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ABSTRACT

Comparison of Nutritional components and Antioxidant
Activities of Erysimum amurense Kitag using Different

Drying Methods

An In Seon
Advisor : Prof. Joo min Lee PhD.
Major in Nutrition Education

Graduate School of Education Chosun University

This study investigated the effects of drying methods (hot air or freeze
drying) on the nutritional components and antioxidant activities of Erysimum
amurense Kitag (EK). The crude ash and carbohydrate contents of the freeze
dried sample were higher than those of the hot air dried sample; but, the
content of crude protein in the hot air dried sample was higher than in the
freeze dried sample. The contents of essential amino acids and non-essential
amino acids were higher in the hot air dried sample than in the freeze dried
sample. Total contents of organic acids in the freeze dried sample were
higher those in the hot air dried sample. Total saturated fatty acids and
Mono unsaturated fatty acids had high hot air drying samples, and
Polyunsaturated fatty acids had high frozen dry samples. Total mineral
contents in the hot air dried sample were higher than those in the freeze
dried sample. The major minerals were K, Ca in the two different drying
methods. The total polyphenol contents and total flavonoid contents in the

freeze dried sample were higher than those in the hot air dried sample.
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The radical scavenging activity of DPPH contents in the freeze dried sample
were higher than those in the hot air dried sample. The radical scavenging
activity of ABTS® contents in the freeze dried sample were higher than
those in the hot air dried sample. The reducing power contents in the freeze
dried sample were higher than those in the hot air dried sample. The Ferric
reducing antioxidant power contents in the hot air dried sample were higher
than those in the freeze dried sample. These results showed that the two
different drying methods affected the nutrient contents and antioxidant
activities of the Erysimum amurense Kitag. Therefore, it is expected that
extract of in the freeze dried sample will be highly utilized as antioxidant

components are shown to be excellent.

Key words : Erysimum amurense Kitag, physiological activities, drying

method, antioxidant activity
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© oz AW FEs AaA77] fsl vt Ao SdsiA Ao dv
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ea)E ©]&38] 60TCoA 40A7F &2 HAEAFH T freeze dryings {384 70T
A7AZ7]|(deep freezer)o FA|7olE WsAZ v, =AAZX7|(ED 8512, IIs
hin, Yangju, Korea)& ©]&3] 72A17F &<+ AZA]Z Tt} hot air drying % freeze
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1.5 LE #Hrtstz, g7 d2438s 523 65T 719§ WE(Mtops ms—265,
Seoul, Korea)ollX 3AIZH F 33] wbEsto] F=3it. o] § FX|7o] F=d&
otEWE AFFol(Whatman No.2)E& AH&3dte] ofsigitt. 5% o942 40T
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3. kg =4

Hx]780] Hot air drying =% ¥A7o] Freeze drying F=&9 dykAE
Association of Official Analytical Chemists ¥ (15)& o] &3ttt 8 3=

AA7FE(105T) AxH, =A< Soxhlet =MW, 3|2
glshio s FAST A 412 A4 7] (Thermo Quest, Flash 200
0, Milan, Italy)& °]&33ith Zuade AxEA7|E Olﬁo}@ Adades 49
shlar, gt gtell 6.25(AARAF)E Hoh

=
oAM i, 2AR, 232, WA S AT gow TSIt

rlo flo

T4 ohu] Ak 24

H-A]740] Hot air drying F&&=3 F#A7J°] Freeze drying =29 74 o}v
ARel EA S wd Bafj kel 1z A= 0.5 g% 6N HCl 3 mLE 33t
EL7)3E & 121 ColA 24A17F HoF 7FEal sk T}, glass filter® o] HS o 3}
3 $of 3] MR FEF7](rotary vacuum evaporator)Z ¢t ¥ FHdal UEF
AR g4 (pH 7.005 o]&3st 10 mLE F&33th o] T &4 1 mLE A
3l membrane filter (0.2 ym)= ] ¥}3}31 amino acid autoanalyzer(S433-H,
SYKAM, Eresing, Germany)Z ©|-&3l #4133t}
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o] glojd W 14% AESFA-weE 5 mLE 73 H #FFE27](reflux con
denser)& -#sto] 5i7F 80ColA 7tdsto] w g ol 2~ H Z(methylester)3} 3}31
)}, Mo NaCl ¥38H 3 mLE H7}8t2, thA] hexane 1 mLE H7}8t &
=0 A F Al A UL, dee EYske] AFAT F F5 NaxSOy
£ Yol g5t 0.5 mLE FelHdd AFSATE oA Al Aoz &3laL
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7. 7718 A

B.27§0] Hot air drying F=% 3
A B e AOACHE
(HNO) 10 mLe} 60% HCIO, 3 mL
sttt 1 % 0.5 M ZAHHNO3)=

2 EFE G EFea, Fegel 8
0.5 M ZXAHHNO3) = ﬂ]z?oi S AL, f

Perkin Elmer, Massachusetts, USA)Z 0]

8. % polyphenol &= =

Hx]740] Hot air drying F==3 H-A]780] Freeze drying F=E9 F Zd¥=
(polyphenol) ¥HFe Folin—Denis®(17)0] wals =A31 a1 ==
mg/mL FXEE &t ARkl F-4]78°] Hot air drying —ir%
drying F=&°| 27 0.2 mL® Folin reagent 0.2 mLE <
A7ke %

kgt o 10% Na,COs; 0.4 mL&

x| 78 o
T}
7}
°ol&

shof

=]

o

Freeze drying F=%&9] 44 7]
2

Al=7t Fst
ate] 50 mLE H3ste] 7

oA 327

ol oA 4087 AxFElaL, 96 well

platee] 0.2 mL % ¥ & Ao E347]|(Bio-rad, Hercules, CA, USA)E ©]&35}<]

2 A gato] FEBe
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9. & flavonoid &= =H

F-X]740] Hot air drying F&=3 FA|7°] Freeze drying FEE9
flavonoid % 4L DavisHS WdE3}e] Chae etal.o] #H(18)9] wa} 43}
91, FEE 5= 10 mg/mlL 52 o] AF&3s9th. BAx7o] Hot air

drying %3 FX7)0] Freeze drying =% ZtZ} 0.5 mLe} tjddad=
Z(diethylene glycoD)< 0.5 mLE H7FsF & 1 N 23U EH 10 uybg& ¥
37C 7}49E-=(heating block)ol A 1A oS HHSAFHTY. 2 & 96 well plate

=2 "1
ol 0.2 mL A ¥ A}9] 4471 (Bio-rad, Hercules, CA, USA)E A}-83}]

S
415 nm= SF4==

&3te] FEE ¥ flavonoid TS A&

10. DPPH 219z &A%

F-X2]780] Hot air drying F==3 HA]7°] Freeze drying F&=9 2,2-dip
henyl-1-picrylhydrazyl(DPPH) #}tiZ A7A% A4S Blois WH(19) wat o}
53 o] FAHSNIL, FEELS FEHEE 0.125mg/mlL, 0.25mg/ml, 0.5mg/mL,
1.0mg/mL=Z 3} ARE-3}SIth 0.2 mM DPPH Al 9K(Sigma, St. Louis, MO, USA) &
450 pL Hsk =¥ ARE ZF 50 uLgs #7beisla, Als 7 2 0.2 mM
DPPH A]2KSigma, St. Louis, MO, USA) 450 plLel ethanol 50 plL.E #H7}ste] ALg
aFoith diZxwr 2 2% 1000ppm BHAS} Ascorbic acid® AHE3IITE wHE01X] 7 A
S5 37C 7FE EFol 3023t REEAIZATE 96 well plateell 200 pLA #E5=3to] 249

= 2 71
=

A 237 (Bio-Rad, Hercules, CA, USA)E A3l 595 nmz &3 =2 B35}

-
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11. ABTS" #9972 &A=

§-%]780] Hot air drying &= FA7)¢] Freeze drying %59 2,2'-Az
inobis—3-ethylbenzothiazoline-6-sulfonic acid(ABTS) radical &A% WY
< Reol WRQCOE WS v Fo] FAGNY. FEES sREE
0.125mg/mL, 0.25mg/mL, 0.5mg/mL = 33, 7 mM ABTS® 2.4 mM potas
sium persulfate® 242t 1 @ 12 93 v, A2 haol A 24A1%F &2t WA
star grzde] AdES Fresilv whso] 1 ABTS' vz &S 750 nmol
A 54T FHE el 0.7~1.0 £ 0.02 A=t H=s 3|4ste] Abgagitt. 3
Algk ABTS' gbdzt 89 450 uLef F-A]74¢] Hot air drying &= F-A|7°]
Freeze drying F&=& 217 50 uL& &3t AM&sila, A5 F3H7F &
ABTS® #7894 450 pLol methanol 50 uL& &3§sle] AFE3IGITH wHEA X
Z} Al&+= heating block 37Tl A 30%7F ¥F&A]71 UV-spectrophotometer(Bio
-rad, Hercules, CA, USA)E AF&3dte] 750 nm= F3%=E5 57435t ABTS ¢

UZ £A%S A

12. Reducing Power

Reducing Power+ Oyaizu(21)¢] %HE& WY sto] th53 o] SAe3L,
=58 FEHE 0.125mg/mL, 0.25mg/mL, 0.5mg/mL, 1.0mg/mL% 3}o] A}-&35}
At FA7¢] Hot air drying FE=3 FA7o] Freeze drying F&5% 27
200 pLell 0.2M <14k &5 (pH 6.6) 200 nL9} 1% potassium ferricyanide 200
uLE FH7bkste]l 50TelAM 202 & AT 10% Effo]SZ2opA|ERL
(trichloroacetic acid) 200 pLE #H7}star 58 F<F 14,000 rpmoll Al €4 &g
atich. AA 8 A5 300 pL, FF5 300 pLet 0.1% ferric chloride 40

o

ULE &3slo] AeoA 10% HoF ¥-8-A]7]31 655 nmollA] FFEE =A319 ).
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13. FRAP

FRAP assay+ W33 Benzie&Strain(22)9] WH S AFEsto] ohg3 o] 54
sttt 300mM YEF ofAlHOlE 5 A(ph 3.6)(Sigma-Aldrich, Louis, MO,
USA), 10mM 2.,4,6-tris(2-pyridyl)-s—triazine(TPTZ)(Sigma—-Aldrich, Louis,
MO, USA), 20 mM 84127 (Sigma-Aldrich, Louis, MO, USA)¢] 7} Aok
10:1:1 ¥ &2 &332 FEES 10 mg/mlL &% 3] FRAP reagent=® A}
g3, =¥ A= 10 uL¥ 555 90 ul, FRAP reagent 200 L 255 &

ato] Aol 30 E¢F RESAIZL F- 595 nmelAd FHEE SASNY. T

£ [ron sulfate hexahydrate(Sigma-Aldrich, Louis, MO, USA)® 3}% 1, %
T AEgTAE 7‘“&0}04 FZE 1 mgo dF5Ho]9dE iron sulfate hexahydrat
eq] tM gFo = el

ATl AAgE BE A 33] wHRste] €A oR At 24 A
o] SA4ES S A= Hit(mean)¥} glol WE EF FAKSD)IE YeERYSlaL, 7}
Aol wWE Fold ATl ARET W
(GraphPad Software, Inc., La Jolla, CA, USA)9 WS AF&3FtE Ado A}
&3 7 A2E e BAAA fFelAde p<0.05 o2 Student i~testE ARE-
sto] ol dS HA SR

2 GraphPad Prism 5 program

_10_
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1. A 4

F-2780] Hot air drying F=%3 H-*]7°] Freeze drying
S B4 A= Table 13 2. HA78¢] Hot air drying F
ke R 4.34%, 3% 10.19%, =9MA 22.26%, =AW 0.83%,
52.24%= eI, FA]7§o] Freeze drying F&E9 AddkAl
4.33%, Z3)& 11.23%, =4 16.90%, =AW 1.78%, w3}

EPRTh R30St 2e At 4B AAAY AWAR B4 HAR ]

T

2)
Hot air drying F=E& 8 4.19%°]11, Z3)&F 21.30%, Z=wwW=z 37,
A 3.57%, B53E 31.78%= Elsta, A Axel 9] Freeze drying
TE 4.23%, 3% 20.66%, WA 43.09%, =AH 3.25%, @535

2 Uetwst. FA7elet Ze AxbE A EQl AR saestEe 7b7t
31.78%, 27.00%% F-A|7§o]e] Br3lE shfo] U] & Zow yelgton, A

Apelol 23 %, 2amld, Ao dFF2 2 Aol AbolE HITH23).
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Table 1. Proximate compositions of Erysimum amurense Kitag treated with

hot air dried or freeze dried methods

(Dry Matter Basis, %)

Composition Hot air drying Freeze drying
Moisture 4.34 £ 0.09 4.33 £ 0.15
Crude ash 10.19 £ 0.16 11.23 £ 1.06

Crude protein 22.26 £ 0.67 16.90 £ 0.36"

Crude fat 0.83 £ 0.07° 1.78 £ 0.20

Carbohydrate 52.24 £ 0.97" 59.54 £ 1.32

All values are expressed as the mean = SD of triplicate determinations.

"p<0.05; Significantly different by Student’s /-test between hot air drying

and freeze drying method

_12_
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F-A]7¥0] Hot air drying F==3 HA7J°] Freeze drying F=&592 +4 o}

Ab 82 Table 29 &t} HX]789] Hot air drying F==3 $X479] Fre

eze drying &9 1A oln Al HEL 8F 9 HfoluAly}l 8F 2] H|
oln|=2to] HET o] F O}Uﬁ*é} 16F0] AZEHS ‘jr B-2780] Hot air drying
FEE9 ol Al vl &8 52.24%0]H, F-A]7o] Freeze drying F==2 I
2= hya et

Zrobu] Ak H &S 48.44% % UEbyt Zgolw] ke F ke HA 7o)
air drying =% 5244.31 mg/100go]|™, F-X]7Jo] Freeze drying F=&< 4
695.08 mg/100g ©= Yetutth. dopn| =ikl ke Lysines A¢|sta

zzuoﬂ

A 7§ 0] Freeze drying F==° H|&] F%]7°] Hot air drying F=%°
Eltt}. =3k EX]780] Hot air drying F=%3 HA]7°] Freeze drying F=

ol 4= Leucined &=Fo] ZHzF 1051.25 mg/100g, 928.52 mg/100g &= 7}

wol] A=%22 ™, Methionine®] Z}Z} 182.68 mg/100g, 139.32 mg/100g &=
7 AA AE=E . v =g olv| Ak F sEFe HA]7do] Hot air drying
FE=E2 10038.47 mg/100ge]™, HFX|7Jo] Freeze drying F=5< 9691.82 m
g/100g o= yepyd. v opw|wAke] & Glutamic acid, Prolines Al
elslal H-X|7)o] Freeze drying F=&°l H|3l| H%]78¢] Hot air drying F==°]
A Ve E=3 FX]780] Hot air drying F&=3 HX]7°] Freeze drying
FE=EAAME Prolined] &%o] z+7zt 2333.83 mg/100g, 2655.56 mg/100g ©
=2 7F %ol A& o, Tryosineo] 27} 428.01 mg/100g, 379.91 mg/10
Og o= 7Fd AA A=HAT. FAZol e 2 RSkl A A#<8S Hot ai
r drying % Freeze drying 3+ Zgrolmn| =2t dtgko] Zbzb 8317.47 mg/100g3
6123.27 mg/100g °)At}. 74 ol =2k A3 A3} Freeze drying, Hot a
ir drying 5o A AR L glutamic acid, aspartic acid £0.2 F& IS
HAvk@23). =3k 2 Ao 4 o qbe] A= o kel FAl, T,
Al Bl opm| Akl S FEAE, of A2 EAL duid so® Wo] HEY

o] B AFAT xpolE HYTH24).

iy
X
oM T o
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Table 2. Contents of free amino acids in hot air dried or freeze dried

Erysimum amurense Kitag

(mg/100g)
Amino acid Hot air drying Freeze drying
Essential
Threonine 722.58 + 4.47 669.59 £ 16.97"
Valine 826.07 = 5.33 730.74 + 6.14°
Methionine 182.68 £ 5.53 139.32 £ 3.77"
[soleucine 604.41 £ 4.15 546.37 £ 5.53"
Leucine 1051.25 £ 5.98 928.52 £ 7.71"
Phenylalanine 818.45 + 7.68 675.44 £ 13.73"
Histidine 349.92 + 1.88 311.60 £ 3.08"
Lysine 688.95 = 8.48 693.50 £ 1.32
Total EAAY 5244.31 4695.08
Non-essential
Aspartic acid 2204.40 £ 12.57 2011.00 £ 11.84°
Serine 674.81 £ 5.01 654.38 £ 8.18"
Glutamic acid 1609.82 £ 9.72 1662.14 £ 13.34"
Proline 2333.83 = 29.30 2655.56 £ 18.95°
Glycine 747.23 £ 6.27 658.80 £ 8.27"
Alanine 791.58 £ 2.74 608.27 £ 2.84"
Tryosine 428.01 £ 2.65 379.91 £ 487"
- 14 -
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Arginine 1248.79 £+ 7.83 1061.76 + 7.12°
Total AA? 10038.47 9691.82
EAA/AA(%) 52.24 48.44

DTotal EAA: Total essential amino acids.
YTotal AA: Total amino acids.

IN.D.: Not detected.

All values are expressed as the mean £ SD of triplicate determinations.

"p<0.05; Significantly different by Student’s /-test between hot air drying

and freeze drying method
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F-27)¢] Hot air drying &= HX|7 ] Freeze drying F=%9] §7]4F &
FS B A3 Table 33 2t} H-A7)0] Hot air drying FE23 F%]740]
Freeze drying &% X citric acid, malic acid, succinic acid, formic acid,
acetic acid, tartaric acid®] % 67F*] F714te] A=A F F714HY FF2
F-2174¢] Hot air drying F&52 27984.76 ppm, H-A7°] Freeze drying %

-2 32038.07 ppm ©|At}. FX]7Jo] Hot air drying F==A HE9 T8

71AF& malic acid 13019.41 ppm, citric acid 8753.67 ppm, tartaric acid 472

oo

.80 ppm ©] 2™, acetic acid, succinic acid, formic acid 2.2 AEH AT}
B 2]70] Freeze drying F=EA A= T F7]2HS malic acid 15973.34
ppm, citric acid 10040.61 ppm, tartaric acid 4659.98 ppm ©]%1 2", succinic
acid, formic acid, acetic acid 2= HEH AT}t o= Seon et al. (25)9] Free
ze drying®ol o3k Aguj5o] {74k =t fAbsieh. B Aol M= FA Aol
Hot air drying F=&9 #7|4F &3l Hla FA]7°] Freeze drying F&=&9
Fr7l1ah el FoHom FA deiwoew, RXolE nlEste] & Aty
2 A

NEEZo] FQ §7]2ko] malic acido|gts e = ATk
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Table 3. Contents of organic acids in hot air dried or freeze dried

Erysimum amurense Kitag

(ppm)

Organic acids Hot air drying Freeze drying

Citric acid 8753.67 + 4.04 10040.61 + 4.11°

Malic acid 13019.41 + 5.10 15973.34 + 8.50°

Succinic acid 971.98 + 1.97 846.65 + 6.10"
Formic acid 374.34 £ 6.65 436.69 + 5.79'
Acetic acid 136.55 + 2.69 80.80 + 1.31"
Tartaric acid  4728.80 + 8.38 4659.98 + 9.98"
Total 27984.76 32038.07

All values are expressed as the mean £ SD of triplicate determinations.
*p<0.05; Significantly different by Student’s /-test between hot air drying

and freeze drying method
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4. AHAE A

Ex]780] Hot air drying 55231 ¥ *789] Freeze drying F&=9 AAF X%
o

A Table 4¢F 2t} FA78o] Hot air drying F==3 FA]7J°] Freeze
drying &% E5oA At 248 LA 7%, dd B F AR 2% o)
ZHEESIAAE 3FoR F 1159 ARAbel HEFHAY. FX]7e] Hot air

drying F=&3 FA7°] Freeze drying =59 Z3A4E2 palmitic acid9]
ghefol  7kzb 25,78 g/100g, 21.54 g/100g = 7% £}k, stearic acid,
heptadecanoic acid 2.2 o] HAEF AT} T3k myristic acid, arachidic acid,
lignoceric acid= F-*]78°] Freeze drying F==°| H|s] FX]7°] Hot air
drying F==°14 #FoAor & s HelAT. G EE3 A4k 9
S oleic acid, cis—11-eicosenoic acid 7} $#|780] Freeze drying FZEol H]
af F-A]74o] Hot air drying F=EA FoAo® 52 FS YA b7t
S| WA e KX 7)o] Hot air drying F5=3 $-#70] Freeze drying
FEE4 E5F linolenic acid, linoleic acid £22 #HE% 4L, F2]7¢] Hot
air drying FEEHU F-X780] Freeze drying F=EoA FYFHo=z =& sk
< B FAdre] Ak dee E dAgA e 3o xpolg Hlon
palmitic acid (3.1 g/100g), oleic acid (36.7 g/100g), linoleic acid (16.2
g/100g) ol A=HAttL HuHJH26). &+ AFAH, FA|7o°] Hot air
drying F=E3 FXA]789] Freeze drying F=% EFoA & A=Ak nj&

b=k
T XA ALY v Eo] 60% oY= AAstER, ol gdaglo]l F-A7el7t
o

e

1=}
=
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Table 4. Contents of fatty acids in hot air dried or freeze dried Erysimum

amurense Kitag

(g/100g total fatty acids)

Fatty acids

Hot air drying

Freeze drying

Myristic acid (C14:0) 0.69 £ 0.03 0.33 £ 0.01°
Pentadecanoic acid (C15:0) 0.28 £ 0.04 0.35 £ 0.05
Palmitic acid (C16:0) 25.78 £ 0.47 21.54 £ 0.50°
Heptadecanoic acid (C17:0) 3.60 £ 0.10 3.13 £ 0.117
Stearic acid (C18:0) 4.76 £ 0.24 4.59 £ 0.09
Arachidic acid (C20:0) 1.11 £ 0.12 0.92 £ 0.08
Lignoceric acid (C24:0) 0.84 = 0.03 0.83 £ 0.03
Saturated 36.16 32.07

Oleic acid (C18:1n9c) 4.08 £ 0.07 3.67 £ 0.06"
cis—11-Eicosenoic acid (C20:1) 0.85 £ 0.05 0.71 £ 0.02°
Monounsaturated 5.02 4.46

Linoleic acid (C18:2n6c¢) 20.55 £ 0.48 21.02 = 0.14
Linolenic aicd (C18:3n3) 37.82 £ 0.28 42.43 £ 0.51°
Polyunsaturated 58.82 63.48

Total 100.00 100.01

All values are expressed as the mean £ SD of triplicate determinations.

"p<0.05; Significantly different by Student’s /-test between hot air drying

and freeze drying method
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5. T/ =4

N

142 AW o9 g 7se 24 2 {FXst<d 2o, = Frjde
S o] AASHE Aol ulg- FR3F FFATH27). FA|7Ye] Hot air drying
23} Bx]7)0] Freeze drying =59 F7]4d g8 Table 59 #r) &

/140l AEANT, F /1A FHL

o

= == 1

EZ780] Hot air drying F=&<&
5763.90 mg/100g, H#]78°] Freeze drying F&=< 5220.98 mg/100g o= F
A|7§0] Hot air drying F=E°lA 2 =S YAt FA]7o] Hot air
drying F&=9 4%, KZ#) &%°] 4586.79 mg/100ge= 7Hd wo] A=
o 2 9 F71de Ca(Z+H), Na(WHEH), Mg(rtavls), Fe(H), Zn(o}<d), Mn
(3D, Cu(=re]) o= A=A FA7°] Freeze drying F#&&° 4% K
§aFo] 4308.90 mg/100ge.= 7H Wol A=Ak, L 81 F7]22 Ca, Na
To® HAEHAT =F A2 FUd 24 H FFES SAHIT A, K 882.50
mg/100g, Mg 342.85 mg/100g, Ca 274.30 mg/100g, Na 188.45 mg/100g, Fe
7.52 mg/100g, Zn 7.22 mg/100g, Mn 2.75 mg/100g, Cu 0.98 mg/100g2] 3k
= YEdo] BA7ole Ax Wy mE 571" 249 Zol7t s & A
th BRI 2299 A= K 794.16 mg/100g, Mg 369.96 mg/100g, Na
16.24 mg/100g, Fe 6.61 mg/100g, Zn 5.43 mg/100g, Mn 2.36 mg/100g, Cu
0.34 mg/100ge. = Halstglvt., a5vgo] A(30)Y #7114 dFs #4438 44 K
5.96 mg/100g, Ca 1.79 mg/100.2 2 A3 Ane}l tha Aol5 ) 1*&9}
ANEZ B v, Yx7)0] Hot air drying == {-*%70] Freeze drying 3
2 O&8 AAE Y 57138 R Kok Cad %] =& S &4 5 AU

ofN N 1>
lo mv oy o
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Table 5. Contents of minerals in hot air dried or freeze dried Erysimum

amurense Kitag

(mg/100g)
Minerals Hot air drying Freeze drying
Ca 844.67 £ 4.05 892.46 £ 2.13"
K 4586.79 + 5.88  4308.90 £ 16.37°
Mg 158.35 £ 2.90 146.18 £ 5.35°
Fe 5.96 £ 0.08 6.11 £ 0.09
Na 163.62 £ 3.14 163.56 £ 5.68
Mn 1.09 = 0.08 1.06 £ 0.14
Cu 0.75 £ 0.06 0.44 £ 0.03"
Zn 2.67 £ 0.21 2.27 £ 0.24
Total 5763.90 5520.98

All values are expressed as the mean = SD of triplicate determinations.
"p<0.05; Significantly different by Student’s /-test between hot air drying

and freeze drying method
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6. = Polyphenol % = Flavonoid &%

Mg A s = x4l A4St =420 Polyphenol? flavonoide ¢
g v Ay 24 Vlee ol delA vk(31). Polyphenol ¥
= 31gE9] wlAlag el phenolic hydroxylZ7l & 7FAaL 919, hydroxy”|(-OH)
reteZ3 2gete] g% %9 #l=A] ghv ZH(phenoxyl radical)s #7335}
et s AASAY dAkst a4t A AR AFdHES
27A38H(32). flavonoid= 2]&EA Polyphenol®] 714 & 3gE FH/eolH <
400079 3}gte = o] Foxl e Adel Fitst E4 sietEo|th A A
st 3kstd  Fx Zpolo 9] flavonol, flavanone, flavone, isoflavone,
anthocyanidin o2 73w, Ag &4, F3X Al Zfol7l dom s =
2ol 7F ATHE3).
B oo o= Bx780] Hot air drying F=%3 Y-A789] Freeze drying 5=
=9 ¥ Z¥ ¥ (polypheno) ¥ F ZdtE ol =(flavonoid)®] 3% S4S 918l
ZIeEdE 7247t EhdAK(tannic acid)®t F®(rutin)& AFEsiSlow, 1 AyE
Table 69 YEIUHATE. = polyphenol? e+ BXx]780] Hot air drying F=%&
2 143.74 mg TAE/g, HA7)0] Freeze drying F==< 159.07 mg TAE/go =
et e, F flavonoide] &2 FA]7¢] Hot air drying &< 120.50 mg
RE/g, F-*]78°] Freeze drying F=%<2 190.82 mg RE/ge 2 F-A|7J¢] Hot air
drying F&=E°] UjH]|3}e] H-X]7§o] Freeze drying F=EoA F Zg3=
(polyphenol)¥} & ZgH -o]=(flavonoid)? dr&o] Fod o= =4 yelwtt
(p<0.05). HF-A]74ole} 72 ARl & A=EE9 Freeze Drying F&=° 1}
2 geFe H=S F polyphenol?] o] 24.40 TAE/g, & flavonoid?e] &
15.30 RE/gQl 2& & 4 Ath34). = F&H|= polyphenol?] FEFo] 23.97
TAE/g, ¥ flavonoid?] 32 13.08 RE/gd A& & 4= ATH34).
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Z 3 ¥ =(polyphenol) 35HE2 A EA 98 E3xHo] 9o th4=2] phenolic
hydroxyl(-OH)E X &sled ofdf sigt=3 fgA Astste] 3atst avep ek 9
St 23 58 YERATH(35,36). S8R o] =(flavonoid): polyphenolel] <38+
A0 Z C6-C3-C6E 7|E Fx=2 3t dlEA s FHo, E4AT
= AAsE Jo] mapHolgta dHA UATHET). B ATE Sl FAolY F
polyphenol %3 F flavonoid %ol 72 A8ty o& A &S vlg] =&

o PN
Aes & = A

Table 6. Total polyphenol and total contents of freeze dried and hot air

dried Erysimum amurense Kitag

Hot air drying Freeze drying
Total polyphenol (mg TAE/g) 143.74 + 235 159.07 + 2.45
Total flavonoid (mg RE/g) 12050 + 467 190.82 + 4.33

All values are expressed as the mean £ SD of triplicate determinations.

"p<0.05; Significantly different by Student’s /-test between hot air drying

and freeze drying method
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7. DPPH #&HZ &A=

AUA A4S 9ish Atatsle el wAs =HE By AdA s
Aol gele] ¥

s F7keA Sw Ae ol A1) ela) wate} g g

]
oh38). e E® olgdh AHel dis et e e AT e A
ol B B BAL Fhs o] ok o Bl felvlsh et A
ol 7P tEAHQ v1dolth ksl mzte] Hx} A w3 E oAl HE
AR B0 278 F8oln, olF 5457 AE I vHe 54
stedl 7Hd dlEA vk Edeln] wig g9k A gl Z9]l DPPH 2oz 4
A5S o) gEginh B Ay #1740l

g
Ay}, F-A]780] Freeze drying F=E3 F
t DPPH &}t Z 2752 Figure 13 2t} ¥-2]7)
o] Freeze drying F=w=< 0.125 mg/mL, 0.25 mg/mL, 0.5 mg/mL, 1 mg/mL
oA 2}y 13.83%, 21.2%, 44.47%, 76.27%= YEFSA 50% U2 2A%S
ol ICs502 T8 A3}, H-A7¥o] Freeze drying =59 DPPH9 ICs502 0.63
mg/mLE et HEA70] Hot air drying =& 0.125 mg/mL, 0.25
mg/mL, 0.5 mg/mL, 1 mg/mL FX4 2zt 5.3%, 15.21%, 27.19%, 61.06%=
UEHE AL 50% 2tHZ 2759 1Csos 78 A3, F-A780] Hot air drying %
&9l DPPH?] ICs502 0.84 mg/mL= YEeRGTh 2 AFE F3] FX72 9] Freeze
drying FE&3 5#17°] Hot air drying FE&9] ICs #kol H-*74°] Freeze
drying F&=°] FXA749] Hot air drying F==HXHt $o= 2 DPPH =dZ &
Aol Tl =2 A & 5 AAgd dEzT oz AHEE BHASE Ascorbic
acid 9] #t2 77t 87.06%, 90.16%%= WephEz F-x74o) o Hlashgls wf Afo]
£ BH3AY 2 A AdelM F-A7o] Freeze drying FE&3 H#7d°] Hot
air drying F3% 25 DPPH &tz A7 &Alo] v&% o&EH o7 =rlst= A
= T F AU ARSI AE T A D AFAY ks S

Kwon 5(39), Bepd FepH|E FE2=2 o] &3ty ikst ¢ =5 543 Yang
(40)9] Aol wEw A Afsta A4e] DPPH gfozd &4 Edo] 5% o &4
o2 FUkske As G ¢ A, 2 Ao AUt fAbsivE AEs g)d
& g ATk

Hot air drying F==& ©]&3}

-
TZ
=
=+

o

H
.
=
>

A9}
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Figure 1. DPPH radical-scavenging activity of freeze dried and hot air

dried Erysimum amurense Kitag
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Data are the mean = SD of triplicate experiments. Means with the different
letters (a-f) within the same row are significantly different at p<0.05 by

Duncan’s multiple range test.

_25_

Collection @ chosun



8. ABTS" &tz &A=

ABTS" &HZ AA%2 32 HE(potassium persulfate) & Aol Al 24 A 3F
S WAl o v A AR ABTST g gfZo] Aol F=E e d4ks)
g Edd 9 ghdEal FEMo R WslE = A o]&dte] SAEATHMA4D. &
A A3}, HX|7Jo] Freeze drying F=E3 HX%]78¢] Hot air drying F=&5<&

3% ABTS #HZt &7 %52 Figure 294 ol H-474°] Freeze drying FE=
Q ABTS" #dZ A2A%52 0.125 mg/mL, 0.25 mg/mL, 0.5 mg/mL &=l A
F 30.49%, 52.16%, 84.57%%= YEbwTE 50%°] &t1Z &£715 @ ICso2 T
?} A¥} F-A]780] Freeze drying F==2 ABTS 9 IC502 0.27 mg/mL= E}
Wl F-A70o] Hot air drying F=%2] ABTS" &9z £2AS< 0.125 mg/ml,
0.25 mg/mL, 0.5 mg/mL &F%=A 77} 37.65%, 60.65%, 94.90%= UEFSLTE,
50%°] ez 2715 # ICsoe 78 A3, FA74°] Hot air drying F=& 9
ABTS" ] ICs5< 0.23 mg/mL= YERRT & A5 &3 FA7°] Freeze
drying =% HA7°] Hot air drying =& 1Cs ateol HFA7¢] Hot air

Y274 0] Freeze drying F=EHt dormg ABTS' #dz A
2 S o F AT 2 AFe Aol FA]7e] Freeze
drying == & | Hot air drying F&% EF F&5 U9 sl 52
of &aiA ABTS free Zttjzo] AAHCRZA & EHo = A3t 5“40]
g 5 Advk. FAAol o e A z
5k Hwang® Kim (42)9]

X(-)] o,j
=43 Kwon $(39)014 wug Axr 2 28 Axe} %A}@%

o3

o

_[\1

CFI

drying F=E&0]
[e)
o

A5l

2
o,
o

B
0,
=
g N
1o
2>
vy
3
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Figure 2. ABTS" radical-scavenging activity of freeze dried and hot air

dried Erysimum amurense Kitag
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Data are the mean = SD of triplicate experiments. Means with the different
letters (a-f) within the same row are significantly different at p<0.05 by

Duncan’s multiple range test.
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9. Reducing Power

gk E o] electron =& hydrogens Al ¥3l=
HS =438ty Yote] o) gH vt FY9HLS Y E(reductone)o] HiEdI=
A 12 FEm FATE AR S
Wh(43). $-A1740] Freeze drying A 7§°] Hot air drying &%
reducing power 574 A= Figure 33 2t} F-47¢] Freeze drying FF&
& o] &3¢ 655nmolA FA S FUL 0.125 mg/mL, 0.25 mg/mL, 0.5 mg/mL,
1 mg/mL %A Zk7b 0.05, 0.07, 0.42, 1.1 YERT 50%9 o2 275
7kl ICs02 3+ A3}, H-x780] Freeze drying F=E9 Reducing powerd
[Cs50& 0.52 mg/mLE YErsTE HX*]780] Hot air drying F=E9 3stdde
0.125 mg/mL, 0.25 mg/mL, 0.5 mg/mL, 1 mg/mL &=4 Z+Z+ 0.04, 0.05,
0.18, 0.66 WeEtxtal, 50%2 =e2d 2ATe] #e ICos T8 A3, F-A7°]
Hot air drying F%&%9¢] Reducing power?] ICs0> 0.85 mg/mL=Z YEFRET],

2 AFE &3 HFABo] Freeze drying &3 FA7)¢] Hot air drying 5%
& $dE2 v& oA or Frtekglon, FA 7] Freeze drying F=&3 F
A 7§°] Hot air drying F=&=9 ICs0 #©°] F#74o] Freeze drying F% 5
7§o] Hot air drying F=& Xt} Yov 2 reducing power’} 2]8}A

[e) 2~
S 4 ATk
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>
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Figure 3. Reducing power of freeze dried and hot air dried Erysimum

amurense Kitag
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Data are the mean = SD of triplicate experiments. Means with the different
letters (a-f) within the same row are significantly different at p<0.05 by

Duncan’s multiple range test.
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10. FRAP

FRAPS &itst&EHof 93l ferric 2,4,6-tripyridyl-strizazine [Fe(Ill)-TRIZ] &
ferrous 2,4,6-tripyridyls—triazine[Fe(II)-TRIZ] €3 =2 33U = A8 = 319t
H o r bstE S SAsks WHoE g ol&Hal vk(44). FRAPY &

T FAe 1 AAREA AR S ES vEdY 3 4 Es =55 5%
=o FA7F A YEtudAl "k39). F-A17 0] Freeze drying FEE3 5§47
reducing power 574 ZA¥+= Table 73 72t} F-X2]740]

5

.

o

Hot air drying &9

Freeze drying F&%31 FA]7§o] Hot air drying F=%< 1.0mg/mL 5%l A
FRAPS &A1& =A3 Ay} H%x|780] Freeze drying =% 54.08 uM, HA#|7
o] Hot air drying F=%& 30.69 uMO. 2 XX]7§o| Freeze drying =%
FRAPS] &Aool 4§ 55 & & vk FxAolet 22 AAs AL T =4
2 2pA Fepnl o] FEFE o] fete] A4S S-S 58 Kim 5(45)9 A9
AAA R AT dst 24S 543 Kwon 5(39)9 Ao =W FRAPY

et

FHol FolHoR Fopqnz ¥ ATste] A¥ Art 4ATS FAT 5 A9

a
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Table 7. Ferric reducing antioxidant power of hot air dried and freeze dried
Erysimum amurense Kitag

(FeS0,.7H0 eq uM)

Ferric reducing antioxidant power

Hot air drying 30.69

I+

0.01°

freeze drying 54.08 + 0.01

All values are expressed as the mean = SD of triplicate determinations.

"p<0.05; Significantly different by Student’s #-test between SM 80%EtOH
and SM H-20O
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IV. 8°F &L 28

T FA7o]E o] &3l Hot air drying ¥ Freeze drying® 7=

mE olststd A3 F polyphenol$ts, ¥ flavonoid 32 a4ts= & v}

I A et Az Wil e FX7golo dntdEEs EA e Ay, xIE, x

Gz e eslE2 B4]780] Hot air drying FE&EollA, 24 =2 F-A]740]
o

Freeze drying F&E0A Fo)H o=z #A vewth ey &

s

& dFx9}

SAAZE W g xpolE HolX| &okn. FAYole] A ofH At T, FA]
790] Hot air drying =% Y-X%]7J9] Freeze drying F=Eo|A ZFoln| =24k
Z 7Y =2 S yERd AL (leucineo]lom, H|FHS ofu] iAo = Hox
=5 2% proline®] 7}

Jo] Hot air drying =53 HX|7J¢] Freeze drying
A o=okoh ek, doln| ik vl ofuAle] g
=AM =4 YEldY f7148e F 677 AEER e, F /714

F=
o] steko Rx)780] Hot air drying 53=%(27984.76 ppm)X.t} {-X|7§o] Freeze
F=

25 F-X]780] Hot air

<

w
o
S
3%
o0
o
ﬂ
=

o

2
2
2
Eity

2 IS Eoﬂlﬂr. H-Z)780] Hot air drying
FE=5 2 BX7Y9] Freeze drying F==9 9 #7142 malic acidith. FA
Z "o A#glo]l palmitic acid, stearic acid,

heptadecanoic acid§lew, TGAEZXsIAHALe] F &S FX70] Hot air
drying FE&(5.02 g/100g)°A] =] UrE]r‘XALEUi U7 s A Ao & b
F-A78°] Freeze drying F%=(63.48 g/100g)°lA =4 Yelwth 1z W
& FAo] FEE9 F8 F7]% H =
ghien, Frjde F e Aol Hot air drying F
mg/100g, A7) ¢] Freeze drying =% 5520.98 mg/100g= F-A]7%
drying F==dA ¥ &= UE

7142 7“% Z, HER £o8

1

e
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[e)

% polyphenol &2 H-X7o] Hot air drying F%%5(143.74 mg TAE/g) ED}
HA)780] Freeze drying F=E(159.07 mg TAE/g)olA =4 eSO H,

flavonoid ¥=Fx H-%]78o] Hot air drying 5=%(120.50 mg RE/g) ®H.t} A 7@
o] Freeze drying F=%(190.82 mg RE/g)Oﬂfﬂ =A Yetgt. Az 2He u}
& Y-A7le] DPPH #@tHzd &A% ICs0 #ko] #-A78°] Freeze drying F=
%(0.63 mg/mL)°] F-#7°] Hot air drying F+=%(0.84 mg/mL)KHt} Yomz
K- 2)780] Freeze drying &= DPPH #tZ AA 9] Fo&HA =& AS

Z

T AT ABTS' gt A2HTE ICso Zkol F-x]78¢] Hot air drying e
=

(LIS

(0.23 mg/mL)°] #A]7o] Freeze drying F#%%(0.27 mg/mL)Et} wom=z 3
A 7)0] Hot air drying %29 ABTS" @07 2A%0 F9a A =& A &
T A}t reducing power 54 ZAI= FA7Y0] Freeze drying &3 54

7Jo] Hot air drying F&+ d¥dgo] g% oEHo R F7F8k AL, ICs whol ¥

=5
27§0] Freeze drying F%=(0.52 mg/mL)°] §A|74°] Hot air drying F&%&
(0.85 mg/mL)H.t} Howx

7 F95H A =& A

Hot air drying F=

=

2 FX]7Y0] Freeze drying F=E9 reducing power
S &4 5 AAY. F-A o] Freeze drying FE=3 FA]7Jo
S5 1.0mg/mL %94 FRAPS &AE& SH3 23
7§0] Freeze drying F=&E2 54.08 uM, HA|7Zo| Hot air drying F=&
30.69 nMo. 2 H-A]7Jo] Freeze drying F=%9 FRAPS Ao foxo=w ¢
Toe & T UAAT. ol AHREFY FXAolY Hxwe W o]sstA A

W FFEEe] WEE A A, frIah, ARAt, st A2 S FA70

o)
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|
A]

-{m

rlo
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=z =

Freeze drying F=E0°] ¥ *78o] Hot air drying FESEHTU} 5420
7

o] =
n=w JA740] Freeze drying &9 €& 7IsAol =& A= 7|d#
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