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ABSTRACT

1049

This study investigated the physicochemical properties of Dioscorea batatas for improvement of biological activities during
a three-step steaming process, steaming 120C for 30 min and hot air drying at 60°C for 8 hrs. Samples were extracted with
70% ethanol and analyzed for free sugars, and organic acids were analyzed by HPLC. The DPPH & ABTS radical scavenging
activities, crude saponin, water binding capacity, oil absorption, and a-glucosidase activity were measured. The major free sugars
in all samples were fructose, maltose, and sucrose, and the free sugar contents increased to 157~235% after the three-step
steaming process compared to the control. Organic acid contents of samples treated by steaming increased to greater than 55.8
mg/100g. The ABTS radical scavenging activity significantly increased with repeated steaming process, especially after the
three-step process. As the time of steaming process increased, DPPH radical scavenging activity increased from 26.99% fresh
Dioscorea batatas to 80.46~97.79% after the three-step process. Crude saponin content increased rapidly as steaming time
increased, but decreased after the three-step process steaming process. The water-binding capacities of the samples treated by
steaming process were higher than that of the control, whereas oil absorption decreased as steaming time increased. From the
results, steaming process could be suggested as beneficial for controlling fat intake. Compared to acarbose, a known anti-
diabetic drug, used as a positive control, a-glucosidase inhibitory activity of samples treated by two-step steaming was among
the samples. The results suggest that Dioscorea batatas treated by steaming process has antioxidative and anti-diabetis activities

and can be used as a natural health product.
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Al mpol] thek #HAlo] oA itk AA7HA] wie] A&
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1. AEME A Mz MLy
vwH(Dioscorea batatas)= 73’3 H% FERFollA] 20140 =
o A3k ke Tsle] AF88HEOR, Hong HD 5(2007)
o) PHE L Wsle] YA, vE FAT F I3
o] 0.7cm A o2 A3, 253 B4 (ultrasonic, UC-20, JEIO
TECH. CO. Ltd., Daejeon, Korea) % 5% *2]g+ & 719t dt
S-&(WACS-1100, 100L, DAIHAN Scientific, Wonju, Korea)
oA 121TC, 30&3t T4 A7l o E3%1%7](Drying
oven, HB-502LP, HANBAEK CO. Ltd., Bucheon, Korea)=
60T, 8213t Ax3I3AT tA]  whg-EollA S5 AAl

HOoFA o} RATHEETE

= Wy o® 23] 9 33 SAket U5 WHES & HF g
& 8.8%2 AZnE 13l 100mesh® FH5t] WEx
(GC-124 GHFP, LG, Changwon, Korea)ol] HZE31AA Al
2 ARSI

2. welet g2 &9

Fele T2 Cho IK 5(2009) WHS A Wgslo] 5

aTH o 301:8

ettt A" AR 1 goll 75 50 mLS 7hete] 253
(ultrasonic) 2 30% =3+ & Whatman No. 1 ¢]3}X](What-
man, Maidstone, UK)Z 7+¢} o] 3] 50 mL2 83ttt
FZ 8L 020 um nylon syringe filter(Whatman, Clifton, NJ,
USA)& o]3}5le] Agilent Technologies 1200series HPLC sys-
tem(Palo Alto, CA, USA)E B3} t}. HPLC EAZHo=
column< Asahipak NH2P-5-4E(5 pm, 4.6x250 mm, Shodex,
Tokyo, Japan)E AM8-3159 11, A Z7]|+= Evaporative light sca-
ttering detector(ELSD, Agilent Technologies, Santa Clara, USA)
& AMSEIA T o] B/ vl 70% acetonitrile(70:30, %o(v/v),
Fisher co., USA)Z 1.2 mL/min £%=2 E#F 1, 10 pLe
FUske] 2319 thHwang et al 2011). EEE2-2 fructose,
glucose 2! sucroseS T (Sigma-Aldrich Co. Ltd., St. Louis,
MO, USA)ate] ARg-at3d

fu

[ B
’e‘??]_'l‘

=

YS & Song GS(2002)%%
W] g% ZR4 50 mLol W 2%
Oﬂ 47T, 15,000 rpmoﬂ/ﬂ 5487 9141 7-2l(CR21G, Hitachi Koki
Co., Japan)3t] A2 7582 Whatman No. 1 2R 2 oJ 1}
3tal, 50 mL2 %831t % &3t sampleS 0.2 ym nylon
syringe filter2 ©]¥}3} T2 HPLC(Palo Alto)Z #233}$iTh
F714F 2418 913} oxalic acid, citric acid, malic acid, succinic
acid, lactic acid®] ¥F3%-2 SigmaiKSigma-Aldrich)oll A T+
3to] A18-3F9Th Column-S Amine X HPx-87H Ion Exclusion
column(300x7.8 mm, Bio-RAD, Hercules, USA), &7+ 0.008
N H,SO0;, flowrater= 0.6 mL/min®©]%11, 7571+ UV detector
(Waters Co., Milford, MA, USA)ZE 210 nmel|A =73 =St}

o R

4, ZAtEH 2 5H
ZALE ke o4k zALEU o] B2)HPH(Park ST ef al
2009)0.2 o] AMEE = 1 vehs &Y n-FEE 78
1

o ok wWel wh} wp B 10gS F38k 70% HIEHE 90
mLE 65CA 33] ¥HE FZ3qh, F59-2 55CAA] 7
A4 EZ7](DE/R-205V, Buchi, Swiss)Z F%3dto] weh&2
AAG & &S 7lete] 50 mLE 38313 th n-FEE 50
mLe} 7 T8 2w 7)o FHdt] A 5o £ &
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At f71ev S B S
50 mLe] n-F-EHZE 23] FZ3I3ch
FEHe 52 §AH w5ZekaTdd 3
502L, Hanbaek)3tith. ©]F 105Cel
AlFAloE A 3087 ek & TR 2ol et Az §F
TS ALtk

Z2 & g2 Folin-Denis W' (Folin & Denis 1915)
IH o w2} Fohn-Clocalteu reagent’} FEE2| Z]HE

o) o3l YT A7 Zelud Yoz walsl=
= A7 = Hﬁo}ﬁ‘:}. Z}z}e] vk F25(0.4 g/mL) 200 pL
o 2% Na,CO; € 2 mLS 7I8le] 287 W8 & IN
Folin-Ciocalteu reagent(Sigma-Aldrich) 200 pLE 7}5ke] 30
3 el wEAIZATE o] % WhEHS 750 nmel| A UV
spectrophotometer(UV 2550, SHIMADZU, Japan)E ©|-&35}<]
FHEE =AY = HE g2 1 goll 3 mg galic
acid equivalents(GAE, Sigma-Aldrich)& %% HPFIAS 2+

gste] vehsith

9
43
A

6. & Z2tE 0|t &2 =H

Ze}H =0|= =K Moreno MI et al 2000)2 2+2+e] vl 3
Z5E(04 g/mL) 250 pLoll 70% oNEH-e 29 1 mL¥} 5% NaNO;
75 ulLE H7bete] 5E7F A F 10% AICL6H,0 150 pL
7¥ske] 65 HFA|SFATE ©] % IM NaOH 500 pL< 3 71she]
113 & BEAIZAE o] F wEg-l 2 510 nm F3=S 5%
Stk olul, EFEZ 2 rutin hydrate(Sigma-Aldrich)& A}

23lo] Almsl Tos W ow BAsiglon Ao 7]
onE] & Fehuiol= §eRE BAEIo] mg RUEg 2 1}
IS ibA=

7. DPPH Ridical &=H=s H7}

FE5E2] HAFFeS(electron donating abilities, EDA)< Z}
Zye] FZ &l tigt DPPH(1,1-diphenyl-2-picryl-hydrazyl)<]
Ago]l B3w 2F A5 98-S SG3ATKBlois MS
1958). Zz}e] m} %5(0.4 g/mL) 900 uLe} 0.3 mM DPPH
49 (dissolved in 99% EtOH) 1,800 uLE 713t & 2 &3]
o ow\loﬂ}q 3().,471— H-e-g =3tk 04017\] k2 on ° 517
nmol A 5%

vEh AT

=5 =73l radical scavenging activity(%)=

A 2 gas) g4 1051

DPPH ridical &275(%) =

A5 A o) FYE
DERE e e

1_

8. ABTS Radical &~Hs &7}

A& FZ=E 3 ABTS radical 24 %

=]
o ag 9%

2 Re R 5(1999)
galo] =439 Th 2,2-azino-bis(3-ethyl ben-
zthiazoline-6-sulfonic acid)(Sigma-Aldrich)E 100 mM PBS (pH
7.4)°] =<1 7 mM2] ABTS®} 2.5 mM potassium persulfate S
TG 5 Ul AT TEA A 2ol A 24431 WESAIA 2
uz-g YA AT vt Ta%((m g/mL) 50 uL¢} ABTS sol-
ution 950 uLE o] 37CelA 1037t §Eg- A]A 735 nmol|A]
S5kt ABTS= A& A2l Fxele] 3% A
ol WE&E YEhHIITh

ABTS radical &27%5(%) =

AR AYT §BE
R e wee )

=

& A3 S Medcalf F & Gilles KA(1965)2 ¥HEslo] ¢
AEg| gl v} 2205 o7} FHS 20 mLE 73t

£ o]-8-5f @%OW 1/\1{}%0} ‘:‘Wla’iﬂ} Ak S 15,000

ls

9

iR =}

E}% 10,000 rpmoﬂﬂ 25
=33l & A%

11. o-Glucosidase X3l &4 T}
a-Glucosidase A3l &4J(Choe M et al 2008)2 v} F&&
(0.1 g/ml) 50 uLE 0.3 U/mL a-glucosidase 50 pL<}t 0.2 M
phosphate buffer(pH7.0) 50 pL9} 2 £315te] 37CoA] 158
7t ekttt ool 3 mM pNPG(p-nitrophenyl a-D-gluco-
pyranoside, Sigma-Aldrich) 100 pLE- 3 7}8led 37ColA] 105
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ZF WAL 3 0.1M NayCO; 750 uL& FH HH3-& A A1 A
405 nmel|l A FFE2 =319 o, A A a-glucosidase
inhibitory activity(%)°l] &]3te] 2F&3F ) vl o E 93l po-
sitive control 2 acarbose(Sigma-Aldrich)E 0.1 g/mL 5%
g 4j3le] Abgstanh

a-Glucosidase A3 &/3 (%)=

A8 Ao FYE
1S e g )10

12. EA|AZ|

R A3E 33 vhEsto] AAlsigion] Ao e A
& Z3}+= Statistical Package for the Social Sciences 12.0(SPSS
Inc., Chicago, 1L, USA)< ©|-&3lo] B+ ETHAZE YER
i, Al 7k f9)4d 7352 Duncan's multiple range test.
o &3 p<0.05 =l FA Aol S AFSHATh

A3} Table 13} 2t}
F go] STk
”]'4 5 2 Ax2A g AR HskE gelste] Alxe A RS
ol control 2.t} fructose= 72.35 mg/g, 88.00 mg/g, 140.40
mg/g= glucose= 76.00 mg/g, 86.50 mg/g, 94.55 mg/g, suc-
rose= 41.80 mg/g, 40.60 mg/g, 44.85 mg/g® S7Vol= 73k
< Yeith =% nle] §eld ko] controlel] Bl EH=&
AL 55 W T vl el UW g {7F E409] 2
o ofal] AEshE]o] dF 2 Sejade] YPAEIT] o
ol A, SR frElde wAe Lee SI T
(2013)9] Axs} HlS=9k A3 YERith

1=
>,
i
i
1o
Jo
N
[
BN
ox,
N}
M
)
o

< B3 23 Table
29} At} =% nle] f7)Ake R E oxalic acid, citric acid,

T

A

e

440] - A7)

HOoFA o} RATHEETE

malic acid, succinic acid, fumaric acid’7} A& oM, S
g T LF TFof o) AAdE] = lactic acidY acetic acid=
HEEA &sth olF sHitolgta 2]+ succinic acide
250l ] EAleh Suke] Af{dl o3 de F U=
oz dEA A=, HEE U2 F714k vl succinic
acid ’5‘]—&0] OJ‘:o] ___7]-5:4]_ 7—‘]6]:——— Urﬂ,ﬂlq. ]:Hx-ﬂ)(—] o7
>4 A4E 22ld 4 F controlTol B3] AAH SR 2~5
v gheko] FUetal, 5 239k 55 33|94 =& f7]
A S YERIIT ol g {714t e STk ARl
2 Ql8le] meoA o]FF2l sucrose”} TEF<! fructose2t
glucose = -3l =] 2L #-3l ¥ fructose 2 glucose’} A2 <1
78| = 913t HMF, furfural ¥ 5-methyl furfural 532 &

7Rt m fEafjE o] f714t el SUke Ao g wdHn
(Aida TM et al 2007).

ol

O o o

b skl whE mke] 2
. 4 13] vhol S 23] v}
o] Ak FheFe 747} 426 mg/lOOg, 2473.9 mg/100g 0.2

S0l ofall 1 el suf o)l SIS 4 5 ST
[e]

222 7} Aulic) 2o A EY S Hol AL =24
ola) A EH T} Bz} 27} Sy "e wal 22 o] AslEe]
AtELS] 35 FE0] S7Isk] et 23E ddEn, =

a]-z] 2z 7}“51 Lee SJ (2013)4 OﬂﬁlﬂlHE 2 2]
Stk AbEd ] S7hE i: &= 1 1 =5 47801 flasn
of weh F71e) <8 Atzdo] §&% Aow weldh

=
o 3ol vke] T Felvled SEE 9 et eols
o ‘ﬂi}OH Hl ‘l—‘:— Q& A2 27 Table 37 2t
gFo] 132.23 mg/gel ¥l &

Table 1. Free sugar contents of the steamed Dioscorea batatas (mg/g)
Ultras((ililri;:) wave Steaming Fructose Glucose Sucrose Sum
Control 29.100.714 52.50+1.98" 39.40+0.28° 121.00
1 time 72.35+2.47° 76.00+£6.08° 41.80+0.02° 190.15
5 min 2 times 88.00+0.42° 86.50+0.01° 40.60+0.14° 215.10
3 times 140.40+2.83" 99.60+1.98° 44.85+0.07" 284.95

" Values with different superscripts (%) within the same row are significantly different at p<0.05 by Duncan's multiple range test.
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Table 2. Organic acid contents of the steamed Dioscorea batatas (mg/g)
Ultrasonics wave . . . . . .
(time) Steaming Oxalic Citric Malic Succinic Fumaric Sum
Control 10.79£0.04"Y 5412003 11.59+0.21° 24.05+0.18° 4.05+0.01° 55.89
1 time 3428+0.01°  24.23+0.06°  28.23x0.01° 70.47+0.08°  10.18+0.02° 167.40
5 min 2 times 36.09+0.15° 34.67+0.06 40.85+0.09° 125.98+0.13" 14.43+0.01° 252.01
3 times 34.87+0.03° 21.85+0.16° 49.98+0.09% 68.64+0.03° 11.21£0.07° 186.55

D Values with different superscripts (*%) within the same row are significantly different at p<0.05 by Duncan's multiple range test.
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Fig. 1. Crude saponin contents of the steamed Dioscorea batatas.
Y Values with different superscripts (a~d) within the same row are significantly different at p<0.05 by Duncan's multiple range test.

CH 5(2012)
v ol ¥

o Tk ot 5

Table 3. Total polyphenol and total flavonoid contents of
(mg/g)

the steamed Dioscorea batatas

Ultraso?ics Steaming Total polyphenol Total flavonoid
wave (time) (mg GAE/g) (mg RHE/g)
Control 132.23+1.66") 101.75+4.47

1 time 155.48+1.70¢ 299.00+10.58°

5 min 2 times 376.34+2.04° 423.84+7.13

3 times 803.76£10.37°  923.79+7.01°
F-value 9,904.56%%*?) 2,062.64%**

" Values with different superscripts (*~%) within the same row are
significantly different at p<0.05 by Duncan's multiple range test.
2™ p<0.001.

Bl4=0] Z7lol whe} Qlatol A
761114— Z Zodls
35 A & SR

T =

5(2007)9] AFANE T=
% Eodsd siiteel S7K
3 stz gHeiastet WA}EM
wol= K923 mg/g)S B
2t o] =] S19HEo]
ATADE AR E o S5
freld o2 uio] 8%l
x4 jﬂb—_}g =3 o] ]_ ]—04

= 2AtHSong CH et al 2012).
gpE ol = ﬂakﬂv‘r 9=

i,
o

rir f

=] 255

5. DPPH & ABTS Radical Scavenging Activity

DPPHE ©|-&38 £A842 AitstEd ) nhgsto] £l
& erige] 2AWA Bepdo]d o SaEE 9
2|2 el S =33t (Lee IM et al 2007). ABTS 2t
Hz 272/ T3 DPPHE ©]-8-¢F Wit 3 kst
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& 233 wol ol gur). 3 Fels
HiolE S MR 3% 3

_FL

l=4 shE S8
HkEsle] DPPH &
Q15 tHTable 4). 1
A3}, controldl] H]dled DPPH 2 ABTS radical scavenging
activityZ} S718li o, 5% %@9‘ 33] wWHEgh Almot
97.79%=% 7V =3tk ole S5 357t Sk et vt
o EAldte EHEEEY FETES FIATL, 59
ol S7He Zejuled shtEd Fefi ol =rt itk
= ST E AR Almdnh B3 S5 34 ol A4
At g 2ANA LISt E TS A
} 9JtSong CH et al 2012).

o ﬂllo

ABTS radical scavenging activityS <

. .
6. 2 Za U Ol 55

Table 4. DPPH & ABTS radical scavenging activity of
the steamed Dioscorea batatas

DPPH radical ABTS radical

Ultrasqnics Steaming scavenging scavenging
wave(time) activity (%) activity (%)
Control 26.99+6.02°" 6.89+4.05°

1 time 88.47+0.73% 20.01+2.53°

5 min 2 times 80.46+3.37° 15.9943.75°

3 times 97.79+0.40° 94.40+0.40"

F-value 166.80%++ 351.68%**

D Values with different superscripts (*"°) within the same row are
significantly different at p<0.05 by Duncan's multiple range test.
2" p<0.001.

O'Water binding capacity({%)

control Steaming 1 time

soMAIok fkiEaM it

B Z3Ee AEdAe] ZHe SAEAY YRR AE
He B9 4& 543 Foln, vke] 7tgA g we & 4
dEE 33 2 S5, Az o] viEETE B AgE
ol AgtEe AE & F U ed oz E A U}
A FRAE 7L ATt AEFE, SR olA AR
FEHI YRl A3 Z]H 9] fAlo] E45 o= e
2 2214 tKKim K ef al 1993). 53 Ax9p4 wE-o
B3l vt AP U 3—4 H3lE Fo] Aglge] sz
Aol 7|18h= Aoz Y, £ 0il S8 4%
53 v R S5, 1Ax AP Al ZhskeE A B
=4, ol 53 RS "oy FUMFe dEE A}
B8 A AF ALEFES AN F US Ao E A}
SR =8

7. a-Glucosidase =AM X5

W a-glucosidase s A7 I A Zo| n] A2l )
St S4ARA, & S48 T AES Ix3Y 22 9
o7 Fajdle] E4A171t) a-Glucosidase Al Al &= o] 72
RS 7]’—?}43? AA|sle] BEslEe] S5 A|9A

&l b Al XEo] S A% I
Ao Sl ;}\ﬂ(Hong JH et al 2008; Lee IN et al 2014).
5 3= 2283 vlE3H o-glu- cosidase
i £ SAste] §rskEe] XEY o AR
5 Flstyl o, A= Fig 33 2t} Control 2t} £4
1, 28)7A] = a-glucosidase EAEA AdFHe] S8k
S5 33 2] Al o] adke Aeke Btk S5 13, 39
vl= a-glucosidase inhibitor 2272 AF8-F|= acarbose(77.59
%)ETt e TS Bl o) T4 23] mH69%)NA Tha =

B Cil absorption(%s)

185.6 C

Steamning 2 times Steaming 3 times

Fig. 2. Water binding capacity, oil absorption of the steamed Dioscorea batatas.
D Values with different superscripts (A~D, a~d) within the same row are significantly different at p<0.05 by Duncan's multiple range test.
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control Steaming 1 time
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1055

a
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0 I I

Steaming 3 times Acarbose100mg/ml

Fig. 3. a-Glucosidase inhibitory activity of the steamed Dioscorea batatas.
D Values with different superscripts (a~c) within the same row are significantly different at p<0.05 by Duncan's multiple range test.

< A B Ak Aeke Btk dRkdo s Ee
Hs=3 AA XU A 51gHEo] a—glucosidas F408d Asfol &
ot o= FEolu BE 58 B3l A EEl A
35]7] wielel BaHul it McDougall GJ et al 2005).
a-Glucosidase inhibitor tHZT2 AFRE acarbose™= Z o]t
st sE HolAW IRt 588 75 ERHTL
AL 5 &asPA FEgo] Ea, SR ASA] Ao
v 2F 715807t s A5 725 8.3 KBraun- wald E er
al 2011; Jeong IK et al 2002; Tsujimoto T et al 2008). w2}
A =4 2] II}E ul9] a-glucosidase] Folt A&l &4
= "Fo] & o, 2% &Rl nke] A% FddA| 249
o] 7= ZthHct

-g1u0051dase a4

2 control(121 mg/
(190 284 mg/g)O] ~2HH =7l e
ontrol(55 mg/g) Bt} S5 A2E(167~
252 mg/g)°| 2~4u] Z7IsIA T ZAEY RS control(49
mg/100g)3 S5 d ZE(426~2473.9 mg/100g) o] & A}
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