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Abstract: In this study, the antioxidant activities of fractions
(methanol, hexane, methylene chloride, butanol, ethyl acetate
and water) of Solanum nigrum L. extract was investigated. The
contents of total phenolic compounds of each fractions of me-
thanol, butanol, methylene chloride, ethyl acetate, hexane and
water are 4.41+0.23%, 5.57+0.35%, 9.89+0.19%, 9.86+0.19%,
1.89+0.04%, and 3.18+0.06%, respectively. For assay of anti-
oxidant activity, 1,1-diphenyl-2-picryhydrazyl (DPPH) radi-
cal scavenging activity, reducing power and nitrite scavenging
activity are evaluated. In DPPH radical scavenging activity,
the highest effect was obtained from the fraction of ethyl ace-
tate. Reducing power is ordered as ethyl acetate > methylene
chloride > methanol. In nitrite scavenging activity, the high-
est activity was 5.5% (butanol fraction), whereas hexane frac-
tion did not detected. Overall, antioxidant activities are closely
related the content of phenolic compound in extracts of S.
nigrum L.

Keywords: Solanum nigrum L., Antioxidant activity, Phenolic
compounds
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1. INTRODUCTION

Ao EAstE EA Be FAAEARRE 7Y A
Bo] ad g 4US du gtk 53] 5 AR
oFat A2 A S 7P AR Hfat A7t o
5101 231 ok [1-8].
T S E2EREH FEES FE ko] kst g4
% :_]'_I_X]‘ AT} [2-5]. &= 71X (Solanaceae)©]
2&:5}= 7k (Solanum nigrum Linne)Q) A 22 A, $-2|y
2} 770l B3] A2k 1 zo|ch. E3F opAlo}, 5%, 41,
o7} T 2ol A Gl o] 2= FHyl& Ao #25}
3L T} [2-5]. 8 RO R = AR o] (solanine,
solasonine, solamargin 5)2} diosgenin, tigogenin®] $-3-&| o]
9 Ao Buww oo (3] §9) FelRH o= ¥,
o sk FES, T 9 o, i 2 A, 1 HE, A%
Az B3, S53A3A A4, A, T4t 28 5ol o
gho] HaE it [2,3].

A= OHLVlE AAreh= I oA A S
olefat A AAL A 2 LB Hsto] At
EYAE 7hstal, °1§ Qlste] Q1A o HIAEE
] A8 2/ o 2 Q) S Qo 7iek. o] 2ja ML <l
of ee] Aol Aglo] Firka el A glek [18-10] Et
£ 71 0 Aol loiA F7] F9| Abkol o5 4
Absfol ela) HAISR §2l7] WAlol L} Akste] 13 U
O] M (Aol ozt ofu], o] F, WA, 5/ U 5)0l
ek (1],

A durdo g A A Q= kst 22 A A
314 (ascorbic acid, tocotrienol, flavonoid, glutathione, caroti-
noid 5)9} g4 dHAFSHA (dibutyl hydroxy toluene (BHT), bu-
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tylated hydroxyanisole (BHA), ethylenediaminetetraacetic acid
(EDTA)-Ca,Na, EDTA-Na,, dl-a-tocopherol, nordihydroguaia-
retic acid (NDGA), propyl gallate, erythorbic acid, isopropyl
citrate, resin guaiac, sodium erythorbate )7} Tk [1]. o) &5t
FASH A = B Ak «l g oAlstaL, A& FHA S
£ o] ok A& X}‘%o}ﬂ sl de o] &= gl
kB A O] Qb B SRR AlRe gt B
29| 7furo] 9% 9)r}[1,8,12,13].

B AToAE A 8T Buet B SAMoRE N2 F
o gitst =483 Whg-sto] 1,1-diphenyl-2-picryhydrazyl
(DPPH)94 WA aAlo] EAL o] 43 DPPH radical 4

A% 244, FAs BT B BAZ AT hw
‘”EW A= %?ﬂﬂi, aear, opE kol tigt A5
AHgSte] &4 FEEY dtekeS Blastaat shylct
[1 6-8].

A= ol A AHsHE A= 5 & (S nigrum L) =
-rE] AL 671 2] 9] &ufj =& E 35 (hexane, methylene chlo-
ride, ethyl acetate, butanol, water, methanol)] Akt G115
2Aksto] AElEhy B2 L] ARZAY HsH e B
s skt

2. MATERIALS AND METHOD

21.4%84 =

Aol ARE-RE &4t (8. nigrum L= WA (B 7% A
Gt Aol A 20149 ARl A Fdske] A of] AHE-sEHAT
SHAESE &A] Ald o) AR8-3F DPPH, ascorbic acid, gallic acid
= Sigma-Aldrich Co. (USA) A|&2, Na,CO;2} DMSO+=
Kanto chemical (Japan), ZL2] 1! Folin-Ciocalteau reagent+=
Wako pure chmical Co. (Japan)2] #2 AF&-3F T} [1].

.32 482y
FArsE & S0 AHESEY] ffste] B4t FEES vt
o wpon Agleh AzE 457 AW 150 go] 80% me-
thanol 89 2 LE #7138t &, shaking incubatorE ©]-§3}¢]
50°C, 150 rpm @] XA S 2 297k &3 & 22 NS Hes)
%l th. thA] 80% methanol €9 2 LE H7}sle] &8l 3}
428 B MER F Qe FEEEL IR ojuistol

LPES AAA. 1P Eo] AAE methanol FEE-S
evaporatorE AR-g-5ho] W Th&2 A A skt wghEo] A A
% %55 methanol extract= g T 5} ¢ 1L, methanol extract
2HE 217 2 L9 87|81 (n-hexane, ethyl acetate, methy-
lene chloride, n-butanol)E A}-&-31e Z+7+9] §7) &) B3 &
A 02 Aotk A42te] §7] 82 2 5 e goje
water £8] © 2 soleh, oj7] Zkzke] 7] 4] Hale
evaporators ©]-8-3}o] 7|8 u| & A| 75t 2429 /7]
gul W B By AxEL AZEE 2O AF FE (0.1

~10 mg/mL)7} ] & 2 DMSOo] 0] Z}7ke] 23] A2 2 3]

of GAtet Aol ARE-sF A

2.3. Ak &4
45 2220 A5 BAL ety fJale] 2HE29
DPPH radical 4:7] %, B8], o} 214k 27 58 243l o] o

Z - (ascorbic acid)Q} H] 1L 5} T}

2.3.1. DPPH radical 275

1 4130 443 DPPH radical 7% %32 4 5 [1]9]
M2 o] g5te] obel o} o] 2L 42kl §i1 #2
L=l Al

E AREE 1~10 mg/mLo] H=7} EE 2 DMSOo| &of A
goll AHg-3t¢ith DPPH €912 3 mg®] DPPHE o[£k 15
mLoj| &9l &98 1.5 mLof| of gk 3 mLe} DMSO 0.5 mL&
S35}5lo] A %3514t DPPH radical A7 %52 A|& 50 uL9}
DPPH §-91-& & sto] Ao A 1027 ¥h-3-3t & 2343
LA o] &5to] 517 nmof| A FFEE SAste] Aol o
Z7-= A& g4l 50 uLe] DMSOE #H7isto] vhg & d&
FHE 42 AHESESITE. DPPHE] % A4-3-01-5 (electron do-
nating ability, EDA)< EDA (%) =(B—A)/B x 100 (A: A| &
9] %=, B: 219 FFE)=E AAbstgith A Hatst
A| 1 ascorbic acidE AHg-8to] Al & 9] FAMS} &S vl aL st
%t [1,6-8].

2.3.2. ¥/ g (Ferric reducing antioxidant power (FRAP)
assay)

2 Aol ARg3 2l Y S A T (1Y S ol &
stof ool gro] A5G 0.2 mL—4 /\h:ioﬂ 0.2 mL]
200 mM sodium phosphate (pH 6.6)2} 1% potassium ferricya-
nide EgNHS EFFsto] 50°Co A 2047t §ES-5F3iTh. 0.2
mL2] 10% trichloroacetic acidS 2 7}8}o] &35t & YA H
2] (10,000 rpm, 10%) aFAT}. AHS ol 0.5 mLo 0.5 mLo]
0.1% ferric chloride 98-8 &3lot & B33t Al & o] &3}
o] 700 nmo| A EFEE =A3ATH [1,2]. Ascorbic acidE
AFg-5to] A E0ke] FAFS BAS v makelh B g
o] 242 FArslso] B8-S olul e} [16,7]

o

2.3.3. o) AR 2 A5
2 Ago] A8 ot 275 24 4 5 (119 e
o|-g3fo] of o} 2ol 245}
mM NaNO, €< 1 mLE 74 7}8}1, .
(11612 AH51of ¥gte] piis
& 10 mLE gr3 Qo). Wk % 37°C°ﬂ/\1 1A 7 52t

H}-‘l/\] ZA T -39 1 mLof| 2% acetic acid 5 mL%} Griess re-
agent 0.4 mLE 7kstel B2, Aol 4 15 87 4
gfo] Hh-3-sto] P2 AR FHEE HHFEAE o F
&Fo] 520 nmof| A 5788t ob A A T TS ol
AArs} St

obAA A F (%) =

IEQEEPERES T P
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O FFE)/ NEFE7HEY E3 %=} x 100 [1,6,7] 80
I 10 mg/mL
[ 5mg/mL
[ 1 mgm/L

24.3 Y= S{EY §F

AR F9 F e =9 shg2 Folin-DenisH & ¥13
slo] 2AFA T A& 0.1 mLef 28] 8] A% Folin-Ciocalteau
phenol reagent 1 mLE &3}5}0o] A 20| A 387} HE-3-31 %)
W3- %, Na,CO; 2318 1 mLE EgskaL Ao A 1A[7F
S kSt HE AN FHEE BFFEAE ol &
&ko] 725 nmof| A S SHGlT). HsA StEY #EEd
gallic acid& A&} T} [1,6-8].

fu

.89 9 3
3.2 U LY

L4 25 B92 AxH S nigrum&-11-9] 80% methanol-&
o] g5l HEE FEES A T &S A A 42
2258 95 extract® WY} 11, SF extractZEE 87|
£l (n-hexane, ethyl acetate, methylene chloride, n-butanol)&
g3l 7] 288 LA Ko Atk & 659 AR
E AF o A5 T 848 (dielectric constant)of] w2} &
o o] SHAo] F-EE=T [1], £ A ¥ 4= n-hexane (§4&
1.89), ethyl acetate (6.02), methylene chloride (9.08), n-butanol
(17.8)= AH&-5Fith

32. 3 ¥=4 SREY §F

871 222 39 F W4 320 FFS W Folin-
Denist & o] §3t0] &4 23} (Table 1), 4|2 52] 5 5
A 31gtE 9] stk 717) 80% methanol 4.41£0.23%, hexane
1.89+0.04%, ethyl acetate 9.86+0.19%, methylene chloride 9.89
+0.19%, n-butanol 5.57+0.35%, water 3.18+0.06%= LE}ET}.
Ethyl acetate®} methylene chloride £ of| & 7}AF W2 Ak 9]
H=/4d skl SAE ATk A o][4]o] o5t 7o
He FEE 5 dolA 132 mg/g (1.32%)= Hej ek Eufol
ulsto] 25u19k 308 FHepo] Eokeh T W s}l

3.3. A3 g4

3.3.1. DPPH radical &%

2 AFo M= A7 59 A 241} ¥h-g-5hof DPPH A}
A| o] A Ag o] Al El = E4S ©]-§-5H= DPPH radical 4~#

Table 1. Contents of phenolic compounds on the fractions of Sola-
num nigrum L.

Solvent Phenolic compounds content (%)
80% methanol 4.41+0.23
Hexane 1.89+0.04
Ethyl acetate 9.86+0.19
Methylene chloride 9.89+0.19
n-Butanol 5.57+0.35
Water 3.18+0.06

60

40 +

Free radical scavenging (%)

20 A

L]
(7 7 8, &, 7 h,
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)/ o) 7
O,»Ib,e
Solvent

Fig. 1. Effect of S. nigrum L. extracts on the DPPH radical scaven-
ging activity.
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Aol Z7hske A3 Btk o= 713t 4 [1]) wne}
T AR Aok e Aotk 671A 9] 3] F ethyl ace-
tate -2 o Al 7}A =2 DPPH radical 2 A& Vel e
1, T2 6 & = butanolT} methylene chloride®] <= © & A
3} & et o 7M=& &4 H¢ ethyl acetate
89 AfolA= 10 mgmLo] A& o)A 68.7%2] 24
Bl v, tj 22 A}l ascorbic acid2] -0 A= 1
mg/mLe} 5 mg/mLoj| A Z+Z} 89.99%2} 97.06%2] 34t
2 YEMY ATt E3F 0.1 mg/mL2] ascorbic acidol] A= 48.54%
9] DPPH radical 2752 YEFY 2 th 1 mg/mLe] 5o A
ethyl acetate 5] 9] gHAF3}H5-2 ascorbic acid2] 2F 38%¢f| 3
Fokhe dh= UEtH el of &[SI 7hek5-2] 5912 DPPH
free radical 2 AEA]L Wy Z7], AE O] duf, 9 18|11
Z 302 A UeEi, A AEA 9 g FE3T ethyl
acetate F=F& w8 oA kS EHS R A0 R E
o] phenolic 3}gH&Eo] Qirtal Husgiet. 4 5 [6]= 1|9 &
& &l tfgt DPPH radical 242745 Aol 4] 5 mg/mL ©]
o1 A& s e W2 4kEks (2.9%)S ® kgl
E3 7 5 (7] chAT} A2 BB A oF 6-30% (I~10
mg/mL) &7 55 HASHTE 4 5 [8]2 &g Aolo &
=9 DPPH 2tt]Zr 2A &4 54 A1, ethyl acetate £2 o
A FARSIA| 2 AFE-E| AL §)li= BHAU ascorbic acid@} H|s=3F
P4 R usgith

3
3]
2l
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35 8
I 10 mg/mL
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Fig. 2. Ferric reducing antioxidant power assay of S. nigrum L.

Fig. 3. Nitrite scavenging activity of S. nigrum L. extracts.
extracts.
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3.3.2. 3148 (Ferric reducing antioxidant power (FRAP)

assay) 3.3.4. BlEY 3}eHE 9 gHEH LIS 2y o] A

Fig. 20]] A| & £2] 9] 5 of oh& 25 vl wsgith A g @% Y s IeE A F4ats} 7] 5ol lrkal ¢
of AMEE BE 2EE B3 oA 272 A3 ascorbic A UTH1,4,8]. B Aol A 4 FEE2] HwA 3eE2
acid (1~10 mg/mL ¥ 9o 4] OD 3.000)0] H]}o] W2 gkde]  Fheful ghaks} &g 7o) BA| & v]aLsto Fig. 40f Lrebu ¢l
S U A B9 Bt ol ALE dYdE 27151t Fig 4A)0= 2 BE8¥E 5 mg/mL 5% A &2 DPPH
= A= U lth 55 £8 FollA &= ethyl acetate &= radical 22753} 5 #=5/d o}k ko] A& Uebd
o] 71AF =& Y-S UEY LS 1, methylene chloride 7 o]t} YHFA © 2 methylene chloride 8-S A| 2|3t 7 -0
B33} methanol &5 0] =4 Jelytth o]= ¢l DPPH ¥4 d3HE 9 =57 =242 DPPHradical A A 5% &
radical 27 % A% Ax}o]| A ethyl acetate B oA 714 &= 7}5t= A3FS Yetd 9tk 18y methylene chloride 3]
QFal, butanol¥} methylene chloride®] <= 2 =4 YEld A oA = H=4 ﬂﬂ‘j 9] =27} 7}4 &=L o= DPPH radi-
Tz G5 Aol gk Adfoltt. o]+= butanol 1+2] 7} water 3] cal —/1\—7‘]‘0—":‘ e 78“%% UER $iTt. o] = methylene chlo-
9] atstg S et BP0 Afojgtn A E ek I 5 ride 23 F9] w4 £ 5 U= DPPH radical 7%
(618 719} 422 2L o golo] BLS 2HT AL 50 & el oS A weet Fig 4B)E 7 BeEs
mg/mLoj| A 5 mg/mLe] 7] -H} oF 3uf) 52 S S Bl Imgml 5% AR F vl=4 3HgHE e sl o

5} % O 1}, ascorbic acido]] H]3}o] weket. 74] UeEhdl Aot Aubd 0 2 w4 3R] L r ) i
T5 UYL FUbehs A4S UE I Fig 40O)=
3.3.3. ofF 2AF 7F FEE Imgml sk A2 F ¥= shokE T

831 225 5239 ofAAl AA S-S ZASE ATHE Fig 30 obdAAlY 2459 BAE Yetd Ao|t} 94 3HHE9]
CPEb ek A8 T A1 29] 5 L | mgmLo|Sich Buianol 5ok o441 AAip3he) SHAT AREAL 5
BN 7MY 2 2A5(5.5%)= YEFY AL, hexane & &3kt o S[5]12 7huts A AEA 9 i FE=3 ethyl
Yo A= AY S et A ottt o] 33t Ab= tf 2 acetate FEE w8 9 FASE S-S 7HA = 2ol diF
T2 ARE3E ascorbic acid7t 1 mg/mLe| 50 4 93.9%2] = 9] phenolic 3FgHEo]thar R s}t 7 5 [7]12 thA

& 2A%9] Lrehdl Aol vishe Ags] W gholth B ol wh A4S EY 5 oA SR kol Z7hal uket
o MWW AL v A4FHEY ol AN A7 BUAY F7h AFES MG B H 5 (8] £

SolA 1 mg/mL7HA| = 7 o] B/4d& HolA] 2 Hhd, 5 mg/ Ol FEE oo dAtet BT HuA oitte el A
mLOj| A= 30.1%2] 22755 B, S mg/mL o]0 ascor-  WHA S AR A}, T2 Faket BAL HuA okt
bicacidol| A 719] 100%2] &7]52 HAstRTh[6]. BF &9 e WA BAVE dvhal Ruskoint. FEA o=
I o] [4]o] SJshd Fhupg-otE &= F ek dule] 2 Aol &4t FEE T F HleA e dEol
OFEAA 2752 8% o3t Woton, 92 62% (pH 1.2) A4S 2T WAt whelo] ol= Ao = fekdErt
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Fig. 4. Correlation of total phenolic compound content with antioxi-
dant activities of S.nigrum L. extracts. (A) DPPH radical scavenging
activity, (B) reducing power, (C) nitrite scavenging activity.

4. CONCLUSION

B Lo A &7F (S nigrum L)) 32 E3 & (hexane, me-
thylene chloride, ethyl acetate, butanol, water, methanol)2] &}
o BTS2 §7F FEE 39 F s B
£9] 3hF2 80% methanol 4.41+0.23%, hexane 1.89+0.04%,
ethyl acetate 9.86+0.19%, methylene chloride 9.89+0.19%, n-
butanol 5.57+0.35%, water 3.18+0.06%= e} tt. A &
d& 57517] 915ko] DPPH radical 275, Sl 9, opF Al
aAsol gt e 3% A, ethyl acetate 2] of| 4 7}
% =2 DPPH radical 27%5& Uehfglon], tgogl
butanol ¥} methylene chloride®] 0] Qlt}. T2 Ao A=
ethyl acetate 53] 0] 7}% =9} © 1, methylene chloride 22
3} methanol % 20| 7 Lrebuteh. ob 24k 7% Aol
A= butanol B3 o A 7} =& A A% (5.5%)2 ER] QL
1, hexane $-30] 4= 7] 24 LA ko). £
Mo g5 2B P VYL AR F2 954 33
2o g} Wxe Belo] A Aow wekE Y 919
ATATREE i FEEO ALl B AL U=

rl

A

249 M54 L gst .
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