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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 phe-
nolic compounds present in sweetpotato tips are the gallic,
chlorogenic, gentisic, caffeic, couramic and ferulic acid,
which are 16-122 times higher compared to other vegeta-
bles 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 pe-
rilla leaves. Nitrite scavenging effects were excellent in
sweetpotato tips, perilla leaves and soybean sprout, espe-
cially, 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
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tuberous roots and 1.9~3.7 times higher than in spinach,
soybean sprout, perilla leaves.
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2 Ao 2 HE "= renning- angiotensinogen angio-
tensin 1.2.% H3l5}1, E&AI3NE angiotensin [ angiotensin
converting enzyme(AEC)ol| o] 7123t e ~& 522
o} angiotensin 115 AJ#33}o] bradykinin®| dipeptideS &
g5t Aoz dofo] Argehe Ao Hustqirt A
E32E 2 7¥E Angiotensin I converting enzyme(EC 3.4.15.1,
ACE)Aallso] T3l 12 3HAE o8 okulx
o] =25of tfjsl E4do] B EYItKKwon et al., 2006;
Lee et al., 2004).
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Fig. 1. Solvent extraction procedure from sweetpotato tips.

No. 6)3}93, ThA] Y& =t }Oﬂ 80% EtOH 200 mlE 7|3}
of TYT WY o7 23] vhE FE59rhFig. 1). Eg 1L
b B0 EIOHZFEE-2 HH o5 of A n-hexane, CHCl;,
EtOAc, BuOH, water 3¢} §0& A8t S4Jxof ute}
A L2781 AL7AlE 2] 7|(UNIVAPO 100H, Uniequip
Co., Germany)% -553te] ¥ HEL IYciFig. 1).
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0.45 um membrane filter (Millipore Co., U.S.A)E o] 13t
{5 Table 19 #4270 2 HPLCE AMg-sto] AgA
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Rancimat(Metrohm679, Switzerland)2] &4z 742 vt
ol ZF AR5 20 mge ¥2 ¥ FA 2 3.00 go] &
2 g AsAel $77) & SdEEe 2ouaus
A1, 54 70 mli-S measuring vesselo] 2-& & air flow
rate 20 L/hr, B2 = 120TC oA 2&£E8 HrlsiA| &=
HAE HE2FZ 3to] F-=A|7HInduction period, IP, hr.min)

o o

Table 1. Analytical conditions of HPLC for phenolic com-

pounds
Item Condition
Instrument Waters Associates 616 (U.S.A)
Detector UV-VIS Detector
Column uBondapak C;3 Column

(Waters Co., 3.9 mm x 300 mm)

Wavelength (nm) 254 (313 nm)

Solvent

Flow rate
Injection volume

40% Methano] :
buffer (pH 3.0)

1.0 ml/min
5 ul

60% 0.03M phosphate

Mo dr me

SR} EX

22435} t) Antioxidant index(Al)= Z+ B3 2&8
L BRI PN Tor ez i
go Fognt BE AL 33 Wy Al @
el WaNz EASHT

FAsHE7He AOAC “*‘%‘If’ﬂ ojste] Z43HHTHAOAC,

1995). %] 180 gof] &

212 400 ppm, B FASAIQl E
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2325} BHTS 742t 200 ppm& H7ksko] 2Saba27]
2 o] 2 T35t 2 50°C convection oven (J-300M, JISICO,
KOREA)S] ARSHEA 59 7o ARkt ZHabst
E710] 242 #A8-A] 1 g& Z8)4] acetic acid : chloroform
= 3.2 (viv) 39 25 mio] $3A7 T 8 KI g |
mlE 7F8la AoA 1057 W] & 284 30 mlE 7}t
Bt 1% AELME R AJeFC. 2 o] 0.01 N NapS,0; 0%
5 sheict.

HMxIE0{=(Electron donating ability, EDA) &%

259 34teeES Brand er al(1995) W& ©]8-3)
o DPPH(1,1-diphenyl-2-picryl hydrazyl)o] th$t Hx}F-of
5(EDA : Electron Donating Ability)S &%l &9z &
AArstEch zF A& 0.2 mlo] 4x10* M DPPHE- 2.8 m/
WL A7}t F vortex mixer= 1027t Egtsto] 1087 o
23t & B = A(UV-160A, SHIMADZU, Japan)E A
5tof 516 nmojA FFEE SAHAT AR &t Al
27 F7HRY] FEE AolE HEEE YEISU:

OFELHE A7iS

obE At &7 2142 Kato er al(1987) Hho] oJste] &
383k & 1 mM NaNO» & Imlof €44 s=2] A|B(2
mhE A7V5t1, o37]¢] 0.IN HCl 9284 (pH 1.2)S A}
Eoto] Whg &A9 HF FHE 10 ml2 St of ¥
HE 37CollA 1A §EGAIZ & 2} REGHS 1 miA] 3
3to] 2% ZAREN 5 mi, GriessA|2F 0.4 mlE A7lslo] 2 &
et A2oA 1587 HAgE & BFFEAE AHg-oo]
520 nmof| M SFEE SHTh FEshe obEAEE 8k
i, opAAMe AAEL FEES AUkl ¢ tiEte] o
T FEE 7MY FEE AolE HEER eI

Table 2. The contents of phenolic compounds in sweetpotato tips
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Angiotensin Converting Enzyme(AEC)2| Xalis

ACE A 3|&84-& Cushman et al(1997)2} Cheung et al.
(1997)9] WL HEPste] AFIHTE 2N 50 ulof 300
mM NaCl& &3t 100 mM sodium borate buffer (pH
8.3) 100 ulE Q& yr-gMof 7]4¢] 5 mM Hippuryl-Histidy!
-Leucine 50 w/Z 21 37°C oA 1027} preincubation A]7]
3. ACE 2849 100 u/2 go] 37CoA 1X]7} incubation
AZ1 o2 1 M HCI 200 /g 'go] §E-3-& HAIAIZ] % ethyl
acetate 2 ulE go] 15&7} vortexingd} 3t Vortexing$t
ML 1,000 rpmo)|A] 587} centrifugedt TF-& ethyl acetate
S L5 ml st = 2o FHLE FTAN F 1M
NaCl | miE ¥ 1 vortexingd}o] 228 nmoj|A S34-§ =

Hatoict.
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Dk RUIT, @, PAR, Be) U AL, FUHE,
Al FZ 9] phenolicsE H43t 2= Table 29+ 2t} 1074
9] EZH| &35 £ 11T ulof+= gallic, chlorogenic, gentisic,
caffeic, couramic, ferulic acid 5 6%2] phenolics”} ¥F-8-5
of Siglem, aputels thE Aot B A HYgx
Aed, e s g5 ¢ A aso] & Aoz B
AE(KHDI, 1999)8)+ chlorogenic acid, gentisic acid,
caffeic acid7} @o] g-f-¥o] Ut FEzE A2
Hjste] it 40 FFol U3 WAL, IUECIY &
MY, AFA o s e w2 geFolgich o9 22 dAx
L Islam et al.(2002)0] I+Futo] polyphenols7} Lubaji4
F Eoh wol dREAtE RuE fAFS S 28
Zo]= EtOAc > BuOH> Water > CHCl; > Hexane& 2 2

(mg/100g, dw)

Gallic Chlorogenic

Gentisic

Caffeic Coumaric Ferulic

Samples acid acid acid acid acid acid Total

Roots 5.40 33.16 0.26 0.45 - i 39.27

Sweet leaves ; 213.19 3431 2.99 0.46 6.48 257.43
potato Petiole ; 66.62 10.72 1.89 ; 171 80.94
Tips 221 215.57 12.11 10.28 0.03 4.60 2448

Perilla leaves 0.13 7.16 7.13 0.89 0.03 i 1534
Soybean sprout - 0.05 2.06 0.00 0.00 - 2.11
Spinach ] 6.44 432 0.14 0.01 ; 10.91
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20] 55%, BuOHZ0| 39%7} 355 ¢lth(Table 3).
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1 I cleke s Ak 3T {49 A
717ko] AIUHA AEAtsirt A & AEolA FET HA ddEA o Adst 7Hs S AlAL
A-8-A) v ely]
w4 F2HeE 7t
4%, Bé) @S9
AFeHAI)l ESEE, BHT
Table 4%}
2tk nnt o wm}w 2uiG, Bo L EXA
E39 S0} BHTRC} $3h,
=2 FASHAIE H7IsHA] g2 tilatet ’TE Apo)7} @l

3tal gt
TS S22 Iikel(Table 5)& ARG 23 ethyl
£ 28E3 vistd w31, ESF S

BHTEt} 42514t} Rhi ef al.(1996)% 5 7]

£ A|g3%t 2 acetone > ethanol > ethyl acetate > water
285 wolrks e} Zo] Algof et 23 gHitst
=7 thEe & 5 Al

Table 3. Phenolic compound contents of solvent fractions from sweetpotato tips (mg/g)
Fraction Gal'lic Chloro.genic Gen'fisic Caffeic Cum.aric Fen.llic Total
acid acid acid acid acid acid
Hexane 0.005 0.209 0.008 0.050 0.001 - 0214
CHCI;" 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
1)Chloroform, 2)Ethyl acetate, 3>Buthy] alcohol
Table 4. Antioxidative activities of ethanol extracts from sweetpotato tips and other vegetables (unit : 1. P)T
Soybean oil Corn oil Palm oil Lard oil
Control 9.5+0.7 12.940.5 34.9+1.2 3.4+04
BHT 12.7+1.1 16.0+£0.7 39.4+1.0 6.8+1.6
Tocopherol 10.7+0.5 14.3£1.0 37.5£3.4 6.3+1.1
Sweetpotato tuberou roots 13.2+0.5 15.3£0.5 38.6+1.3 5.3x0.4
Sweetpotato tips 12.9+0.4 16.6+0 .4 40.4£2.0 6.1+0.4
Perilla leaves 12.5+0.4 13.4+0.4 36.7+£2.6 4.240.3
Soybean sprout 9.6+0.4 13.9+0.6 35.4+2.5 3.6+£0.5
Spinach 9.9+0.7 13.7£0.5 37.1+2.7 4.0+0.4
TP (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 CHCl3 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 : 110C, air flow rate :

20 I/h, a-Tocopherol; 200 ppm, BHT; 200 ppm
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oA=L Ve &A% Ame Fig 2, 33 2ok AA-ges By
A Fol EAcHE BABHEIFE ST 2N {2 A AR T 5A7MR] FAksHES] AYAEre] AvtelA Fv)sitt
stz7]19 AR et FETIE & & Ak 2Fuk B9 7F 5~ 15U Aol e G435 FUIeAR oA 15~25Y
(I, 4 AE, o) € 2, FUHE, AFA 59§ oHE st 1kt o)) 2 uhe-e 9] As
AR TS 2ARSL7] Y8 5ol ZF AJE ethanol & ARSI} AdElE Sk A2 <8l A4 EE= hydroperoxide
=& AUtote] 2597 AASHAA 5Y HA LR IAEHE o] o] At R @3t & ghA] Zhasts A vl

8 8 8

Peroxydase Value
3

100
50
0
0 5 10 15 20 25
Days
—e— Control —@— BHT Tocopherol
Sweetpotato root —¥— Sweetpotato Tip —e— Perilla leaves
—+- Soybean sprout —=— Spinach

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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3t Ao g exjAlufe] dutAel Ago g ALRETHChae
et al., 2000).
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Lee et al.(2004) 5o] HHet =R F2H &85, ¢
ugjof Fof tiiEfol dRFZES, Kim ef al.(1993)0]
=G0l phenolic acidsE @o| 831 AA} 2252 3
7Vete] AV B4 v|wd Zal EFH S0y} BHA,

BHT S| ulgte] 6tgicte BucAd 429 &
=] A A AAE AT FAAR A o dEe
B ‘21@

I3 ol B40) Lnjied aAlslEkA] 2] )| A]

32 =

= ethyl acetateg} butanolZo] koL, 11 29 fF45
S+ 2 FHolAE butanol@t waterZ-9] FHASIEH 0]
5k Tel Choi er al(1992)2 T4 5 359 4
o BUR=22S0 aojRsE 2 713 A} ethyl acetate
o) 7M¢ &2 S BN, SfEEe] S

59 42 CHCl;, HexaneZ©|(Park et al., 1994), 353
Eo] gujE3lo] A9 butanolZ2| FAt3Ieo] HQftia H
TEECI(Oh ef al, 2005), ojet Zo| GojEUR T4t
Sa40) Al Ut e AR YRS BHE JBE
o 228e] I et 4Rl §2H5I th27] o
Zolth. wetA 5% AEERREH HAFAUSAIE FE319
g FAAzR H7HARE ARSI HsiA e SR
SArstRllE e TYstel BT Bat ook

FXI=20=(Electron donating ability, EDA)
Al E9) 7154 W7t 5 FAtssol diste] &3] DPPHY

o B &8 8 8

Electron donating rate(%)

Sweetpotato Sweetpotato
roots tips

9] 9L 0]g-3l1 Ql+=ul, Brand er al(1995)2 A
free radical2 7}A|1 %1+ DPPH(2,2-diphenyl-1-picrylhid-
razy)% ol §3tol AR SIS THE 2o
nPnh RYUED, A AR, BL), BAY TR,
A 2] FZFE9 free radical £755 RAISH A3 Fig. 4
o} bty Rl Baol WA VAL 782% A2
42.3%0]| wlsto] WL by, EAMY, AFA, FTHES 289
~18.0%2 WOkt 0|9} 2 AT AgHAo] F2 A}
S5 9 BHTZL 97 sRIZQIAT o] n7ut 2
ol Qo] szl Fapel 7] Wios Azt
T3t %uﬂ.,s;] W2 32y Td E3] EtOAc BuOHZ
oM £& BAE UehitkFig 5). ojot 2 At Bang
et al. (2001)01 A7} MeOH 2252 EtOAC, n-BuOH, H,0
2 grlEelst] ZEePER dxtgolsS 4% 23 EOAC

Z2ZHo| 7HAF 943191, Han ef al.(2001)2 tj4 MeOH

=
Z 2529 n-hexane, ethyl acetate, butanol, H,OZ -§1j-23]
sto] 243 A3} butanolEEEo] 71 =2 FAL HY
Th= H18e} vl

oA S

Q9] 1Y AAHNOY) 3ol WHOS| A4t 44
A1 %3839 ADI(Acceptable Daily Intake) 219 mg/60 kg
bw. Bt} 1.774] WYX] 3.379u B3, A NOs 2] 90.6
~95.1%E A2F Fl AFHTTh= Ei(Sohn, 1996)7} ATt

A AT} oA EAA T B4, MY, FUE0l
IR 15 Y] A& T2%E 7 EUTH(Fig. 6).
o|¢} -2 ZATE Rhi and Shin(1996)0] # =0 349
L3FHE & caffeic acid®} ferulic acid7} o AFE Y} ¥
3}od nitrosamine®] A4S AAStrhE H e} xfolg Kl

Perilla eaves

Soybean sprout Spinach

Fig. 4. Electron donating ability of ethanol extraction from sweetpotato tips and other vegetables.
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Fig. 5. Electron donating activity of solvent fractions from sweetpotato tips and Roots.
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Fig. 6. Nitrite scavenging effects of ethanol extraction sweetpotato tips and other vegetables.
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Fig. 7. Nitrite scavenging effects of solvent fractions from sweetpotato tips.
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Fig. 8. Angiotensin I-converting enzyme (ACE) inhibitory effects of ethanol extracts from sweetpotato tips and other vegetables.

100

80 |

60 |

40

ACE inhibition rate{%)

CHCls

Hexane

EtOAc BuOH Water

Fig. 9. Angiotensin I-converting enzyme (ACE) inhibitory effects of solvent fractions from sweetpotato tips.
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