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Abstract

In this study, general Sibjeondaebohwan (G-SDH) and high-temperature aged Sibjeondaebohwan (HTA-SDH) samples
were prepared using ten herbal medicinal plants including balloon flower. The nutritional components (five nutrients,
fatty acids, and free amino acids), phytochemicals (phenolic acids and flavonols), radical scavenging activities (DPPH,
ABTS, and hydroxyl), digestive enzyme inhibitory activities (a-glucosidase and pancreatic lipase), and immune
system activation of G-SDH and HTA-SDH were analyzed and compared. The contents of crude ash, fat, and
protein, carbohydrate, total fatty acid, and total free amino acid of G-SDH were significantly higher than those
of HTA-SDH. The major free amino acids and fatty acids in G-SDH were aspartic acid and oleic acid and those
in HTA-SDH were glutamic acid and oleic acid. Compared to G-SDH, higher concentrations of total polyphenols,
total flavonoids, Mailliard reaction products, total phenolic acids and total flavonols of HTA-SDH were estimated.
After high-temperature aging, the total phenolic and flavonol contents increased from 272.03 to 303.31 ng/g and
310.71 to 372.58 png/g, respectively. The DPPH, ABTS, and hydroxyl radical scavenging activities and the a
-glucosidase, a-amylase, and pancreatic lipase inhibition activities in HTA-SDH were 85.65%, 89.93%, and 63.69%,
and 61.06%, 34.21%, and 64.89%, respectively, which were considerably higher than those in the G-SDH. In addition,
HTA-SDH showed the effect of controlling immune function.
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Azl A, wiE, A&k A=A, A, 171, 713 S
FI7F dvkar A ATh23). EEkA ol el AR
o] ghfEof Sledl, AFEd ] A4 E S 2 platycodin
A, C, D9} platycoside A, B, C, D, E7} Ithal &4 3
(3), ©] 9o % inulin, betulin, stigmasterol®} oJ2] F7F2]
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A S AR Al 2ol AHEE =Rl AT
oA Al 2 d2 o] d& ARSI o] 9] Wi, WA,
B, Az, =A%, 71, A=, 2k 9 SAs AT 2
FRrAN Al ko R E 28 P2 ol AMRSIA
Ank A= A EFHNPIABE %2 nutrien agar(NA,
total viable cells), chlormphenicol ¥ potato dextrose
agar(PDAC, total yeast cells), eosin methylene blue
agar(EMBA, Escherichia coli), mannitol salt agar(MSA,
Stapphylococcus aureus), oxford listeria agar(OLA, Listeria
monocytogenes) % mannitol egg yolk polymyxin
agar(MYPA, Bacillus cereus) WA & A-8-3}%] 3L DificoA}
(Detroit, MI, USA)Z5-8 T3}t

Alet % 717
Phenolic acid £553%<! gallic acid, protocatechuic acid,
chlorogenic acid, para-hydroxylbenzoic acid, vanillic acid,

ferulic acid, veratric acid %

trans-cinnamic acid$} flavan-3-ols 35531 epigallocatechin,

para-coumraic  acid,

catechin, epicatechin, epigallocatechin gallate, vanilin, rutin,
catechin gallate, quercetin, naringin, naringenin %
formonoetini= Sigma Chemical Co.(St. Louis, MO, USA)el|
A FAeATE & ZElEls S50 AR Al 2F2 Folin -
Cicalteu phenols A3l 1 F ZetH ol 4
diethyleneglycol < AF-8-31%1 2.7 Sigma-AldrichAFol| A =
Aottt o 2A Aol AFE-E A9k 2,2-diphenyl-1-
picrylhydrazyl(DPPH), 2,2’-azino-bis (3-ethylbenzothiazoline-
acid) diammonium salt(ABTS),
ferricyanide, trichloroacetic acid(TCA), thiobarbituric acid,
AgsElen  AstEAe AFEES
para-nitrophenyl-a-D-glucopyranoside(p-NPG) 3 para-
nitrophenyl-butyrate(p-NPB) & Sigma-Aldrich A}l A ¢
sto] ARSI o] o A 93 BE Al e
wet 1595 7Yt AHE-SHTh w333 == spectronic
2D(Spectronic 2D, Thermo Electron Co., Marietta, Ohio,
USA)E  AFg3sl9ith.  High  performance  liquid
chromatography(HPLC)+= HPLC 1200 series(Agilent Co.,
Santa Clara, CA, USA)E A1-8-31% 1L, HZ7]+= ultraviolet
diode array detector (UV-DAD, HPLC 1200 series, Agilent
Co.) 2 ®A39a, ¥4 columnd X-Bridge™ Cig
column(4.6x250 nm, 5 pum, lrelande) S AH&3}I T} Gas
chromatography(Agilent GC 7890, Agilent CO.,)-flame
ionization detector(FID)Z 23} 1., 24 columne
SP-2560 capillary column(100 mx0.25 mm, 0.20 pm,
Sigma-Aldrich Co.)& AH&-3F3ATE v it A45#4 7] =

6-sulfonic potassium

2-deoxyribose &
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Hitachi L-8900(Tokyo, Japan)E& A}8-3}%th.
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fre]ol] At B8 G-SDH 2 HTA-SDH $271% &
21 goll /T 4 mLE 7kl 60°ColA 1A17F 7ial
AlZ1 % 10% 5-sulfosalicylic acid 1 mLZ 3 7}ako] 4Coll A
A1 RIAA DA S AR $ 387 il o)

o] oo A=9lS 045 pm membrane filter(Dismic-25CS,
ToyoroshikaisHTA, Ltd., Tokyo, Japan) 2 & Z}A]# 60Tl
A A wS5skath w5 & dxE| diste] pH 2.2
lithium buffer 2 mLA 7}8}lod 0.45 pym membrane filter =
A7 A opr| gt A2 A S TH24).
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EMBA iAo =4 433895 Yeh= Jg<= ATt
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AzsPom F Zehs 2 F ZgE o= %
AMEEATE YA 255 60ColM AdsEsta &
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% Z2)9|= S Folin-Denis' (25)2 & slo] =34
stk Z4zte] &5 0.5 mLE Al EF5ka 25%
Na,CO;&-< 0.5 mLE #7}sted 383 F XAl £ 2 N
Folin-Ciocalteu phenol &< 025 mLE 37} ¥ £33} t}-&
30CollA 1413 Bt HAAZ o A E A S = 750 nmell
2] 53333 % Al (Spectronic 2D, Thermo Co., Califonia, CL,
USA)E AH&ste] SF3EE S92 gallic acidE ©]
Sote] 2 BF HFFAH o2 RE 7S ST

% ZepE 0| = T2 Lee 5(26)2] W fAKSHI
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Phenolic acids ¥ Flavonols R 24

Phenolic acids % flavonols 3}31E #2492 Cho%} Joo(28)
o] W& W3l HPLCZ #4313t o] 5% Sl
0.2% glacial acetic acid -f HPLC water (solution A)<}
0.2% glacial acetic acid T acetonitrile (solution B)Z -2
skith olsd £31& B & 7IFSE 0 min-0%, 3
min-3%, 5 min-5%, 8 min-10%, 10 min-15%, 13 min-15%,
14 min-3%, 15 min-5%, 17 min-8%, 19 min-10%, 20
min-15%, 22 min-20%, 24 min-20%, 25 min-5%, 26
min-15%, 27 min-20%, 28 min-30%, 30 min-10%, 32
min-40%, 35 min-50%, 36 min-60%, 37 min-30%, 38 min
40%, 40 min-50%, 45 min-60%, 55 min-80%, 60 min-90%
3 65 min-100% = FASIAT oW £4 AJ8= 20 uLE
FYaI o] 59 S5 30ToNA | mUmine = 4]
3199 3L phenolic acids &} DAD AZ7]9] F3= 280
nm % flavan-3-ols 3}&E-2 270 nmoll A 431t

Radical 2AEN =3

DPPH radical 22712732 Cho 5(29)°] "l w2}k =74
33tk 1.5x10* mM DPPH €9 08 mL¢} 55 02 mLE
7¥ated 3083t halolA] WhEAIZl & EFBEAE o] 85
o] 525 nmellA] FFE=E STk 4 dE2TF A8
Az el dEhSS 02 mLS FHato] AFsig]en,
DPPH 2} Z &ASH L A9 24 x2te $3%
Z Fato] AiE ¥ wx (%)= JeRRAh

ABTS radical 2A &4 9A] Cho 5(29)¢] Wil ula}
7 mM ABTS £93} 245 mM potassium persulfates
L1 E 431, 9ol 12~16A7HS HEXA]A ABTS 2F
T ZHABTS )2 @A A ©]F 732 nmol A &3% %
o] 0.7+0.03°] H=Z vehE 2 3]X 3] ALt AT
3] 3]4% ABTS € 09 mL9} 2% 0.1 mLE 41

3% F BREAE o83t 732 nmel Y FFEE 54
ST

24 iz gL AR gl WeeS 01 mL
Z Fslo] d¥stgion, ABTs &z LA gAL 47
714 DPPH &tz AAEA] T sl b o 2 el

Hydroxyl( - OH) radical £~ 8432 Cho 5(29)2] Wl
w2t 10 mM FeSO, 7H,0-EDTA 0.2 mL, 10 mM

3] A26d A5E (2019)

2-deoxyribose 0.2 mL, 10 mM H,O, 02 mL, Al & 1.4 mLE
E3etaL 37Tl A 4A13E Bt REGAIZ T o] &gk
1% thiobarbituric acid®} 2.8% trichloroaceric acidS 2+Z}
1 mLA 7Fate] 100CollA 2023t 2A4A1 A 520 nmell A
FHEE S50tk 24 dx2F= A5 ti4lo] PBS ¢
ZH(NaCl 8.76 g, NaH,PO; 0.11 g, Na,HPO; 0.596 g)<

RE HOZ 2ABHE olesh 2 Aol taje] Ul

& (%)= UYehiAo

B ° EH—’E:rL i) ) g
SR 2ARYB=(- g ey X100

astga Mg £

a-Glucosidase #]3l&/3-> 200 mM sodium phosphate
buffer(pH 6.8) 50 uL A] 59} a-glucosidase &4~ 50 L&
H7tete] 37CeA 1027F dH] wjekgt & sodium
phosphate buffer(pH 6.8) 100 uL<} 5 mM p-nitrophenol-a
-D-glucopyranoside(p-NPG)-= 100 uLE 7}ste] 37°CelA
10 &7+ REgAIZA T o] ¥h-g-Eofl 100 mM Na,CO; 750
ILE H7bete] W35 FA A7) 2 420 nmoll A SFEE
A5t A &S AR TH27).

a-Amylase AL 7} FEE 50 ULE APl EF
3t & g-amylase(1.0 U/mL) €248 50 pLo} 200 mM
sodium phosphate buffer(pH 6.8) 50 UL 3 7}5te] 377Col
A 107t ov] 95 AAEFST) o] Bkg-Holl 200 mM
sodium phosphate buffer(pH 6.8)°] =591 1% A&
025 mLE 7}3kaL thA] 37Tl 1083 vhe-2 A A 819
t}. o] 3o &= 05 N NaOH % 30% potasium sodium tartrate S
&3l gk 48 mM DNS A|2FZ 0.25 mL ¥ 7}ste] 100 Cell A
207 ol A B WA 570 nmol A SFEE
=7 3 TH30).

Pancreatic lipase %3l €/d-2 200 mM sodium phosphate
buffer(pH 6.8) 50 uLell %% 50 yL, pancreatic-lipase(1.0
U/mL) &89 50 Ls Este] 37 ColA 1083E v
HESAIZATE 18- & JMMESR &89 =21 pNPB(S
mM) 100 uLE 7}ste] FLskA 1023t #5417 F 100
mM Na;CO; 750 1ILE 718l ¥H8-2 ERA1Z] T 420 nmeol|A]
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ul$-22 gl 2 A 3291 RAW 264.7-2 penicillin/streptomycin
(Gibco) 100 unitymL®} 10% FBS°| ¥ DMEM
(HyClone) ¥JA| & AF8-3le] 37ClA 5% CO, incubator®]]
A Bl FalaA 2ol g A Alul <k St NO A5
272 RAW264.7 cell& EF8FaL 24413t Fof] A
3 FZE3} LPSE 2443 AFA 7| Al 2 Fo S
Ao] 96-well platel] griess A2k} &7 o] WEE-A|Z]
THE 540 nmoA =33} TE. Western blot £
RAW264.7 t12] A ZF5 #5310 24417k vl kA7
serum free media® &<t 3] F-2A| 7] PBSOl| 34
AR 2255051 2 5 mgmLe] =2 A2k
a1, PR LPS B3 0.1 pg/mL FE2 225+
307 § AIZE 35le] PBSE 338] A2}l NE-PERTM
Nuclear Cytoplasmic Extraction Reagents kit (Thermo
Scientific, Rockford, IL, USA)E A}-8-3lo] A| 222} 3 <]
i S £ApA o g ettt Eeld vuld & BCA
protein detection kit (Thermo Scientific Inc. USA)= A3}
of Tl AZ At e, well B 20 pgel cell lysates
10% polyacrylamide geloll Z}7} 7 7]3te] SDS-PAGEZ ¥
’d ®2]3tth ©]E poly-vinylidene difluoride membrane
(Millipore, Merck KGaA, Darmstadt, Germany) 2.2 7 23}
%11, membrane- antibody 2] H] 502 ZA3HS WA 17]
$J3ll blocking solution (skim milk 5%) 20 mLel| A 2A] 7k
< W3 3 TBST (20 nM tris-HCI, 150 mM NaCl, 005%
Tween-20, pH 7.5) 2 1024 33] A]2}3}aL iNOS, COX-2,
TNF-a 9 Bactin®] ddZFa 43171 9l 12} A (Cell
signaling Technology, Danvers, MN, USA)E 1:1,000°. %
8] 231e] 4°Col| A 24A17F WEE-A]7] 31, TBSTZ 108271 33
AFstg ) o] & 22} @Al (abcam, Cambridge, UK)S
1:5,0002. % 3|4 sto] 2417 F<t ¥k-3-A]7] 3L, TBSTE 10
B2t 53] Al# 35k tE Electrochemiluminescence (ECL;
Millipore Merck KGaA) reagentZ ©]-8-3}1, LAS-4000 (GE
Healthcare Life Sciences, Marlborough, MA, USA) ©| 1] %]
A E o] &ate] A BFITH3R).
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G-SDH®} HTA-SDHO| kA& F-41 A3} Table 19

Yehfolth 452 G-SDH(18.6 g/100 g):.UT}= HTA-
SDH(234 g/100 g)7} & ©] B2 i< Yeplila =
Wl shak oI A] 4.8 /100 g© 2 G-SDH@4.4 g/100 g)H.t} E3k
ot 22 &S G-SDH7} 1.0 /100 ]9l a2 HTA-SDH
+ 0.6 g/100 g= FHrstal Atk £33 %3¢ G-SDH(1.7
g/100 g)7} HTA-SDH(1.4 g/ 100 92t} <3t o) Be g%
< Yepiidh diAl g oz 5o YA -2 G-SDH7} &
H 2SS st A oo uhe) gerskE &k
Al G-SDH”} 73.9% % HTA-SDH(70.2%) 2.t} B Ao
=2 Uegoy 2 #o4 Aole I TH(Table 1).

Table 1. Proximate analysis of Sibjeondaeboliwan with balloon
flower

Contents (g/100 g) Styeoncachohvan
G-SDH" HTA-SDH?
Moisture 18.6:093" 234117
Crude protein 4.8+0.24° 442022
Crude fat 1.0£0.05* 0.6+0.03
Crude ash 1.7+0.09* 1.4+0.07
Carbohydrate 73.9£3,70 70.2£3.51°

G-SDH, general Stbjeondachohwan.

HTA-SDH, high temperature aging Sibjeondaebolwan.

Al values are presented as the mean+SD of triplicate determination. All values within
a column with different superscript letters are significantly from each other at p<0.05
by Duncan’s multiple range test.

AN EEre| XA Bzt

AR EERe] x| Hkak-S 8493 A 3= Table 29 YERY
At} G-SDH2] 7% E3}A 94t 5 stearic acid(C18:0) 2
behenic acid(C22:0)7} #HZHXA %3 HTA-SDH=
palmitic acid(11.8 mg/100 g), stearic acid(2.0 mg/100 g), 2
behenic acid(0.8 mg/100 g) =5 7Z =it} &9 G-SDH
N e BX3FAWA F a-linoleic acid(C18:3n3)9}
docosahexaenoic acid(C22:6n3)7} HAEE A &2 vbH 1.2
%A ol whel A %E HTA-SDHE B2 3} Hbato] R % 7
259t} G-SDH F& B XA WS oleic acid(40.4
mg/100 @)% 21} HTA-SDHS| 7 $-l| & oleic acid’} 6.6
mg/100 gO 2 JA%] Had Ao= eyt Eg
G-SDH9| linoleic acid &2 24.8 mg/100 go| oL}
HTA-SDH®] linoleic acid 32 40.6 mg/100 g&& 312
Ao ugt Z718k Ao 2 Yelhyt) o] 9o % a-linoleic
acid®} docosahexaenoic acid’} 22} 1&<4 £ 19 ¥ 3.1
mg/100 g© & Bt F7Fsh= A dE VERISITE g A
Al % 3}eke HTA-SDH(66.8 mg/100 g)=.t} G-SDH(78.8
mg/100 g7} & U] & Ao = ety o] 1& Aeld
oal x3} 9 BSR4 ko] ot ek A

UERH ST
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Table 2. Fatty acid contents in Sibjeondacbohwan with balloon
flower

3] A26d A5E (2019)

Table 3. Free amino acid contents in Sibjeondaebowan with balloon
flower

Fatty acid contents” (mg/100 g) Sbieondacbohvan Contents” (mg/100 g) Shiondaclonan
G-SDH” HTA-SDH” G-SDH” HTA-SDH”
Saturated fatty acids Non-essential amino acids
C16:0 Palmitic acid 13.610.68" 11.840.59" Taurine 6.4610.32° 23.04£1.15°
C18:0 Stearic acid ND” 2.0£001° Aspartic acid 48.55:2.43" 36.18+1.81°
C22:0 Behenic acid ND 0.80.04 Serine 11.91£0.60° 2.8420.14°
Total 13.620.68" 14.620.73" Glutamic acid 50.41£2.52° 6.182031°
Unsaturated fatty acids Sarcosine 2.50+0.13" ND*
C18:1n9¢ Oleic acid 40.4%2.02° 6.6£0.33 Glycine 3.62+0.18" 1.65£0.08
C18:2n6¢ Linoleic acid 24.8£124° 40.6+2.03" Alanine 29.40+1.47" 9.51+0.48"
C18:3n3 a-Linolenic acid ND 1.940.10" Citrulline 1.89+0.09 ND
(C22:6n3 Docosahexaenoic acid ND 3.1:0.16" Cystine 8.31+0.42" 2.8740.14b
Total 65.213.26" 522261 Cystathionine 220£0.11° ND
Total fatty acids 78.843.94' 66.8+3.34" Tyrosine 5.90£0.30" 1.9320.10°
YAl values are presented s the mean+SD of triplicate determination. All values within [B-alanine 429:021° 1.83+0.09°
z)ﬁyc(}glnmr.]?m“%thmd;lfgfgt r;l;[;tsgls;t)t letters are significantly from each other at p<0.05 B—amilToisobut).'ric allci d 7484037 0,59:0.03"
,O-SDH: General Sibjeondacbohwan. - - y-aminobutyric acid 2.01+1.10° 1.5040.08"
HTA-SDH: High temperature aging Sibjeondacbolman. ) : .
IND: not detected. AminoetHTAnol 440£022 2.02:0.10
Hydroxyproline 021+0.01" ND
AFCiE S Sajoto| At Bak Ornithine 1.00+0.05" 0.48+0.02°
Felobulieal B4 An Aol 8FF F Ao a7 B5e153% "D
phosphoserine, phosphoetanolamine, urea, proline, aminoadipic Arginine 301.62+15.08° 1804009"
acid, a-aminobutyric acid, 1-methylhistidine, 3-methylhistidine, Total 820.01441.00° 92424462
2 camosine©] AZE A Lol E 19 EF7 A&HYn Essential amino acids
Fg=oln| - Ake 8 F(threonine, methionine, isoleucine, Threonine 9.22+046" 568028
leucine, phenylalanine, lysine, histidine) =5 &% %1 th Valine 18.67+0.93" 3.64+0.18"
(Table 3). G-SDHS| F& o}u] =4+ arginine©| 121 1 Methionine 364+0.18 547027
=57 Alglol wEt 301.62 mg/100 gl 4] 1.80 mg/100 g& Tsoleucine 703:035 103140.52°
B F43] ol dutopn] it F gHF A 820.01 Leucine 6774034 ND
mg/100 g°] 1.1} HTA-SDH®| 7d-%- 92.42 mg/100 g© = Phenylalanine 576029 13.09£0.65°
-5 71223819 3 taurine(6.46 — 23.04 mg/100 g)S A< Lysine 5504028 8714044
g RE Atoln|weAtse 1A Agd) wet 27 24 Histidine 8.62:043° 15394077
she A%E YeEhQdth. Zfopuiegte] A SdllE Total 65.2343.26° 2294311
methionine, isoleucine, phenylalanine, lysine, 2 histidine©] Toal atmino acids 585 2444 26" AT

747} 3.64 — 5.47 mg/100 g, 7.03 — 10.31 mg/100 g, 5.76
— 13.09 mg/100 g, 5.52 — 8.71 mg/100 g, & 8.62 — 15.39
mg/100 g7 L&A Al Z2FH 571813 L threonine
(9.22 — 5.68 mg/100 g), valine(18.67 — 3.64 mg/100 g),
2 leucine(6.77 mg/100 g — ND)& 7143t 78-S Yeh]
Atk 224 A Al -2 fre]oln|mito] st
= 2= frEjo| At F T A 88524 mg/100 goll Al
15471 mg/100 g & -3 FHashs A ek JYepliditt
(Table 3).

s 22 dAY S5 I Foll= amino-

DAll values are presented as the meanSD of triplicate determination. All values
within a column with different superscript letters are significantly from each other
at p<0.05 by Duncan’s multiple range test.

G-SDH: General Sitjeondaebohmwan

YHTA-SDH: High temperature aging Stbjeondaeboliwan.

“ND: not detected.

carbonyl ¥H-§- &= 53] maillard W&ol oJal fr2]olr] =it

o] &£o]l AA dojd Aoz Alg®EY. 53] Van
Boekel(33)2] AFolM = 714 oln|=4kQl arginine @}
lysine®] amino-carbonyl ¥+-&-of] 717 WA Frofshy L x]
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ofp|itE o] A o8 Hhgo] Fefste] Fafo= o}
=4k ko] A ATt Rustda old e At

2 A= dASTh

A2 Ee| AZELs0| 8=

G-SDH®} HTA-SDH®] 4|&F98n| & HE< AAe
2= Table 40l UERH AT HTA-SDH 75“!‘ A= el
| EQl E coli, S aureus, L. monocytogenes, 2 B cereus
T B ASHA Fdth ol feindE AlEse] 1
oo o)) APEE Aoz +59ch 9 G.SDHE] A%

Table 4. Comparison of food-pathogenic microorganisms in
Sibjeondaebohwan with balloon flower

) ) Sibjeondaebohwan

Viable cell numbers” (log CFUfg) DI HTASDEY
Total viable cells 338:0.17° 1.0740.05°

Total yeast cells 1.2240.06" ND*

Eschenichia coli ND ND

Salmonella sp. ND ND

Staphylrococcus aureus ND ND

Listeria monocytogenes ND ND

Bacillus cereus 1.60+0.08a ND

DAIl values are presented as the meantSD of triplicate determination. All values
within a column with different superscript letters are significantly from each other
at p<0.05 by Duncan’s multiple range test.

G-SDH: General Sityeondacbohwan,

IHTA-SDH: High temperature aging Stbjeondacbohman.

ND: not detected.

BE #FE 122 log CFU/ge] ME2F7F AEEUL B
cereus W‘ + 1.60 log CFU/g2] AlZ47} A= oi‘;} +
ATFTFE G- SDH7} 3.38 log CFU/gC. 2 M| A& A E
725293 HTA-SDHE 1.07 log CFU/g7} HZEH < ﬂ}
(Table 4).

Kim 5(34)°] HANERe] 7| e 5 FA¥s -+
e HANEE H'H S o] gato] it S EEL
T, Few Andet, 2 AdF A5 29 &
AdFe HEHIA S Husld nesido = A
H ZepA] T AR ESRE QR 71 Ao
W 2R S AR e BN 15/ wE Alx A7t
= o= A= giAT F S Bk o} n| A E
P FHE A VI 5, £E IR AR B &

—|—’

T =
F 9] 199 f5ol e BAA FHS 42D
SHAPA] EAAel TRt AE S Fold 5 & Ae=

s,

e

MEdiEge] & ZaEE, & S2tExols Y ZHEH
L]

A e F EejHE, & ~E}Ei°l‘:9‘r AHEd
steFS vl w3 A3E Fig 19 Yelgde) & Zelb s
9 ZgE o= ek 747} 1.56 — 2.21 mg/g(Fig. 1A)
2 0.16 — 0.23 mg/g(Fig. 1B)Z 11254 2] Al <zt
S7ketsith. 2 &4 A G-SDHY 7 3319 §3%=
e

Uepdloy w2 &4 & 24w qhgol <
HTA-SDHE= & O -2 A3} e 4.049 3= 7k
Yeh i thFig. 1C).

o :‘.":’

(A) +0 (B) o4
"
£ £
§ 3.0 5_,; 03
gf‘\ =
og a ;QJ)
2] - o0
2 B SE o2 |}
1) )
0< b >m
A &~
E 1.0 E 0.1
ﬁ o ﬁ .
0 0

G-SDH HTA-SDH
Sibjeondaebohwan

G-SDH HTA-SDH
Sibjeondaebohwan

(C) 60

4.0

(OD 420 um)

2.0

Browning degrees

G-SDH HTA-SDH
Sibjeondaebohwan

Fig. 1. Comparison of total phenolic and flavonoid contents and browning degrees in Sibjeondaebohiwan with balloon flower.

A, total phenolic contents; B, total flavonoid contents; C, Browning degrees.

G-SDH, general Sijeondaebohwan, HTA-SDH, high temperature aging Sibjeondacbohwan.

All values are means of determination in three independent experiments.

All values within a column with different superscript letters are significantly different from each other at p<0.05 by Duncan’s multiple range test.
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=3 Hth9). E3), Z2WEA] Z7} e max e AA
R A gof] AHEE FeblSo] FHdtar Sl opnl At

Eo] mailliard ¥H-3-of] 23+ Aoz A Ach A
o AE = el Az 2Z2o] grtksl Ao B8 Woo
S318)2 AT AdoMEe EAEE K E& 2T
(69223 mg/100 g)Et} -(150C)A EAEE & 3¢
1,391.51 mg/100 g2 EA 8] £/} ES4= ZYus
gt 9A) 7RIt Baslelal ol B oﬂq—g}g axs
ATt Yang 5200 G AANEE A5 FalE aHS
B9k 319S Al 110-140C7HA = A g A|zte] Z7}
42 Ze)us 3 A Zteln 58] Lxd Hj#slol
150Cel A= 2946 mglg7tA] S7kehe Avke Haslgn
Song 5(19)& ﬂ Gl FLI AHE Husct. kA
Hwang 5(4)& AANEE A8 3 shiel Zebx] o et
FEE F %M% e 243 434 059 mg/gowp
U 3-8(110-150C)ell ) I 2] Al Hl 7.34 melge] 57t
| $718 A%E Buslth Park 5352 HaolMx
&A=t 7|3t HlElate] thFo] EeluE kol St
st 23S Yt whebA o]eldl ofe] A A3E
2 2 ;ﬂﬂi Agga 24 57}01]1_‘:_ 109 37
gt Ao 7 Atgdr)

p

Y
f;

HMojE &9l phenolic acids ¥ flavonols &gHE

=

A A ®.312] phenolic acids$} flavonols 3}3HES £4]
ot A 3= Table 52 234t} Phenolic acids 8}3HE2 112
&S IR 2 G-SDH2] 749 vanillic acid¢} p-coumaric
acid’} HE%A] 293 HTA-SDH+= p-hydroxylbenzoic
acid®} vanillic acid’} AEHA LUtk EI gallic
acid(53.54 — 29.55 ng/g), p-hydroxylbenzoic acid(1.38 pg/g
— ND), ferulic acid(49.88 — 19.41 ng/g), ventaric acid(58.78
— 17.58 ng/g) o 725 T 74 Ao E el

11 protocatechuic acid(66.22 — 98.92 ng/g), p-courmaric
acid(ND — 2.33 pg/g), t-cinnamic acid(19.14 — 27.44 ng/g)
shake 12 &4 3 Z718% 2 £3] chlorogenic acide
23.09 ng/gellAl 108.08 ng/gl = 7Hg A S71SHATh
Flavan-3-ols 3}3H5-2 FE24 2 vanillino] AEE|A] &9k
1 G-SDH®| 7 %l = naringin ¥ naringenin®| 7 &% %]
2¥9kt}. Epigallocatechin(10.18 — 18.82 pg/g), catechin
(63.27 — 75.77 ug/g), epicatechin(60.66 — 66.96 ng/g),
epigallocatechin gallate(22.92 — 39.0 pg/g), catechin
gallate(39.41 — 48.03 ngfg) SHIEES 154 Al 234
S7kte e UESIaL 53] rutin 3.26 pg/goll A
24.46 1glg © 2 F71Eo] o 75u 2 7 B SISk

ok >

M

oml

=832 A26H A5Z (2019)

3HH quercetin(90.9 — 84.83 pg/g)Z} formonoetin(20.11 —
10.51 pg/g)< <7t Zaste= AL 2 YRR 2™ phenolic
acid®} flavan-3-ols & -2 747} 303.31 pg/g 2 372.58
ng/g o2 N2 Al Tk A2 YERSTH(Table 5).

Phenolic acidsi= phenyl”] ¢l hydroxyl”] & o1&] 7| 2=
ekt B 2 Thekeh 4] - ok Aol del L2 E o
= E24 2 HaHd 9\)\1—,}(35) ggyﬂ Iz = 584
2z SIeEEo] Azt AlzEe] o 2H 2 Aol
Yxo] 84 Eelvs §EUAY, A s
SHaEEo] 5‘5‘HQ°1 AEA}E HEAt FHE Bl 8=
golgt frE] FHR ASH Zoem FHHUAG
(29,36-38).

iy

)

O, tob & %O

Table 5. Comparison of phenolic acid and flavonol contents in
Sibjeondaebohwan with balloon flower

Contents” (g Sibjeondaebohwan
G-SDH? HTA-SDH”
Phenolic acids
Gallic acid 53.5412,68° 29.55+1.48°
Protocatechuic acid 66.22+3.31° 98.9244.95°
Chlorgenic acid 23.091.15° 108.08+5.40°
p-Hydrobenzoic acid 13820.07° ND?
Vanillic acid ND ND
p-Coumaric acid ND 2.3340.12°
Ferulic acid 49.8812.49" 19.41£097°
Vertaric acid 58.782.94° 17.58+0.88"
t-Cinnamic acid 19.140.96" 27.44£1 37
Total 272.0313.60° 3033115.17°
Flavonols
Epigallocatechin 10.182051° 18.82£0.94"
Catechin 63.2713.16° 75.77+3.79°
Epicatechin 60.66+3.03" 66.96+3.35"
Epigallocatechin gallate 22.9241.15° 39.0£1.95
Vanilin ND ND
Rutin 32610.16" 2446+1.22°
Catechin gallate 39.41£197° 48.03+2.40"
Quercetin 90.9+4.55 84.8314.24°
Naringin ND 1.21+0.06"
Naringenin ND 2.99+0.15"
Formonoetin 20.11£1.01° 10512053
Total 310.71£15.54° 372.58+18.63"

DAIl values are presented as the meantSD of triplicate determination. All values
within a column with different superscript letters are significantly from each other
at p<0.05 by Duncan’s multiple range test.

G-SDH: General Stbjeondacbolwan.

JHTA-SDH: High temperature aging Sibyeondacbohwan.

ND: not detected.
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MA@ Eetel 2o ~HEY

G-SDH ¥ HTA-SDHS| DPPH, ABTS, % hydroxyl 2}t]
Zr 2AEA S v w3k A3 Table 69 YERNSITE DPPH
gz 2AGHS AANES 2559 571 1 mgmL
A wj 68.14%(G-SDH) % 85.65%(HTA-SDH)= 7} =7
YERETE 0.5-0.25 mg/mL s=olA4 & G-SDH7} 31.25 2
12.34%Z VFER Q1 32 HTA-SDHO A & 46.12 2 20.44% =
G-SDHY.t} & 1 973} DPPH |z &4 84S Yeh)
ATk ABTS #tHZ 2AGA A A w27 25
Z7Vete 43S eI 025 mg/mL *2] A] G-SDH
£ 2434%Z2 UERN Q3 HTA-SDHE 33.86% 2 YERS
t}. 0.5 mg/mL 2] Aol 43.97%(G-SDH)$} 68.38%
(HTA-SDH)Z YERAA I 1.0 mg/mL 2] AlellE 70.86%
(G-SDH) ¥ 89.93%(HTA-SDH)Z ABTS #tt|Zt &7 &4
o] & t] F7FstATh Hydroxyl 2tz 242742 ABTS
% DPPHE U= gzt 2784 o] WA S4 =3k 1.0
mg/mL %4 G-SDHE 48.04%2] A~A A4S Ko
HTA-SDHE 63.69% % UERY A THTable 6).

It o2 g 2AGHL ZejvE EEY
Fal 2 ABBA} JE AR HuEolUth3e). upebA
ATl gz A 7 A 1254 A
o WE e ZeluE SEEY] 5 St 719
o2 FZHAL oY e A= Woo 5(18)9] =
FEENA IC50 o= gz 2AGEE S A7
057 — 032 gL=Z SolA & A= AR 43S et
Wloem Yang 520)2] QoA = I1C50 gho = Yehd &
Al 17.68 — 022 mg/g= GA T A ge)zd AL o] FA
S7Hte Basiith mebsd & AFoa s A e
gxg Al frElde] Felue siteEel Bol &5
ol&2 <& kst FHIF FtE Ao w FH U

AN E g AstE A K&y

G-SDH % HTA-SDH9| a-glucosidase, a-amylase 2
pancreatic lipase A3l 8432 573t Z3}+= Table 691 }E}
WAt o-Glucosidase A3 &4 2o 28 F=7t
1 mgmLY w G-SDHE 22.05%2] & 24S yehd

o} Ed 2250 A Fxd BlEste] 5 oEF<
AZE YeERATHTable 6). a-Amylase A3 &4 a
-glucosidase .th= /g o] of7h 2 73S VYERlTth
025 mg/mL F=°]4= G-SDHY| 2% 0.12% = A1 24
< Yeh)A] ¥9kom HTA-SDH 9A 4.28%2 JERAS]

LTIt SVESE A 9A 254 SUteE A
-2 YERI AL | mgmL =4 G-SDHY} 1525%S
YUEhH 23 HTA-SDHE 34.21%9] a-amylase A3 24 S
YUER QI tH(Table 6). Pancreatic lipase #4324 A a
-glucosidase 2! a-amylase®} &2 A= FE7} E55
Adlgdo] Tk 43S UERITE 025 mgmL 5=
| A& 77} 3.36%(G-SDH) 2 9.64%(HTA-SDH)= A &)l &
dol A e 3k} 0.5 mg/mL FxollA = 2zt
Z7}éked 10.57%(G-SDH) ¢} 28.96%(HTA-SDH)S YER]
RAer 1 mgmL FEANAME UE F7ist] 48.14%
(G-SDH) ' 64.89%(HTA-SDH)Z Uehlo] 11244 A
Al 2gtga A gl AA Frlehe Ao g YERgTth
(Table 6).

a-Glucosidase A&} AL Ao E=Fo] S
A g AEAIA A S FA G
39). 53] s tE4 2E20 4] 49 Kim
@0)2] Aol mEw I FEFH A BeEitE T
A3} ) Z7(477.40 mg/dL)yel H 0

Table 6. Comparison of antioxidant activity and digestive enzyme inhibition activity in Sibjeondaebohiwan with balloon flower

G-SDH? HTA-SDH”
Treatment of concentrations (mg/mL)
10 05 025 10 0.5 025
Antioxidant activity
DPPH 68.6413.43" 31.25£1.56" 12.34+0.62" 85.65+4.28" 46.12+2.31° 20.44+1.02°
ABTS 70.86+3.54° 43.97+2.2(° 2434+1.22° 89.93+4.50° 68.38342° 33.86+1.69°
Hydroxyl 48.0422.40° 2135£1.07° 8.99+0.45" 63.6943.18" 33.45£1.67° 14.68£0.73°
Digestive enzyme inhibition activity
a-Glucosidase 22.051.10° 10.57+0.53 33620.17° 61.06+3.05° 28.96+1.45° 9.64+0.48°
a-Amylase 15.2540.76" 8.89+0.44° 0.1220.01° 3421£171° 17.23:0.86" 4280214
Pancreatic Lipase 48.1412.41° 10.57+0.53 3364017 64.89+3.24° 28.96+1.45° 9.64+0.48°

DAIl values are presented as the meantSD of triplicate determination. All values within a column with different superscript letters are significantly from each other at p<0.05

by Duncan’s multiple range test.
G-SDH: General Sibyeondachohwan.
IHTA-SDH: High temperature aging Stbjeondacbohman.
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mg/dLE Fo)H o 7148S Bas}
Fido] 2FY F8 A 7

o & AF+AY A in viro gl s 9 glnk
50| Jorng &= invivo AF7F 28T Aow
Ate T B3 BE ZelEE setES aete AE F
SEL A Rl E oAlstn A F4& Azl
thaL sl delA loj@2) = 7] 1y T AAdE
phenolic acids 2 flavonols $}3HE 3ol 7|Qlste] s

gt o] e Aler FHEHAT

AW E o] RAW264.7 CHAMZ oA HY 824
RAW264.7 A A AN B FEE 93 4tslzd
ZAx(nitric oxide, NO) A/d-2 <13t 23} Fig. 2 ¥ Fig. 3%
2okt FA el el A s NO7F A H A ekgtoL) LPSS
A gzl e 70 iME =] NO7F A= AL
G-SDH= FA 2w B3t 7 A3 32570 A
X SHHTA-GDH)ol| A& No A4 #o] <zt Z716k3 th(Fig.
2). RAW264.7 2] | EF0)| A AADN RS FE550| that
iNOS, COX-2, TNF-a Tl d WS- =743t A3} LPS # 2]
o H)g) 4] A ESHG-SDH 2 HTA-SDH) FZ&E&
iNOS, COX-2 ¥ TNF-a @& 2d S fdsls 24E5
el 2l e, 53] HTA-SDH F%&2°] 5 mg/mL *2] A
AA e T e F7hb BEE AT A AR
e A ] Al BRI B S fmdte] WV S
ZHse 2%°] dE Aoz A=A thFg 3).
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Fig. 2. Inhibitory effect of NO production on RAW264.7
macrophage cells. LPS, lipopolysaccharide (0.1 and 0.5 mg/mL;
G-SDH, general Sibjeondaebohwan (1 mg/ml); and HTA-SDH,
high temperature aging Sibjeondacbohwan (1 mg/mL).

All values are means of determination in three independent experiments.

All values within a column with different superscript letters are significantly different
from each other at p<0.05 by Duncan’s multiple range test.
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Fig. 3. Determination of iNOS, COX-2, and TNF-a protein
expression levels in RAW264.7 macrophage cells.

LPS, lipopolysaccharide (0.1ng/mL); G-SDH, general Sibjeondaebohwan (0.5, 1, and
5 mg/mL); and HTA-SDH, high temperature aging Sibjeondaebohwan (05, 1, and 5 mgfmL)
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2 o
B dgelM e 22 HIEE 107 s 3
AAURIS AES5 T, Lk 4 A EHG-SDEF L

=573 AHH EEHTA-SDH)] JFIZGH D F2, A
WAL 2 frE]obu|gh), Ae]e4d & (phenolic acid 2
flavonols), 2}tz 42423 (DPPH, ABTS ¥ hydroxyl), 4~
st a 4 A3 &4 (a-glucosidase, a-amylase % lipase) ¥ ™
712 vl - A ST 23, 22, 2ud,
T, F AL B2 F frefobr] At S G-SDH7L
HTA-SDHE T} =9t} 8 A|WHke] 7-9- G-SDHE oleic
acid, HTA-SDH+ linoleic acid’} 1%ttt G-SDHe| F2
o] .= 2kE aspartic acid®} glutamic acid, HTA-SDH+
aspartic acid”} 2121th. HTA-SDH7} G-SDHET} % Z2]7]
=, & Zgtieols, ZWEZ, % phenolic acids ¥
flavonols ¥F&fo] =3t} 53], phenolic acidst 272.03 ng/g
o] 4] 30331 pglg flavonols< 31071 1gfeell A 372.58 ngfg s
Z7Fe+Ath. 1.0 mg/mL *12] A], DPPH, ABTSQ} hydroxyl
gz 2AEA 2 a-glucosidase, a-amylase 2 plancreatic
lipase #13l &4 217} 85.65%, 89.93%, 63.69%, 61.06%,
34.21%, 64.89% = HTA-SDH”} G-SDHE.T} =it} ald

ne5dd o) AlxzE AANEEHHTA-SDH) = HH 7|
T8 TASkE Feol dE Aor AdHTh
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