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Antioxidant Activities of Cedrela sinensis Tender Leaf Powder Extracts
obtained from Different Solvents
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Abstract

In this study, the nutritional value, total polyphenol content, total flavonoid content, and antioxidant activity of freeze-dried
Cedrela sinensis tender leaf powder were examined. Among the nutritional values, the crude protein, crude fiber, calcium,
and potassium were abundantly present in Cedrela sinensis. The Cedrela sinensis powder was extracted with two solvents,
70% ethanol and distilled water (D.W.), to evaluate its functional properties. Total polyphenol and flavonoid contents were
measured in the two different extracts, and the extracts were screened for their potential antioxidant activities using tests
such as DPPH radical scavenging activity, ferric reducing antioxidant power (FRAP), and ABTS radical scavenging assay.
Although both extracts exhibited good antioxidant activities against trolox, the ethanolic extract exhibited higher antioxidant
activities than the D.W. extract. These results indicated that the Cedrela sinensis powder is a high-valued food ingredient
and the extraction with 70% ethanol will be useful as a nutritional source with natural antioxidant activities.
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A WAFL, AFHHAR A% Aafutse] Hug &

A7}e SA8HE ddl9 AvRELS & Ao 9o I A]71cKSingleton 5 1999). AISIA|E 24 o]0 243}t
M= A%e SAshs AFY B84 71sol tsl Biol 715, AT AR B4 o3 AqEHZ Y
F& "otk 343 AHg] Hkz QI3 Aol Aot 2B ZRYo g o v FEAATIBR, B4 &7 it
G ast Al B Ao wBHol, A AfeEZ 3 BAS WA AL ofe] A PASKs BAL A
Aol S7H=EAL AthKim 5 2012). tiF-E9] A d2 st I A= #HT 4 UkNiki E 2010). HA 734 <]
A131A 01x1ElE 3] AAMA o7 FYER|ul YR ol ks E- 2= L-ascorbic acid, @-tocopherol, F-AAk, AJA}
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el FAkek 220 wis) 714 o] AFstaL, a&e] w2 Hol
Ak, A7 = ol AH Al ZF HId, 2P F microsomal
enzyme 874 S7hL AW S 249 5435 9 2 74
9 Aol A7 AI7IE = eER O
O =2 FAEI YIeHKim 5 2009%2). £3] FTh? =
3} A7l gt 8771 ZoiHol et AEHAES) AHEL
Fsel 2A0lER dhuAel Suet 745 A

A0 7hsd HY FASAS LA Sa7t 3
7}8ta QltHLee S 2008).

ISR &8s S (Cedrela sinensis A Juss.)
€ U SHEE 9% A E I A= Ee
A Apgtti(Shine 5 2008). FFUF o= oA &4,
N=, A5 A2 AY, o)d 59 A= o8, =
QoAM= 7Hd-F-5(Fan 5 2007), SARS X|& &IHChen 5
2008), @ 73K Wang 5 2008) 52 {77} A= L )t
ol &l Eohe FFUFY F2 A2 52l Fol A
o] FEolghi= &1, g, 7], Mol 23} °|F Y=ol
U FZ o8 2EEn HZ FS5UT &2 Aoy g
o] olste] FEUT =3t H T F=Hof 2 A2
&5 5o 2 FAEHA AujHze] Ha; Skl Q)
Alo]thKim 5 2012). o]} o] FFUF= A5 E &
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1. A=

2 Adol AME FEUF e 20139 5o S
= FArel A AGARAY 71 Sto] RFste] AH F ALE
3tAth -70Co| A 52 A Z(Freeze dryer MCFD8508, Ilshin
Lab Co. Ltd., Gyeonggi-do, Korea)d}o] mjafjst -2 &7
A| No. 80(180 pm mesh, Chung Gye Sang Gong Sa, Seoul, Korea)
o E2pAZ F, - 18Co] ARTEA Ag3HAT,
SAAET FFUE 29 7154 B4 gojo] ©E A
SRE s 245}7] 918 Fig 13} Zo] A5t
Aot Alm B9 10 g SR/ E= 70% ofgh 400 mLE

=

o
il
i)
1o
o
ofi
o
Ay

Freeze-dried Cedvela sinensis
at -70°C for 48 h
¥

Ground & sieved (180 pm testing sieve)

v

Reflux extracted with 200 mL solvent
to 10 g of Cedrela sinensis in 80°C for 3 h

¥
Filtered (Whatman No.4)
¥

Reflux extracted with 200 mL solvent

to 10 g of Cedrela sinensis in 80°C for 3 h
v
‘ Filtered (Whatman No.4) ‘
¥

Evaporated in 60°C
¥

| Freeze-dried at -70°C for 48 h ‘
¥

| Cedrela sinensis extracts ‘

Fig. 1. Preparation of Cedrela sinensis extracts.

F4ste] 80T 48 ApolA] 3A17E K 28] BF W2l 23
3l =& MS Whatman No. 42 o35}, 60°C water bath
(digital water bath SB-1000, Eyela, Tokyo, Japan)o]|A] rotary
evaporator(N-1000, Eyela, Tokyo, Japan)Z TI¢s=S 5t &
o 43A7H BAAXAA Busele] - 18To] AEelEA
AHg 315

2. HIME 2N
EA7Z FEUE & 2ot dubg RS AOAC(2012)9]
wpeh RSk SRS Mo 42274 7](MB45 Moisture

Analyzer, Ohaus Co., Zurich, Switzerland)E ©|83}o] 43}
Fom, 2L EAALZ2AX|(Kjeltee 2200 analzer,
FOSS, Hillerad, Denmark)E ©]-83t Micro-Kjeldahl 24 A 3F
Moz A A% 6258 Atk RS A5 2AY
FZ7](Soxlet Avanti 2050, FOSS, Hillerad, Denmark)E ©]-%
3l Soxhlet’s 24, 23] A 7] 3]3}Z(LEF-105S, Daihan
LabTech, Namyangju-si Gyeonggi-do, Korea)Z ©]-&3%t 550~600C
A1 3|81, 2/4-8+= Fibretherm(FT 12, Gerhardt, Konigswinter,
Germany)© 2 HFo}sch. B4IE FFES AL o4
shol 1000l A] 43, Zeuld, ZA9T 23R BFE
A9 oz et
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AAZ FEUT & Buke] 277 FEEE AACC2010)
514 microwave(C900, Ctrl-M Scientific, Cerritos, CA, USA)
= o835t H4] Ealistth A& 0.1 gofl 2% HNO; 3 mL
& SFFE 718k 30 AR F microwaveo] A 100C,
1,300 Wol| A 587F 1407C, 1,200 Wojl 4] 1027, 160TC 1,200
WollA 1087k ufxj2ko 2 2007C, 1,200 WollA 2087 A=A
Ao Z Bistgch B3 & AJHL 50 mL volumetric flasko]|
7 B ZR4E olgte] gl BAY BY ARE
Aotk SHELGALS W] o) ¥ fEAYZG=
o S3-ELA 7)(Optima 8300, PerkinElmer, Waltham MA, USA)
& olgste] ST oM, B4 2AE Table 13} 2t
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= 2 Singleton 5(1999)2] Folin-Ciocalteu H'd
of &3t FAsck FEF 10 L, FF7F5 600 uL, 2 N
Folin-Ciocalteu A|2F 50 uLE vortex2 &35}t 38 & &
3HEof 20% Na,COs(sodiumcarbonate) 150 pLe} £F<= 1,190
ULE 7Fsto] 2417t Fet Aol ®A|7E 3, UV/VIS spectro-
photometer(V-530, Jasco, Tokyo, Japan)Z 765 nmof| 4] S34=
£ S5 Gallic acid®] HFAC2ZRY F Edv=s &
S gallic acid equivalents(GAE mg/g extract)2 A3}t

% ZelR o= FHERL Davis H(Joo SY 2009)0] &3}
AsAt FEE 0.2 mLoj| 90% diethylene glycol 10 mL%}
4 N sodium hydroxide 0.2 mLE o 7}5}A4] awkstgch 37C
2 587F 7123}e] UV/VIS spectrophotometer(V-530, Jasco,
Tokyo, Japan)2 420 nmo|A] S =S =45ttt E2TA
2 rting AFE5He] AP3Iste] rutin equivalents(RU mg/g
extract) &2 X &3} ch

Ay

5. DPPH radical scavenging activity
1,1-Diphenyl-2-picrylhydrazyl(DPPH') 2}t]Zre]] tfgt 27
M Blois MS(1958) W& ol4s}9] Brletort =y

Table 1. Operating conditions of ICS-OES

Operating conditions

Coolant gas flow rate(L/min) 0.20

Plasma gas flow rate(L/min) 15.00

Carrier gas flow rate(L/min) 0.55
Ca 317.933
Fe 238.204

Wave length(nm) Na 589.592
K 766.490

Mg 285.213

& 2T FEEY A 24 1061

2 A2 222 09 mLo] 1.5%10 ¢ M DPPH 0.3 mLE 7}3}
o] WHE T AL Ao A 308 WXt UV/VIS spectro-
photometer(V-530, Jasco, Tokyo, Japan)Z 517 nmo| A SF=
2 2sKTE 2289 A7 S 24 B AR}
Tof FA7HY] FFE ZolE H|wLS free radical 27 &
g unge Jehjdch 222 719 IR g YeliEs =
ZE4 trolox AZA-E ZHAI5le] TEAC(trolox equivalent anti-
oxidant capacity)2 ZHAFSI T}

DPPH radical scavenging activity(%) =

_ Sample absorbance < 100
Control absorbance

6. Ferric reducing antioxidant power

FRAP assay+= Benzie & Strain(1996) ¥ o] &£3}o] =45}
At} FRAP A]9K(working FRAP reagent)-2> 300 mM acetate
buffer(pH 3.6), 40 mM HCIZ £33 10 mM TPTZ(2,4,6-
tripyridyl-s-triazine) solution, 18|11 FF 0] £3}|3t 20 mM
FeCl - 6H,0S A %35} 10:1:19) v]|& = &35t 37C=E 7}
23t § AREsigch 28 100 Lo S5 300 pLeh
FRAPA|2F 3,000 uLE &35}, 48 5 UV/VIS spectrometer
(V-530, Jasco, Tokyo, Japan) 593 nmoj|A 9] &34 = = Ay}
of ¥redstict FUYe REELE troloxE AMESHA EE
241(200~600 uM)©f] ]3] AlAFs}Ho] trolox equivalent antioxidant
capacity(TEAC)Z e ATt

7. ABTS radical scavenging activity

ABTS' scavenging activity+= Re $5(1999)2] "o &3}o]
Sotto S(2013)2 S-§5t0] ST ZFso] ST ABTS
7.0 mMo]| FF40] &3]5t potassium persulfate 2.45 mME
W3, 12407 B4F Qo] WhAIslo] ABTS' hrizhe AAAIZ
ot gojZto] AAE 8L 734 nm(Epoch microplate spectro-
photometer, Biotek, Winooski VT, USA)®f|A] 0.700+0.022] &35

£ Z'= ZE cthanol2 3]AJ5}aL, 30CE §A|5te &35
t}. A2of| 4] ABTS' solution 900 nLo} ofgh-&of 833t MZ
100 LS 33}o] 65 F HY= S ZRHTE 22E 4
% Sz 44 BHL AREI T REATY FHE Aol
2 vlmato] free rdical 27 BHL WEE Lehhgich %
2270 WS JHNE BEE volox A ZAlo]

TEAC(trolox equivalent antioxidant capacity)2 2SIt}

ABTS radical scavenging activity(%) =

_ Sample absorbance % 100
Control absorbance
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8. SAHIAzE|

o] B4 A3He 38 o)yt vk e BEEUAE
7128t on, RnE A7 o] EA A g SAS package(Statistical
Analysis Program, version 9.3)& ©|83}4t}. Student’s rtest@}
Duncan’s multiple range test2 HF 7+ thE5H|E A A3t
one-way ANOVAE A A3}

Hn} 2 pE
1. s
FAART AEYF & BT YUAHES Table 29 2

)

o] FRFFF 19.25%, 2THA =F 35.98%, AW T
3.64%, 23|15 TF 0.08% 9 4G TF 15.52%4 =
U 0] 233} Im 5(2013)L -8 TF 81.2~87.2%, %
Tl A eF 4.64-6.88%, AW THF 1.43~1.17%, 232 3
097~ 1.54% D 4G TF 3.59-651%2 B 1tg=0),
E2 2T 245 ARFO R e IF AojdH
a9 7]540] & AL= Bustfinh AFA £ (Standard
Food Composition Table)(2011)¢f] AAJH otE FEUE9] A
£ S Az F0E ghalshd 2uhid gk 30.33%,
ZA T 1.09%, 23)& 3 6.63%0| At 2 At F
2z ISR & £ EFol Im 5(2013)8] A&
e Aoz PSS

Im 5(2013)7} A FdEFET} 2 W, 23]E0] 3

of w2 wjigole

T
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AFUR &= Bare] 27)8 Feke Table 33 70] K 2,23587
mg/100 g, Ca 772 mg/100 g, Mg 251.13 mg/100 g, Fe 9.57 mg/
100 g Z18]31 Na 8.78 mg/100 go 2 SA U} 77|14 3

Table 2. Proximate composition of Cedrela sinensis powder

- gredal LERER DT

Table 3. Mineral contents of Cedrela sinensis powder

(Mean£S.D.)
Minerals Content(mg/100 g)
Calcium 772.21+8.23
Iron 9.57+0.02
Potassium 2,235.87+11.86
Magnesium 251.13£3.17
Sodium 8.78+0.13

2 Im E(2013)% Shin 5(2012)9] AFeJA] K, Mg & Cao]
g RES 2R|5tg oH, 11 gt Fe, Na9] gHFo] &7 Let

a A 9J
T

o] 7714 3heFo] K>Ca>Mg>Fe>NaQ] A& ghgo] =3t
ot o= FSUF ALY Fr1d d9E KCa>Mg>Na>Fe2
B35 Im 5(2013)7} Nadt Fe9] <47} vt et 2 A+
FZUT & Boto] 7k kS 223587 mg/100 g0 & 8.78

mg/100 g¢) HEF ol u]s) 2F Aol oF 2508) Hx
E2 702 ekt Shin $(012)2 FFUE &9 2o

2F Bl 4G Ak HAZ AT VUYL Y] =32

[ Aol dado] Bulss] S BaF BHS
ste] WFS AL BB} YOUE FHUT o]
R R R = LR

w
f

. & EfHE ¥ SEEL0l= BE
Singleton 5(1999)2 A& & ¥=o] WA 23|
Agshe 7158e Ad 22 Atz o, AER 4 Fl

A B S
oha shelh d4oh 0% olReR 25% FAAE FEU
R & BOe uug & Eevis U Sehuicols e

Table 49} Zth & Ef|ds FF2 70% oE-E F5E9]
104.35 mg GAE/go. 2 g4 =&E59] 6230 mg GAE/gEt} &
Ao Z =QIHp<0.001). & ZTE ot FFE 70% o
B FEE0] 4538 mg REgCE 94 FE2E9] 31.20 mg

Table 4. The total polyphenol and flavonoid contents in

Cedrela sinensis extracts (Mean+S.D.)

(Mean+£S.D.)
Composition Cedrela sinensis powder(%o)
Moisture 19.25+1.12
Carbohydrate 25.53+0.47
Crude protein 35.98+0.31
Crude fat 3.64+0.44
Crude ash 0.08+0.00
Crude fiber 15.52+1.15

Total polyphenol Total flavonoid

Extracting solvents

(mg GAE"/g) (mg RE”/g)

70% Ethanol 104.35+3.03 62.30+2.64
D.W. 45.38+2.22 31.20+3.42
t-value = 27.19%%* = 12.46%**

Y Gallic acid equivalents(GAE), ? Rutin equivalents(RE)
**%p<0.001
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REgRTH FolF e g Jthp<0.001). ol HEA|Y FE2=
o B EYERT fEE EIEA ¢ w2 EdE T
< YeRd Kim 5(2009b)2] A¥et= FARE 2It2 A, Z]
H=Zo] f71-8ue}t vhg-3t7]of| g3t hydroxyl groupo] X
T A= 3gHEo]7] o]zt AYZEch Cheng 5(2009)
2 ASUE 9] At @42 et AR dsF
213l 319, Im 5(2013)2 FEUE =] Egjvs € Zt
Hl-olE gefo] gej@go] FRste FSUE ok 34
AE R o] GEHAPY AYF &3k 27ty 9] FFR
o =2 g vepdoha g

4. DPPH radical scavenging activity

A o] ot H A4 2]zl 1,1-diphenyl-2-picrylhydrazyl
(DPPH) ZAh= 540 nm 3ol A 443t S4o] Svd
RSt ko 2 ulFE A wiske 48] 27] F4kst
W= BrH 4 Sk B dtollMe BlE B9 -84
AAIQ] Trolox & ¥ 222 ARSI FS5UT &
Bo] 0% ot 2B 95 $2EL Y sE=

_ 100 —+—Trolox —B—T70%EtOH —a—D.W.
£ 0
£ w0
.E
2= 70
g 60
(] —
a 50
£
S 40
g 30
220
10
Z 0
] 5 10 13 20 23 30

Concerntration {pg/mlL)

Fig. 2. DPPH radical scavenging activity of Cedrela
sinensis extracts obtained by 70% ethanol (EtOH) and
distilled water (D.W.) and the positive control trolox. Each
value is mean+S.D. (n=3).

Table 5. Antioxidant activities of Cedrela sinensis extracts

& 2T FEEY A 24 1063

UHro] DPPH 2tz &4 5S 4% 2= Fig 29t 22
H, 57} old4E ZF Adwe] s wE DPPH ]
Z 2A%E FYFLe 2 FotHp<0.0001). FHhEA2
trolox ] DPPH 2}t]Zt 2745 W 9l= 6 ng/mL o|stef A Lpe}
Som, o= AFUHE AA 9 ethyl acetate £2]5 |4 DPPH
gz 2AF ICs gko] 74 ngmL=2 SA = o] FPdz2T
(F1EtE] C 5.2 pg/mL, BHT 7.1 pg/mL) Rt} &7-50] GolF
A9k, ICsogke] S83] Wol MA A=A -84 0]
UTHEL B3 Park 5(2010)2 H|=3t A2} vbgkeh E=3L
SE e F T/ FEES Trolox FHFZHTEAC)S
2 3Hbste] Table 50 UYeR ATt 70% oghE FE2EY
902.38 mM TE/go.2 F4 F&E9] 545.56 mM TE/gHE.t} &
oH o2 FUTHp<0.05). o= & EdlHEd St ot
7h e 28004 o 2 S vEhd A A
7t 9& AL g Hth Cho $(2003) =4t FEAE 5
9] DPPH &ttjZ &A5& RAFRE 23}, Rosaceaedt ©]] 9
AE 15% FoA FSUR €9 &A5 7MY St B
3T

5. Ferric reducing antioxidant power

FRAP 2412 2tz AW o] Fakst ZHMThe o2
HAYZ | ket S olt. e pH 4o A Fe'-TPTZ
EgEo] 523 nmol|l A FFET 7 & A Fe''2 3
HE= A=E &4 URles, 949 2hde 42 s
TEglon], 250 e B2 E AREI §lrhBenzie
& Strain 1996). Trolox(50~150 pg/mL)9} FEUH & &
FE=(100~500 ngml) 5709 FE=2 LYo FRAPZ
3 A Fig 33 2o} FE7} EoldSE 2 AP
o] 2 gejo] folHos Folyg A 4 Uk
(p<0.0001). FHEUR & Bk 222 9| AT Table 59 2
o] 70% ofehE F&50] 1,064.09 mM TEgL & I 255
9] 220.00 mM TE/gHt} 21808 &=9thp<0.01). 0|23t
27 PASELR Y EvE Behuieol=e
ZFol A 70% oEE FEENA ° wldthe A A
o] & A= Heltk Heo 5(2010)2 g4t FLoHdFS! 5,000

=

(Mean£S.D.)

Cedrela sinensis

TEAC"(mM TE/g)

extracts DPPH radical scavenging activity FRAP ABTS radical scavenging activity
70% EtOH 902.38+0.64 1,064.09+190.15 499.52+20.43
D.W. 545.56+0.04 220.00+42.26 614.43+36.26
t-value -9.71* = 7.51%* 4.78**

) TEAC stands for trolox equivalent antioxidant capacity
*p<0.05, **p<0.01
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—4—Trolox W70 EOH —&—DW.

[

= = o =
L= T I - =

at 593 nm
= e o o o
[ T T T

Abs orbance

L=

100 200 300 400 300 600
Concerntration (pg/mlL)

Fig 3. Ferric reducing antioxidant power of Cedrela
sinensis extracts obtained by 70% ethanol (EtOH) and
distilled water (D.W.) and the positive control trolox. Each
value is mean+S.D. (n=3).

uginl. F&Eo] tha FRAP 54 23 95 F3ES §Y
FE 035, g $EE) FYE 0282 ST 2
Aol FEUR & BY FEBL 250 ngnle] FEAN §
g 2P onR G Folke) 2R BUY
of 9otk 2EL WY 4 Ak

6. ABTS radical scavenging activity

ABTS" 27 84L& 2’-azino-bis(3-ethylvenzothiazoline-6-sulfonic
acid; ABTS")9] A1 @ oFo] 2 abt|Zro] gk A3} 3
4ret & S4she ot Trolox(10~50 nug/mL)¥} 354t
T & B F5E(100~500 pg/mL)yE 5709 FEE Uirof

TS" 27) B4S 2733 ATk Fig 49 2k 100400 1
ML ST oldeE 7 AYE] SEo| e ABTS'
27 Bo] Ho)H o Lol HTHp<0.0001). AEUE &= &
o 2589 ABTS' &7 24< ATH: Table 59 2ol A5
2Z 50| 61443 mM TE/gO 2 o8t 2ZE9] 499.52 mM
TEghth ¥4 SR 9ch 94 FAkst 247 th2A 94
F&5o] ek 2EFERT §9% 02 £E A(p<00l)
< At o] BApFol 2717k AW, aromatic ring®] 7H<,
2|2t 4= Q= hydroxyl group®] 7427 W45 ABTS” &
A 450l Hald 4= 7] wiZol2tar AYZHE ch(Hagerman
5 1998).

Heo 5(2010)2 gh=AF FLobrlQ] 5,000 ng/mL F+E&Eof of
3 ABTS' 27 ¥4 5% 23, 95 2389 YYE:
46.89%01H, oghg 2ZEL 4482%2 G212 Zol7t ¢
it} Shiddhuraju & Becker(2006)= &% A 32&Ed gjst
ABTS" 47 84& 2733 A3}, wolox FFo] 714 w3dl

T

&

)
e
ox

&
of
>

d A FGFA

100 —4—Trolox —W—T70%EtOH —&—DW.

ABTS radical seavenging activity (%)

] 100 200 300 400 500 600
Concerntration (pg/mL)

Fig. 4. ABTS radical scavenging activity of Cedrela
sinensis extracts obtained by 70% ethanol (EtOH) and
distilled water (D.W.) and the positive control trolox. Each
value is mean£S.D. (n=3).

Ao A Ko 2EEo|A 662 mM TE/go2 B Age]
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