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Antioxidant Activities of Different Parts of Purple Yam (Dioscorea alata)
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ABSTRACT

This study evaluated the phenolic acid composition and antioxidant activities of extracts obtained from different parts (leaf,
stem, and root) of purple yam (Dioscorea alata) to assess their potential as functional food resources. Five phenolic acids—
gallic acid, caffeic acid, coumaric acid, ferulic acid, and sinapic acid—were analyzed quantitatively using ultra-high performance
liquid chromatography. Significant differences in phenolic acid composition were observed among the plant parts (p<0.001).
The leaf and stem extracts contained higher levels of major phenolic acids compared to the root extract, while coumaric acid
was not detected in the root. The total phenolic and total flavonoid contents were highest in the leaf extract, whereas the total
anthocyanin content was highest in the root extract. The antioxidant activities evaluated by DPPH and ABTS radical scavenging
assays showed that the leaf extract exhibited the lowest ICso values, indicating the strongest antioxidant activity, followed by
the stem and root extracts (p<0.001). The antioxidant activities were strongly correlated with the total phenolic content (p<0.01).
These results suggest that the leaves and stems of Dioscorea alata, commonly regarded as agricultural by-products, are valuable
sources of natural antioxidants with potential applications in food and functional materials.
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A7} aﬂL Aﬂﬂ sttt 4% %%% %Z—éﬁ&(MCFD

JH7](HR2056, Philips, Seoul, Korea)i :_mﬂ 0}0% A
(New Brunswick Scientific Co., Edison, NY, USA)ol] H 5}
ARESIATE B Ao AREE A9k Folin & Ciocalteu’s
phenol reagent, 2,2-azino-bis diammonium salt, gallic acid,
rutin, potassium persulfate 5°| AFEEUTE BE Aok
Sigma-Aldrich Chemical Co., Junsei chemical Co. 52| 15
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A4 gukel 9, 2], Welel el B4 S4E
FZE8l= 70% ethanolS AFESITE SAAZE A8E
& 247} 20 ¥ A2t Zekado) dot 20| 8iE Thsta,
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3. UPLC Phenolic Acid Mz

AR Zul 2918 A7 0.1 goll 2.6 M NaOH 6 mLE 7}
3t &, 253 FZ7](Power sonic 410, Hwashin Technology
Co., Yeongcheon, Korea)E ©]-8-3ste] 153t 259t 33}
Atk o] F FlEihs e 2AE Az Ao EslE

3l7] el 25TellA 200 rpm ez A @ ezl e7] oA
20A13F HEGAIZATE WG] @hRdE FEE2 25TlA 3,000
pmlE 5EIF QA B3I o, A=A 2 mLel 35% HCI
0.5 mLE 7Kt F 3081t @A Haste] 4 rleEsl s
Hestict 24 A A|ZE= PTFE syringe filter(13 mm, 0.2
um; Tokyo, Japan)Z <JZ}3} T} Phenolic acid #2412
UPLC(Ultimate 3000, Dionex, Idstein, Germany)S ©]-&3&}o]
At 2215 Y3l XTerra MS Cig column(125 A, 5 ym,
3.9 mm x 150 mm, Waters, Japan)< A8-5}93 2™, column =
T=E 30CZ fA8Ith H&2 photodiode array detector
(Ultimate 3000 PDA detector, Dionex, Idstein, Germany)S A}
L3t ol 5o 2E ASTE 0.1% formic acid7} $H+H
SF, BEUZE 0.1% formic acid7} ¥ WESS /\}8—
slglth. 27 o] B4 AL AR 85%, BE] 15%2 A%
sl O]'ﬂﬁ]"\] 13 A4S AR e, & A AR
12.5% ob oh f42 0.8 mL/min, FYFE 1.0 L=
A7 o]-"il:]- FES 93 EFEHZE gillic acid,
caffeic acid, coumaric acid, ferulic acid % sinapic acidE A}

2311t} Gallic acid+
acid, ferulic acid ¥ sinapic acid= 330 nmo|A] SFEE =
ot A ekt

220 nmol|A], caffeic acid, coumaric
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ZZ9Hs %S Swain T & Hillis WE(1959)2] Folin-
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SAIZA. #2AIZ] o) 1 N sodium carbonate 300 pL-S
7hete] kgl H, haellA] 2417E Bt WR|AIA UV/VIS
25353 = A(T60UV, PG Instruments, Wibtoft, England)ol 4]
FBE 725 nm=E AT FTEA S gallic acidE AHE-
sto] AlLkstalon, A9 33] wHEste] Pagat 2EHA}
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Z StEA|old 32 pH differential methodol] 3o =
etk A5 0.5 mLel 0.025 M potassium chloride buffer
(pH 1 0)9} 0.4 M sodium acetate buffer(pH 4.5)% Z+zt 7|3
ol HAEHYE | mLE AZF3 TF= 510 nme 700 nm

oA zyz}e \_3@13 SHetAth F tEAlORd e
cyanidin-3- glucomde«] E3AF(e=26,900 M'em™)E ©]
Lo, v 22 Aoz JbEssit

Total anthocyanin content (mg/100 g) = A x MW x D x

100 ~ ¢ x V

A (absorbance value) = (A510 nm — A700 nm) at pH 1.0
— (A510 nm — A700 nm) at pH 4.5

MW (molecular weight of cyanidin-3-glucoside) — 449.2
D (dilution factor) — dilution ratio of sample

¢ (cyanidin-3-glucoside molar absorbance) = 26,900 M 'cm™

V = final volume of sample

7. DPPH Radical 271 &AM

DPPH radical 2274 2412 Blois MS(1958) *H ol F35}o]
=751t} DPPH radical 227 48 413} &2 o] DPPH
o)z} ghg-oto] Hepalo] b o 7 ehaln] = gle]E o]
43k ¥ o]tiBondet V 5 1997). Al52 900 pLel DPPH
solution 300 ULE 7}3le] mwkel 3 3087F ehaoA] Mk
Al1A 517 nmoll A SFE=E S A2 E HrleR] &
Sz FHEE ol &dld, v 22 AS &8 }04
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DPPH free radical scavenging activity (%) = (1 — sample

absorbance / control absorbance) x 100

8. ABTS Radical 27 &4

ABTS radical 227 &42 Re R(1999)2] HIH S Wg 5]
=26}tk ABTS radical 27 84S ABTS A+t Zbo]
bt B o) AAETEA HEA o] A= delE
7Igto 2 FTHKim YD 5 2009). 7 mM ABTS®} 2.45 mM
potassium persulfate S ?1‘—?}'5]-04 16A]13F Bt kAl A vhg-
Al#A ABTS radicalS AAAIZTE 2hejZo] A4 H ABTSE=
PBS buffer® 734 nmolA SF= Fte] 0.70+0.027} ==
3| MskA T AlE9 100 pLell ABTS' solution 900 pLE 37}
sto] 734 nmollA FBEE ST e 22 A

@79 JobAloF frkiEAM s
Fg3to] MEEE Uehie] 109 e T AA LS 33)
g on, BRas REAAS Yehad.

ABTS free radical scavenging activity (%) = (1 — sample

absorbance / control absorbance) x 100

9. Eh2l=d(Reducing Power)
3h1E S Yildirin A(2001)] WPl Fale] 23S x8s}

Sk Al 2.5 mLol 0.2 M sodium phosphate buffer(pH
6.6) 2.5 mLE 713t &, 1% potassium ferricyanide 2.5 mLE
7kt e 20427 50T water bathol| Al RE-g-A]7] 21

10% TCA 2.5 mLE H7}819]t}. Ta5e] ASal 5 mLe} =

T 5 mLE £33 5, 0.1% ferric chloride 1 mLE 3713}k
3 700 nmellX FBEE St 2 S8 =0D)E
epligleomn, A3 33] whEste] Jd@td) EFUAE T

10. SAIXZ

RE Aol EAIEAL SPSS statistics(ver. 25, IBM Co.,
Armonk, NY, USA)Z o] §51% o0, 5} Ez—ﬁji}g— U
ERATE ZF A E Alole] fro]Ad g1 ffal] dAuiX] At
-2 (One-way ANOVA)E AAISIATE -2 FF 5%1A
ool R 75 ohsR 91517 (Duncan’s multiple range
test) & AAISt] AFFH TS AASISITE A Fule] F
o A 3’4'3474]h *o} HAEA S 5319 Pearson AlFE FAIA

AFA kel 9 F% &2 Table 17 AT 70%
NEre-S o] g3le] FEL Ao, o FEE0] 22.2%,
=7] FEE°] 202%, e FEE] 1L1%E 4o = +
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Table 1. Extraction yield of different parts of Dioscorea
alata on 70% ethanol

Parts of Dioscorea alata Extraction yield (%)

Leaf 222
Stem 20.2
Root 11.1
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glEe} Alszo] ofgl 2o)7] wiEel| 3gHEe] FE0] &

olgte] Vehd A3tz HoZtRahmawati SI 5 2019).
2. UPLCE o|Z%t mlzdt MEEA

g ol 2o FEE-0] HEAl 5% gallic acid, caffeic

acid, coumaric acid, ferulic acid, sinapic acid $%~2 Table 29}
Fig. 19 JENA . Gallic acid 2 £7] 6.03 mg/gol A
7V A vebdon, 9 5.04 mg/g, ] 022 mygg &2
2221 2o] & B THp<0.001). Caffeic acid &aF =3+
0.70 mg/ge] 7P =333, 71 0.39 mg/g, ¥2] 0.11 mg/g <
o7 ZHadte] 59 IF foA <l Apolvt ﬂo]ﬂoi‘?}(p@ 001).

Coumaric acid= 47} E7]o|A] 7+t 047 mg/g &
2 HdEE o, Heldxe HEER] ot -9
o7} FEistA E]r‘/"‘q—(p<0 001) Ferulic acid®] 7
1.17 mg/gell A 7V & & Hyem, £7] 0.70 mg/g,
el 016 mg/g =2 oAl A e YEHY
(p<0.001). Sinapic acid &HF2 &7] 0.85 mg/golA 7 =

}1\_]_,

! 0.51 mg/g
ER R

oo]
=

kar, o 0.58 mg/g, ¥l 0.25 mg/g o2 YER} Fod
frolA ¢l x}o]lZ B THp<0.001). o] &} o] 2pF24 Hmjo]

Table 2. Phenolic acid contents of parts of Dioscorea alata

A zvle] 29lo] He Gareh 24
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ol

29l mre} 3 Aol S vieh
> z Q3 ]l-:/\]-o] /\}q]ﬂ o=z }5_0_ z;sj]—
¥3S Folslrt B AfoA] 97 Z7d ok By
gallic acid®} caffeic acid= 7] |4 DPPH Arett]
A%l 7P 3 dlsAte 2 B aE vk 9lon, ferulic
acid®} sinapic acid g+ ikt S Uehll= A2
g4 Atk(Karamaé M 5 2005). ¥FH, coumaric acid A€
o Aoz Yo fAOd AASS Holk gmialoz B
nERom, & AFoA B FojolA HEHA| & 23

i [

o
i A

= 0|23 EAY 439 23S YeElhdthKaramaé M 5
2005).

3. & E2ld= g

A Zhake] B9 F Eejvs RS Table 32
o % SehE 9 =

HH ol thSato M

1996). Hl=3ES A 284 52 hydroxyl7] &

Ao lom, egAAR AE AsE AAAT = e 3
=

sk, @it gel ey 7|

Phenolic acid Retention time (min) Leaf Stem Root F value

Gallic acid content (mg/g) 2.68 5.04+0.75"%2 6.03£0.42° 0.2240.06° 116.014™

Caffeic acid content (mg/g) 10.44 0.70+0.04"" 0.39+0.01° 0.11£0.01° 422273
Coumaric acid content (mg/g) 15.70 0.47+0.04° 0.51+0.02° NDY 319.845™
Ferulic acid content (mg/g) 17.73 1.17+0.10° 0.70:£0.03" 0.16£0.02° 218817

Sinapic acid content (mg/g) 18.68 0.58+0.03° 0.85+0.03" 0.25+0.02° 291.059"

D" All values are expressed as meantS.D. (n=3).
? Values with different letters (*"°) in a row are significantly different by Duncan’s multiple range test at p<0.05.

9 ND: Not detected.
™ p<0.001.
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Table 3. Total polyphenol, flavonoid and anthocyanin contents of parts of Dioscorea alata

Total polyphenol tent
Parts of Dioscorea alata otal polyphenot conten

Total flavonoid content Total anthocyanin content

(mg GAE/g) (mg RE/g) (mg/100 g)

Leaf 187.6714.29"%) 121.94+4.26 12.80+4.72¢

Stem 147.60+0.48" 82.54+0.28" 114.67+8.57°

Root 24.1142.32° 80.24+1.84° 133.03+2.55°
F value 311.870™ 142.272™ 810.099™"

D All values are expressed as meantS.D. (n=3).

? Values with different letters (*™°) in a column are significantly different by Duncan’s multiple range test at p<0.05.

" p<0.001.

(Nozaki K 1986; Nakatani N 1990). #|=/] 3}3+E<ll:= phenol
F, phenolic acidF, Z¢E 0| =F 5°| THHuang MT &
1992). 284 AAEe] FEEE o] 71A] B0 ?‘5“’54
ol glew, 1 F FEHEe sl FE AN E

HO2E gallic acid®] 2 v o® Z 6= ol 9l
E}(Lee EH % 2021).

A2 %PUH o, =70, e FEEY F
Z¥Z} 187.67 mg GAFE/g, 147.60 mg GAFE/g, 24.11 mg GAE/g
o7 o FEE /M & S EATHp<0.001).
Sembiring EN —(2018)«] A+e IHyle] FAd ikslE
sl o, e, =719 FevlE FEe 77 146.64
mg GAFE/g, 144.42 mg GAE/g, 89.81 mg GAE/g< YERHSL S

zﬂ Jﬂl-_ -GLEt__

v, 9 2ERIA VY B ABTEE BT 25 9
o) ZAske Aol A 2HaN T REA 9o}

Uehd A3tz 2olxm(Naczk M & Shahidi F 2004), °]&
2o F WA §44 a9l 8 23 9 A4 9| wZ
dhAle 4= 9ltka R a1 E 1t (Cheynie V 2005).

4. & EEtE0lE

AEA Hule] Hold = Zalr o) dHERS Table 37
2t FepieolEE Ak, e 9 R Sl FHs &

=

[e)

frEo] glom, wekd ©ealS et Hetog MGL
1993). Hl=A 3EHE 5 shE 2709 whekd we] 29 15
N &rE 23k F2E AdrkBshm H 5 1998).

A=A Ful 9lo] & Zebe ol 3RS 121.94 mg RE/g
o 7MY & S BHlon, 271, Hele 47 81.87 mg
RE/g, 16.24 mg RE/gO. = YEFSITHp<0.001). o] &t 2=
FtEwo|=rt HEA e dFoR F ZEvs
7} fALe AeRS VERR 202 Bl Makorei SI E(2020)
o] AFtoll A A ke Z7] 9} HeHT) QoA &
gt ol S e AT

3__1:

5. & otz Alokd 2
AFA el B9 % HEAOR FEL Table 33} 2
o} eEAlobd e A, A, A4 52 UehlE A Ak

Arog A gl Ahel FWA EEF ] YrkKim HI
2015) FEAloPd S BT FEAORH wigA| 2 SFEAJo}
Ud-E flavylium®] 7220 47 = w5477 A
gEo9le 25 Adti(Choi ST 2010). ©]& &k StEA]0}
& 22 idb= = gt 28, 95 2 I 24 59

S Adtha B uEtHTsuta T 1996; Ryu SN 5 2000;

=
[¢)

Hwang YP & 2011).
Azeal Zole] 9, 27), Wel 338  FeAlopd ¢
a3

2.56 mg/100 g, 22.93 mg/100 g, 231.56 mg/100 g
oF Mg 2ZHo| 7l =o kS Btk 2FA Hn}
malo] zlFEMe Alg Mihg ALREH, thekdl StEAJold

o] i35 vt EuEAtHMoriya C 5 2015). & A+

NHE A7 kel Be] olol= ot F79)4 hEAloh

W g lole 4= 9l9lon e xpA Hule] ) =

719] SHEAlol A7} FUboR Bestin YzhEd

OL_ 1

6. StAks} A

DPPH % ABTS radical &7 A& a3} 24]
al7] 9jal BHA o= AMEE = A WHolth A
o] 9, Z7], ¥2le] DPPH % ABTS radical 227
Table 49} 2o, 2] 50% A3lsk= o 283 F=(1Cso)
2 Yeiiglth o, =71, #ele] DPPH ICs Z17F 13.12,
25.00, 125.25 pg/mLe]™, ABTS ICs0S ZHz} 80.80, 95.77,

637.99 pg/mLE YEPSTE Choi HY 5(2009)2 AT 29

tlo
Y o,

7

-

1u}

o 1

d

A

o
=2 O 1.

29, %71 srefo] ek gkt S-S A8t 80% ol
eEollA] FEe o, 271, ¥el FEES 1000 pg/mLeiA]

[e]

= H3lown, ABTS &
|4 7H o gAS

MJ 5(2019)

_7‘|:
DPPHE= 212} 66%, 27%, 10%2] 23
AL A7} 25%, 11%, 3%= VERY &
B THChoi HY & 2009). F=3F Bae

A=, =
- A8
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Table 4. Antioxidant activity of parts of Dioscorea alata

A zule] 29ld] whe G

reh 24 59

Parts of DPPH radical scavenging

ABTS radical scavenging

Reducing power (O.D.)

Dioscorea alata activity (ICsp, pg/mL) activity (ICso, pg/mL) 1,000 500 100 50
(ng/mL) (ng/mL) (ng/mL) (ng/mL)

Leaf 13.1240.819 80.80+2.31° 2.18£0.07"  1.98+0.02° 0.48+0.01°  0.26+0.00°
Stem 25.00£2.11° 95.77+2.92° 2.08£0.02°  1.50£0.01°  0.3240.02°  0.16+0.00°
Root 125.25+5 46 637.99+10.87 0.40+0.01°  0.2120.00°  0.05£0.00°  0.02+0.00°
Ascorbic acid 1.77+0.05¢ 24.27+0.23¢ 2.17+0.02°  2.04+0.03"  1.33+0.03°  0.450.01°
Trolox 2.19£0.12¢ 29.54+1.28¢ 2.1240.01°  1.96+0.02°  0.57+0.02°  0.28+0.01°
F value 1,168.340™" 7,664.454" 1,714.987™" 4,984.325™" 2,173.328"™" 1,739.455™"

D All values are expressed as meantS.D. (n=3).

? Values with different letters (*™°) in a column are significantly different by Duncan’s multiple range test at p<0.05.

™ p<0.001.

g Felsls FF Aolvt Paka By
Husiglon, & Ao o FE=
2 ABTS radical &7 &4 Bl 23}
e

2+ H (reducing power)< ferric-ferricyanide
ksl B2 93| ferrous FENZ YT &= =
Sgste WHoR, Gust B9 AAFIS
A|FEolthSa YI & 2010). A4 mp Fod
Table 4] UrEhHOi o, BE AN F=7F ST}
g #Ao] Z7Iehe ABS Bt 53 @
E 5 27(1,000~50 pg/mL)ellA Z7] 2 4g
Hg) freldoz w& FHE s Vel 713
2H-& B THp<0.001).
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5% ARl 10y e
Bglom, % %2557 DPPH,

ABTS &4 247} =—0.985(p<0.01), =—0.973(p<0.0) & %=

o) e Ve olzig

=
Skt A wol

Avp= 254 o)
Eol| A Yeh = ksl EAdo] &
QS-S AAJs, w4 3t

e =

Table 5. Correlation between the total phenolic contents and antioxidant activities of parts of Dioscorea alata

Total phenolic contents

Antioxidant activities

TPC TEC TAC DPPH ABTS RP
Total phenolic contents
TPC 1.000
TFC 0.763" 1.000
TAC -0.964" -0.871" 1.000
Antioxidant activities
DPPH -0.985" —0.663 0.922" 1.000
ABTS -0.973" —0.600 0.896™ 0.996™ 1.000
RP 0.975" 0.611 —-0.910™ —0.996" —-0.999" 1.000
" p<0.05, ™" p<0.01.
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