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Physicochemical Properties and Antioxidant Activities
of Steam-Dried Allium hookeri Root

Hyun-11 Junl, Ha-Na Jangl, Jae—-Heon Yangz, Geun-Seoup Songl, and Young-Soo Kim'

! Department of Food Science and Technology and “Center for Healthcare Technology
Development, Chonbuk National University

ABSTRACT This study was carried out to investigate the effect of steam-drying method on physicochemical properties
and antioxidant activities of Alliun hookeri root (AHR). Moisture, crude protein, crude fat, and crude ash contents
of raw and steam-dried AHRs were 10.91 ~14.15%, 11.14~13.49%, 0.83~3.02%, and 7.55~8.98%, respectively.
Sulfur contents of steam-dried AHRs were 2.0 and 2.2 times lower than that of raw AHR (0.51%), respectively.
pH and total sugar contents of AHRs were reduced by steam-drying, whereas titrate acidity and browning intensity
were increased. The L and b values of AHRs in Hunter's value were also reduced, but a value was increased by
steam-drying. Among hot water extracts from raw and steam-dried AHRs, four times steam-drying showed the lowest
ECso values (0.44, 9.01, and 0.48 mg/mL, respectively) in DPPH radical assay, ABTS radical assay, and reducing
power, whereas four times steam-drying had the highest total phenolic content (34.47 pg/mg) and browning intensity
(2.05 and 0.20 at 280 and 420 nm, respectively). The antioxidant activities of hot water extracts from raw and steam-dried
AHRs were closely correlated with their total phenolic contents and browning intensity, showing coefficient of determi-
nation (R®) values higher than 0.87. From the results, we suggest that steam-drying method could be used as an
effective process for increasing the antioxidant activity of AHR.

Key words: steam-drying, Allium hookeri root, hot water extracts, physicochemical properties, antioxidant activities
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2, ANEA, wE, ATGA, A= Fe) Ang
FEAES AL ZA BuE, B, B Sl
SUE G5 2 s glow delA Arke-11), 19
A bl diE s @A AR Aol

o ge Fx Ael AXT fAHE Felsh e 2a
S AbA Mele] A GAE B 2] 9B
9 PR FE A8 Hrd oz wudd
web B Aol AbAle] AENBAL 24 25 o
Fust By F7 Pel AEARE A7) fskel Aol
ZE 958 Y A@ F ol5e o|ahshy 543} Pl
R ER L

Mz 2 gy

W ERIDNEY

BoAqro) ARg-3F AN (Allium hookerde A5 =3A Y
o4 2014l AulE Ao F7)oh HeE Ay o
ik dFAE(70°C, 12413h)8ko] ARg-8F3I T Pyrogallol,
gallic acid, DPPH(2,2-diphenyl-1-picrylhydrazyl), ABTS
(2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic
acid), BHT(butylated hydroxytoluene), ascorbic acid &
< Sigma-Aldrich Co.(St. Louis, MO, USA)9 A F+43}%]
om 7 Hre] AJeFE& analytical gradeE T-)3ke] AR-3}

ATt

BXE Xz| ¥ g FEE M

Az A A Ee 300 g& A9 F371HD-300,
Hyundaetotal Co. Ltd., Gimpo, Korea)oll ¥ i1 Z3}H100
°C, 4A1ZDH B, EFAZF(60°C, 8A17h 3t BgE& 23
WS 252 9 43] WHESE 454X 2 A Y3tk T
A7 dud A els g S50 xE80°C, 24413D)
sto] QhAlF o= SHQith A AbA Bk T A Y
A& (single type stainless roller, Shinpoong Eng. Ltd.,
Gwangju, Korea)dt o %+43](250 pm, Daihan Sci-
entific Co. Ltd., Seoul, Korea)® A& s} -20°Col| A H.
BepRA] B R AEst,

A4 FHE Azt A B2 100 gol FHS 1,000
mLE #7}sle] 7FA(95°C, 441703 Fof] A EE](5,000
rpm, 10 min) ¥ ¢ #H(Whatman No. 4, GE Healthcare
Bio-Sciences AB, Uppsala, Sweden)sl= A& 33 Wk
Eato] At oA ozl NS RofA FAAx 3

-20°Coll BytsliA A FE=0] THAER AFSS

¥2 o

ay

ne
3 oo TE
& e oz 0x
fo i ox HI

PN 2

Micro-Kjeldahl 0.2 =A3lg o AR

Frrs &4 413

2 Elemental analyzer(Flash 2000, Therm Fisher, Milan,

laly)® AHgate] Ak, B, i ¥ B S45

M

a4 53
10 goll &F4 100 mLE 718k #23A17]
A A2 (5,000 rpm, 10) % o] ¥ (Whatman No.

4, GE Healthcare Bio-Sciences AB)3}o] 91& &o0S o]
&3to] pH, AAME, 2Ax 9 T8 SAH3.

pH+ pH meter(SevenMulti, Mettler Toledo GmBH,
Giessen, Germany)g AH&-3te] S48l on, AGAEE
%475 30 mLell 0.1 N NaOHE #7}ste] pH 8.3 =&st
72 ARE Fo = AkEstglth

T3 AWM EE DuBois 5(13)9] WS Blgste] 574
Atk $92 A& 1 mLel 5% phenol 1 mLe} 95%
HoSO4 5 mLE A4 0.2 F7hate] A-ellA 2083 %A
3 3 B33 A(UV-1650PC, Shimadzu Co., Kyoto,
Japan)& AFE3te] 490 nmell A F3EE S35 BF
A2 glucosed AFESHSIH. 2=+ 280 nme} 420
mmol A EFEE AR L NRTFEE SFHFE AFRS
St

A== A 3EA(SP-80, Tokyo Denshoku, Tokyo, Japan)
£ ARgste] EEslet ARl L(M %), a(HAE), b(FH %)
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DPPH radical assayt Kano 5(14)2] %S &3}
ZAsAt 44 FEFE 1.5 mLel 100 uM DPPH ¢
1.5 mLE 37Fste] bAoA 3023t whgAI1Zl Fol 515
nmel A FFEE SHE o dFT 2= ascorbic acid
Z AH8-8lth DPPH radical®] §3 %5 50% #HaAl7]E=
g "3k AJ5 9] F%(the half maximal effective con-
centration, ECso, ng/mL)+ th2] Aol 2]3te] dojzl 2
ol A AbEste] WERl AT
DPPH radical scavenging activity (%)=
Absorbanceontrol — Absorbancesample
Absorbancecontrol
ABTS radical assay: Re 5(15)9] WHE o] &35l =
At 44 55 30 ploll ABTS radical €9 3 mLE
H7hsko] bAoA 683 WAL Feoll 734 nmell A 53
TE Ao g2 2E BHTE A& th ABTS
radical®] S3%=E 50% #AaA71E v a3 AR 5%
(ECs0, ng/mL)= th-9] Aol efsto] dojxl Aol 4=
aho] LhEUl QAT

ABTS radical cation scavenging activity (%)=

<100

Absorbanceontrol — Absorbancesample
Absorbance ontrol

SOD like activity® Li(16)9] W& o83t A3

t}h. 94 F25 300 Lol 1 mM EDTAZ 33 50 mM

<100
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tris=HCI buffer(pH 7.4, 37°C) 2,650 pL2} 1 mM HClel
2] 60 mM pyrogallol 50 pLZ H7}sbe] 5E-7F wk-SAI7
F-o 325 nmellA F3=E SAN oM HET 2= as-
corbic acid& AF&3}3it}. Pyrogallold &3 %% 50% 7+
2715 b D23 A 89 FE(ECs, pg/mL)E= the-o] 24
of oJate] dojxl Axte A AbE3e] WERY AT
SOD like activity (%)=
Absorbanceconiroi — Absorbancesampie
Absorbanceconirol
Reducing power: Ovyaizu(17)9] W¥S o]-&3 ).
94 FEE 1 mLol 0.2M phosphate buffer(pH 6.6) 2.5
mL} 1% K:Fe(CN)s 2.5 mLE #7}8ke] 50°Cell A 2083t
HES A, o] HE-g- Mol 10% trichloroacetic acid 2.5 mL
H7Feke] 9A41E2(3,500 rpm, 10%) 3 Fof A5 dS
skt o] 45 d 5 mLol /5 5 mLe 0.1% FeCls
mLE H71eke] 700 nmell A SFFEE SR o gz
T2 ascorbic acidE AHE-3F3 T Reducing powert Al
s H7bgef AT FF L] AolE YER o
Hhg-ole] F3k7t 0.57F B d ok A= 5X(ECs,
ug/mL)= fojzl Ao A AbE3ske] YERATE

<100

’_‘:Lmlm

ISO 14502 1(18)«] WS ol &3t &4 0}93\4. a5 —ir

=% 1 mLel 10% Fohn—cmcalteu's phenol reagent 5 mL
£ #H7lsko] 3EZF WESAIZL Tl 7.5% Na.COs 4 mLE
A7rerdt. o] Rbg-S gFaell A wkE(23°C, 1A17HA171
S0 765 nmel A FFEE S8 oH, FEE] F ¥
54 33HE S gallic acidE BFEARE dlo] 35

mgd pg gallic acid® YERHSITEH

5,

1

TES AL 7 A3 33 vk d3ste] 4 A9E
SAS A =23 (Ver. 9.1, SAS Institute, Cary, NC,
USA)E o] &35t H¥ -HA2 Yeplidlth. 72} A=
e oA X0.05 o)A one way ANOVARE EAF

%o Duncan's multiple range test® H]n35}% S
Z s gEY AWEd T2 ks AR gt
5l g4 o] ABAL Pearson AHAEA S o] &3 v 3]

53

H
o
r

El

X (simple regression analysis)< A A]5}o] H]

Z: II. 3| 1
II_IO|_' 7:' |_'I—I—O|_'

A(control) & F3 AHA] ¥ dbgE 2 Y4 E
A= Table 13 2ok A 2 2 44 2] 8, ¢
LR B R g S t&ah Z+z} 10.91~14.15%, 11.14
~13.49%, 0.83~3.02% % 7.55~8.98%9 oM, 53] =t
o] A 23 Wt 2H7 4.5~13.481¢F 1.4~1.58)
=7 et} o= Aba) ¥al o] uwia 3teko] x| vkl
Z3)Eno 7b7F 3.1~8.98)9F 1.3~2.74] ZdthE 7]Ee
Ry A7l §AFSE H3S BTH4,6). s H =3 3¢
7} 238]e| A 4312 FTVEhel wel A 235 ko)
7171 1.0%%F 0.6% S 7tskel S Sloel whe ]
£ e AT

A9 S A e AP v 37.23~38.34%,
2 5.81~6.58%, A2 1.36~1.54% 2 3 0.24~0. 51%
ol X Mg A el 3 e A A R
of Hlsf Z+z+ 2.0819} 2,10 FHASF o} T Sl wE
oA ztol= YEA] gt 53] 3 e 7|Eo B

sl A AbA) ele] & BeH0.7%el s A Uik
ol Al AHA) el Axol 2% Ae] ol H8HE b
Azl ko] 2t elo] F4E 3w o] 7w Ao
= ferErhs).

o|aletx EM

Al 9 =3 Abx)]

mele] 91g % olshely 54 Aupi
Fig. 1 % Table 29} 2t} 4 9 2 4b4) %29 pH, 44
A, E S 2 2803 420 nmel A e BWEE 7h7)
3.79~5.45, 0.07~0.12%, 2.49~3.59% % 0.19~0.94<}
0.01~0.12% Yepglon], 3 Aol oJs|Aq pHst 5%

Fere gasiglon 44ne Anst Srksen. o

rir
N
N

Table 1. Proximate and elemental composition of steam-dried Allium hookeri roots

Steam drying times

Components Control 2 4

Moisture 10.91£0.41°9? 14.15+0.76 13.43+0.61°

Proximate composition (%) Crude protein 11.1440.05" 11.80+0.09" 13.49+0.06"
P ° Crude fat 0.83+0.03° 2.00+0.08" 3.0240.32°

Crude ash 7.55+0.06° 8.35+0.04 8.98+0.36"

Nitrogen 1.54+0.11° 1.36£0.22° 1.45+0.28°

Elemental composition (%) Carbon 37.23£0.87° 38.34£1.79° 38.10+0.50°
P ° Hydrogen 5.8120.23" 6.58+0.58" 6.63%0.06"

Sulphur 0.51+0.07° 0.26+0.01° 0.24+0.04°

1)Values represent mean+SD (n=3).

?Means with different letters (a-c) in the same row are significantly different according to Duncan's multiple range test (P<0.05).
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Fig. 1. Pictures of steam-dried Allium
hookeri roots. A, control, B, steam
drying (2 times); C, steam drying (4
times).

Table 2. Physicochemical properties of steam-dried Allium hookeri roots

Steam drying times

Components Control 2 4
pH 5.45+0.01*"% 4.29+0.01° 3.79+0.03°
Titrate acidity (%) 0.07+0.00° 0.10+0.00° 0.12+0.01°
Total sugar (%) 3.59+0.00" 2.8240.00° 2.4940.02°
Brownine intensit 280 nm 0.190.00° 0.67£0.01° 0.940.00"
& y 420 nm 0.01=0.00° 0.08:0.00° 0.120.00
L 57.60+0.02° 26.60+0.16° 23.45+0.07°
Hunter's value a 2.39+0.03° 6.03+0.07* 5.71+0.05°
b 16.75+0.06 9.9840.07° 8.5240.02°

)Values represent mean+SD (n=3).
*Means with different letters (a-c) in the same row are significantly different according to Duncan's multiple range test (P<0.05).

o} & o|gstd B4 W= A Edd EAlske 92 fElok SO R o T AHETt FUteibgE A9E FEA
v ihko] A7 g Foll Hhgete] A E = fUA & ST ol &= T S5 W QAo A% Hlue A FE
WHEA o Z7F(Maillard®} Caramelization ¥+-$)E pH, & BHA] @2 Wito] 93] Fx 3 TAlo] E wj7hx] FE7F e
2 FEobr At ShFe TAHXRE 4G4} AT = HA5E LY b g2 gasigloy a gt SUrekicia B

[e)

~ m
S7Fst7] WZolth(19). 53] T3 Sl S7hgtel whet & Nam “5(20)9] 23kt frAbskAnt
pHSl 3& 717F 1.18] ZAastg oy A4 1.24)

Z7Fehe Ao 2 YEETE B e 2 (280 nme} 420 g+ FTES9| Fitst 2d
mm)= T3 3F7F S71g el wheh 242t 1.4n)9} 1.60) 57 A9l Fx A el e] ksl &S FAMSHY] $13ke
ato] S SN ojluet FA4 ool webAE ztol & Azt A5 FE2E FEL 47.9~59.1%% o9 FXE 23]
HER AT oA 7Hd =& 59. 1%5 e I THTable 3).

A= L gho] 23.45~57.60, a #ko] 2.39~6.03, b &kl A B FE A Y ¢ FE5=8 0.01~25 mg/mLe]
8.52~16.75% YEUo] =X A oA LI} b e FE &2 ZA3F] DPPH radical assay, ABTS radical as—
BASE oL a a2 SUFske] AAHQ] Aido] A = say, SOD like activity 2 reducing power®l] #3t 3213}

Table 3. Yields and ECsy values of hot water extract from steam-dried Allium hookeri roots

ECso" value (mg/mL) of hot water extract by steam drying times

Components —
Comparison? Control 2 4
Yield (%) — 58.5 59.1 47.9
DPPH radical assay 0.020.00“ 1.85+0.08° 0.53+0.08" 0.44+0.01°¢
Antioxidant activi ABTS radical assay 0.760.01° 20.49+0.87" 10.86+1.94° 9.01£0.21°
ty SOD like activity 0.01+0.00° 5.42+0.44" 0.190.00° 0.380.00"
Reducing power 0.02:0.00° 4.94+0.04" 2.38+0.02" 0.48+0.00°

YECsy value is expressed as the effective concentration at which antioxidant activity using DPPH radicals, ABTS radicals, and
pyrogallols were scavenged by 50%; absorbance was 0.5 for reducing power.
2 Comparlson is ascorbic acid for DPPH radical assay, SOD like activity, and reducing power; and butylated hydroxytoluene (BHT)
for ABTS radical assay.

Values represent mean+SD (n=3).

“Means with different letters (a-d) in the same row are significantly different according to Duncan's multiple range test (P<0.05).
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Table 4. Total phenolic contents and browning intensities of hot water extract from steam-dried Allium hookeri roots

} I Browning intensity Regression analysis” for ECss” value of each antioxidant activity
Steam drying - TPC DPPH radical  ABTS radical SOD lik
(times) (ng/mg) 280 nm 420 nm radica radica | ke Reducing power
assay assay activity
o) . . Y=0072X1t  Y=0.563Xt  Y=-0265X+  Y=-0.199X+
Control - 13.79£0.7377 048£0.00° 0.0120.00° 5 g5 "R20.98 28,197, R™-099 8.928, R’=0.95 7.798, R’~0.94
b b o Y=0932Xrt  Y=T285Xot  Y=-3455Xot  Y=-2.533Xy+
2 30300807 1.8120.017 0190010 91 "R2999  24.024, R*=0.99 7.012, R™=0.97 6.273, R*=0.92
. . . Y=T430X:t Y=57.689Xst  Y=27725Xst  Y=-19.629Xs+
4 SAATELIT - 2.05£0.057 0.2020.00° ) 956 "R2 95 21,135, R%=0.99  5.691, R’=0.99 5212, R’=0.87

TPC (total phenolic content) expresses as pg gallic acid equivalent per mg of hot water extract from Allium hookeri root prepared

by steam-dried treatment

IX,, X,, Xs, Y, and R* are TPC, browning intensity at 280 nm, browning intensity at 420 nm, each antioxidant activity, and

coefﬁ01ent of determination, respectively.

JECso value is expressed as the effective concentration at which antioxidant activity using DPPH radicals, ABTS radicals, and
pyrogallols were scavenged by 50%; absorbance was 0.5 for reducing power.

Values represent mean+SD (n= 3)

*Means with different letters (a-c) in the same column are significantly different according to Duncan's multiple range test (P<0.05).

&4& ECso 22 2F& 3 A ¥(Table 3) DPPH radical
assay+i= 0.44~1.85 mg/mL, ABTS radical assay+ 9.01
~20.49 mg/mL, SOD like activity®= 0.19~5.42 mg/mL
2 reducing power+ 0.48~4.94 mg/mL=Z AW Oﬂ w}
A Zpol 7} vpEbRE o H, = elol o)A B At} B

9] ECso #to] AH AT 53] 24 4+ FFE9 ECso #42
a2 AFEE ascorbic acid®t BHTOI Bl =4 el

=X

t} o= OE‘# FEEo| ofA AAHA ¥ 2FEE A
°o17] wj& ks, o] 59 AnkH el ksl AL
o HdE 1 vl &l GhA] oFS Wk ol g} 2] 71EAS
AstA 7171 Al EGA H7HE  dE Gl o 1 &
S5 =8 Jo® AaEn2]). =3 TE 357 23]
A 432 F7Ve A Bie]el W& DPPH radical

A4
Zy7} 3.59]}F 4.24], ABTS radical as-
1.981¢} 2.3%, reducing power?
ECso #kol 242t 2.1vj ¢} 10 3w} Frashe AR YT
o= UAES %213 methanol F+&&< DPPH
radical assay®} hydroxy radical assay® ECso @ko] X
Sl7t S7hekel whel Atk Lee 5(22)9] Z3st

assay2] ECso %kl
say9] ECso @kl 217}

fArsre .
U3 g8 3 olsel Bus Bael duY

AR BT A WY A5 FEE F uA AdE
FHTPOT AEAe] 2UES BA5T oS0 7} &
Absk 2ol A JUE ) LA Bajel L Al

= Table 45} 2tk A 2 FE A e A5 FE 8
TPCE 13.79~34.47 pug/mgo.2 YElgkon F3x 3447}
VRS A A Welel ws) 217t 2,209} 2,50 75
vk FE AHA Welo] TPC 37 54 34 Zol 4%

AEH R G977 A% 3 Fol o9 S
e A9l B4 @ow Aste] AxH A8 TPC
o Aol okahlel 7% Sulel A AFHE £

TPCZ HEHA7] gz FET(9,10). Lee 5(22)
7} Jin 5(23)2 A3} bl T2 A& g A7 93
SXEZ %A% methanol FEE0] 13] FEI A8
methanol &1t TPC/} =8k ¥ O}HB} =4t
80% methanol FZ&°] 4 80% methanol 5
TPC7} =7k lvkaL Baste] & A9 A3} {FAMe 43k
< HSlTh

Ag ol =3 /\Ljﬂ BH
of TAGlel TE Ao o3
e oW, Fx @Tﬂ

v & 280 nmeoll A Z+2} 3.84¢} 4. 3HH 420 nmoil 4|
19.0u1 ¢} 20.00) S7takgieh. o= 4 EF F=
HE7F FE22(75° C9‘r 85°C)9t
FHETFE Frkete

\i
A
=
CD
>—A
oo
>
&
=
o

A3 (Table 4), TPC2] 2
Z*(coefficient of determ1nat10n, R%) %2 0.94~0.99%

Ehflen, Azl R® k& 280 nmel A+ 0.92~0.99,
420 nme| A& 0.87~0.995 e TPCS AW+ 7t
kst g7 et Aad S ik S 3 A A A
B2 71&7|(FAks &de] 5EE o)) @S vl BH
TPCe} Z¥%=(280 nme}t 420 nm)= DPPH radical assay
oA -0.072, -0.932 2 -7.4302. 2 ABTS radical assay,
SOD like activity % reducing power®H.t} SA| YEFSLTE
webA] = FEES ABTS radicals¥ pyrogallols®] 4
A ferrous ions?] U B} DPPH radicals®] &Ael &

A Aoz ek on, oje} e Al kst Agie
Tk 54 W radical] 47 B wgol] gl o]
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[0
2
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oX,
©
of
N
i
2
o
fetl
o
0
)
O

N

Q

A4 FE=9 Pkt LS FE 437}
DPPH radical assay, ABTS radical assay % reducing
powero| A ECso k] 242t 0.44 mg/mL, 9.01 mg/mL %
0.48 mg/mLZ 7F4 @A YElst oy TPC(34.47 pg/mg)
9} AWME(2.05 at 280 nm$} 0.20 at 420 nm)= 71 =7
ettt ol A& 7 FAks @Al g ECso w4
R*E 0.87 o149 & 7 Yehiideh 29 Hor Sx
A= AbA el kst EAS SUHA7IE | maE Rl
7 o dhaEt

Tz 2
2 =S 20149 &S Y2014 w75 R&D A
TAARI(PI010490)” A 9ol 93] o] Foi o ol
WA=
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