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Abstract

This study aimed to evaluate the efficacy of the antioxidative and antidiabetic activities of the flowers, leaves, and roots
of the Jerusalem artichoke (Helianthus tuberosus L.). The total polyphenol and flavonoid contents of the leaves were higher
than those of the flowers and roots. However, the DPPH radical-scavenging and hydroxyl radical-scavenging activities of
the flowers were higher than those of the leaves and roots. The nitrite-scavenging ability under acidic conditions was high

in Jerusalem artichoke flower extracts. The a-glucosidase inhibitory activity and a-amylase inhibitory activity of a methanol
extract of Jerusalem artichoke roots were about 60% (5 mg/mL concentration). Based on these experiments, it can be
concluded that the flowers leaves, and roots of the Jerusalem artichoke can be used as natural preservatives. Therefore, they
can be developed as functional foods, to take advantage of their antioxidant activity and abundant polyphenols. This study
suggests that the whole Jerusalem artichoke, including roots, leaves, and flowers, is useful as a functional, nutritious food

product.
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o qlstel 745 WRHWHAT WEEel ST 5
3] Q1A el chAtb ol AAE Ak ofat Abahy
sEdAE og 7h) AW =08 U Ao o
@A gicklang 5 2011). olj3t AW FLAAE FBa
210l A BYAES ARHOR AAT ¢ ol W 59
Shtt HA FASHAY A FoIHLee 5 2004). AAZ) 1
¥ Ak 3 Beldlsy olE ﬂ*@lﬂﬂ Agke] oy 9
ARAZA BHE BI glov, BAES BT LR
9] 754 A2 AEE 4 Gl APALA W] 72

& yha gick

R R Helianthus tuberosus L)'= ThAA A1 &2 23t}
sfoleb|so] &5, A FwAekn Bolo], QA =
opeE Setete] 7% 2ol wol A 2ol &
Astti(Jeon S 2013). YA AAS] 8 AEL fructose EAF
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a3} 50| ByEtHCarabin & Flamm 1999; Kim 5 2010).
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A AthYuan 5 2012).

HAAAS FEE 78S
Fob FA =, olu HF == A {7,}01]*1% ol A
A e ALY, 22 FAA Y2
=2 oA AAY S8 = T

Lol HES ARz ARSAY 2EE 0|85, 5
AR 22 A2 F&5k= T A7 SHE oy
(Kim 5 2013), 722 H7| 22 AL Qlof HAd &
& SHAAE 998 ZS 5 Ao (Hwang 5 2010)

BA7IA] HAGA | Bt A2 HZol 2 FAI7E &
Ao o}, T So AR Ao 7HHNE BRI ET
(Kim 5 2010), HAAA o 28=9 F-&4H23 d4tst &
A So] RIET QIA|¥H(Yuan S 2012) o}F] u]u]gt A o]
o, o] &3t ARES] HleiA= 2 &l gt wst
A ZAY AAZF 3] aFH Uk

olof] & dAFollMe HAAAS E, 9, e o] g2 &
ABHAI713L, 71578 AFEARY 7HsdS EotE ] fistod
HR|7R}e] 2 9, o] i3] LS BAS BA sl H
AR A 7154 AEaA e A% 7I=ARE
Ag-3taA}p ok

M2

1. A&z

E Ao ARt SR DA Z(ESHSE: 018-035), A(HE
Ok T 018-036), Ha)(BYHI: 018-037)= 2014 3H=4)
%—%%%63011*1 ool Ay *F&‘}“‘E} ANa FE52
eSS Y 204 ARAIZ] ¥ sonicatorg ©]-§-5}¢
FZ£35131, 9Is|A] =359 DMSO(Dimethyl Sulfoxide) &
o] oA ARE-SHGIT

H AF o] A3t Folin Ciocalteu reagent, gallic acid, catechin
ascorbic acid, DPPH(1,1-diphenyl-2-picrylhydrazyl), hydrogen
peroxide peroxidase, 2-deoxyribose, TCA(trichloroacetic acid)

52 Sigma-Aldrich Co.(St. Louis, MO, USA) Al&=& ARSI
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S Folin-Dennis HF#(1912)2 #%a}o]
=3 3]—2'11‘4- A& 0.5 mLoj %4 6.5 mL ¥ Folin-Ciocalteu's
phenol reagent 0.5 mLE F7}5t2, 387t AL2oA X3t &
Na;CO; 23 1 mLe} gol24= 1.5 mLE H7Ieh o3, A
L0 A 1A17F HHX] gt & 720 nmoj|A] spectrophotometer (Bio-Tek
Instruments Inc. Winooski VT, USA)E =73} t}. Phenolic
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compound®] T gallic acidE AME-3te] 2HAAE BE41
oz R Akt

=

& SoHEol= A2 Wong 5(2006)2] W ol E35ho
AslAth Al 1 mLo] 90% diethylenglycol 10 mL$} 1
NaOH | mLZ 7}5te] 37°C water batho] A 1417 S9F Ht
AlZL 420 nmof| A FFE=F S48 Cateching E&
Az st xF JFAHeE Y FEEY T STHEE|
S AAbstlct

4. DPPHO|| Q|st MXIZ20i=s

DPPHO]| 2]3t ZA}3-9]5(electron donating ability, EDA)-2
Blois MS(1958)9} & vl o g7 =A 319t DPPHo| 2%t

A7ket & ALolH 08-S

243kt

WAk} 520 nmof| A S FE=E

5. Hydroxyl radical(OH - ) &HS

Hydroxyl radical 22752 th&3 -2 o2 ZH513
THHalliwell B 2009). 10 nM FeSO, - EDTA 200 pL, 10 mM
2-deoxyribose 200 pL, 0.1 M Q1AFFZN 1.39 mLof| A]& 10
uLE ¥3ar 200 uLe] 10 mM H,0, §H o2 gtz A4S
Sx35ta] 37Co|A 4A17F HHL31F Tk 2.8% trichloracetic
acid(TCA)Z W3- A R|A]7] 3L, 0.8% thiobarbituric acid (TBA)
golg Alelo] 1087 Bl AT 7, Wgolg Wzkstol

532 oM FFE=E S

6. OFEAIE AEE

Kato 5(1987)¢] ¥l o] wa} | mM NaNO, £ 1 mLoj|
A 1 mLE 7}8t, 0.1 N HClZ} 0.2 M citrate buffer(pH 2.5)
£ 7tste] & ROE 10 mLE 254t ohaofl 37 C oA
IAZE HREAIZT & 1 mLE F ke 2% AR 3 mLe} 30%
ZArEH O Z 23|35t Griess reagent 0.4 mLE £XF o2 7}
bAoA 1587 WAEE F 520 moj A SFEE 53

At

ey

7. a-Glucosidase Aaff M =X

a-Glucosidase A3} S-S o3 22 Wi o wat 54
3} tHTibbot & Skadsen 1996). a-Glucosidase(0.35 U/mL)<} p
-nitrophenyl-a-D-glucopyranoside(1.5 mM, PNPG)+= 0.1 M sodium
phosphate buffer(pH 7.0)0]] -&35}o] ARR5}H oH, ZHzte] &=
25 50 pLE 0.35 unit/mL a-glucosidase & 4~%4 100 L} &
$shed 37T oA 1087F A wjoFst & 1.5 mM PNPG 50 uLE
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7¥sted 37°C oA 2087F ¥HEAIF T 1 M NayCO; 1 mLE 7h
alo] Wh2-2 A X|7] Z ELISA(UV-1650PC, Shimadzu, Kyoto,
Japan)E AFg-Sto] 405 nmo| N FFEE FAsHaL, As)E
(%) & AAEtHon, FPYYRFL O R acarbose(Sigma-Aldrich
Co)E AH&sIiT

8. a-Amylase Aaff &AM

a-Amylase A3 BAS T 2o HHS Wslo] 27
3HATKStipe & Corte 1969). A| 23225 125 uLoj] 12 unit/mL
pancreatin 7] 2] a-amylase &40 62.5 1L, 200 mM potassium
phosphate buffer(pH 6.8) 62.5 uLe} &3talo] 37 Cof|A 1087t
AufFet = 1% starchE 125 pL 7}ste] 37°ColA 5EZF ¥h&-
AlF ) 93N 48 mM 3,5-dinitrosalicylic acid(DNS, 30%
sodium potassium tartrate in 0.5 M NaOH) 2FA A|oF 125 nL&
3 100CoAA 1587 Fo] TS A7 F FE23] FZHA|
711z, o] vh-gHof 3ujFe] FR{4E 7Het 5 ELISA Reader
(UV-1650PC, Shimadzu, Kyoto, Japan)E AR5} 540 nmoj|

A EYEE 25, AES AN

9. SHNZ
Ao|lA Lol Ao FAIF {2442 SPSS(Statistical
Package for Social Sciences, version 12.0, SPSS Inc., Chicago,
IL, USAYE o|&sto] B2 Ui, 2 5&=9
B2 TAZA F94d& P<0.05 Fol| 4] Duncan's multiple
range testol] &J3f| A 3HETH
23} ol jEk

1. SRIZRE Soly S MR
HAAAE 2, 9, Pel2 piro] B4 E Bejus o
ZgtE -0|= 3F2 Table 13} Zt}. Phenolic hydroxyl7]| &
2t= #l=/4 = (phenolic compounds)2 A&7l E 2]
2= o] Q&= 2% A HE(secondary metabolites) 2 4] THF

A

Table 1. Total phenolic and flavonoid contents of the me-
thanol extracts from Jerusalem artichoke (Helianthus tuberosus 1..)

Total phenolic content  Total flavonoid content

Used part (mg GAEY/extract g) (mg CE/extract g)
Flower 32.80+0.80°"? 15.64+0.15
Leaf 43.46+0.84° 18.67+0.10°
Root 24.53+0.51* 11.65+£0.11*

Y Values represent mean=S.D. of triplicate determinations.
2 @ »<0.05 of Duncans multiple range test.
' GAE: gallic acid equivalents, ¥ CE: catechin equivalents

=4 EFIYEIA

T2 EAFS 7 tHOsawa T 1994). Hl574d 3tES &
Ateks, i 2 okttt ARdds 7HE Bt ofye,
Shd(tannins) A H L EA} HE4 SHES 9 A 435t
71% tch(Ferreres 5 2009).

HAAA £ F EQvls Y Hele= dollA 4346
mg GAE/extract g, ZLo]|A] 32.80 mg GAE/extract g, B2]oj| A
24.53 mg GAE/extract g© 2 §-2]& 9] z}o]& Yet it 3
HEd 45 FE589 F Es &2 50.54 mg/g(Park
T 2015), AgEE 4931 mg/g(Han 5 2010), AZHE
24.2 mg/g(Cho 5 2008) &S HIlstqitt FuA F8AE
¢l 2t 54 mg/g, 7R 7.5 mg/g, AleHs 25.9 mg/ge)
E9E5S ot AoE ey thMiliauskas 5 2004).

AR HoE F St eolt ] Hels EolA
15.64 mg GAFE/extract g, 9ol 4] 18.67mg GAE/extract g, H22]
ol A 11.65 mg GAFE/extract g2 F-2]% Q] Z}o]& el
ok Lim 5(2008)°] Hi13t =3 4 #5589 T ST
L-o|= $HF 7.80 mg/g S 2 VERG O™, Heo & Wang(2008)0]
Hugt EF WEd e 9 @5 F55(6.55 mg/g)T Han
F(2010)0] Hugt AgRisE] Fg 79 95 FEE(1.19
mg/g)] FetH eo|E ko] U, & Ao AMEE H
AgA Hed F Sehico|E o] A YEbHth

2. SRR HIY SAts EMTOL

AR o 52 A A THAbske] A Rk-gof Hofdts AHeHd
&4 free radicalo]] MRS Foste] 4SS A7 A=
7F ==, free radical- QA WA ZHg Azt AL 9] =35t

Yoy|BR AE FE2E FolA FASAR 288 5= 9
E4S g3 da o] 9irh. DPPH iz F&E9)
Abst Edo] gty 9hgste] A Bepdjo] galE o]
F=7t FaEE dEE ol 8sty HARA FE2EY A
952 S48 HKim 5 2001; Que 5 2006).
HAAA 2o d ek F&5(1 mgmL)e| DPPH gtjz
A BAL 2, o, waloA Z+z 77.78%, 66.07%, 26.93%

o | i

o

o
o

Table 2. DPPH and hydroxyl radical scavenging activity of
the methanol extracts from Jerusalem artichoke (Helianthus
tuberosus L.)

DPPH radical Hydroxyl radical

Used part scavenging activity (%) scavenging activity (%)
Flower 77.78+0.05°"? 55.33+0.10°
Leaf 66.07+0.19° 38.30+0.36
Root 26.93+0.49" 34.89+0.56"

D Values represent meantS.D. of triplicate determinations.
D ¢ p<0.05 of Duncans multiple range test.
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o2 ApolE YU Park 5(2015)9] AoflA]
s £ o 9 B 5355 | mgmle] FEoA 7t
Z} 91.04%, 88.22%, 38.58% % & F4= F&Eo] 71F =4 U}
et X33 e 2E2EY 2 AT s tE
FoE s We, Kim 5(2004)0] 2agt #ie)& ofg-2t
£ E29(5.4%), Z2(13.3%), FH(15.8%), Z(16.8%) %
o 9% Ao g2 Ueyith

Hydroxyl radical-2> DNAS] SHAt} Aglsto 24 £AMS A
oA oMY, EaHol Y NEZEAAS FESHA =, AE
Abst B oA whE AHAA 24 ZHE51HA = =H, hydroxyl
radical 2A 82 A A4S} 1A o) XS A g H ez v
AL, 3K AadS AATOERN AMERS-Z A sfst
7] wjRolatar B xlo] ¢t Hochestein & Atallah 1988; Bloknina
S 2003). HHAFA} FLE HghE F=2-5(1 mgmL)2] hydroxyl
radical AL &, ¢, Ma)o|| 4] Z+zt 55.33%, 38.30%, 34.89%
2§93 AolE YEt o

obAAME-E FAbEolU AlSA | H7tete =4 A
AA| e} A, AR A 2 de] o] &E AT, 1 A7 54
< Yetfo] Z=F A3 Al @A F2) hemoglobino] AF3}e]of
methemoglobing F/sto] 2+ S5& o7l A2 &
A lom, ofvl 7o} opbdAibg o] WHg-5HH HelE2 ¢l nitro-
samine A/AJSIEE ofFAME £AFE FUEHES A
o2 & 4 Qe ARE F-EHHLeaf 5 1987, Park 5 1995).

HAHAF Fopd fgE FE2E(0 mgml)9] obEANY &
A5E 243 Aot Table 33 2tk A %< ascorbic
acid(76.0%, 1 mg/mL)]| H]s}e] A¥EA o 2 o sj&d-&
Uetglov, AR wgE 2559 =7 S7HEel
wet I S A | R FTeke AR & o HA
AR I 27 EEE7t w2 A= A rh Song 5(2000)
< 7k, i, 88, 93 4 LARFAE o|&sto] pH 25
9] Hh--8H A 50% o]/Fe] ofdArE AAFTE HElom,
pH 4.29] ¥R-3-gMoA 5 mLo] @#:MR]|FA H7} Alofl= 86.1%

oo

Table 3. Nitrite scavenging activity of the methanol
extracts from Jerusalem artichoke (Helianthus tuberosus L.)

Nitrite scavenging activity (%)

Used part
1 mg/mL 5 mg/mL 10 mg/mL
Flower 35.0+£0.60"M2  48.3+0.95° 59.7+0.96°
Leaf 20.0£0.28° 29.3+0.80° 36.8+1.15°
Root 19.7+0.20° 24.3+0.95° 35.7+0.26°
Ascorbic acid 76.0+0.63%

D Values represent meantS.D. of triplicate determinations.
2 #¢ »<0.05 of Duncans multiple range test.
% The concentrations of ascorbic acid was measured at 1 mg/mL.
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9] obAAY &AF S UBH =T, ol A& EAsh=
ascorbic acid, ¥ =3}3tE2] Ago|zt B stk
weba) SRR} 2 510) Abeh BT A el
Zol ¢4 FoE S AlolA T EH= ST S B
ROz AAT & Y ACE ARED, HAAA 7 29
d FE2ES AFASHAW, 7154 AES dske b AR
ohe s m3E g 4 UG Ao Az

3. EHXIZRIe| Feld &en &M I}

T ALY B9, G438 Aedte Uttt @9 9 ¥
F3o| Ao met WAYsk= E/d A N(reactive oxygen species;
ROS)EE QI3 B o] BFAIRA 4177, 41743, 12
I S 53 22 Ayo] wAYEA "riGordon & Derek
2005). webA] A& G o] AEE 9184 a-glucosidase
@ aamylase AT FALE AAT 5 Y Pt
B 2= 247 2esie

a-Glucosidase= A% Auk U] njAl-gE22o 9= aaZ A
R grilES dERE 2tk ©edtEe 45k}
F52Hge) Tojste aaolth AES WA SEage=
237} © & a-glucosidaseo]] ¢18] ZEo 2 BajjE=1|, a-
glucosidase A A= 2% Ao A a-glucosidaseo] &4
AE AfFe =N Zeagdo] xEFo g ZijEo] g4
£ RS Welslo] EETY F48 AUNA AF AE £
A S Gordon & Derek 2005; Kim %5 2011).

Table 4= H 708} 299 weg 2ZE(S mgml) o
glucosidase A4S &, 9, B oA 22 41.08%, 55.67%,
60.76%= §-2]A 1 ztolE et

a-Amylase= E53HE9] a-D-1,4-glucan A E3f5t=
BARA AFY ©®p3lES c-amylaseo] &3 FE7] 4
< FH 9 Foz B o] 2o]7] fgol, A, mAE, F
E 59 ©3kE tiatel B4 m4olthLee T 2008).
a-Amylase A3jA|= 27 oA HELY 235 Afiste] 2=

Table 4. a-Glucosidase and a-amylase inhibition activity
of the Jerusalem artichoke (Helianthus tuberosus L.)

a-Glucosidase inhibition  a-Amylase inhibition

Used part activity (%) activity (%)
Flower 41.08+0.5"? 49.95+0.65"
Leaf 55.67+0.32° 59.88+0.23"
Root 60.76:0.09° 66.25+0.32°
Acarbose 95.12+0.12%

D Values represent mean=S.D. of triplicate determinations.

2 @ »<0.05 of Duncans multiple range test.

% a-Glucosidase and a-amylase inhibition activity of each Jerusalem
artichoke extracts and acarbose was measured at 5 mg/mL.
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£ AAAHLZN Be 2E Ee s 4
= &3de] AEHOh 5 2008).

HAAA FE e F25(5 mg/ml)2| a-amylase A
AL &, o, BaofA 2z}t 49.95%, 59.88%, 66.25%= -
929l Aol UrEh Yl th(Table 4).

& AP Aol it B4F7He PR S8 7]
Aste AL Holuh, g B2 HAHAY 79 &
22l Asidgol e, o] Fiol Higt 71 A9
5ol B3kl Azo] Hu, 5 A= 9ofE N %
AU A A7 SHELR FAYE FEY 5 e
AL 7|gdn

ol
i
R

Of

o OF
a1 /|

B Ao SR 2, 4 Bevh A 714 AE
AN HEEE o3 thyet HlBHS B7HsHe
o AR E, 9, 2] EYHE S 32.80 mg GAE/
extract g, 43.46 mg GAE/extract g, 24.53 mg GAFE/extract g©. =
UeElgron, ZetR -o|E ke 717} 15.64, 18.67, 11.65 mg
GAFE/extract g© 2 LEFgTE SA4A} 3, o, 129 migkZ
FZE5° DPPH )z 2AF AL 42 77.78%, 66.07%,
26.93%=% YUERG O™, hydroxyl radical 275 4L Zkzt
55.33%, 38.30%, 34.89%=2 UEFGTE SRR &2, ¢, ¥
HehE FEE9 obdAld 2AsS ST A4, HAFA
2289 Su7} Z7hah) vt} 7 94 94 Zrlete A
o2 Uept A7 29 dE 22ES myml))
a-glucosidase A2 £, &, Balo|A 2z} 41.08%, 55.67%,
60.76%= +2| Al 2tolE YEREOH, a-amylase A S{E/d
2 & ¢, WA Z+Z}F 49.95%, 59.88%, 66.25%= F-2]& 21
S SEREEIN S0
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