.05). Lim¥} Hong
Qu1e) AT FHFEEE BRAZTYE 0lgolo] RUS oIS U P By

= WY, F2AXEUHL ERARETo|A W2 3ehg H Y31, o] total phenolic com-
pounds} ZHS 984L ol WIlo] was] 410k ek T Kimd} Youn (2019)9)
GO HRAE 0] FA72 Fwo] vs) SR Behirol= ggo] FHo
2 S el GO ATV} UeRte A8 HEAE S et emperturs, oule

TTaa <o

1

l‘

Table 4. Total phenol contents (TPC) and Ferric reducing antioxidant power (FRAP) assay of black radish powder produced by different

conditions
. Spray drying inlet Total phenol contents Ferrous sulfate heptahydrate
Extraction method P tzmpzan%re (Il;g GAE/g) (mM) pratly
160C 0.055+0.006° 0.84+0.08"
L. plantarum fermentation 170TC 0.056+0.003° 0.81+0.13°
180T 0.056+0.003° 0.86+0.14°
160C 0.150+0.004° 0.82+0.00°
Ethanol extraction 170T 0.170+0.002° 0.95+0.00°
180T 0.089+0.003° 0.82+0.00°

L. plantarum fermentation
and freeze dried

0.07120.002¢ 1.22+0.06

MeantSE within same column with different superscript letters differ significantly at p<0.05.
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temperature, sample flow rate, air blow rate, atomization power =784} ojug}, B4 £5 9 A7}

% 5ol oJ8) geka 4 9] o]tk

2 drolMe F7e 715 e
qe2FE=S AXSIAL oIS ﬁ—“%Zi}_ 3 SEUxE E°H “%9}0} ot %é‘
St 28749 B¢ oFEE ol8st 29 4
7}—1 og E‘:]_-Zlﬂoh;]- S ugf B—E—J E@ﬁ}_"‘ﬂﬁ_
Al vebgoy AR=717E A0, AT 2AL o dEE UERel 74, /P4, Al
olg-& 5ol Uit 7Is0l A2 Ao ol Thaaed £7AET 4% €O e 2=
I8 o= A & o] WA, Aoz Adste] AR fElet avpt ZidiE
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& QREA0] st 3 s 2] 0
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