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ABSTRACT

The purpose of this study was to compare the effects of two drying methods (hot air drying
[HAD] or vacuum freeze drying [FAD]) on the physicochemical components and antioxidative
activities of Aruncus dioicus var. kamtschaticus powder. The crude fat content in the FAD was
higher than that in the HAD. There were no significant differences in the proximate compositions,
such as contents of moisture, crude ash, crude protein, and carbohydrates, depending on the drying
methods. The total amino acid and essential amino acid contents were significantly higher in FAD
than in HAD. The valine, phenylalanine, lysine, histidine, aspartic acid, asparagine, glutamic acid,
arginine, ornithine, and y-amino-n-butyric acid (GABA) contents in FAD were higher than in
HAD, while the serine, phosphoserine, proline, glycine, alanine, tyrosine, and taurine contents in
HAD were higher than in FAD. There were no significant differences in saturated fatty acid,
monounsaturated fatty acid, and polyunsaturated fatty acid contents based on the drying methods.
The most abundant fatty acid in the FAD was linolenic acid, and the linolenic acid content was
approximately the same, regardless of the drying method used. The contents of malic acid and
total organic acids in the FAD were higher than in the HAD, while the content of succinic acid
was higher in the HAD than in the FAD. Vitamin C and E contents in HAD were higher than those
in FAD. The total polyphenol and total flavonoid contents, the 2,2-diphenyl-1-picrylhydrazyl
(DPPH) and 2,2-azino- bis-3-ethylbenzothiazoline-6-sulphonic acid (ABTS) radical scavenging
activities of the FAD sample were higher than those of the HAD sample. These results indicate
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that vacuum freeze drying is a better drying method for preserving the nutritional components
and antioxidative activities. These study results may provide the basic data for follow-up studies
seeking a better understanding of the functional properties of the FAD powder.

Key words: Aruncus dioicus var. kamtschaticus powder, vacuum freeze drying,
hot air drying, physicochemical component, antioxidative effect

I. A&
AAERQ M5 Aruncus  dioicus var.
kamtschaticus= 71|#{Rosaceae)o] <dl=
o, SURoA= &5

AlEHollA Aok AlEE AUEelRi:

H(Han et al. 1992; Youn et al. 2010), 3%
ofAlo} T12jal Bu| FE 9 AR TARR| oA
Aoz Aow A dERY s
si=t JEEA 850] Qe A= UA Qo
o, ojfle FRog HAY g A7]=9]
AR o83 3ltkshin et al. 2008). =74
%0} Mzk= saponin, salicyladehyde, sparine,
Qx4 vleld A, Ca 5°] 353 (Kim et al.
2011), #7851t AAgFEol= sambunigrin,

prunasin, aruncide A, aruncide C, 1-O-

£ H|Zst A

caffeic acid

So] A&E9oH(Vo et al. 2014), H4ISH &4
AL =g

caffeoyl-8-D-glucopyranose,

< YERY+= monoterpenoids
E4Z tdoA FRole AoE BHIUEQH
(Jeong et al. 2011). o|¢} Zo| =75l g
E49] 7]5/0] HalEwHA Ao R E 5
30]'74] F2telo] F=7H5mte] Auf(Kwon et al.
2006)2}t *JE A(Choi et al. 2004; Choi et
al. 2008) & tHJet A7 XP= 1L ek =S
o] *ﬂﬂﬂ“ v 9 25 45 dTEs 8l
Agtog QIgt NZEAFE JAGIHLim & Lee
2012), sl (Lee et al. 2005; Kwon et al.
2006; Kim et al. 2011; Youn et al. 2012;

Jeong & Kim 2016; Kim et al. 2018) ¥ =+
A(Kim et al. 2011; Nam et al. 2017), =413
A& 249 e a3 Park et al. 2017), F= 71
Xa31HYoun et al. 2012), XA JFdHa7}
(Kim & Sohn 2014), e-glucosidase &4 A3
A3 Jeong & Kim 2016), &Fx a3 Shin et
al. 2008), THIZ 7fAETHDorjsembe et al.
2022), AR WM ETHPark et al. 2019) 5o°]

HIEA.

AZ 2] R4 ARE JBE FZAF|L
A2 o go] ARGEM 2 dFo] =2 450
A F2 ol§EE 588 71 Walolth. AE) A

Z A= A 5500 Wi Hefsh, FE4e o
TN F Qe FHeE AAEHPark et al.
AlEo] A8Ee AXHS 88, 542,
T % 25 Ax7] 5 2ol 71AE Argste] A
el B s R = = PG R s RS oA ﬁ
o] QItHKim et al. 2014) Ax
= 7154 AEE AMSHAY, a8ds = ]

SIohA % B 7154 ue) U Aaok >

oE

JZ Y l-N

o
N,

Q= v o g2 ZAAX(freeze drying) WA W
o] o] &3l HBeak & Woo 1993). I8y 524
Z= A mg/do] ol FAlo] Bl-&o] ¢

Ak

I AZ &% AA7F Hd S AU
(Litvin et al. 1998; Ward & Matejtschuk
2021). ¥Fgo] HEAog Had Az whgol o
FAZx(hot air dryingle= 1129 €& 0]%—8]]/&1

AF YoM 25 FEAE e saix



o vlsiA F7go] Eu} 7hdelal AxAT o] w2
HA] A Z o] It AxT
(Holdsworth 1971).
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1. HEis 3 ARy

2 Aol AR =S 20229 58 =
oflA AulE AS sl TEE Eof FAIRE F
salad spinner(Caous, WINDAX, Seoul, Korea)
£ ol8sto] 718 AASKIH. E5dx= 884
Z71(GNO12, Hanil GNCO Co., Ltd., Jangseong,
Korea)g ©l-85t 60T Al 40A17F AXSIHLY.
B47Z+= -70C deep freezer(MDF-U52V, Sanyo,
Osaka, Japan)ollX] H&AXl &, X5 527127
(ED 8512, llshin, Yangju, Korea)E °|-&d}
Azxsiich. @30x &2 s24x" =
e £UE AZsE7] fiste] £4712 vR &
-70CoA W& HastaA 248 A== ARNES
Aot 7+ AEe] gk A9 42 33] vhE

AR

2

oF o>

AXUHO| ME =50 FYHE H &
Chemists(A.O.A.C.) ¥H(2005)22 AAstgC
o, R 105C J71gax, AL Micro-
kieldahl¥, AW Soxhlet F&H, XI|E2
S BolA 22t S BASHl o, '
=9 SR Ao R Altsleltt

3. {2| ofO|kcAt 24

2] ofu|Ake] BA|(Waters Associates 1990)
< ool 9% 52 sEARAR ST &
T A= ZF2E 0.5 gl 6 N HCl 3 mLE gol 412
th& g7Iste] 121ToA 24417t 7HEsfisiir.
1 % g2 N rotary vacuum evaporator
(EYELA VACUUM NVC-1100, Tokyo, Japan)
2 U5=5E T sodium phosphate buffer(pH
7.0) 10 mLZ &3 °] F &9 1 mLE 7
3t & membrane filter(0.2 pm)E oJ3t th
opu| L AR EA4 7] (Biochrom 20, Pharmacia,
Cambridge, England)2 A3 EA4I51t}

ZupAE B4 (Van Wungaarden 1967)2 9%
Xl =7hsmt 2 Als 242 2 g2
ether §H 08 FE&oHYE A%t A=
SAIZ A1 9F 100 mge 7K E2AA0 Ffst
%t} 1 N KOHethanol 894 4 mLE 42 & &
A WZo] glojd wi7hx] WRHAXL thE 14%
BFs;-Methanol 5 mLE 7Flth. Methylesters ¢
o AFYZ71E F2ote] 80TOA 587t 71t
fct. o] Mo NaCl Z3H8 3 mLe}t hexane
1 mLE 371kl 412 & Al &A A5k
o} 52 EFI5t] 7 NapSOE ¥il 7=
AASE o2 Gas Chromatography(GC- 10A,
Shimadzu, Kyoto, Japan)Z 24351t
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5. {71k 24

A 242 Palmer & List(1973)2] HHE
of EAst9tt Als B 2+ 1 goll S+
0 mLE 7I5te] wHIRE & 80T X4 44]
B 7HER o2 A Ae Whatman filter
paper(No. 2)= oA ke RS Sep-pak
Cigl 2 AA’t & 0.45 pm membrane filter
(Millipore Co., Billerica, MA, USA)Z T}A] o
I_t TS Ion Chromatography(DX-600, Dionex,
USA)Z EA5H3Tt.

6. HIEf2I 2N

vHEl] F £42 AlEFHH(Korea Food and
Drug Association 2005)°l <oto] A8t
HIEH E #42 ZH29] Al= 0.5 g, ogh& 5 mL
4 ascorbic acid 0.1 g& Foto] 80TA 10&
A 7FEst oS 50% KOH €94 0.25 mLS 3
7Fela &2 kol 2083t 7HERt &
hexane 5 mLe} 5574 24 mLE 7ot 1,150
xgolA 202 &t R sl S £
2]t thZ hexane 40 mLE 717t & ThA] 4R
gJsto] GAHE FIsto] SRS 71t v 10%
2 Ak SRERE AASIGA o] S 33
HHE AJHe & A GHS Fsto] 7 NapSOs=
g<5l9] rotary vacuum evaporator(EYELA
VACUUM NVC-1100, Tokyo, Japan)s &3l
hexaneZ 3 mL 74 A% 554171 & HPLC
(LC-10AVP, Shimadzu, Kyoto, Japan)& £4
St HIEM C 242 Rizzolo et al.(1984)9]
o] Eoto] AAJstol=Tl, 449 A8 5 g&
10% metaphosphoric acid(HPO;) &% 20 mL
£ H7koto] &3 5 20831 3,000 rpmollA]
AEg5te] 0.45 um membrane filter(Millipore
Co., Billerica, MA, USA)E &5l ATHAIZ] th

HPLC(LC-10AVP, Shimadzu, Kyoto, Japan)&

S A.O.A.C.HH(2005)°] =3t
BAstgon zk2k] A& 0.5 goll 60% HClO4 3
mLe} 20% HNOs; 10 mLE ¥ & F5od of
A 7}ESE T, 0.5 M HNO;Z 50 mLE 3-8
stoict £AYEE B8NS St oh
9] vial*§ll 8 mLA Fslo] HFEHOZ AL
0.5 M HNO;E tix2702 3o YREE4S
TA(AA-6501GS, Shimadzu, Tokyo, Japan)Z
4513

[¢)

bas

=

8. NB9 =

E705019] & polyphenol®}t % flavonoid $F
2 DPPH radical 2453 ABTS radical &4
s 8= f¢l WA 77 £ AR 100 goll
80% ofgk= 1,500 mL< F7Ikt & SF34S
B8} 65C Heating mantle(WHM12016, Daihan-
Scientific, Seoul, Korea)oll go] 3AI7H4 33]
vhEsto] 225190t oJ2A|(Whatman No. 2)&
ol-gdf ofuiet oM 40T FEH0A rotary
vacuum evaporator(EYELA VACUUM NVC-
1100 Tokyo, Japan)& °J&sto] & AAsH
T AdEScidt 1 & SE3=7I(ED8512,
llshan, Yangju, Korea)® AZslo] EU=Z A%
et o2 Alm9] ARPIAIE s -70T ¥
HystA ARlof] ARESHIH

9. & polyphenol2t = flavonoid & &H

% polyphenol 32 Folin-Denis®(Folin
& Denis 1912)°f =t 4510t w7150 &
2 52 IFF ek 2= 27 1 mLe} Folin



reagent 2 mLE Al@HO] €2 ths A20A 3=
ZF ZAsHALE o710 10% NapCO; 2 mLE 3
7¥skal, olE E&TE T 30T oA 4027t A
3t & 760 nmollAl S8 =S ELISA microplate
reader(Model 680, Biorad Laboratories Inc.,
Hercules, CA, USA)E o|8st &451%ict. &
F241L2 tannic acid(Sigma Co, St. Louis,
MO, USAE 7IEEAE st F 5=7F 0-500
pg/mL7t EE=5 At AAE B9 A=
% 3 polyphenol &S 73

whsHr 4 &2 ¥z e FEE9
% flavonoid 2 Davis WH(Davis et al.
1983)Z WFste] Aol 55 1 mlo
diethylene glycol 2 mLS %7 1 N NaOH
20 pL& Yol 37C water bathollA 1A17F 59
YRS A|Z Tt ELISA microplate reader(Model 680,
Biorad Laboratories Inc., Hercules, CA, USA)Z
420 nmolA Al89] FFEE SHIY, BT
A2 rutin(Sigma Co, St. Louis, MO, USA)&
71EEAR ol8st FHF 5=7F 0-500 pg/mL
7} E|&=5 oto] o]25E F flavonoid IS T+
et

10. DPPH 2! ABTS radical scavenging activity

E/5ut oEke $&E2°] DPPH radical &4
5~ Blois ¥ (Blois 1958)= o-&sto] Z7g519)
o A2 5%E 1 mlet 0.2 mM DPPH 1 mL&
Aol Fet & Etsto] 37TollA 30=7t Bk
Al#  ELISA microplate reader(Model 680,
Biorad Laboratories Inc., Hercules, CA, USA)
£ ARESH] 517 nmolA E8&E SHSISlH
o, &4 HIE fote] YNELLLE T4
FASIAIQl butylated hydroxytouene(BHA)2;
butylated hydroxyanisoleBHT), HH FALSHA]|

AZYHO| OE =150 YYYE A Sieiadt Hlu 369

Q1 ascorbic acidg ©-&5t] 5Ug WHOE =
a3t w7 hkstt oflehE F+&22] DPPH radical
2ATRE (-7 8= /5379
+3%) x 1009 ofste] AAibsto] LerRiTt.

2,2-azino-bis-3-ethylbenzothiazoline-6-
sulfonic acid(ABTS) radical &7%59 &4&
Re et al.(1999)9] WS 385t S5t
7.4 mM ABTS €93 2.6 mM potassium
persulfate 882 A xslo] LS HEE =56}
o] ABTS radical &0l 2(ABTSH2] AL Qs
U0l 4] 24A17F 52t RESAIFTE 11 B3 ABTS'
|HE 734 nmellA 0.7-1.0 + 0.029] FL=7t
Uehd mi7H] oeZ= 3]Askeit) w715t of
HE FE2E 558 0.1 mLe ABTS" €9 0.9
mLE 4T F 37ColA 302 %t HHSAIHH
FA7REE A= Al oeh&E Yol vhSAIZS
H, &Y== ELISA microplate reader(Model
680, Biorad Laboratories Inc., Hercules, CA,
USA)E AH8sto] 734 nmollA £7g5k3lth. ABTS
radical &AGE PR BHA, BHT ¥
ascorbic acid®} H|wslo] EA613T). ABTS radical
A2AS(%)2 (1-(AbSsample /Absbian)] x 10007 2
sto] Aliksto] et

1. SAXN

E AF9] BEMAFE= SPSS program(SPSS
version 17.0, SPSS Inc., Chicago, IL, USA)&
ARgSto] B4 B4 SHith A9 At 33] o]
A HHE AAJste] S4%F Bt #EAE Y
B, SAA f
group 7= Student’s t-testS AAISFAL, Al

7i o14F9] group 7toll= ALuiA] EAREA(one-

way analysis of variance) W42 AAIgH & &

9JFQ1 Zol7t & A$- 5% %041 Duncan’s

v
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multiple range test® AR85t0] A5 HA(Post-
Hoc test)st3tt.

1. Yuge

IE 52 FEAAXS wsur Ede 9y
B 3RS BA5H A9k= Table 13 2tk I%4
Z w5 B2 MR RS 8 4.79%
A 30.69%, AR 2.23%, X3 9.01%,
2G4 15.71%, B5SHE 37.25%02 YERY

oft
i
A
N
Ar

= st Eko] AupbgE Sk o=
B 5.23%, 2 29.73%, A4 4.02%, 3]
B2 11.02%, 494 16.33%, B8k 32.97%°]
R

. AZAHo] T2 QPR depe] Kol &

2 25.00%, 2AH 6.68%, R4 4.00%, 23]

Table 1. Proximate compositions of Aruncus
dioicus var. kamtschaticus powder
prepared by different drying methods

(% dry basis)

Composition HOt. air Vacuu@
drying freeze drying
Moisture (%) 479 £ 0277 523 + 0.39
Crude protein (%) 30.69 + 0.36  29.73 + 0.64
Crude fat (%) 223 £ 01877 402 + 0.21
Crude ash (%) 9.01 + 0.14  11.02 = 0.24
Crude fiber (%) 15.71 + 0.31 16.33 + 0.41
Carbohydrates” (%) 37.25 = 1.09 3297 + 1.01

YCarbohydrates = 100—(moisture+crude protein+crude
fat+crude ash+dietary fiber).

DAll values are expressed as mean + SE of triplicate
determinations.

YSignificant differences between hot air and vacuum
freeze drying measured by Student’s t—test(" p<0.01).

o = O W ovw
£ Zlof viste] Wokow, 23, 2, £
u

A 24 9 SRS B4 A3k Table 29 2
ot Az FAARS wST B B &
24% |2 ohu|iAlo] FEE Y om, o]l
Ak tryptophanes A|2J3t 8%, H|Brobn| Al

ofm| At &

o] FHZE ol vls] w2 AR YET o]
o} FABHA Kim et al.(2014)0] ZAI
2 2R3 oAt ke HATE AT
£ % obuliAlE} & WoobuliAl 9 BT 5
23t Ho] LEAZY AOIA vlato] Rl
Sprin wusiglrh Azl mE wksl
o) ofuluAl 5 Tl S ]wslo] &
, 9EAZ BES asparagine©] 1,898.51 mg%®
F =9kom, th39=2= arginine 401.73 mg%,
pohosphoethanolamine 312.56 mg% <92

o
ne
o
ok

qooHir A

NOE P



el 5271% 289 A% asparagine©]
2,601.06 mghz 7P gFo] &3k, arginine
473.84 mg%, aspartic acid 326.95 mgh 0=
UERGT) gof|ieAle] 749 valine, phenylalanine,
lysine, hstidine &2 52A%3 2Eo] EF

G e vste] FelehA A Uekito

ral

ZUHO| M2 =oh50e IUEE ¥ MSET} HW 371
11 9]9] FEof|i AR AR B W Apol7t
AUt H|Z oAk A=
asparagine, glutamic acid, arginine &5 &
A7ZgE o] FoloHA =4 UeteH, serine,

phosphoserine,

aspartic acid,

proline, glycine, alanine,

tyrosine, taurine g2 GF7XTH Bgo] {9

Table 2. Contents of free amino acids in Aruncus dioicus var. kamtschaticus powder prepared by

different drying methods

(mg%, dry basis)

Amino acids (AA)

Hot air drying Vacuum freeze drying

Valine 259.21 + 6.407 301.85 + 10.52
Isoleucine 166.42 + 5.05 156.46 + 3.24
Leucine 119.41 + 1.64 11454 £ 2.79
Methionine 259.21 + 6.40 301.85 + 10.52
Essential amino acid(EAA)  Threonine 11476 £ 1.34 150.33 £ 6.26
Phenylalanine 141.65 + 1457 166.93 £ 6.47
Histidine 42.02 + 095 55.88 + 0.87
Lysine 96.03 + 170" 147.97 + 0.88
Total EAA 1,198.71 1,359.81
Aspartic acid 240.38 £ 4.65 326,95 + 2.44
Asparagine 1,898.51 + 57.12° 2,601.06 = 75.27
Serine 28533 + 872" 190.34 + 198
Phosphoserine 20.01 £ 0.63 16.85 £ 0.85
Glutamic acid 21.66 + 4.147 29896 + 6.44
Proline 116.65 = 1.40" 96.30 = 3.16
Glycine 46.02 = 149" 1746 + 1.31
_ , Alanine 23199 + 522" 131.69 + 4.24
i?;giffgi;mmo Tyrosine 66.19 + 145" 51.01 + 2.20
Cystine ND? ND
Arginine 401.73 + 1.70" 47384 + 9.98
Ornitine 1651 = 065 55.88 = 0.87
y —Amino—n-butyric acid 191.81 + 1.36™ 253.20 + 10.22
Taurine 1231 = 0.29° 10.89 + 0.59
Phosphoethanolamine 31256 + 5.37 308.55 = 7.02
@ —Aminoadipic acid 12.30 £ 0.38 1474 £ 0.88
Total Non-EAA 4,073.96 4,847.72
EAA/total Non—-EAA (%) 29.42 28.05

YAl values are expressed as mean + SE of triplicate determinations.
DSignificant differences between hot air and vacuum freeze drying measured by Student’s t—test ('p<0.05, “"p<0.01,

wxk

p<0.001).
IND: Not detected
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SHA =4 YEhsth. 4 ob| Akl ornithine™}
GABA T 547X HEo] foloHA =34tk
FAAET AHEGETISTDY oAb A
A A3l phenylalanine, arginine, aspartic
acid7} H|w3 & FE YEHthr BEisie]
=Hl(Choi et al. 2008), ol= & A7 AHeh=
oA oh2A YERsTh

w7s E2ol 7FE Eol $Eo] e HZ
2o 1AF0] gsparagines 2|9 & Qtof| HAL-
ofATtZ EAF HEOA nicotinamide adenine
dinucleotideE A§/3d51o] alcohol dehydrogenase
S FUNA L3S shissEo] Holu w3
sja] £ 7lsE THE ZoE WA Utk
(Park 1994). WEbA w7k 53] Sia AF0E
o] && 7540l e Ao® HoRXIh HEt
ornitine®} taurine® AEE Y=Y, ornitine<
Ookg ofn|icAto & ofe]A AGLE E3f AT E
2 BHIE 264 gt 299 752 7L
UeH, 7oA dHYoLE sh=sto] HEE A
Skl 7+ Hosks 59 716 7 A= oY
HOm(Bucci et al. 1990; Miiting et al. 1992),
taurine& AlEZE FAskal, et oA, G
AR S48k, 417 84S 2Esh, sh=4kE
2 AR 24, Wet A AN ESA] 59 85
o] Y= Aog BUEAKThurston 1980; Gaull
et al. 1983; Sebring & Huxtable 1985). &7/l
ul BEdofl= ofu|iAl F GABAR Wo| HEE9
=4, GABAE AAA0] EAiste HIThd ofu]
AR08 FFAAY AV AFAEELR
715 X, @Y A3, olkai} 5o] = A
o7 R1EtBallanyi & Grafe 1985). °]A+
o] Ax} F o] opn|icAld} & Fou| Al FREE
H|55}0] "arolu|1 ARl valine, phenylalanine,

lysine ¥ histidine 3%, €404 arginine,

ornithine ¥ GABA &&o| 527=% /50t &
To] I Edo] vsto] A UERd=d], o]
= G3UX Aol EAER QIsto oAk TF

ofN
X
e
&
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x
i
3
flo
(\)
ol
(o)
N
X
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i
i,
32,
T

e
& 'E‘ O{ﬂ

ESA|HAE F- pentadecanoic acid S
%3t Zo] FAAZSE Ao H|sto] {oJ5HA
o] A&%%Y, heptadecanoic acid T

AZF o] BFAZF Aol vIstol fofalA
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:
noll
[e)
flo
)

Hol wE 2po|7F YehA] eksteh. o
HRAko] AL palmitoleic acid 3
o] FFAZTE A Hsto] F-2lsHA|
EAct T 9 EXSPAAE TR AR
£ Zpol7t Qigith. ZAAxd

A HEAF SFRE linolenic acid 43.06%& 783 o
o] H&F 1Y, palmitic acid 26.57%, linoleic
acid 18.86% <=2 & Uyt I3Ax% s
o 290 ZHRAE linolenic acid 42.79%= 7}
Z} E=9k31, palmitic acid 25.84%, linoleic acid
20.44% =02 YEHTHh & 93% 32 542
A% wisut 22 A4 I % linolenic
acid 3rgo] 7MY B2 o0& Ytk & A+
oF fAgE AakE Yehd Choi et al.(2008)9] A
ol olshd FAAXe AUE(E7lshe B¢
E XA linolenic acidZ} 7 ®ol H&
E3, 7 522 2% linoleic acid, oleic acid &

F 07 YUERTH Skt e-Linolenic acid
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Table 3. Compositions of fatty acids in Aruncus
dioicus var. kamtschaticus powder
prepared by different drying methods

(% total fatty acids, dry basis)

. Hot air Vacuum
Fatty acids

drying freeze drying

Saturated
Myristic acid
(Ca0)
Pentadecanoic 019 + 0.02°2 009 + 001
acid (Cis:) ' ' ' .
Palmitic acid
(Cis:0)
Heptadecanoic
acid (Ci7:0)
Stearic acid
(Cig:0)
Arachidic adid 01 4 007 200 £ 0,05
(Can:0)

Behenic acid
(Ca2:0)

Lignoceric acid
(Caa:0)

0.44 + 0.03” 040 £ 0.02
2584 + 130 2657 + 1.04
0.09 £ 0.06° 124 + 0.10

392 £ 0.21 3.85 £ 0.09

0.64 £ 0.04 0.79 £ 0.04

0.47 £ 0.03 0.58 £ 0.03

Monounsaturated
Palmitoleic acid )9 4 001" 058 + 0,05
(Cig:1)
Oleic acid (Cjg:;)  1.64 + 0.11 1.34 £ 0.10
cis—11-Eicosenoic

+ +
acid (Cas) 0.58 £ 0.03 0.64 £ 0.04

Polyunsaturated

Linoleic acid

2044 + 248 18.86 * 0.66
(C]s:z)
Linolenic acid 1959 + 137 4306 = 282
(Cig:3)
Saturated fatty
+ +
acid (%) 3343 + 1.78 3552 + 1.23
Monounsaturated
250 £ 0.15 256 £ 0.1
fatty acid (%) 0+0 6+ 018
Polyunsaturated

63.23 £ 3.84 6193 = 348

fatty acid (%)

YAIl values are expressed as mean + SE of triplicate
determinations.

PSignificant differences between hot air and vacuum
freeze drying measured by Student’s t—test ("p<0.05,
"p<0.01, " "p<0.001).

RN D2 SRSl QUNE o BHSED HD 373

= AR AYjoflA EPASF DHAR A%
Aeje AFEEE AEEY, e-linoleic acid7t
o A AEA Ve AFE B A
2o I ES AstAIF L B 16t Fleming
& Kris-Etherton 2014). &A%} 524% &
Nsah O] ESPAPAL vl 27t 33.43%2}
35.52%% WEREoH, EXoMARMAE Ble2 212t
65.73%%}t 64.49%% et AxHo] oE &
SRR EXSpAAEe] Hlgoll= Zpol7t Ql=
AOE YePt 919 AT s SYoto] B
FEAE} FEUE wosTr 2L AA ok
I HlEZ {3k Zo|F HolZl st o, 4]

gome 7 Aol wolA| At

ok

49} Zrc}. Malic acid, citric acid, succinic acid,
formic acid, acetic acid, lactic acide} Z°] &
859 f74kE BA5HI=Tl, 11 tataric acid
9} lactic acidg ALt 659 G714 AEEA
ot =5 H 99 F8 A7 S A EY
AzRrdo] A#glo] malic acid®} citric acidE
7V Eo] ok ZeE uEhEth 18i
succinic acid®} formic acid, acetic acid &2
2 Ueyth 3423 s B2 malic
acid 23,455.14 mg%, citric acid 11,902.15 mg%,
succinic acid 1,566.39 mg%, acetic acid
280.71mg%, formic acid 275.44 mgh <O 2
Uehdth. 5271428 w57 82 malic
acid 22,789.09 mg%, citric acid 11,285.67
mg%, succinic acid 1,034.49 mg%, acetic
acid 289.31 mg%, formic acid 276.61 mg%
£o0 =2 Yyt 21X AUEE e &
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Table 4. Contents of organic acids in Aruncus
dioicus var. kamtschaticus powder
prepared by different drying methods

(mg%, dry basis)

Organic Hot air Vacuum freeze
acids drying drying
Citric acid ~ 11,902.15 #+ 240.29” 11,285.67 + 390.00
Tartaric acid ND? ND

Malic acid ~ 23,455.14 + 951.83% 22,783.09 + 432.25
Succinic acid 1,566.39 + 82.16" 1,034.49 + 146.15
Lactic acid ND ND

Formic acid 275.44 9.03 276.61 + 13.79
Acetic acid 280.71 8.89 289.31 £+ 10.11
Total 37,479.83 35,669.17

DAIl values are expressed as mean # SE of triplicate

+
+

determinations.

YND: Not detected.

ISignificant differences between hot air and vacuum
freeze drying measured by Student’s t—test('p<0.05).

o] {714k A9 citric acid, fumaric aicd,
malic acid, malonic acid, oxalic acid,
succinic acid, tartaric aicd ¥ 7%°] HEEA
om, 1 Z citric acid7t 7H ®ol] HEET,
malic acid, succinic acid €22 A=At
Histo] 2 dAFebs e tE B Eid
(Choi et al. 2008). =750t &E9] f7]
succinic acide FFAXT Ao 524
of vlsto] foloHAl w3 11 9] {74t
Azl wE Aot YEhA] ol w7

Rl

no]; I"N
3
off ol rlo M ofN

2z ZEo viste] &7 YErdth Aida et
al.2007)°1 <js} & 3e w7t

fEojgtal B Vst o]et fARH BAIY B
THKim et al. 2014)3 HAA} E(Lee 2016)2]

e & 7N Fe AR vl 54
o

WA AMUES] B9+ 714 F citric acid,
oxalic acid, malic acid, tartaric acid,
succinic acid ¥g2 FAAXI Ego] =942
H, formic acid FFE FAXT Aol =41,
acetic acid ¥FE AT Ho|| HE o]zt i
ot B 5t Park & Lee 2020). $§7]4ARS Ak
e He 7] e 3ske A ulsh,
Aol A ARRAE SRA7IY 259 v= &4
=2 2BAIE 7Is= 7Y, FHAIEA 2E
slo] AEZ HESH= TS diFe ZoE oF
7] Ut Theron & Lues 2007; Quitmann et al.
2014; Drincovich et al. 2016; Zheng et al.
2019). 9714+ % malic acide Algto] b4 28
= %= 27 A AYolA =HES flol=
o 7HA R w32 = ARCE kiES T
ASAA FO <275 A= EE Eolae
IS FHHChi et al. 2016; Liu et al. 2017).
Citric acid= AWl TCA AlE9] 7152 &
dtsto] m= 4] RS FH kuES HiE
A7l 282 3k, Mg R Ca®l &5 S75HH
=5 dla @ 8|S d3fsto] AU e iAelx
E88 &t} $HKSoccol et al. 2006; Borekei

et al. 2021).

5. HIEtZI

154.73 mgh& F27%% Zo] A UehHTh
ole} FARHA A FE(Park & Lee 2020)3 #

E&KSon et al. 20208 AR 2 FEAX



Table 5. Contents of vitamin C and E in Aruncus
dioicus var. kamtschaticus powder
prepared by different drying methods

(mg/100 g, dry basis)

L Hot air Vacuum freeze
Vitamin . .
drying drying
. 1,487.43 +
Vitamin C 81,0612 4,427.26 £ 117.60
Vitamin E 110.86 + 433" 15473 + 5.18

DAIl values are expressed as mean + SE of triplicate
determinations.

PSignificant differences between hot air and vacuum
freeze drying measured by Student’s t—test(" p<0.01,
*"p<0.001).

CHKim et al. 2014). H[EHH C L
of o3 wH =717} $19H, A= AX 27t
S7Rbl wer HEll ¢ wrh SRR
Kayaa et al.(2010)°] E15tqict webA A&
£ BI9E Ax Al 327428 o] HlEyl C
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mg% 7FY & TAE EoH, U= Ca
645.78 mg%, Mg 242.79 mg% =08 eI,
71 9] Mn 15.33 mg%, Fe 10.34 mg%, Na 6.49
meg%, Zn 5.52 mg%, Cu 1.98 mg% <02 o|aF
FEO] U= RIS & AT sEUERT 7
714 T B3 G3xS 1 e 5yt
07 $A7F YeRdth K71 2,961.72 me% 714
=2 £XE B, I thIOF Ca 588.67
mg%, Mg 233.13 mg%, Mn 14.28 mg%, Fe
10.15 mg%, Na 6.00 mg%, Zn 5.07 mg%, Cu
1.79 mg% &Fol A=A 7H B2 A&
o] TfE K9 FAE AvHEH IFHUXR A9
3,306.46 mg%, BEAZ Aol 2,961.72mgh%
UERto U, Aol W foak= glsith o
2ot ks ARAERe AARe 1 SR
A% A3t K ool 7F =30the 23et fA

A¥E BoAFeHKim 2011). £ A7 23
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Table 6. Contents of minerals in Aruncus
diofcus var. kamtschaticus powder
prepared by different drying methods

(mg%, dry basis)

Minerals Hot' air Vacuun? freeze
drying drying

Ca 64578 + 19.02"  588.67 £ 20.28
K 3,306.46 £ 124.10 2,961.72 + 149.79
Mg 242719 = 15.73 233,13 + 10.88
Fe 1034 £ 0.48 10.15 £ 1.16
Na 6.49 £ 031 6.00 £ 0.56
Mn 1533 £ 0.60 1428 £ 1.03
Cu 198 £ 0.13 1.79 £ 0.07
Zn 5.52 £+ 031 5.07 £ 053

DAIl values are expressed as mean = SE of triplicate
determinations.
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A veErter, 571 g2 K, Ca, Mg, Na <=
o]¥tty Bt tHLee & Kim 2015).

7. & polyphenol?t = flavonoid &2
% A A== polyphenol SHE
¥} flavonoid7t v =0l o] e =2 &
At 852 71 Qs 20 R dEA QUkLee et
al. 2005; Youn et al. 2012; Park et al. 2017).
Polyphenol2 W& 437 SlMES dFoz
AlEoA LA she] EAof phenol”]7} 2
7N &2 11 oldo] Qe AH871oH, HAIE o
7N 7ML Qe Aol B o]t StE2 2l
Aol A et FAS L FAk} 5 Z-2 A
ol BXS 7IX1 Y= Ao F LA YHKim et
al. 2009). Flavonoide A1EA4] W o|XiAHE
9] dFo= AEoY wRoA LAY FE=
AlelEd 18] 2709 Hd & A=Y 15
Mol &4 49 2%E 7K1 QJt}. Flavonoid
= A& 954 EAH polyphenol SFHEE &
AR o2 A | Leghalo] Hol= M JlShE
24 AE 3ole AY diERE 9 2
glycoside HEZ EA5FH(Williams et al. 2004),
Y AAaFS A8 0E A|ASKA AT 4,
g 59 Bl s 9T Sk AoE oY
Z QtHJeong 1991; Kawaguchi et al. 1997;
Lee et al. 2013).

X B2 FEAXS 7.1:—7]]%\- } Bt ojet

LRk

& FEE9 & polypheno 4 =
=

SE0| aﬁﬂzz
Hl:;ll%EH&E}-JH 0l d¥AX &
= Z

< 5871% #5289 3 flavonoid F 7427

61.51 mg RE/g2 80.61 mg RE/g2 UEIY £
polypheonl ¥ nE7IA|R 527% —5,‘—'
o] =A YERITE Youn et al.(2012)2 GEAX

=50 70% oletE FE=2
2 122.60 + 1.17 mg/g, ¥ flavonoid T
36.80 + 3.0 mg/g YERITI Hilstg o,
Lee et al.2009)% =750t 80% Hghs 2=
9] % polypheonl¥} & flavonoid &&Fe] 2zt
66.48 ug/g¥ 16.47 pg/g= HISIPE=T, &
At Ao} HlwsilE AS & Aol F
polypheonl¥} % flavonoid &o] th4 &4 U
Bt AxibEE gttt AduE FEE(Park
& Lee 2020), &2t &E(Son et al. 2020) ¥
ol2uo} 2&E(Hwang & Thi 2014)2] & polyphenol
I} % flavonoid $HFS A4St AvloA = 5Z2A
Z FEE0| EFdx FE200 Hlst] fostA
EUTHL st A2 0] B SEUET
Aol FAXTE A Hlsto] & wlis4 sRME &
o] &9ty SIFtHKim et al. 2006). ]t
A= E2 AT o7t Ax AlEE0] HlsfiA

o opu

n“fl

ook r$

% polypheonl

Table 7. Total polyphenol and total flavonoid
contents of 80% ethanol extracts of
Aruncus diofcus var. kamtschaticus
prepared by different drying methods

Drying Total polyphenol  Total flavonoid

methods” (mg TAE?/g) (mg RE?/g)
229.08 + «

Hot air drying 37144779 61.51 + 3.67

Vacuum freeze 310 00 1 188 80.61 + 2.31
drying

YHot air—dried and freeze—dried Aruncus dioicus var
kamtschaticus 80% ethanol extracts 1,000 ppm(1
mg/mL).

PTAE: tannic acid equivalent.

YRE: rutin equivalent.

YAll values are expressed as mean % SE of triplicate
determinations.

SSignificant differences between hot air and vacuum
freeze drying by Student’s t—test ('p<0.05, = "p<0.001).
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o] EUThL Hudt AFYE FABIATHQue et
al. 2006). o149 23, =5t 2 589
5Z27% Al ¥ polyphenol¥ % flavonoid &%
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o glo] ur HEHY Aoleky Azt

8. DPPH radical A2 2 ABTS radical 4
&g
DPPH radical £712-99] 574 =42 DPPH
7t e 242 Ad =dsd 'R
hydrogen RS Wopr Sd== A3 244 3l
=0l Z2 ApAjo] EAE= 4o it A
A2 AIRE Yol Bl Filsls S7g0] 7HssiA
O AdaAzRE Fibet 22 2o go

HZYHO| M2 2010 YL U Setam v 377

AREER= BFHolcKPrior et al. 2005; Thongchai
et al. 2009). ABTS radical®] AAZA &% 4]
< ABTS radical ¥l 24 AgHolzfal: s}
H, potassium persulfate@} ABTS #8202 &=
53 AEAS HA = s 4L 7IsiA 1
2 QoA A% Moz GMEl= HFolt
(Vandenberg et al. 1999). €% 32 52X
=/t £ ofles +5E2] DPPH radical
AsT} ABTS radical &4 =33 2
Table 83} Zt}. DPPH i 44
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Table 8. DPPH and ABTS radical scavenging activities of 80% ethanol extracts of Aruncus dioicus
var. kamtschaticus powder prepared by different drying methods

. Concentrations
Drying methods

DPPH radical ABTS radical

(pg/mL) scavenging activity (%) scavenging activity (%)
125 9.21 + 1.01¥™ 1220 + 1017
250 12.63 + 1.297 20.36 + 0.98"
Hot air drying 500 36.23 + 0.82°7" 6598 + 0.99"""
1,000 66.93 + 0.18% 91.87 + 0.13°
ICs? 718.54 496.42
125 10.36 + 0.79 2290 + 1.02
250 20.06 + 0.99 33.63 + 0.78
Vacuum freeze drying 500 42.23 £ 0.71 75.63 + 1.01
1,000 69.89 + 1.56° 92.66 + 0.13"
ICsp 653.30 351.12
BHTV 1,000 92.74 + 0.13* 94.13 £+ 0.00?
BHAY 1,000 92.66 + 0.13* 94.28 + 0.42°
Ascorbic acid 1,000 91.79 + 0.13" 94,92 + 0.16"

YBHT: Butylated hydroxytouene, BHA: Butylated hydroxyanisole.
2[Csp: Concentration required to reduce 50% of DPPH radical activity.

YAl values are expressed as mean + SE of triplicate determinations.
YSignificant differences between hot air and vacuum freeze drying at the same concentration by Students t—test

ko

("p<0.05, “"p<0.01, “*"p<0.001).

Y Values with different letters in the same concentration are significantly different at p<0.05 by Duncan’s multiple

range test.

DPPH:2,2-diphenyl-1-picrylhydrazyl; ABTS: 2,2-azino—bis—3-ethylbenzothiazoline-6-sulphonic acid
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[Cso 42t 718.54 pg/ml¥t 653.30 pg/mE
ERtTh =75HE 70% ollehE FEE(Youn et al.
2012)3 80% HgkE FEE(Lee et al. 2005)9]
DPPH radical £759] RCso &2 22 226.75
ng/mLet 40.65 pg/mLE RIEch ABTS
radical 2AEY &4 2% wisHt FEEY
LTt SRS SNk AdE HoloH, B
= FEoA 2R FEEC] ITHR FEE
Hlsf =A Uehdth 9434 9 5281% whs
ol 32&59] ABTS radical £74%9] 1CsoS 2+t
496.42 pg/mL2} 351.12 pg/mLE YERGT &=
7H&at 70% ollehe +EE(Youn et al. 2012)%}
80% mEhE FEE(lee et al. 20052 ABTS
radical £745 RCso %] 22 394.97 pg/mLe}t
48.27 pg/mLE RHIE]h 0|2} o] =750t
FEE9 PR Aol G A, 4
A7), &4l Apo], 81 & = 5ol HE7] o
ol AJAZ 22 F%=(1,000 pg/mL)olA &
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A wsur 559 ks 5743 DPPH
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