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Biological Activities and Total Phenolic Content of Ethanol Extracts
of White and Flesh-colored Solanum tuberosum L. Potatoes

Hye-Lim Jang and Kyung-Young Yoon'

Dept. of Food and Nutrition, Yeungnam University, Gyeongbuk 712-749, Korea

Abstract

This study was aimed to evaluate and compare the biological activities and total phenolic content of ethanol
extracts of white (Superior) and colored potatoes (Red, Rose, Haryoung, Blue, Jaseo, and Jasim). Various ethanol
extracts (250, 500, 1,000, and 2,000 ng/mL) were assessed for antioxidant activities of DPPH free radicals and
hydroxyl radical scavenging. The cytotoxic activity of the extracts (0, 30, 60, 100 pg/mL) was also carried out
by a human cancer cell lethality bioassay method. Results showed that the DPPH and hydroxyl radical scavenging
activities, of all extracts increase in a concentration—-dependant manner. All color-fleshed potato extracts, except
for Red and Haryoung, showed higher radical scavenging activities than the general white potato extract. Cyto-
toxicity of the extracts as determined in THP-1 cells showed that Blue and Jasim was highly toxic at most
concentrations tested. In addition, the Blue extract had the highest cytotoxic activity on HepG: cells at the con-
centration 100 pg/mL. The contents of total phenolic (TPC) in the extracts significantly varied from 120.0 mg/100
g powder (Superior) to 151.1 mg/100 g powder (Blue), and TPC of all color-fleshed potato extracts was higher
than that of white. The greatest positive correlation was found between phenolic contents and hydroxyl radical
scavenging activity (r=0.776, p<0.05), and a strong negative correlation was found between hydroxyl radical
scavenging activity and cytotoxic activities on HepG: cells (r=-0.795, p<0.05). The present study demonstrates
that color—fleshed potatoes have higher antioxidant and stronger anticancer activities than general potato. These
results provide useful and important information for potato breeders and researchers, in order to increase the
antioxidant capacity and functional value of colored potatoes for use in the food and pharmaceutical industries.
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2 AFoA = 20089 109 T S5 XA AR
FAA 6F(HE, ‘22 B, CBEF AA A4
vt A dE] BFEHI Je FH'E AT Y5t
o AHESHATE 79 FA AFsta A4AE AAS & 54
AZ(MDF-43, Sanyo, Tokyo, Japan)AZ 2., 60 mesh2]
Aol de] £L= w50 -40°Cell B3t 3Ath

FE= M=

AR 40 goll 80% ol&HE 800 mLE 718k4 60°C &
Zo| A 3A1ZE Bt 33 BF FE3ATh FE A S filter pa-
per(Whatman No. 1, Maidstone, England) 2 2% 7453
(R-124, Buchi, Flawil, Switzerland) 3l o™, 521 % 3}
Aok §2 AXE 2 ¢S THT 200 mLE A &38R e

AHE-3F T

(=

Z2)9E %2 Folin-Denis(10) o2 =439
o} #&E& 0.2 mLe} Folin—ciocalteu’s phenol reagent 0.2
mLE & e § 387 AoA wH-3-A17] a1, 10% NaxCOs
04 mL$ S/ 4 mLE H7hete] A-2olA 1A WA &
3 725 nmolA EF=E =% (U-2000, Hitachi, Tokyo,
Japan)dF$dt}. Gallic acid(Sigma Aldrich, St. Louis, MO,
USA)E 0, 100, 200, 300 L8]3L 400 pg/mLe T2 £F
AFFAE A Adetdon, 4o & ZEds &
Fo 22 A8 100 gol g mg FHFo= JeER T

e O

o

PN
AR 5L Blois(11)e] Wil whet kg3t
Z+¢1 DPPH(1,1-diphenyl-2-picryl hydrazyl)el W3t &

o

3%

=349 AT BHEHA o] §h3-o) o3 DPPH7}F 7443}
T AEE SAIAY 4 FEES FEEE AxT As
2 mLe] 02 mM DPPH €% 1 mLE 7}, 10237} vortex
mixing $ 37°Coll A 30&7F WFS-A|ZH 2™, 517 nmoll A &%
=& =%(U-2000, Hitachi)d}H o}, o]u 2} 5 (electron
donating ability, EDA %)< A& 7}t vl@7179 &
F= AolE WEE(%Z Tt L&A

Hydroxyl radical 2271

Hydroxyl radical 2752 Gutteridge(12) Wl wa}
A& &) 1 mM FeSO42F EDTA, 10 mM 2-deoxyribose,
TEHE xS 74 FE=S 247 02 mLA kst 0.1 M
phosphate buffer(pH 7.2) 1.2 mL2} 10 mM H.O; 0.2 mLE
7bsted 37°C &7Fl A 1A BEGAIZ] A4S AFE-3fe
=33ttt WA & 05 mLol 2.8% trichloroacetic
acid(TCA) &9 1 mLE 7I8te] wHg& SAAI £, 1%
thiobarbituric acid(TBA) €9 1 mLE 7}3te thA] 100°C
o] &AM 1077 7FEAH o, o] A& Fste] 532
nmol A FF =S A9 ol hydroxyl radical &7
T2 AR M v MY FRE AolE WEE(%)

= Fel aEsAT:

M|zzHH 2F

M| 3ZF+= THP-1(Human acute monocytic leukemia cell
line)®} HepGo(Hepatocellular carcinoma, human)= =1 A
X FL38(Seoul, Korea)ol| A &k wro} A}8-314t}. ZHzte]
MEE 10% fetal bovine serum(FBS, Welgene, Daegu,
Korea)¥} 1% antibiotics(Welgene)”7} ¥ Rosewell Park
Memorial Institue(RPMI 1640, Welgene) Bl X]¢} Dulbecco’s
modified Eagle’s medium(DMEM, Welgene) Bj X| S A}-&
3301 37°C, 5% CO» incubator(MCO-17AIC, Sanyo)ell
A ket e ME E=rF 2okA™ 0.05% trypsin-0.53
mM ethylenediaminetetraacetic acid(EDTA, Welgene)=
g ate] Aduld st

WST-1 assay

Z+ AIEZES 96 well plate(Falcon microtest, Becton
Dickinson, Sparks, MD, USA)o| welld 5x 107 2 #z33t
o2 A 5540, 30, 60 283 100 pg/ml FEE 22
3R} 48717 & WST-1 €9 (Cell Proliferation Reagent
WST-1, Roche Applied Science, Mannheim, Germany)< 2z}
welld 10 uL¥ ¥ 11 37°C, 5% CO. incubator(MCO-17AIC,
Sanyo)oll A 4A)17F ¥+8-A 7 2 ELISA microplate reader
(Emax, Molecular Devices, Sunnyvale, CA, USA)E A&
3 450 nmelA FF=E =79 (U-2000, Hitachi)3} ST

MTT assay
wdE AIEZE 96 well plate(Falcon microtest, Becton
Dickinson)dll welld 3x 10712 233 g FEEL (),



dugbAst FARA ABE FEE

30, 60 1831 100 pg/ml =2 A sttt 48417 &, %
e FE5E 5 mg/mLE A2 MTT{3-(4,5-dimeth-
y1-2-thiazolyl)-2,5-diphenyl-2H-tetrazoliumbromide,
Sigma Aldrich} €9 20 uLE 7+ welld] #H7}3 thS, 3
2 WS 2d3ta 37°C, 5% CO» incubator(MCO-17AIC,
Sanyo)ol| Al 4A1Zt &1t WS AIF T vk & A5 A S AlA
3la DMSO 200 yLE H7bsted w849 MTT for-
mazan< &3 A7 2™, ELISA microplate reader(Emax,
Molecular Devices)E AF&3l 540 nmolA FFE=E =4
(U-2000, Hitachi)3} 3t}

SAXME]

2 AR Ay 33 o g d oy EFUAE
Yetdon, 2t A Azl g AT A SPSS(Ver.
18.0, SPSS Inc, Chicago, IL, USA) 54 Z213-S o] &3}
Atk F Zg9E 2 AAF Y%, hydroxyl radical 245
& p<0.05 FEAA LA FAHEAHE AEEIL Dun-
can’s multiple range testZ Zt Ag T Ho x| 7+ §93

Holg pEaYon, FURA Aok drTol e 7 2
T 7o FYAE p<0.05, p<0.001 oA t-testZ AS
stk 9, 2 AP AT S FRBAS Fol] Fiato]

p<0.05 FF | A] Pearson’s correlation testE AA|stA T
2o % 1

= Zo|dlzs g2t

A& gdg] £A5}= phytochemical & Z2 s 33HE
2 2Fo Ho] BxHo] glon, AAgitsA| =z 280
3th(13,14). 4% AWl X858 9 oo a7} 9l
%E]Tﬂ]% Stako] & A ES ARHZAE ARZHNE 2+
EURE]

150 -
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Total phenolic content
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)
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o

Rose Haryoung Blue  Jaseo Jasim
Potato cultivars

Fig. 1. Total phenolic content of ethanol extracts from vari-
ous potato cultivars. Mean+SD (n=3). Mean in a bar with dif-
ferent letters are significantly different at 5% significance level
by Duncan’s multiple range test.
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A FYus FEFo] ‘Frl Rt =dth 59, ‘E7'¢
‘2 =2’= 747} 151.1 mg/100 ¢ powder$t 146.7 mg/100 g
powderZ & FA7 A Hl&) L ZYHES Fhstn
AR ol 2 FAAA ] HF) (B8} ‘B2 {40]
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Table 1. Electron donating ability of ethanol extracts from

various potato cultivars (%)
Cultivar Concentration (ug/mL)
250 500 1,000 2,000
Superior 0.0+0.0° 1.0+03" 91+09° 215+15
Red 55+1.0°  63+07° 83+02° 11.7+0.7°
Rose 45+26° 103+17" 236+2.0" 40.3+1.0"
Haryoung  0.0+0.0° 6.1+04° 88+1.8 12.1+0.6°
Blue 77406% 152+43" 276+11° 445+16°
Jaseo 551065  20%04° 120£1.7 236+16°
Jasim 16+1.0° 544129 193+67° 40.0+1.0°

Mean+SD (n=3).
Mean in a column with different letters are significantly differ—
ent at 5% significance level by Duncan’s multiple range test.
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224 = 242 403, 400% 2 T2 f-A 74}l vlE)]
oo g & A4S BAY Zhoust Yu(l9)= FE =0
A A E Q4o F FEvs B e SA4S TS 2
7}, 4,000 pg/mL =9 72 55 DPPH &A%5°] 13~
38% = Yetstthal Bastgink. B3 Fallere} Fialho(20)&
frlsn dubd oz A ohFe AAEY 2 A &
o] gitslgy # ZEdE FHS YT 2, BA
DPPH &~A%°] 71522 AudE A= 11.2%, dwtE
o2 AuE A= 130%0.2 Yelhgon, 22 3 ¢ &
DPPH 2A4%< Yely oty 21359t Reddivari 5
2D9 AFAM = FE B2 722 DPPH £7%°] 170
~BI%E FF WE BoFd &ATY Aolrt IA YE
Wil Baskgieh At Wi §20] 22 yellow ol =
E7sta 35491 A o] purplee] 7Mh= 2@ *74?
o] & Kol 9|9 A g G AAF] =
L% T 202 godtt b gAS Xﬂﬂ
Wi SZ2T ARSse] B45 2 A /\1“ Reddivari
2129 A7l Yehd DPPH &A% RTH B X492
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500 pg/mL =9 1,000 ug/mL FEolA= 2 472
9] hydroxyl radical &7 °] YHFZX ]' 1IN =1 |
AE A 2,000 pg/mL F= A= ‘S

A 7F2F9] hydroxyl radical &A% °]
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Table 2. Hydroxyl radical scavenging ability of ethanol ex—

tracts from various potato cultivars (%)
. Concentration (ug/mL)

Cultivar 250 500 1,000 2,000

Superior 85+0.1* 9.3+0.7" 201+04° 349+05°
Red 100+14* 154+12° 352+0.8" 435+1.4“
Rose 0.0+0.0° 13.0+08" 233+0.7° 454+06™
Haryoung 87408 109+05 21.1+04° 31.0+09'
Blue 92+03* 237+0.7* 39.9+08 655+1.3
Jaseo 91+04" 177+05" 208+19° 420+0.8°
Jasim 97+1.8 185+14" 242+08" 472+16"

Mean+SD (n=3).
Mean in a column with different letters are significantly differ-
ent at b% significance level by Duncan’s multiple range test.
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WST-1& A X W Z &% & mitochondria®] succinate
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THP-1°] th3t AZ=44E& WST-189 02 574 ;
A3 = Fig. 28 2o ‘), Y e, 22 ' &
FAZAL A M E THP-12] A& "‘741 HERAL, 2
', 2ZA, A 0] 100 pg/ml FEAA] F Aol digh At
24 Je At 58 ‘BFE ZE FEolA THP-19)
AEgo] B FA o] A *54% AAste o &

A7 JS Aeg Jgdnh

Ho o do jﬂ

MTT assay= MEEAQ 4502 wo] o] L5E 1
F ol ga EaFgo 9ste] k@ £&
7149 MTT tetrazoliumS FAA-E HE HFEA

MTT formazan® 2 U A]7]= mitochondriad] 3-&

Zhettt, wheba] 42} o gs FEE9] A HepGeol
3 A FEEAAS MTT assay HHOE 238 90m A=
Fig. 3% 2t} blF&29 %"—'.47‘4% a9} fo] Q1 Z}o]
7 YERA ke oA ‘BE'ulo]
‘FURT = 53%‘35:»}% v}E}
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Fig. 2. Effects of ethanol extracts of various potatoes on
THP-1 cell proliferation. Mean=SD (n=3). "Significant when
compared to Superior extracts at p<0.05.
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Fig. 3. Effects of ethanol extracts of various potatoes on
HepG: cell proliferation. Mean=+SD (n=3). “*Significant when
compared to Superior extracts at p<0.001.

S 243 Ay ARAY A EFANCaP), 244 AEF
(HCT-15, SW-620), A& AEZF(ACHN), Ht MEF
(A549), & A EF(MOLT-4F) 5 AP A L A2
gl Wyl AEFgre] A5 a3E JERAT

A4S YehllE Aog Busioh

ool At B Aol AR Ad WEW A ¥
F<Q THP-1¢l tgt 52 oA axgr 24 B A%
2l HepGe®l A& AAldl= &40 A9 gle Zoz Ko}
Fr A AR cell cytotoxicity ol thek So]do] EAT AL
2 AZgc w3k ksl A3 Aol vl s o gtk
& YeEt = 2H7t Hlsd FolE vE Flog Hol
A FAAE B 22 54 B UM fFaRAE A

g F Qe Vs ENEeR

Table 3. Correlation coefficients among phenolic contents,
free radical scavenging activity, nitrate scavenging activity,
and cell cytotoxicity of potato cultivars

TPC DPPH OH

WsST-1  MTT

TPC 1 0.647 0.776 -0525  -0.632
DPPH 1 0.758" -0.614  -0.588
OH 1 -0681  -0.795"
WST-1 1 0.708
MTT 1

TPC, total phenolic content; DPPH, DPPH radical scavenging
activity; OH, OH radical scavenging activity; WST-1, cytox-
icity on TPHI1 cells by WST-1 assay; MTT, cytotoxicity on
HepG: cells by MTT assay.

“p<0.05.
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