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Abstract

In this study, we investigated the variation in free sugars, organic acids, antioxidant activity and anti-inflammatory
effect of Solanum nigrum Linne fruits according to harvest time. Four kinds of free sugars (fructose, glucose, sucrose,
maltose) were detected in S. nigrum fruit, and the free sugar contents varied significantly with harvest time. Organic
acid content of S. nigrum fruit showed the highest in malic acid and acetic acid, and the highest content of total
organic acids was found in S. nigrum fruit harvested on October 18" and October 25", For the total polyphenol
content, S. nigrum fruit harvested on October 18" was the highest. The strongest DPPH and ABTS radical scavenging
activity was showed in S. nigrum fruit harvested on October 11" and October 18". The anti-inflammatory activity
and antioxidant effects were the highest in the ethanol extract from S. nigrum fruit collected on October 18" and
October 11™. Thus, it seems the best to harvest of S. nigrum fruit harvested on October 11" and October 18",
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7hekge] @4kt g el o] #3k AT ERE Tivks
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Alto, CA, USA)E ol&3td Fastion, H&E7=
ELSD(1200 series, Agilent, Les Ulis, France), column-<
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Aol Alg=2 AMESHTH
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Table 1. Soluble solid content in ethanol extract of Solanum
nigrum fruits depending on harvest time

Harvest time
Sep. 27" Oct. 4" Oct. 11" Oct. 18" Oct. 25" Nov. 1*
501‘(‘3;501“1 $3231" 483129 522432 54726 58445 52047

"Each value represents the mean+SD of three determinations.

H=8=F 5742 Velioglu 52 —% A e W (25) 2
2 =339tk 1 mgmLel A8 5 pLell 108 843
Folin-Ciocalteau A]2FS 100 LA H7}3t & Ao 5E
b E=o} 9hE & 7} bedl] 7.5% NaxCOs& 500 A = 7kst
3L 30°Cell 90#3t vE-g-&F v &3 725 nm S7g 3t
Z Ju5dge 100, 300 500 2 1,000 pg/mL gallic acidES
o] g3le] ETH TS At F Eulle FHe Als
1 mgZol ng galhc ac1d equivalentZ YERJSI T}

DPPH radical &A&4

AAgAs 542 Blois®] QoS T3t SH 5t
2Tk 10, 50, 100, 500 pg/mL F%2] sample 10 Lol 2x10™
mM DPPH &% (dissolved in absolute methanol)< 90 1L
A7Vt g2 3083 vk T 517 imollA] SRS
249t AAFATL olee] A3 o] MRS
AAFgE 3 1C50(50% inhibition concentration) %= 50%
DPPH free radical S Ao A7)& Al 85 =S A4betqith

AAFAF(R)=(1-A 5 H7Fe §%
F33% )x100

E/7AE el

ABTS radical &271&4

ABTS radical S ©]-&-3F gtsl2] =732 ABTS™" cation
decolourisation assay WHQ7)S.Z AUt 7 mM
2,2’-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)<} 2.45
mM potassium persulfates E33le] 4 C° ot~ o] A]
overnight F<t WHg-3lo] ABTS™ & 44171 3 734 nmell
A FBE Fol 0.70(20.02)°] === phosphate buffer
saline(PBS, pH 7.4)= 3238t} Al2 10 Lol 3%
&9 90 1ILE H7Isle] Fge] 5% F 734 moll A FREE
=735 th. ABTS radical 44 3/J-2 DPPH scavenging
activity AlAMIHIL FAsH WNEZ(%)Z ALkt &
ICso(inhibitory concentration 50%) = 3 & 3}53 T}
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BF3}31 37T, 5% CO, incubatorol| 4] 18A]7F E<F ujj 3]
%At} LPS(Lipopolysaccharide, Sigma, MO, St. Luis)$} A &
A8)= 05% FBS7F & 7Fs]o] 1= DMEMe]l qﬂ-s}o% 24
A7t 2 2)8}aL 0.5 mgmLe] MIT €48 F3al= wjA| =
WA 3] incubatorol| A 447t vl ekt vk 25 &
A5 S A A 2 wellell 150 uL DMSOE #7138}
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RAW264.7 A|EZ2FHE AAAEHE
oxide(NO)2] %2 Green 5(29)9] WS o] &3] Al X
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platecl] £3F T A 85 FTEHE X2 8to] 24A]7F wlj <k
SFATE Al el eF %5 100 pLe} Griess Al (A reagent,
1% sulfanilamide; B reagent, 0.1% naphthylethylendiamine
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Table 2. Free sugar contents in water extract of Solanum nigrum
fruits depending on harvest time

(%)
Ha;vest Fructose Glucose Sucrose Maltose Total free
time sugars
Sep. 27" 1.78+031" 152¢0.14 021+001 032+0.03 3.83+0.09
Oct. 4" 212:018 1344011 0124002 022:001  3.8+0.05
Oct. 11" 2713021 145+0.16 0144003  0.15:0.02  4.45+0.07
Oct. 18" 3.12¢026 202¢031  ND”  0.12:001 526+0.68
Oct. 25" 321+027  157+0.23 ND ND 478+0.18
Nov. 1" 274%026  2.10£021 ND ND 4.84+0.17

"Each value represents the mean+SD of three determinations.
2)ND, not detected.

Sucrose:= 99 27 231 7hvkg A, 109 49 7k
Aol %109 116l =28k 7hnts Dufjol ARt AEH
o™, maltose:= 99 27 5-E] 109 18L7H] &3 7tv}
FoAA HEEHA Al T e e &
Abel g9, S g3 5 #EE Ao delA e
tl@30), 71 AFellA Qo] A7)0 me F2]%
FFe st F s =)ol et F frelE ol
S7Fetl e, fructose S FEAI7]7F ol ol whet
agitka Hauste] & A9 2ol 2 HATEI). & AT
AA HE FEAI 119 19 583 7hvks S A
sucrose 3! maltose®] HFftart Yebsted, 7ivtsat &
& 7P A 2R A A wE fEE A
FEA717F o1 3ol wet glucose B sucrose ool Sof

Aoe Eu32)et A S YeERQlth

RII1M B

7tk gl 5 A7 §714F £44 7} oxalic acid,
malic acid, citric acid 2 acetic acid & 43| ZAZ%goH,
malic acid$} acetic acide] o] BE A|FFolA 4
UEATHTable 3). 71 & {714 2 109 1847
10¥ 19 8t 7inkz GujjolA] 71 =gkom, 109
259 F83F 7hnks Ao, 1€ 19 583 7ints duljo}
10€ 1199l 83 75 vl £o 2 2 ks Vg
otk HE9 4714 5 malic acid 332 109 18l
Tt 7hulkg dujollA 7 =4 JERReH, 10 11
T 7hnks Ao, 109 49 73 ke Gl o2

=2 S Bt

Table 3. Organic acid contents in water extract of Solanum nigrum
fruits depending on harvest time

(%)

HANSt Ovalc acid  Malic acid  Citic acid  Acctic acid Total organic
ime acids

Sep. 27" 0.14001" 056:004 0131002 054£004 1372002
Oct. 4" 006001 069003 0.17:001 068:003  1.6+0.01
Oct. 11" 005:002 085:005 019001 061005  17:0.02
Oct. 18" 008+001 093:0.02 029+0.03 066007  1.96+0.02
Oct. 25  0.04+001 062:004 047002 081:0.02  1.94+0.01
Nov. 1" 009002 063003 029+004 069+005  1.7+0.02

"Each value represents the meantSD of three determinations.

71E HuoA 7ntEe Fo §7)4HS acetic acid,
tartaric acid, malic acid 2! citric acid k2L 2.1 @ #} glon}
(33), B AT A= tartaric acide AZE A &%, oxalic
acid’} &5 = Ao S Btk

£ polyphenol &23d

T2 e 7k Dul ethanol FEES] F
polyphenol S =73 A3}= Table 49} 2t} 109 18Y
of| =2+t 7hnlZ Erf ethanol F+Z22] % polyphenol &=
2 31126 pgmg & 71 A VEREIL, 109 1190 &
gt 7batg Al ethanol F+%=(289.33 ng/mg)¥}+ 108 259
o A|F & 7inkZ Anf ethanol FZ2(278.12 pg/mg)ol A=
E2 59 F polyphenol FiFo] eI

ZEuEA 42 AEA g ExHo JE 23
AR = shE ikt 24, ek B At 282 ok
Al EdE delA k34 7kl F8 EeEs
-2 gallic acid, protocatechuic acid, epicatechin, rutin,
caffeic acide H|Esto] thre] 50 X3dE A=
BHud vt Qlom3s), 3, ddT 2 it 89E e
Wtk gl A dvk36,37) & AT A3 109 11LelA
109 25¢ &3 7hvts Lol ethanol FE=2] Eelvle

Table 4. Total polyphenol content in ethanol extract of Solanum
nigrum fruits based on harvest time

Harvest time Content (g GAE/mg extract)
Sep. 27" 231.149.82"%
Oct, 4" 254.74+5.71°
Oct. 11" 289.33:7.28"
Oct. 18" 311.26+321°
Oct, 25" 278.124631°
Nov. 1" 26432+7.15°

"Each value represents the meantSD of three determinations GAE (g gallic acid
equivalent/mg ethanol extract equivalents).

Mean with different superscripts (a-d) are significantly different at p<0.05 by
Duncan’s multiple range test.
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e ks Al FEE0] T EejulE Fel 235 myg
olghz 719 Ha(38) Bk EA yehgen, o] 43}
Al710l| W& catechin T2 FETHE 2o 7} UJAAIRE
gFe] FFolA FEA7I7E Rl el ket Srketehe
H139)9 A A3tE E3loh

DPPH radical &H=

FEA7]ol] w2 7lul5- Eufl ethanol 552 DPPH
radical®] &7 55 EH913F A= Table 59F 2t} 8HA]7]
o w2 7tul5dul ethanol F+Z%E52] DPPH radical 427
242 10¥ 18Ul 3t 7tvlkz Al ethanol &+
102 110l &3 7hul5 Gl ethanol FEENA 2
ICso #r= YERH], =2 gitst 835 IRlsisith th
02 10¥ 25¥¢9] &3 71nl3 Aol ethanol FEE, 102
49 583t 7hnl3 dnj ethanol FEE, 99 2794l £t
7HakS ethanol &, 1€ 1€ F& 7tntz Gl
ethanol 25 $£O2 & [Cy 7+ VEQTE & AT
A3} 7lnl=E Do) ethanol 52| DPPH radical 27 5<
7k 224 ethanol S22(ICso, 159.62-184.89 pig/mL)
9} A3} ethanol % (1Cso, 137.90-179.87 ug/mL)2] ICso
A9 BT GHA| e, 7lnk Bl ethanol FE=9] 3t
3} g7 g B9 FEEERT 528 FAs9Th

Table 5. ICsp of DPPH radical-scavenging activity and ABTS
radical- scavenging activity of ethanol extract of Solanum nigrum
fruits depending on harvest time

ICs of DPPH radical ICso of ABTS radical

Samples - —
scavenging activity (uig/mL)
Ascorbic acid 6.15+0.34” 2.8440.17
BHT” 12.78+1.26 3.56+0.10
Sep. 27" 134.89£2.49” 105.48+2.16”
Oct. 4™ 137.10+4.12° 10167343
Oct. 11" 113.6243.14° 93.62+4.50°
Oct. 18" 10643457 97.48+3,07°
Oct. 25" 129.87+5.82° 112.142.57°
Nov. 1" 154.68+4.33° 124.862.33°

"BHT, dibutyl hydroxy toluene.

Bach value represents the meantSD of three determinations.

IMean with different superscripts (a-c) are significantly different at p<0.05 by
Duncan’s multiple range test.

ABTS radical &2H=s

7hulz Qo ethanol F+EEE2] ABTS 2z 275
<= QI3 ZA3}= Table 59F 2t} A7) W& 7bul5
Gnj ethanol F+EE-E52] ABTS radical 22752 109 1Y
o 438 7tntE Lnf ethanol &2} 109 18l 48
gt 7huts Erfl ethanol FEESIA B2 ICy ahs YER
©], ABTS radical 227 &4 o] 71 st o, 109 4

F83t 74k Ao ethanol FEE, 99 27l 3 7}
nk3 Gul ethanol FEE, 109 25¥0 83 7ivlz
ethanol 0.2 %2 ABTS radical 227 2H8-0] Yelyith
) 2791 ascorbic acidE 2.84 pg/mLe] ICs 7t eSS
o, BHTE 3.56 ug/mLe] ICso at ETE E3t A&

arst 4L AWl BE ARz @42
A8t ksl g3tE Uehdiths 7]1E Ba1d0)et 2o
7kt Al ethanol FEE-S A AtsiA| 24 9] &-go]

71 E o,

MEZ=SM 2 RAW 264.7 M=Ze HEX &=
TS Belste] F93 7hnks Gulf ethanol &=
59 A EX=A4-S H71etAl 3-3,4-dimethyl- thiazolyl-2)-
2,5-diphenyl tetrazolium bromide assay(MTT assay) & -3}
313127 (41), RAW 264.7& ]Q14) AHs} ~Ed A~ 2 e
AxzRsEd A% 2 55 sk lipopolysaccharide
(LPS)4} sodium nitroprusside(SNP)2] o] 712} A tol]
2 AMEE = A EFTHA2). 7Hks Gl ethanol FEEE2
AE=/ B A 7tk Erf ethanol FEEE5S 10, 50,
100 pg/mLe] FEZ A2 gt AlFFECA] 100 pg/mLe
EEo A E RAW 264.7 cell®] A ZAEE0] 90%°] /3=
Uehle], AZEAL gl Ao selaldtiFg 1. A
FEAS e QgtoLt AT YEEL 7lulE Lojel
FHNI7E £l A5E okl S A, ol 7t
F Gl A7)0 AL ool TS HE & sl

solasodine®] o]l =/ dEpgtou &gt uet
solasodine®| e Solxlthe= Haleh #ilio] & A

o2 AY7ETH43).

RAW 264.7 cellol] 1 pg/mL LPSE %] 2]5te] NO YA &o]
1323 ;M2 S7HE & glstlen, 109 189 24k
7hetZ Grf ethanol FZ%< 10, 50, 100, 500 pg/mL2)]
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Fig. 1. The effect of Solanum nigrum fruits ethanol extracts on the cell
viability of RAW 264.7 cells.

Mean with different superscripts (a-c) are significantly different at p<0.05 in same
concentrations by Duncan’s multiple range test.
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Fig. 2. Anti-inflammation effect of Solanum nigrum fruits ethanol
extract lipopolysaccharide(LPS)-induced on RAW264.7 cells.

Mean with different superscripts (a-c) are significantly different at p<0.05 in same
concentrations by Duncan's multiple range test.
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