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ABSTRACT This study was conducted to increase sweet-
potato utilization and to determine the vegetative value of
sweetpotato tips by investigating the phenolic compounds,
antioxidative effect in oil, electron donating ability, nitrite
scavenging effect and ACE inhibition activities. The phenolic
compounds present in sweetpotato tips are the gallic, chloro-
genic, gentisic, caffeic, couramic and ferulic acid, which
are 16-122 times higher compared to other vegetables such
as spinach, soybean sprout, and perilla leaves. In each solvent
extract, the total phenolic compounds (175.8 mg/g) was
composed of 55% EtOAc extraction and 39% BuOH extract,
respectively. The results of induction period using the Rancimat
method showed that the antioxidant activity of SP tips was
higher than the tocopherol or BHT. The relative levels of
each solvent extract in SP tips were as follows: EtOAc >
BHT > BuOH > Tocopherol > Water > CHCl; > Hexane.
The peroxide value was measured every 5 days for 25 days
during storage and results showed that the peroxide value,
the tips, tuberous root and tocopherol were lower compared
to spinach, soybean sprout and perilla leaves. Nitrite sca-
venging effects were excellent in sweetpotato tips, perilla
leaves and soybean sprout, especially, inhibition rate of
perilla leaves (72%) were superior to the others. In process
of solvent extraction, activity of BuOH and water extractions
were the best. ACE inhibition activity in sweetpotato tips was
1.5 times higher than in tuberous roots and 1.9~3.7 times
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higher than in spinach, soybean sprout, perilla leaves.

Keywords : sweetpotato, tips, phenolics, antioxidative
activites, biological activites
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2l &<l Angiotensinlconverting enzyme(EC
3.4.15.1, ACE) #|ai50] BtelL, Cushman er al.(1997)2
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2006; Lee et al., 2004).
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Co., St. Louis., MO., USA), BHT(Sigma Chem. Co., Louis.,
MO., USA)YE A&t #HlE3ke #45 Hote] gallic
acid, chlorogenic acid, gentisic acid, caffeic acid, cumaric
acid, ferulic acid, benzoic acid, syringic acid, salicylic acid,
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oA 3E%Z9F 10,000 rpmofj 4] ulafish 3 719te] T Whatman
No. 6)3F91L, thA] g2 ZAlol| 80% EtOH 200 mlE 7}3}
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of YT HHOR 23] ¥HE &39I THFig. 1). B3 17t
ul E49] BIOHXFEE-S HEoj Lo A n-hexane, CHCl;,

EtOAc, BuOH, water -2 -SulE A}g-3le] A 12o] wheta
SAHEESRIL A4 E-2] 7| (UNIVAPO 100H, Uniequip
Co., Germany)2 s=3lo] Sujd 32 AgichFig. 1).
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HEdltE e B4 Fig 13 22 WHoR 24319
0.45 um membrane filter(Millipore Co., US.A)Z oJ3}3t
o} & Table 19| A2 02 HPLCE AME-3lo] A#A
< st FFS EA4shat

4t RE7(2t &4

Rancimat(Metrohm679 Switzerland) 9] &4 x71& HRS
2 ARE 20 mgS P& & FAR 3.00 go] HA &
PisiAsl §47h B SRS 2e04eE 5
a = 70 ml-& measuring vesselo] @& & air flow
ate 20 L/hr, Hh§-21= 120 C ol 255 H7IskA 9 &
—‘§= EHZ::[LE slo] 3 I= Al 7KInduction period, IP, hr.min)
£ &3}t Antioxidant index(Al)= ZF 239 F&E

Dried sample

extracted with ethanol-H,O (80:20, v/v)
evaporated to small volume in vacuum

Ethanol extract —I

water and n-hexane (1:1)

‘—| n-Hexane fraction |

Aqueous layer

ext. with CHCl3(1:1)
—| Chloroform fraction ‘

Aqueous layer

ext. with EtOAc (1:1)
_—{ Ethyl acetate fraction |

Aqueous layer

ext. with BuOH (1:1)
—1 Butanol fraction |

H,O fraction —|

Fig. 1. Solvent extraction procedure from sweetpotato tips.
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TA3HE7H= AOAC mtﬂoﬂ o3t} 27 —s}oﬂr‘,}(AOAC
1995). 53] 180 gofl & 400 ppm, H| L FAS}A 2]
¥ &3} BHTE 712} 200 ppm& H7}8}o] Jz_%uwzp] 2
=of Z ket & 50°C convection oven(J-300M, JISICO,
KOREA)o| A#atHA 59 7HA 02 2Apshgict dhateE
7H} 4L AFRA 1 g2 FIoHA] acetic acid
=3 : 2(v/v) Y 25 mloj SH A7 = 235} KI 894 1
mlg 745Hal oA 1087 B3 F S/ 30 mE 7}
BFL 1% NEGHS AAJFO R 510 0.01 N NapS,0; 0.2
A48k

chloroform

A2 0{s(Electron donating ability, EDA) &3

2= 0 et Brand ef al(1995)43S ©]-8-5to]
DPPH(1,1-diphenyl-2-picryl hydrazyl)o] W3t AR}l
(EDA : Electron Donating Ability)S& &5} ZIHHS
AArstATh 2 A& 0.2 mlol 4x10° M DPPHE 2.8 ml
A2 2718t & vortex mixer® 1027 E¢-5to] 1027} 1
2% & BT A(UV-160A, SHIMADZU, Japan)S A}
F3te] 516 imollA] YEE st AAFoRIHE
ARAATS FHAATY BHE HolE WRgR veh

OPé!ﬂ%“ 2AHS
OFAAA ARG Kato er al.(1987) Wil o] &gte] =
Aatedch 2 1 mM NaNO,§H 1 mlof] 2% =wo] AR

2 m)E H7}e, ol7jo] 0.IN HCl $38-i(pH 12)S

Table 1. Analytical conditions of HPLC for phenolic compounds

Item Condition
Instrument Waters Associates 616(U.S.A)
Detector UV-VIS Detector
Column uBondapak Ciz Column
(Waters Co., 3.9 mmx300 mm)
Wavelength(nm) 254313 nm)
Solvent 40% Methanol : 60% 0.03M phosphate
buffer(pH 3.0)
Flow rate 1.0 ml/min
Injection volume 5ul
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AFE-Ble] HEE folo] H= HulE 10
FtolS 37T oA 1417 HESAIZ]
Fdleo] 2% ZAREN 5 ml, GriessA|9F 0.4 ml-S & 7}s}o]

miz 39tk o] &

F % 9o | my

A ERetm ALo)A 1587 $AF F EYYEAS AL
83t0] 520 nmo] A FHES ZAt] e o WA
L Flga, ofFAE AALLS

gzl dgt 228 Ao 3%
Rtk

Angiotensin Converting Enzyme(AEC)2| Xslis

ACE A3|ZA2 Cushman et al(1997)2} Cheung et al.
(1997)¢] Hhg st Agsigich &0 50 plof 300 mM
NaCl& &3t 100 mM sodium borate buffer(pH 8.3) 100 ul
g ¢e HP%QHOH 71221 5 mM Hippuryl-Histidyl- Leucine
1L 37°C oA 1057} preincubation A7l & ACE

ulZ o 37°C oA 1A]7} incubation A]Z] t}
2 1 M HCI 200 ul& go] W& AXAZ] & ethyl
o] 1527} vortexing 33t} Vortexing$t H
£ 1,000 rpmol| A SEZL centrifugedt T2 ethyl acetate=
= 15 ml F3lo] Fe= B0 $FoE LA £ 1 M
NaCl 1 mlE ¥ 3! vortexingd}o] 228 nmoj|A EHF=E =

Hstolet.

acetate 2 pl&

m

jl_l. al =k

nj=sietE

e R, QL IR, B U A, B,
Al E2] 9] phenolicsE& EA43F Za}= Table 29} 2t} 107)
9] &9 53lE £ 1T utol|= gallic, chlorogenic, gentisic,
caffeic, couramic, ferulic acid 5 62| phenolics”} 3+8-=

of e, dutoe g Aol T PR HAx
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Table 2. The contents of phenolic compounds in sweetpotato tips

Aed, g0t 7HEA 32 @ AL ko] 2 Aor W
& 3(KHDI. 1999)%)+= chlorogenic acid, gentisic acid,
caffeic acid7} o] F&Eo| Qgith HYgda= |29
wlstol o3 Baol dakol S WOk TRt &

AFAOIHAE T ok oloh 2 Az
= Islam et al.(2002)°] i7Fu}of| polyphenols7} QREA|A
2 5o ol FEEYhs BT SA SuEe
ZoJ= EtOAc > BuOH> Water > CHCl; > Hexanes= 0.2
FAESL, & A=3TE T 1758 mg/g FolA EOAc
Zof 55%, BuOHZ=9] 39%7} 385 ¢ ch(Table 3).

Ll |E7|ZoleE Sitst 2

A4 AZ F QA 712ke] kA AR A

A, o FAolN depotulmal, ZbE Ag/JHER
Sol B o]t gre] WA T A% FENE Tt
Aeoh L7u 2P, oL QAR E9) B SN

B8 A 59| #T YUIAL =aAE, BHT
oto] g AbE AALEE Table 43}
el mtnp T4 tsl-xl-g}x':‘ﬂ o ouje w9 ul EZ]OHH
£35S0l 1} BHTRT £33, FuBol} 4349 =

o AR A e el B2 Holr] 9
& A2 usteo] doreh n IURE dws
oA TTo] 132LP)EA 7P & FABtES ek
o, 2§, BE, EXOAE BE 2229 Tl
Y RSl olstee ke %?» 9] AHFAE
SREE RS

F

3kl Qlok
E3F S EEH A3 (Table 5)& ZANSE 23} ethyl
acetateZ0| Th2 EIESO| vlglo] &4, Eqﬁﬂiol%

BHTR T} 94:31¢ith Rhi et al(1996)2 FAAZ AuE
SAEY] A7)0 wt 9714 §HiE FE5H] ﬁo&i} 7}

(mg/100 g, dw)

Samples Gallic acid Chlorogenic acid Gentisic acid Caffeic acid Coumaric acid Ferulic acid Total
Roots 5.40 33.16 0.26 0.45 - - 39.27

Sweet leaves - 213.19 3431 2.99 0.46 6.48 257.43
potato  Petiole - 66.62 10.72 1.89 - 1.71 80.94
Tips 221 215.57 12.11 10.28 0.03 4.60 244.8

Perilla leaves 0.13 7.16 7.13 0.89 0.03 - 15.34
Soybean sprout - 0.05 2.06 0.00 0.00 - 2.11
Spinach - 6.44 432 0.14 0.01 - 1091
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3} acetone > ethanol > ethyl acetate > water
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7t 5~15% Atolo A= GA3] S7HHAAL Tl 15~25¢
AN B I oloh 2 WEE A 4
EASL A sl 2ot Aluj2 218l XAl hydroperoxide
o] g}aFo] oIt} Hmzo| Tt FAEN o RSN USRI P
3t 7 o 2 A FA]AH € 2 AR EHtKChae
et al. 2000)

7t 22EHEE Y TYE lllxll‘n”’%
Es|2o] Yo HABEE YL, ol
Wenc o o A8 dehur olg 2

Lee et al.(2004) 50| FFe} =X 29 FE5EZ,
Ugjof o] tifrfro] dRo|FEES, Kim et al(1993)0]

zztl [e] 7(4

5ol phenolic acidsE Bo] S8h= A} FEES

Table 3. Phenolic compound contents of solvent fractions from sweetpotato tips (mg/g)
Fraction Gallic acid Chlorogenic acid Gentisic acid Caffeic acid Cumaric acid Ferulic acid Total
Hexane 0.005 0.209 0.008 0.050 0.001 - 0.214
CHCL' 0.019 0.592 0.463 0.195 - - 0.611
EtOAc} 0.933 10.340 4.056 79.083 0.060 1.139 11.273
BuOH* 0.752 40.457 3.476 22.755 0.10 1.755 41.209
Water - 7.933 0.493 0.928 - - 7.933
Total 1.709 51.598 8.003 102.083 0.161 2.894 53.307

TChloroform, 1[Ethyl acetate, §Buthyl alcohol

Table 4. Antioxidative activities of ethanol extracts from sweetpotato tips and other vegetables (unit: L.P)'

Soybean oil Corn oil Palm oil Lard oil
Control 95+0.7 129+0.5 349+12 34+04
BHT 127+ 1.1 16.0 + 0.7 394+1.0 6.8+1.6
Tocopherol 10.7+0.5 143+1.0 37.5+3.4 63=x1.1
Sweetpotato tuberou roots 132+0.5 153+0.5 386+1.3 53+04
Sweetpotato tips 129+ 04 16.6 0.4 404 +2.0 6.1 £04
Perilla leaves 125+04 13.4+04 36.7+2.6 42+03
Soybean sprout 9.6 £0.4 13.9+0.6 354+£25 36105
Spinach 9.9+0.7 13.7£0.5 37.1+27 40+04
Lp (Induction period), Temperature: 110°C, air flow rate: 20 ¢ /h, a-Tocopherol: 200 ppm, BHT: 200 ppm
Table 5. Antioxidative activities of solvent fractions from sweetpotato tips
Control BHT Tocopherol Hexane CHCl; EtOAc BuOH Water
Lp' 9.59 12.0 11.2 9.64 9.72 12.73 11.25 10.97
AL 1.00 1.25 1.17 1.01 1.01 1.33 1.17 1.14

"Induction period

*Antioxidant Index (Induction period of oil containing solvent extract/Induction period of soybean oil) Temperature: 110°C,
air flow rate: 20 ¢ /h, a-Tocopherol: 200 ppm, BHT: 200 ppm
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Fig. 2. Peroxide values of the ethanol extracts from sweetpotato tips and other vegetables.
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Fig. 3. Changes of peroxide value of solvent fractions from sweetpotato tips.
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of FUFrFEES SR EE M7 A3 ethyl acetate
AL, =] e
E9] A9 CHCl;, HexaneZo|(Park et al. 1994), &§0|3%
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AE9 7154 B7t 5 FAlslsol tiste] &3] DPPHY 9
FLHLE o] 831 9=, Brand et al.,(1995) A free
radical & 7}A|1L Q1+ DPPH(2,2-diphenyl-1-picrylhidrazyl)
£ olgsto) Azl Wi BAS ZHaA

nnh BAIT, A YRR, B BAL UL,

AR FEE9 free radical 2752 FAE A3} Fig. 4

100

o} 2oph. Tt T4eo] BHAHSE TR T82%E T 42.3%

of v)3le] ol AL, EMY, AR, FUHES 289~
18.0%% Wopt} ol 72 AdtE= Al g{-Ajo] F2 AR

=190+ BHT7Zt #l=A ey ‘01 JLE Eeol
U o] HlmEgtEe] de] w7 fiteR A4HEY &
ot SR H R AT E4 53] EtOAc? BuOHS<|
A e 4% velithFig. 5). o9k 22 A= Bang
et al(2001)0] A7 MeOH %ZE-L EtOAC, n-BuOH,
H02 gjEgste] 2l e ARgoiss 4% 2

I EtOAC &2&Eo] 7P 56141, Han er al.(2001)2
4 MeOH 252 n-hexane, ethyl acetate, butanol,
H0% {ujigste] 4%t A3 butanolFEE0] 7MY ¥

< B4 Byve Baeh st
OfELIEAI S
gF9le] 1Y HARANOS) A3 =Fo] WHOS] &4k o

U #5]-25F9 ADI(Acceptable Daily Intake) 219 mg/60
kg bw. Bt 1778 WA] 3.374 1 B, 4 NOsF =

Electron donating rate(%)

o B8 &8 8 &

Sweeipotato roots  Sweeipotato tips

Perilla eaves

Soybean sprout Spinach

Fig. 4. Electron donating ability of ethanol extraction from sweetpotato tips and other vegetables.
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7k o
ARZAY oA ELAFTE e, MY, TUHEC] &5
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o9} Z-& ZA¥}+= Rhi and Shin(1996)0] 5]l -5
" =313E £ caffeic acid9} ferulic acid7} oA AAT BE2-
ko] nitrosamine 9] A4S AAFITh= R 19} Apo]E K
0.2 caffeic acid®} ferulic acid 9] t‘ﬂ'ﬂkol =2 Z<(Table
3)o] obAA WHGolA SN EY R Ao r Kol His
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Angiotensin |-converting enzyme(ACE) X5l 231}

JFul T4 ethanol +&E 9| ACEA S 2AGH 2
Y= Fig. 83 Zotth ntop BoERE E¢o] 2o Al
ato] 154 =9k3, EAY, FUE, AaART 1.9~3.74)
oft} {ujRsE 2 Fig. 99} Zo| EtOAc, BuOH, water
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