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Abstract

This study was conducted to examine the physicochemical properties and antioxidant activities of spray-dried (SD)
powders using different cyclodextrin and maltodextrin ratios of safflower extract. The extraction yield of SD powders
was 68.02-87.68%. The moisture content of 10% maltodextrin spray-dried powder (MD10) was higher than that
of the other powders investigated. The color values L, a, and b of SD powders were higher than those of freeze-dried
(FD) powder. The particle size increased as the wall material increased. Scanning electron microscope (SEM) images
showed that the SD powders were spherical. The water absorption index and water solubility index of the SD powders
were 0.55-0.61 and 90.67-96.67%, respectively. The decomposition temperature of SD powders was 283TC. The
concentration of the phenolic compounds of MD10 (1.07 g/100 g) was higher than those of the SD powders (0.20-1.06
g/100 g). The DPPH and ABTS radical scavenging activities of MD10 at 1,000 pg/mL were 13.40 and 24.10%,
respectively. The FRAP activity of SD powders from 100 to 1,000 pg/mL was 16.70 to 191.57 pM, respectively.
The superoxide radical scavenging activity of MD10 (85.37%) was superior to those of other SD powders. This
study suggests that SD powders with safflower extract have enhanced storage stability and may be useful as functional
processing materials.
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THKim, 2004).

L3t T3] &ols dE 2EOoF2 YAR|E of X
A8 AR E= o]HE 9 ofE| Qujolo|H, B, F
=, 9, 1% oA A= UEHKim -5, 2008). ZS}=
AE0] F717F 1 m B Y2 o, Y2 HEAHF
9] Z9lo] Euur, 7-8€o] FA9] Zo] m1 JYAAL
o] FZFoU F2Hlo] Ti= LMo R 77| Eof 1749] £
o] 7RealthLee, 1980). 5ot 2L 84 M0} HEA]
Hupeg Bl Slof ol QR e AMgEol o,
AJE 0 2= C-glucosylqunochalcone A B-&2 3} kaempferol,
quercetin 5] flavonoid A|€9] E4E0| EgjEoz U
A UtHKim 5, 1996). E27JENN= 552 AA, Ede
2 YESHA s, PN, SN, BS, A7) A9
SO ALA R AREEDL, ASHRRE, UeHAE, sFEAREo] QL
ot &E A Qlck(Kang, 2001; Park, 2015). ESt 33k= 7
et s 4L VA 95 2, 388 2 =24
WA a3, P a9E 7HeE HIEQItHIung 5,
2019; Kutsuna 5, 1988). 0]¢} Zo] Agjsta o g Q45}%]
qF AdF 9] o]-o] ofzly 3oke] &8t A SXE T
AEFe ¢ 7FdHo] Q3 AXo|th(Park 5, 2017).

ERARE 129 chamber QIO A|RE EAMAA W4
FEY] =S AR TA AR EHZ AL2 0= HERA]]

AX7e= 52728} M 4AdollA 718 g AREH
(Tan 5, 2005), W AR, L& ofif] 4|2 Ojof
£ 394 3% 9 A4E 2ol 989 & oile 5,
1997; Park 5, 2017). A1 RO A% H/E L A%
78832 A9 AasionA ABae) A5t
W B o, Wsfl] 418 ABalel sl Ea
WiAle] Ak oAzl TS} 7k, AZERe] M U 2
A P 5] AEE 7P ek Shin, 2009), ERAIE A] AL
L= gEE22 F& starch, arabic gum, cyclodextrin,
maltodextrin, cellulose 5 TS Thd57F 25202 o]&
%11 QJthDzondo-Gadet 5, 2005). TE-E24 5 cyclodextrin
4o I 99H 9Q10% BENG 4 glos) AT
&, Hof thgt FgAdo] =il 7T A9sto] AE, A
oF, SHgEARRIol S-8%|2 SIthDel Valle, 2004). Malto-
dextrinZ FFAXR 5 A5 Y= A, 31| fA0 &
o] 1 ABFEIES A7 = E40] Slof A §
ol Fg/do] f5=5tH HlE-ZAQl FHOME fElsto] A
A4 Eol] A8 UrH(Rodriguez 5, 2005).

whA 2 AtoAfs oekRt A 7H HA &
=421 F3 o[ &THAE FIAIZI7] A8l &3t ==l
cyclodextrini} maltodextring F-FA| = F7lolo] EEAZR
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JERT
=
H Ao AME AR Z8HCarthamus tinctorius L., =+
Wihe sH3APER] () THE (Uiseong, Korea)of| 4] A&+t

o} AF2o|A] HHksFHA] B4)7](FM-909, Hanil Co., Sejong,
Korea)Z E4f & F3A|(60 mesh, Chung Gye Sang Cong
Sa, Seoul, Korea)& I3t B2 358 AR AMSIY

o

23 F2E AR 30 g9 &3} £ 80% offghES 1L
P& o] 1081 H7Fote] 80T oA 447t B SFd A=
7](CA-1112, Eyela Co., Tokyo, Japan)E o]-&5}o] 23] HHE
FE5ItE. A4l 252 o#R|(No4, Whatman
International Ltd., Leicestershire, England)E A&-5l0] &<
2 AASK oid FE2E2 AUSS7IN-IN, Eyela
Co., Tokyo, Japan)Z 535t TS, 5 A7AZ7](Free Zone
2.5, Labconco Co., Kansas, MO, USA)E o|-83dlo] AxX &
-70C oJ5te] UAofA Hyksh £A48 Alms AMESIGITE
2HZ 2 AR
23} 80% ofekE FE55Wo] cyclodextrin(Cydex-s,
Daesang Co., Gunsan, Korea)2 ZZ} 10%(CD10), 20%
(CD20), maltodextrin Z}Z+ 10%(MD10), 20%(MD20) 2
cyclodextrin®} maltodextrin(DE=14, Daesang Co.)9] 5
SIHES 10%(CDMDI0), 20%(CDMD20) B &5 H7}510]
20 °Brix9] 52 2435 S 142 7] (HG-15D, Daihan
scientific Co., Wonju, Korea)E ©0]-&5}9 6,000 rpmof| A 30
E7F #458E & BERAZRY|(KL-8, Seogang, Engineering
Co., Ltd., Cheonan, Korea)S AF25to] 2H-g A|Z35F3ct
ojff ERAZ 1L FUE 150T, WE2E 100T, &
E&T 16,000 rppm 2 A E3FEEE 14 mL/minZ AA5)
At AlREH L2 70T o[t} Faofx] HasHAA 4
& AEE ARESISITH

Hr
™
Hr

ool Az ZAo ARESH daiEge] et WE-SE ey
ATt ERE2 £ 0.5 g petridishol] goF ol 47
Z=77](MB-45, Moisture analyzer, Inc., Ohaus, Parsippany,
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NI, USA)E o]83te] 10sTolA] 2] S-Hfeo] 3ol
=9 W Azste] el

ME, 9337| Y YHEATZ 2%

ML petridisho] ARZ 6 g# Dol FEME(Y=86.6,
x=0.3160, y=0.3214)% X% AT A|(Chromameter CR200,
Minolta Co., Osaka, Japan)E AR8-5}0] Lk(Lightness,
), aZl(redness-greenness, ZAM), bZk(yellow-bluness, ZF
ME)2 38 MEEAs] Bkt EREAS Lol

AR F7]= 2] B isopropyl alcoholof] HA4AFAIA
particle size analyzer(LS-13-320, Beckman coulter, Fullerton,
CA, USAE S745Ilth. AAEHALEE Al gold ion
coatingS d}al FAFY HAFET]|7(S-4800, Hatachi High-
Technologies Co., Tokyo, Japan)< ©]-835}0] 3.0 kVOiA]
5008 &= ST

>

+EE4AS U +EBIHNS 23

TEETAIS 2 R85 A|5= Phillips 5(1988)2] ¥+
of wh B 0.5 go 75 20 mLE S35t 3,000 rpm
og MAAe YAE=2]7](VS-6000 CFN, Chison Scien-tific
Co., Bucheon, Korea)& AR&5}o] 205 59 LAEsH o
= B5WZ ALt JAEY] FAE BITlo] ARA= g
S S TR TS FESTASE BACIAL, 7
SIS R 24 A Bet A5 vz B
AZ 735k 470 BElso] 105CE 245 AR A%7
(OF-22GW, Jeio tech Co., Ltd., Seoul, Korea)o|A] 4417t &
F ARAIY] & A2 TP R S HRA =0 gk WE

S YEloh
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Water absorption index(WAI) =

wet sediment weight

dry sample weight

Water solubility index(WSI, %) =

( dry supernatant weight
dry sample weight

) x 100

TGA &4

GE 25 AR Y8l thermogravimetric analyzer
(Q600, TA instruments, Twin Lakes, WI, USA)E- 0]-8-5}o]
20 w2 PAYES St ol JHASEL 10
/min, %= 25-700C7H] AA7]5+(500 mL/min) SEojlA]
=3t

A
=

Mo

H=sigtE o
Hl=sRtES =345 Ydll high performance liquid
chromatography(HPLC)S 0}§3t0] RAsiom, Az
Z550l 345k 1,000 pg/mL FEE AZSE TS 0.45
um syringe filter(DISMIC-25AS, Advantec Ltd., Tokyo,
Japan)Z o5l BAL Algz ARESIYch  Alliance
HPLC system 2695(Waters Co., Miliford, MA, USA)E ©]
25}0] photodiode array detector 2996(Waters Co.)0.2 £
Aot £48 ¥ Hypersii GOLD HILIC(particle
size 5 pum, 4.6x250 mm, Thermo scientific Co., Waltham
MA, USA)E ARESISloH, 49 Als 25+= 25T, 5%
< 1.0 mL/minZ o] AR5 10 uL¥ FF{Ysto] S451%0
t} 248 8= water:formic acid(99.5:0.5, v/v; mobile
phase A) @ 100% methanol(mobile phase B)Z ARES
mobile phase AZ 7|20 & 60%(01), 40%(205), 60%(21
) B 60%30) % 5] gradient= A5 HlEdlghE
TFE EEEEE ol8st] EETA0= Al EE

E4L p-coumairc acid, epigallo catechin gallate, ferulic

Hr

[N

acid, kaempferol, safflower yellow(Sigma-Aldrich Co., St
Louis, MO, USA)E A83}9tt.

DPPH radical &7{&4d &34

1,1-Diphenyl-2-picrylhydrazyl(DPPH) radical AAEA32
QFY3t free radical?l DPPHO| $-¢l2S o]-8-5to] S5
tH(Bios, 1958). DPPH reagent:= DPPH(Sigma-Aldrich Co.)
0.012 g 99.9% ethanolo]] &85] &3[A]7] T SAgt 9]
Z22E Aylolo] A|Z5H9E A& 0.5 mLoj] DPPH reagent
AloF 5 mLE H7fole] £5 & A-20fA] 1587 WA
£ B33 A|(Ultraspec 2100pro, Biochrom Ltd. Cambridge,
UK)YE ARESt] 517 nmollA F8=5 74531tk DPPH
radical £2AZAL A5 A7} A3} T0] ZJo]E ol=fje} Zo]
Atatol ERRSc

DPPH radical scavenging activity(%) =

sample absorbance
1 - ) x 100
control absorbance

ABTS radical £7{&d &4
2,2'-Azino-bis(3-ethylbenzothianzoline-6-sulfonic acid)
(ABTS) radical 27272 FoIZ(ABTS)oll ek FAitst
=49 £752 ol83lo] S5t HRe 5, 1999). ABTS
reaction mixturex= 7.4 mM ABTS(Sigma-Aldrich Co.)2}
2.6 mM K,8,059] 52 AL, 20| AAaofA] 244]
7+ =91 vRS-A|A ABTS free radical2 AJAA|Z] & 732 nm
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ol SF%= ko] 0.7+0.030] HA SHGTE AMESto] 34
SFATE AJ& 50 pLof| ABTS reaction mixture 950 uLE 3
Tsto] £ 5 ULOIA 1057 MG AA 2 TS B
L A|(Ultraspec 2100pro, Biochrom Ltd.)E ARE-5lo] 732
mmoA ELEE =459 tE ABTS radical AAEAAL
A& 7 A} 39] 2ol & offjet o] Alikste] Yt
At

ABTS radical scavenging activity(%)

sample absorbance
1 - ) x 100
control absorbance

FRAP (ferric reducing antioxidant power) £

FRAP =72 Benzie?} Strain(1996)2] Ho] ule} Ak}
3 & 58S 018310 S5t FRAP reagent= 300
mM acetate buffer(pH 3.6) 25 mLoJ| 40 mM HClof &-3fst
10 mM 2.4,6-tris(2-pyridyl)-s-triazine(TPTZ, Sigma-Aldrich
Co.) 2.5 mL®} 20 mM ferric chloride solution(FeCls -
6H,0) 2.5 mLE E35te] A5tk AR 25 uLo] AHA
A 37CoA 105 oA} HF3A]7] FRAP reagentS 175 L
MG 3 37CR 24 PA0IA 3087 ¥R The
3 A|(Ultraspec 2100pro, Biochrom Ltd.)E ARE-5}o]
590 nmoM EFE=E S5I%Th FRAP 572 FeSO, -
7H,0(Sigma-Aldrich Co.)& A&slo] At #ETAS ©]
&3] AstAt

Superoxide radical £27{&4 =3

Superoxide radical 24232 Nishikimi 5(1972)2] ¥'H
o =t &3ttt A& 500 pLof 0.1 M Tris-HCI buffer
(pH 8.5) 100 pLe} 100 pM phenazine methosulfate(PMS,
Sigma-Aldrich Co.) 200 uLg A7}5to] ¥:3A1Z]1 3 500 u
M nitro blue tetrazolium(NBT, Sigma-Aldrich Co.) 200 uL
% 500 uM B-nicotinamide adenine dinucleotide(NADH,
Sigma-Aldrich Co.) 400 pL-E &5t A20A 102 5<%
HESAZl oS BESHA|(Ultraspec 2100pro, Biochrom
Ltd)E ARESHo] 560 nmoA F3=5 S4SHIH. Super-
oxide radical 2AEYS AE 7} A} 9] Zjol& ol

oF o] Altste] e

Superoxide radical scavenging activity(%) =

sample absorbance
1 - ) x 100
control absorbance

SHAZ|

AAut= Bt EEHAE YERASIAL SPSS(19.0, SPSS
Inc., Chicago, Il, USA)E 0]-&3t EAHEA(ANOVA)S AA|
stlom, 7 24 Baglel $o14(p<0.052 Duncan's
multiple range test® A5}t

o
Z1 Y 2%

323} 80% et 252 580% © ERAxRet 2T
) -85} Sge) A= Table 13} Bk 8L 52
2 BUE ALt EFAx EolA 68.02-87.68%= LJE}
wom, 139 gfo] S7HdrE 80| TVl Y
S YEM 2 maltodextrin 20% A7} Lof| A 87.68%= 714
=2 588 EQI51¥t}. Bhandari 5(1997)°] W= 50%
opte] ~go] T BERARE ARSEHT I Buglow,
Fo} BRAZ B TE 50% olge] £8E kg )
st} SRS SAAR 20| 1.19%, BRAx 2
2.19-3.18%% U} 5273 SR 2Rz FdoA
FoHoRE EA YEglY, A% EEolAl= malto-
dextrin 10% H7FEOIA 3.18%% 7F) =2 IS YEHY
3. Rosenberg 5(1990)9] G170l w] i Rto] 43
g 5% A W2 ETS UEt A Al
ofgt Bare] skl WAsH eierhn Hsio] Sate)
a71% 9 £z B9 BF 5% o|vfe] TS UE

Table 1. Yield and moisture content of spray-dried powders from
safflower extracts

Sample” Yield , Moistur;e content
(dry basis, %) (%)

FD - 1.19+0.219
CDI10 68.02 2.2140.12°
CD20 81.98 2.19+0.31°
MD10 73.38 3.18+0.20°
MD20 87.68 2.26+0.11°

CDMDI10 77.43 2.90+0.21%
CDMD20 82.19 2.72+0.30°

UFD, freeze-dried powder; CDI10, spray-dried powder with 10%
cyclodextrin; CD20, spray-dried powder with 20% cyclodextrin;
MD10, spray-dried powder with 10% maltodextrin; MD20, spray-dried
powder with 20% maltodextirn; CDMDI10, spray-dreid powder with
5% cyclodextrin and 5% maltodextrin; CDMD20, spray-dried powder
with 10% cyclodextrin and 10% maltodextrin.

DAIl values are meantSD. Different letters (**) within a row are
significantly different by Duncan’s multiple range test at p<0.05.
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o Sz 2 A, YRaT] ¥ R BT R
Table 2 ¥ Fig. 13} &t} M= S27A% Ego| ZH2t Lk
(35.53), agk(3.33), bgh(2.01) o2 UERa, BEEAZR Eoj
A LZFS 41.86-44.222 JERf9lom, azk 2 b3S 6.68-
7.63 2 1631-19482 VeI AA|FH oz B2AZ Bl
A ALt B F7keke AFE UErSItE Marshall 5
(2005)> M4 AL AAFH 7|7} v F83F AT
stH, mAFEsRgolA PR AR QI HIEHA 0]
S7toto] 9| gho] B 7Rt kS UEhd A= AL
EEOY Bsiyitt 23 2R 299 AT = E
A7z EgolA] 1,023.33 ymE e, ERAR £
A] 27.88-91.20 pm= YER} BERAZ Fgo] fojdo= &
Kom, RPAQ] Hrigo] TVIEE A7 A=
& T 5 AU Kang 5(2002)> LRF2 02 w7y
& 5209 YAA7]= 1200 ume] HL|Z ERJFhA Hil
sto] &3] ERAx BT YR=7] Heet vttt AFE
SRRISFA L, Seo 52002y HTo] F7|71 2o & AR}
of vlsf B2 ¥-gHEHAS 7HAA HER tE B4 &
gt o] 7hssto] vheALE, 8ok ¢ o]3ket 754
o= 7| & Aol Harsiyick E4e A FEi= e
3=7] A dHY Edxo] w2t SR |A|e gRtde s
Tgo] oFAolgtal T &= Ui Hwang 5, 2002). YAHEH
TR BRAXR B4 ARy og 19| PEiE HEY
om, B9l Tl S7FrE YA ARl A
gRIskqiTt o= mIgTe] 2717 ARA| ARGRE I1EAL]

A, B A fEHY] & AR 9 =24 wht
719} WRESE 5of ofsf] Pk W=thal ARtk (Park 5,
2008). ESF Lee 5(1997) gum arabic?} maltodextring H]
SR AFolo] ERAET R 92 939 el
T2 BT, 5T 2SS WA 2 YA A

UCHIL Harsto] 2 AAuel AR FE HERRICH

A
55} BRAZ BUO) SRERAE U G
Z4 A= Table 33 2t} ES<5(water absorption
capacity)Z H'go] E-2 F46kal BEsto] A4 e
£ FHE 5 e 582 Yristl, $EES = 0]
Tl ol B=E YU HKim 5, 2012). HA 55
FrAlae 5AA% B0l 0.719=2 7P =, £+
Az B 0.55-0.612 EA4E =), E3] cyclodextrin,
maltodextrin 9 °F FHEHES 217 10% 71 £574
Z FHoA B5F 0.55% 7 WA YEET Lee2t Hong
(2015)9] Aol W2 BARPAY S22 EAP FEFHoR
HiG ] o2 FEd e YAE ouisk=d], HIEAA
FHo| A A4 FEo] 255 YA U=t =oHA
B EAA} ok Bsn wele] 2 e
BRI BUME U PARLES Hol IS 40T
57 Yehd Aoz Al E Tt E3t cyclodextrin Y malto-
dextrin F7}go] WS5E FFAG7E Role A=
Biliaderis 5(1999)9] ¢l A] dextrin Zto] BS54 B
Aol E2jsteld E49] Zjo|= F54d0] I Wolk= F
T2 ERltty HuEQieh R8RS 520 E 2o
A 78.67%J3, EFEAZ BEoA 90.67-96.67%= HF

Table 2. Color value and particle diameter of spray-dried powders from safflower extracts

) Color value Particle size
Sample . ) (um)

FD 35.53+0.56% 3.33+0.37° 2.01+0.29° 1,023.33+12.50°
CD10 41.86+0.18" 7.42+0.20™ 16.31£0.69° 27.88+0.05°
CD20 43.19+0.28° 6.68+0.24° 18.03+0.86° 41.52+1.47°
MD10 43.35+0.42¢ 7.6340.18" 18.62+0.51% 43.1241.51%
MD20 44.04+0.23% 6.99+£0.20" 19.11+0.61% 52.02+1.40¢

CDMDI10 43.4140.54% 7.28+0.18% 18.17+0.94° 66.59+5.74°
CDMD20 44.22+0.24° 6.96£0.19% 19.48+0.57° 91.20+1.14°

UFD, freeze-dried powder; CD10, spray-dried powder with 10% cyclodextrin; CD20, spray-dried powder with 20% cyclodextrin; MD10, spray-dried
powder with 10% maltodextrin; MD20, spray-dried powder with 20% maltodextirn; CDMDI0, spray-dreid powder with 5% cyclodextrin and 5%
maltodextrin; CDMD20, spray-dried powder with 10% cyclodextrin and 10% maltodextrin.

DAl values are meantSD. Different letters (**) within a row are significantly different by Duncan’s multiple range test at p<0.05.
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Fig. 1. Scanning electron microscope (3.0 kVx500) of spray-dried powders from safflower extracts.

FD, freeze-dried powder; CD10, spray-dried powder with 10% cyclodextrin; CD20, spray-dried powder with 20% cyclodextrin; MD10, spray-dried
powder with 10% maltodextrin; MD20, spray-dried powder with 20% maltodextirn; CDMDI0, spray-dreid powder with 5% cyclodextrin and 5%
maltodextrin;, CDMD20, spray-dried powder with 10% cyclodextrin and 10% maltodextrin.

90% o}e] e SR} et AS SIsic
Choi 5{(2006)°] W=H JAZ7|7} 2245 _/;_l,d_Q_sﬂx]/\
7h 371t Barsiolet| 2% Bk Az &2
ToflA 2R P70 whE A= wEch Maltodexmn
20% H71996.67%)° A cyclodextrin ¥ FFETER A

2% BEAZR HEH90.67-96.00%)H T =2 SE 85|45
£ YehhlEd], ol maltodextrino] o] 2J5F 44179}

o]Z= HH| QL Qlaldy] 7t A5 AR8o| ojdo| k=
L4 S7F2 Al EtHLee?}t Hong, 2015). Chae?} Hong
(2016)——- 4—]‘,‘5 7]_,_ *]“ﬁ Eﬂoﬂk] AH *o-/\x]/\ ol —|-~—r—9- H
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Table 3. Water absorption index and water solubility index of
spray-dried powders from safflower extracts

Water absorption index Water solubility index

Sample” (WAI) (WSI %)
FD 0.79+0.06™ 78.67+1.15°
CD10 0.5520.05° 90.67+1.15¢
CD20 0.59+0.03° 94.000.00°
MD10 0.55+0.08" 92.00+0.00
MD20 0.57+0.01° 96.67+1.15°
CDMDI10 0.55+0.05 92.67+1.15%
CDMD20 0.6120.06° 96.00+0.00°

VFD, freeze-dried powder; CDI0, spray-dried powder with 10%
cyclodextrin; CD20, spray-dried powder with 20% cyclodextrin;
MDI10, spray-dried powder with 10% maltodextrin; MD20, spray-dried
powder with 20% maltodextirn; CDMD]10, spray-dreid powder with
5% cyclodextrin and 5% maltodextrin; CDMD20, spray-dried powder
with 10% cyclodextrin and 10% maltodextrin.

DAll values are meantSD. Different letters (*°) within a row are
significantly different by Duncan’s multiple range test at p<0.05.

1

N
#

L] PN UotA - Fajt 2fle= A%
7§ oA W2 sEETAlE P w2 SRS
e 89Tl Histo] Zof 7R £EolA 52
Az SUHEY W2 SEEFAS 3 w2 e85
Fr& UEol Aol 942 Aos wddEn

(O]
oX,

TGA 24 E4

23} ERx 289 TGA 443} Table 42} At
TGA B4 2% A5 W2 7419 §ig}h 7HAe-S Uehy
o, Al&O] IEAT}F Aadh= B 2= FolA Y Sl
T A3l Fof IREAREAS] HEo] 7hs o tH(Kim
S, 2016). BEf EA4Y FAAATE 4dAE = QI
A, A9 $ESUE A7 Uehve 184= 20-
180T FLoflA AAAZY oF 10%7F A4S 28 A=
PR A=) Eofgel sigstal(do Carmo 5, 2018), °F
84-230C HFIoIM HERE L™, SEUE B 26.19%, &
FAZ 42 7.81-9.89%2 FAGRAE HojFdth 527
Z Fo] F Eofi7f oF 84T oo W eIl 2 AoflA Uoi
s dRlokint 39AIQl 226-340C HYoA = E5A
Z BT FA dvavt ey £ BEY £ &
2= e 283CE et Teps] 4% d=dart
e = H9]olA thiiEe] dE6i7F dojeS RIS
Janiszawka(2014)= =2 AT &40 2ot T e
At g ARARE W2 {2 Aol s Yl AR
o] Baje} #elo] Qlokal X 15tk Seo(2008)0] wWEH
cyclodextrin®+-2] E3allof] 9J5fl 280C oAl FATE FHHATT

Table 4. Thermogravimetric results considering the TGA curves
of spray-dried powders from safflower extracts

Sample” Stage TGA (€)  Weight loss (%)
1 20-84 0.85
2 84-230 26.19
FD
3 230-410 18.21
4 410-700 25.30
Total weight loss (%) 70.55
1 20-114 12.90
2 114-229 9.89
CDI10
3 229-339 29.55
4 339-700 19.76
Total weight loss (%) 72.10
1 20-180 13.51
2 180-253 8.51
CD20
3 253-340 34.07
4 385-700 18.07
Total weight loss (%) 74.16
1 20-180 14.18
2 180-230 8.97
MD10
3 230-339 29.60
4 339-700 19.47
Total weight loss (%) 72.22
1 20-116 9.32
2 116-226 8.71
MD20
3 226-333 37.81
4 333-700 18.27
Total weight loss (%) 74.11
1 20-180 13.86
180-230 9.89
CDMDI10
230-339 29.55
4 339-700 18.90
Total weight loss (%) 72.20
1 20-180 12.81
180-230 7.81
CDMD20
230-340 34.13
4 340-700 18.12
Total weight loss (%) 72.87

YFD, freeze-dried powder; CDI10, spray-dried powder with 10%
cyclodextrin; CD20, spray-dried powder with 20% cyclodextrin;
MDI10, spray-dried powder with 10% maltodextrin; MD20, spray-dried
powder with 20% maltodextrin, CDMDI10, spray-dried powder with
5% cyclodextrin and 5% maltodextrin, CDMD20, spray-dried powder
with 10% cyclodextrin and 10% maltodextrin.
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UePgthy BasilEt, £ AolA: FFAIQL cyclo-
dextrin, maltodextrin ¥ 5 &3ME0] 10% A7 254
ZHTH(29.55-29.60) 2Tt 20%S T35 ERAZ EofA
34.07-37.812 ¢ 2 Z7tArt dojdg solsiyi). 4tk
Al &3l= 600T °lF& AFrde AL Yojub] glot
A ] Bl s B 2R ojgo] dojdt A
& 4 9low, 27]EF tiH] 25.84-29.45%9] FFEHo] HFe
AL FRIstott. BAZAE TET o, 44 2UEY
AR oA degdel 43 A & 4 SlSith
Chae 5(2015)2 gutdoz AZZHofA AREol= T2
57°0] 300CE 9A =t Hursto] g3 E4Jo] egt
ERAR o] 120] 8= VMgl A8 s
Zog AtmEh

o=3gsE

23 £z 299 HEtRlE #4243 Table 594
At AEA g7 x50 = HeEsRtEs WA
o %= FAMH7E FA7I(-OME A HER olFoxl
E4dolH, 3t 7 B F 7l o[4d2] 4%4F7](hydroxyl group)
2 X3y "WkE 118]E 7K 2L phenolic acid®, coumarin
=, flavonoid%, tanninF2 WHW, 11 L% wet olsist
2 A 9 BEd 7)50] 2] yeidtial Z#A SIei(Cho
S, 2012). 33 EFAX B9 HEsRies w4 2
Choi 5(2011)9] AGtE31¢} o] p-coumaric acid, epigallo-
catechin gallate & ferulic acid”} 1.2H, flavonoid AJ&<Ql
kaempferol & quinochalcone| AAA3H-9] safflower yellow
7h =t SAAR B HEdgE TR 146
2/100 g0 & Yehgom, HEAZ Hako (.20-1.07 g/100

g0 g BAEQ=| maltodextrin 10% H7}41.07 g/100
g), cyclodextrin 10% H71H1.06 g/100 g) ¥ cyclodextrin
20% A717H0.88 /100 g)=C & =2 kS ek
Shahidi®} Han(1993)2 cyclodextrin starchO]| cyclodextrin
glucanotransferases ZH-&-A1A Hoi7l SH120| E4& 7
e 2RSS 7Iths B8} Zo] cyclodextring: 7R &
BAzROl 953 HEE TS Y 2S5
QlalAtt. ESE maltodextrin 10% H7F41.07 g/100 g)2+
maltodextrin 20% 7140.21 g/100 g)o] H=35HE stk
9] Z}o]= Mishara 5(2014)2] A0|A4] maltodextrin ‘5=7}
SuolH 9%z 271 1 Bl s3] BA5 dast
o] RYA) T e Holo] ME AT B O,
cyclodextrin @ maltodextrin®] 5% 3FE E-HAXED0|
AL Z3l9] Q9 HEsHEQl keampferol X safflower
yellow?7} -&3[=| %] Qko} W2 wisalghEo] shgo] Uehd
AoE wddt F HedlgEs s244% 2 oiH £5
A% oA fodo=r @2 kS U=, ol=
total phenolic compound®} Z-2 -8R F& o] 7zt
s Ax, 71E 59 #Y T E3l=7] ek AFEHE A
FHETKSormoli®} Langrish, 2016). 12 ZAzu & 25
AZE AZLE71 130-300C HYZ vlwE H20)% 25
sk, YErt F3 FEFoKe AR 5-20% o|W=2 Fofl o5t
RSP} vHlsl, e MRSEERE SH4EES Kook
o] fEjsial sl BRAR B o AHEd &4
OIS =Y 4 rtal it Boatright} Hettiarachchy,
1995; Fuches &, 2004). 4% H=318ME 5 p-coumaric
wcid BT, B, ol 2 WARIA} AT
epigallocatechin gallate:= A5} @ Qo] Z1-go] H 1 HT}

Table 5. Phenolic compounds of spray-dried powders form safflower extracts

Epigallo catechin

Sample” p-Coumaric acid gallate Ferulic acid Kaempferol Safflower yellow Total
FD 0.12+0.00? 0.170.00" 0.15+0.01% 0.45+0.01* 0.57+0.01% 1.46
CD10 0.0340.01° 0.15+0.01%®° 0.09+0.01° 0.34+0.03° 0.45+0.00° 1.06
CD20 0.03+0.01¢ 0.1240.02¢ 0.08+0.02° 0.23+0.00° 0.42+0.00¢ 0.88
MD10 0.05+0.01° 0.13:0.00 0.08+0.01° 0.34+0.06° 0.47+0.00° 1.07
MD20 0.03+0.00° 0.1340.00% 0.05+0.02° NDY ND 0.21
CDMD10 ND 0.14+0.02% 0.06+0.00° ND ND 0.20
CDMD20 0.02+0.00¢ 0.1240.00° 0.06+0.00° ND ND 0.20

YFD, freeze-dried powder; CD10, spray-dried powder with 10% cyclodextrin; CD20, spray-dried powder with 20% cyclodextrin; MD10, spray-dried
powder with 10% maltodextrin; MD20, spray-dried powder with 20% maltodextirn; CDMD10, spray-dreid powder with 5% cyclodextrin and 5%
maltodextrin, CDMD20, spray-dried powder with 10% cyclodextrin and 10% maltodextrin

DAIl values are mean+SD. Different letters (*%) within a row are significantly different by Duncan’s multiple range test at p<0.05.

INot detectable.
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(Ahmad 5, 1997; Jang 5,2019). Ferulic acide= A &
SPhg, AQAsleld] Bgo] 9eltin LelA glckSon
5 2013). Kaempferol ¥ safflower yellow E3F AHof|A] 3
Jot, PAUE SO WUBHS 2T LA SAAR
ES A skl EEAZ S maltodextrin 10% 7|4
T #-8/wel 7FE gol ol st S YE
Ao & AlmEHtiJung 5, 2019; Kim =, 2019).
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53} BRAR Eko] DPPH U ABTS radical AAEAS
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oA SAsIoH, AR BF et 7% met &
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(A)

50

B100 pg/mL 250 pg/mL B500 pg/mL 1,000 ng/mL
_ 40
&
Elb a
)
§ 30
g b
E
= 20
o
£ d de h
S 5 f ef f
h| o by £ h ch
J 1
1 1 1 1
m n m m ol
0
Ascorbic acid  FD CD10 CD20 MD10 MD20 CDMD10 CDMD20
(50 ng/mL)
B)
50
E100 pg/mL 0250 pg/mL B500 pg/mL H1,000 pg/mL
~ 40
S a b
2
&
$30
s ¢
2 d cd cd
= e
520 i fg
£ hi ij gl i i
2 In i I 4 i
= N no ng, ndn mif
ﬁ on L) ol
“ 10
0
Ascorbic acid  FD CD10 CD20 MD10 MD20 CDMD10 CDMD20

(50 pg/mL)

Fig. 2. DPPH (A) and ABTS (B) radical scavenging activity of
spray-dried powders from safflower extracts.

FD, freeze-dried powder; CD10, spray-dried powder with 10%
cyclodextrin; CD20, spray-dried powder with 20% cyclodextrin; MD10,
spray-dried powder with 10% maltodextrin; MD20, spray-dried powder
with 20% maltodextrin, CDMDI10, spray-dried powder with 5%
cyclodextrin and 5% maltodextrin, CDMD20, spray-dried powder with
10% cyclodextrin and 10% maltodextrin.

All values are meantSD. Different letters (*°) above the bars are
significantly different by Duncan’s multiple range test at p<0.05.

1,000 pg/mL S0l 4] 2421%2 Ve, BRAR Bk
0.28-13.40%% Yeh} EEAZ B = maltodextrin 10%
A7FEA 13.40%E 7P =2 AR 244 YeRfith
Chang¥} Kim(2011)2 41} &4do] 7HEAEE e H5
HIEHY CoF 22 Fof| oFst E4o] nta|=lo] gRto=z 7
B50] AAadry BI513131, Lee 5(2014)9] AolA =
AR onRtET IF3FEAR Qu|Re] Fakst o]
FHoR A eSS Halslo] 5 ERAX BY
St -FARRE Z4oo] YEPES ERI5IAT ABTS radical 47
Y2 SFHEGS B8t ol radicalo] FHUE -BHo] ik
SIS do] &%5k= W'HO= lipophilic T+ hydrophilic
Fi 249 40 A& 7hset WO E DPPH radical
AT} Z}o]7) JthMiller?} Rice-Evans, 1997; Yoo%}t
Yoo, 2005). S84}, 1,000 pg/mL FEoA F24F L
2 34.88%% UEY 7FF 953t 24 UEhgleH, B
A% BEo| s 17.85-24.10% UERAJLE o]= Gomes
5(2013)9] fALolA] mjof FAAR o] ERAx B
Hro} o 2 ABTS radical &752 UEfio] & A+t 7
ALet 43S UEF It T3 DPPH radical A48/d3} o]
Bz 2d 2oL maltodextrin 10% H7F1(24.10%,
1,000 pg/mL)oA 7Fg =2 S-S YERlon, ohA A
A3t DPPH radical &7 Rt et =2 Akt 43 1
EFfQi=d], o] ABTS radical 2A&4Jo] 24~ A58}
25 ARY radical AAGAZS HF ST & JAoHE
02 A3 AdZA7ET 52 sk el o=
THETHChoi®} Shin, 2015).

FRAP ¥ superoxide radical &7{2d

B35} B AZ B9Ho] FRAP &4 Y superoxide radical 4
AL Fig. 33} 2T} FRAP 2423}, 100-1,000 pg/mL
oA SAAZR B 39.73-324.00 pME U, B
TAZ BEO 1670-191.57 pML LER]] S& ojzHog
AR @40l S71skAH Kim 5(2018) of2] A4
oA EF, X3 E FAARY WHOE AFRAXES AR
Skl o s o] 54, AT 9 IR &
2 Bisle] B Ao g3t 5AAx ERAX
O 7 AR} &do] = UEhdE 16t =3t
Z B 1,000 pg/mL 5E=O)A] maltodextirn 10% &7
cyclodextrin®} maltodextrin &3+ 10% &H7}ollA 2k
191.57 uM 9 191.33 pME 7} %2 832 Yehjgith.
Choi 5{(2015)2 FRAP E4Jo] HAZoIE &3t gz 4
A} ATAdo] =8 Zlog Byste] B o] DPPH
radical 2AZA]T}F FRAP A3 of| A maltodextrin 10% A7}
7} 7V 2SS L Uep) a7Emeh SARE 7
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Fig. 3. FRAP (A) and Superoxide radical scavenging activity (B)
of spray-dried powders from safflower extracts.

FD, freeze-dried powder; CDI10, spray-dried powder with 10%
cyclodextrin; CD20, spray-dried powder with 20% cyclodextrin; MD10,
spray-dried powder with 10% maltodextrin; MD20, spray-dried powder
with 20% maltodextrin, CDMDI10, spray-dried powder with 5%
cyclodextrin and 5% maltodextrin; CDMD20, spray-dried powder with
10% cyclodextrin and 10% maltodextrin.

All values are mean+SD. Different letters (*") above the bars are
significantly different by Duncan’s multiple range test at p<0.05.

3RS YERJITY. Superoxide radical AAHZAS EA435E 2
I} 1,000 pg/mL EZO|A] 75.47-86.50%% UERFOH, =
AAZ B(86.50%) tiH] BRAR E29] maltodextrin
10% F7HH85.37%)2F 7oA Zol7F UehA] o3
o151}, Superoxide radical AAAHEL Al Y SOD-
like EY}=ZX QIA|o] oxidative stress©]] &St DNA £AL o
Zkg, MmN HET 4 ol A} BRE et
Wit BTG, B ARol 3 5AAE 9 $RA
= 1,000 pg/mL FEOA 70% ©]/<] superoxide radical
A2AGE Yeho] 7+ A=) TFE I TEsiEe
FAE0] - 0 AAAPIE LS T AoE oA
(Chung -5, 2010; Yoon &, 2006). TSt Yu 5(2011)2 A&

d dEs0] Ad Hed SRk AR} o] 7|lgitt
1 5}, Ho $5(2012)2 T2 J4A=9] phenolics®)
obgo] Htslet 22 A=A aafel U Ay Ald
1 B 15}o] HlssRkE ko] 245t maltodextrin 10%
A7 A =2 FRAP 24 9 superoxide radical A72H4]
o] Yehd AOCE AlmHrt.

2 o

2 AFolM= o] AIA ol S € 715 AlE
758 229 873 ERIstA}t 83} 80% offghE
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