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Antioxidant Activity of The Residue Generated During Pervaporation of
Bioethanol Produced from Lignocellulosic Biomass'

Gyeong-Jin Shin * So-Yeon Jeong® + Hong-Joo Lee® * Jae-Won Lee'

2 o

AP AE BUA vho] QU RN SAMY AHE A ARAES o] goto] uol ook Yarstelt
i ool eI £e. FaEo ol el kelen] FAEE AR5 A0 B R4S AHoeL 48
A A1) F oW Aol AR08 g7 S Ak sigen daAsEel 2, Fe
T2 U sy SIES P Uk ARG 3 2 ASHEom WA F AR HEE
ST AT} 1221 o] oSS AT, ABE B3 T FASY A7) ofobHolS EAAE 8651

mg/100 g(F=E8)9 #H=4d ke ekl Ao DPPH, ABTS it 278y 2 ol gt ICs ke
;sz 0.87 mg/mQ 0.85 mg/m(, 0.59 mg/m¢E JEPGTh GC-MSE FLAARS 2013t Aut o Bajitmal Hlis f=

ABSTRACT

In this study, we produced bioethanol from the original hydrolysate obtained during oxalic acid pretreatment of
lignocellulosic biomass. The bioethanol was separated and concentrated by pervaporation and the residue after pervapo-
ration was evaluated for its antioxidant activity. Xylose (37.28 g/0) was the major product in the original hydrolysate.
The original hydrolysate contained acetic acid, furfural and total phenolic compounds (TPC) as fermentation inhibitors.
Acetic acid was removed by electrodialysis (ED), and 12.21 g/¢ of bioethanol was produced from ED-treated
hydrolysate. The TPC of ethyl acetate extracts from the residue obtained (OA-E) during pervaporation was 86.81
mg/100 g (extract). The ICsy values of DPPH and ABTS radical scavenging activities, and reducing power of OA-E
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were 0.87 mg/m¢, 0.85 mg/m¢, and 0.59 mg/m(, respectively. Sugar degradation products and the phenolic compounds

in OA-E were determined by GC-MS.

Keywords : lignocellulosic biomass, hydrolysate, bioethanol, pervaporation, antioxidant activity

.M B

HA7HA AA Zh=ollA= vl A g A AL
Helrkao} M, Ag 5o] SRS F2 A8
grou 7R wlEo] agE Ao m disial Qi
MARE AT = e olvxR Hedd, FE,
29, aoflu ] 5 ohggt tioto] QLo gl
= vpol 2o 7] Hoprh /14 e HAAHE wolw
AUtk BloleoUA= #58 d=s A = e
Bk ofuet A o] AFARQL olyA] gl
7hsd e 7L 2lol A AAIF o= ZgRal
itH(Rajagopal et al., 2007).

S5, A 5 ARORE o]RojZl 1A Hiole
AR E YAbE = viol e ou A= AR 7
Asfof sh= Tl Slof olE Hkshr] 1%t et
OS2 24t "fo]luj A7} AQFE It 24t Hio] 2
Q] FAA vl emfie T GFo] FRSRAL ARF
AAke] S we 4 & B ofyeE Bi] F
o] ottt E FTMNZIAl e B HAY A
A oyrYoegEA L] ERAS AL QthSilva et
al., 2009). 224 vloleujie F2 AEZOA,
FudEre s, gado]l ExetA AZE o] &
517] ol 2= o] FojA Ut UHhHow EZH
W AdEzes S 40-45%, RAER A
25-35%7} EX B E B oF 70%9] o]2is %
R RRE weel Aok B2 Hol enjak
AEA dpoleujael dhe] Tegh 22 EA4S
7R glens H*Eﬂ—?ﬂ F= AAst7] flsliA
Ax e FAo] @ tkSilva et al., 2009). LH+Z]
oz ik ZujE o] &t AA T4l & dHA
At A Eds FEAIE 9S 2k Q)
ok AP A rhediabeE W daxsiEde
= aliphatic acids (AL, 7lu]AF @ g EHAD), fur-
aldehydes (=232, 5-hydroxymethylfurfural) 2 |

= Y WEE IdEH FEE0] Urh(Jonsson et
al., 2013; Jeong et al., 2014). ¥4 s o]Ao] Ht
AAgERL Fo] WA AFE A5t Aow
dHA leng wragigola ofeZe] S F
thA1717] flsiAl= ol 4S9 AdeE e 9
A7 Fasitt.

Tag AirE oeEs S
= A% ¥ A=z o]gE +
L3HEE AlAl ZHA| oA LB o] 87T oflehE
tFo] &3 Ao R s dojRl= FAkE
o] FZFcHRobinson et al., 2008). wWbA
] ‘§‘_]_—D:]—.9J:l]—o]—o] _g_?.E]J_ h;]- ZJ];({E]
e AA BAE oRES 553
R o Al 2 e o 9
ASS b ekl qiok #lE fEAzs
p-coumaric acid, ferulic acid, syringaldehyde, vanillin
ol & dHA qlom o5 A3 dA-due] 9
a aAE TS AT Sl ShelE ArkKilic
and Yesiloglub, 2013; Mourtzinos et al., 2009).

AEZ Aol A= FE propyl gallate, butylated
hydroxylanisol (BHA),
(BHT), tertiary butylhydroquinone
ABHAIE A Vs o2 ARgEistoy Ao
g SR eR AAsHA FAIE wet HAEES
o] g3t A7} EFshA| XY= ch(Park et al.,
2008). FLoll= AAXEHuL ofa} &-—_cé ol 2lE
RARRoq MAEL o SUUHEES o8
AT S5 e RAIOICE olef SR

g onie 29

My 2 oto 2~ 1o oy 4l

ﬂaoo:lmmlo
o'!"mn‘r\"

gjzﬁgm: 2

do P

Ml

butylated hydroxyltoluene
CRa At i s

T *Pﬂ AEEﬂi %‘—H sAE H AES
at7] il W2 AzlEe] o5l FASHAR AH
wlo] AMgEaL QthDo et al., 2014).

e Aol Bs EReEo Ry
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155 AH YAE ofehes EaEuluke o] g}
o HEF T @AY FIEY ARBRRE A5
2 RS 25l HAEO] BE A4S Bl
alaA shelct

2. M=z 3 g
2.1. ZAIRHRS} Fxal

2 dAFolAE @FHAA FYIE obFRAlof
(Robinia pseudoacacia L.), TYY5-(Cartanea cren-
ata), FIF(Quercus mongolica)2 FAE T4
EA5EE Ageialn Aol A8 Astel A
25 20-80 mesh2 Faf3h &, 4l2of Hysigict.

Ax 2= 3]|AA] H-S-7](DM-848; Daeil Machinery,
Daejeon, Korea)o| 4] 43§35}t AH|QlE|A AE
WFS 1ol T Eakegol AN 50 g3} A &
o2 A] 0.1 M 2AHKpH 1.3) &4 200 miE =9]3}
o] BR3-2% 170T oA 6027 AA S HAI5H
ohowg FR T OWSUIE WA F, ojn
(Hyundai Micro NO. 20)2 oj¥}slo] HAF 7}4=Ea)
AEz} 11 ol euj sz Helshach

2.2. =4 HAE flet HUIEA

MY TreEaiHEe] 2FE 24
axEAE AAH] Yste] A7FAE 435}t
ot A7) EAFR] Y] o] wEto 2= oFol2 ugl
“HASTOM Crop., NEOSEPTA® CMX, Japan) 2 &
o] wWFUHASTOM Crop., NEOSEPTA® AMX,
Japan)& AMEEFYITE G AT WAL 550 em’ o2 o]
FolA Qe 10 V AAY 2dos Aot

5o ol

H715A 3 O AR Y o] oojet
=& A7) flste] vt WaTY 7453t Pichia
stipitis CBS 60542 A F%=2 ALg3lglc). Rrg
YPD (Yeast Extract, Peptone, Dextrose, Agar) B %]

o] 3F - o4l

of Hjoket & NAH|R|(Yeast Extract 2 g/100 m¢,
Peptone 4 g/100 m¢, Dextrose Agar 4 g/100 mg)o]
A&l 307, 150 rpm O 2 24A17F F9F Al uljoFst
& UEmo] AR HEE s A TeEeiat
E pHe 6002 ZAEsgow, KHPO, (1 g/0),
MgSO4 (0.5 g/0), Yeast Extract (5 g/¢), Urea (5 g/0)
£ A7kste] 121CoA 15:3F Datshyieh. Bt
W Tkt alibzoll Wi FE P stipitis 2 g (dry cell
weight)/¢-& 7Fsko] 30C, 150 rpmof|A] offghs &
FE el 2447 o ARS AHstol
HPLCE B4}t

24, OlEtE 5=

Polyetherimide (PEDE X|A|&OS& 3}al
(dimethylsiloxane) (PDMS) AE]Z0 2 3l= B3l=
ARSI 890 em’)S o] galo] 40TA
oere S ST B4olA 5 mmHge)
g stoll Bkt oA 715t dei= £
ol-gste] S5 FH=E 3

o] 3Rl fAFe gt
2 HEE BAstel oehge] Eahw(flungt AHE

Poly

A AgeEe] ERE Barks
Foi Ader) 9 o EejiHe(FEF
, 5-hydroxymethylfurfural (HMF))Z} Qo]
| A= o8 HPLC (Waters 2695, USA)
o] gslo] EA3lct. ZH2 Aminex 87H col-
umn (300 x 7.8 mm, BIO-RAD)S AM3}S1IL,
Refractive index detector (Waters 2414, USA)Z
Z3t) o]l 5AS 2= 5 mM A flow rate 0.6
m@/min® & A HE B8 AR 0.22
um filterS FHAA S|4uleS 2Hst] Z4S

st

oo
P
ot
2

B
R
i

il J% g o
ol

— 828 —



E4A vpo|euj ARFE YAt Blo]eofgke RS oA A £k

Robinia pseudoacacia L. i Mixed hardwood Oxalic acid (0.1 M)

Cartanea crenata | |
Quercus mongolica

Acid pretreatment

Filteration

| Hydrolysate | | Solid phase |

Electrodiialysis

ED-pretreated Organic acid
hydrolysate phase

. 5 Vaccum evaporation
Fermentation & Ethanol concentration P

A
'
Solvent phase I—‘*l OA-E |
Residue after
pervaporation

Fig. 1. Flow-chart of the preparation of extracts from
mixed hardwood hydrolysate.

Freeze-drying <--|

——-->

Aqueous phase I—v—l OA-A |
1
v

Ethyl acetate Extraction Freeze-drying

X-oHx| =&

AECIES 1: 1 ()
e 3y 33 ANsHEon o obigolE Thg
Bl B4 YUEINE Al $EA F

ofHotAE o] E

it
ot
o
3

NI
i
2
£
o,
IS

=
=
- =84 FEE(0AE, OA-A)9| H=4 sete o
F& S457] fI8te] Folin-DenisH2 AHE-5F3ITH
(Singleton ef al., 1999). Z}2}9] &5 0.2 meo] 1
m02] Folin-Ciocalteu’s phenol reagents &35t &
7.5% Na,COs3 0.8 m02 Z7}sFHth 1 & A2 A
AR 24 B4 WARE & UV-vis spec-
trophotometer (JP/UV1800, Shimadzu, Japan)E ©|-&
sko] 760 nmof|l A FFEE S5kt HisA oFg

ofN
2
R
Ju
il
1o
ot
2
o
ik
o

&= S vanilling o]&sto] AT #EFAHCR
| ghilste] skt

2.8.1. DPPH (2,2—diphenyl—2—picrylhydrazyl)
radical scavenging activity &3

DPPH (2,2-diphenyl-2-picrylhydrazyl) radical scav-
enging activity:= Brand-Williams 5(1995)9] %2
HPste] A oghEel 34E F&= 0.1
m0¢} 0.4 mM DPPH €9 1 m(E &35t & ofgt
22 A7heto] FEHRAE 2.5 miE 2E5%Th &
e ARoA ARddEHE 3021 vREAIR the
UV-vis spectrophotometer (JP/UV1800, Shimadzu,
Japan)E ©]§-3t0] 517 nmol| A FFE=E SA 613
th oF4 thxZO= BHT (Butylated hydrox-
ytoluene)2} BHA (Butylated hydroxyanisole)S AN
3}t DPPH radical scavenging activity: T3 4]
(el 2Ja) Fat3ic.

DPPH radical 27122 (%) = (1— j—i) x 100

2.8.2. ABTS (2,2'—azino—bis(3—
ethylbenzothiazoline—6—sulfonic acid))
radical scavenging activity =&

7 mM ABTS®} 2.4 mM potassium persulfate -84

11 (vivE Este] 12~16A7F 5t g4

2 WAAA ABTS'E ARl F 734 nmof|A]

F= gkol 0.7 £ 0.027} w5 oeEE 3]A5}¢]

t}. 3|45 ABTS &N 1 meo] ==& 349 5=

5 02 meE AP 68 & 3w WslkE &

At o2 A (Dell 9ABE] ARSIt Ozgen et

al., 2006).

oot 2 o
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Table 1. Sugar and inhibitors in hydrolysate during oxalic acid pretreatment of mixed hardwood (unit: g/{)

Fermentable sugar

Fermentation inhibitor

Oxalic acid pretreatment

Glucose Xylose Acetic acid HMF Furfural TPC

- 5.63 37.28 5.29
Original hydrolysate (0.34) (1.65) 12.70 (0.28) 0.21 (0.03) 2.37 (0.61) (0.24)
5.28 34.55 031 0.20 1.84 434

ED-treated hydrolysate (0.03) (0.04) (0.02) (0.01) (0.05) (0.10)

* TPC: total phenolic compounds, HMF: 5-hydroxymethylfurfural, ED: Electrodialysis
* The parentheses contains the standard deviation with the analysis repeated three times.

2.8.3. ¥ (Reducing power) &8
2hlEl= Ozgen 5(2006)] 2Jsf AQHe W<
HYAIA Z7gstolct. oflghgel 4% A= 0.5 me

o] 0.2 M sodium phosphate buffer (pH 6.6) 2.5 m{
2} 2.5 mQ9] potassium ferricyanide (1%, w/v)E& &
21 3 50TolA 2027 FAAIF
Z7] Y5te] 2.5 me9 trichloroacetic acid (10%,
WS 7R T 1087 AR shelch Aol
2.5 mQol] 2.5 mee] Z74E H7ISE & 0.1% ferric
chloride 0.5 m¢ F¢J5l% 700 nmof|4 SJ=E =
i,

A

2.9. GC-MS (Gas chromatograph—mass
spectrometer) £A4

=2
r
o

1=
o

o AN

T FoY AREY ogotAH ol
S5 22 GO/MS (7890, Agillent)
sttt 4 22 HPSMS (30 m,
0.25 um)o]®, MS (Agillent 5975C)=
2 BRSO 2EXA2 27] 80TOA 5
A7 B Ledw 2 5 C/mindle] 250C 7t
JoAFT 250CAA 10 C/min £E2 FF
Z=7F 320C7F HEE FASt 42 a5k
. o)|E A VAR ABELS ARSI

dr |
3
0-1-‘
%

X Jﬁé
ro,

:

2
I &

Zt
A

Olv

fes

Ty

Jo
o

]_

X Ae

ol}

i)

o™ flow rate

1 m@/min®. 2 Fe 20 : 19 &3

WAooz stedrh GeMso] o)) Qofxl Ashe
MS library data (NIST)Q} W] sle] BA351c)

82 HAMsgon =

3_ 7:Ip_|. aj _l—lil-

= =< =
3.1. Ay Z=EdlittE =4
SA AT S oW AR BAdus
Table 13} At} SAAE M3 2ol o3 sudlEz e
27 AR o HafjElo] WA} TlpREjAE o=
F2 Ad2AE 2315t QQth(Lee et al, 2010).
HMF, F2322 242 F Eafjiha=A 3 ¢/i

o]AFo] HMFQ} 2.5 g/t o|A+e] F23F22 Pichia
stipitis®] B/E AYAIA ofekE ik &
A7) Aoz Buwa QJth(Delgenes et al., 1996).
T vy sitee @lad EeiitER 2 gt o]
e ERR A4S WA R TS

o
R = RS

AN 5eS SHAPI7] A8 A7IRAE REk
on, I A giREe] 240l AAEUSES Eelst

EHOﬂ «loH Zﬂﬂﬂ‘”ﬂ“* o| A2

o7 x2EckLee ef al., 2013). olam AEFS 7]
—:—4 A3 Aol U5k tk(Jeong et al., 2014). w
2hA] A7|EA R QIFt AN W AuFo] WA 3}
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Table 2. Ethanol fermentation performance on the ED-treated hydrolysate

Initial fermentable sugar concentration Ethanol rf(;hi?icﬂit Ethanol yield
(g/90) production (g/{) procductivity (g/g sugar)
(g/l - h)
ED-pretreated 3228 (4.57)° 12.21° 0.0019 0.44

hydrolysate

? Remaining fermentable sugar after fermentation.

®The highest ethanol production was observed after 240 h of fermentation.

*ED: Electrodialysis

* The parentheses contains the standard deviation with the analysis repeated three times.

B, FFYel gavt i) 3H JHS F
Ao werEch

A7 EA o2 HMAAFEEEe] B AAE 24
A} HAY 7} Hajibe 2 2 E ofghg AYitol| digt Ax}

= Table 20] UERATH R 2404]7F & 1221 g/09]
offerZE AgAtetglch a7 Foll gt ofeE
TE2 044 g/g, A AAAEE AERE-S 0.0019
g/l - h2 UEhgth H7)E4-dA; JpeBsiER
FE 22 oe-E PAE el o] 7keEs|
AhE Y Holsle FHA 9 dlsA Sl o3
Ao oekE Agite] R FFE LFEP”*K}
(Cho et al., 2010). wata] A7) ELU-S AFL5L9S

o §7]4E A AL fREES] HMF, F23, uﬂ
=4 IFELS TeEdibEel ST e
IS FFAIZ)7] SR olES AASH 1%

27159 A7} Bas,

3.3. OlEtE 5=

F5 U (Pervaporation)> H=H2] 20lE °l&
sto] Al EdES Zelste v oItk A
e AR e SRl Blsl S E<est
of Auu7} Wi, oA £E7F W2 S A Y
AL Qlok FE Aol A PR flekkEEt of
Uk dEAS] gl disl et de2 Haskal

th(Shao and Huang, 2007; Beltran et al., 2013). &
3l WP A A AFREE= njgEo| FAAQl o3

20 15

12

,_.
@
e

[ ]

-
%)

-
[r-)

=)
@

Flux (g/rmzh)
Selectivity

—&—Flux -—-m-— Selectivity |

1 2 3 4 5 &
Time (h)

Fig. 2. Ethanol flux and selectivity with increasing
operating time of pervaporation process.

S H|A|A] o] giie] dEgonR El
=& Yokt Al FEeR 34511 ATk
(Shao and Huang, 2007; Trinh et al., 2014).

Fig. 2+= PEI/PDMS EQ}ZT—/\}UPO o] g3 B}
8= ARESte] of|kES Bt Aol 9
s AR uheh daste B3 UE
d|, 17.6 g/m’hol|A 12.3 g/m’hE 74 o}oﬂ:} 5}
, A7k W ofekg o] MElxl 7ol AAT
& Uebich. Qukg o @ shie] FYA 24 4
s Faest F7hel web MeElms) grash
trade-of7} A HaTk el 9lek 2 Aol
A7ro) el Bt} ghasta A Aee s}
A gkt ol o] g f71Eo] THE
Aol e Badsatog B 4~ QItKTrinh et al.,
2014). Table 3& ke 5% TPl A Ealsur 2
4 EES Lepch S o TR RalArEe of
e FE7 12% 270)A ks AW o
A3}, FahEel HuEs 27t

tlo n
4 OH

oﬁl‘

Ir ook & rfoofy
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Table. 3 Ethanol separation and concentration from fermented hydrolysate during pervaporation process

Sample Ethanol in initial feed  Ethanol in product Concentration ratio Ethanol flux Ethanol
P (%) (Max at 2 h) (%) (Max at 2 h) (g/m’h) selectivity
Fermented
hydrolysate 1.2 6.1 5.1 12.3 9.3

Table 4. Extraction yield and phenolic compound in extracts of residue after ethanol concentration

Extraction yield

Total phenolic compound

Sample (%) (mg VAEY100 g extract)
OA-A* 2.89 -

OA-O" 2.64 2.52 (0.19)
OAE® 0.28 86.81 (0.04)

® Aqueous phase extract after ethyl acetate extraction
® Residue after ethanol concentration

¢ Solvent phase extract after ethyl acetate extraction
4 Vanillin equivalent

* The parentheses contains the standard deviation with the analysis repeated three times.
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FAFHOA-A)T FI53 FE(OA-0)2]
(]
=

N =, =
=4, F=

of whel wepd 4 glon, 3% 2=

W g2 B Ao} 2

al. 2014).
e

2 Al A9 #Hld = EI-E(p-hydroxyl-
phenyl propanol, guaiacyl-propannol, syringyl-prop-
ano)Z TAE HAA TEAZ C-C 2S5, 66,

B-59k p-1 ATHT olE 2 A3(a-0-4, 504, f-0-4)

o7 AZAE glo] B Al theke e w4
53128 918 2= 9JtKCheng er al., 2012). W54

shrme Aelro] Yol Bmeo] ol 23 HhALk
=2 1 g7} thkst phenolic hydroxylZ|2 <1
o wadeh A 5ol ARTAE 2E Ao U4
A QItHDo et al., 2014). 0.1 mg/m2] o EopA|g|o]
E FZ=(0A-E)e] 23 #lsd a2 86.81
mgl 2 UEGTE OA-AE 0.1 mg/mle] FEofA
Hlz4 SES UEAl @sten, 0A-O% 2.52
mgz =54 SRhEol &% FAEHUTh Vizquez
5008)9) wo] ojshel Wik A ojgke %
E52 26.6 g GAE (gallic acid equivalent)/100 g
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Enue] ofFt e 55 7 e o A
LoikE R E fEE 4 FEE 2 P gx2ate
2 A% BHTS}F BHAS] DPPH radical scavenging
activity~= Fig. 31} Zth 2E FE£E5E° DPPH
radical scavenging activityr= ¥= QJ&F o7 =7}
8]—@‘ o, OA-E9Q] 72 11.90~86.56%2] A

Fom, OA-AE 0~19.65% H 3L, OA- O«]
0~31.36% % Ueht HAAao=z 011%_‘0}*1]5"0]—‘5—
FEEO UE FEERY w2 P4 S5 vE
Wk 28y $&E29] DPPH radical2 50% A&
el aE = AR FE(1Cs)o] gt 2, OA-E
9} ICsp> BHT®} BHAMK T &2 7 Ustfia Sl
of T4 BUSHET we SasiEe Uec
(Table 5). OA-EX 0.87 mg/meoz Uehgon
BHT®} BHA 72} 0.69 mg/m09} 0.40 mg/meo]<]
t}. Moure 5(2014)9] X110 <J5}H %"%\—O]E 120
~130CoA 6057F Ao R Jla=HE] A7)
=9 ICs502 0.79~0.80 mg/mgo|glon E ?ﬂ:ﬂ-_‘?—]—
SARE Aol

ABTS radical scavenging activityS %3 A¥=
Fig. 3o Uehilch tfE8e] FE5E04 5=7F 5
7}&4=% ABTS radical scavenging activity”7} 57}5}
Sk ¢ OA-ES} 94 oj2a-g Aslat vula) =

(e}
ZESME 71 S AUEEQ mgm)olHE
£ABAO] 10%E WA Eole ule W B4
LT} 1040 digt 23} OA- E4 %% 0.85 mg/m

2 22E Z4 M RS BHS ushoy
BHA (0.21 mg/m¢)2} BHT (0.47 mg/ma,)q 4 o
ASHA|EEHS GHteHTable S).

e vF F Ry AREY 7 HuE
gig $Uee S4% A Fig 3o by
0.125~1 mg/m{ H=o] W& IS =435t 7424,]-
OA-E9] 3L 0.184~0.784, OA-O= 0~0.12102
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Fig. 3. Antioxidant activities of extracts. DPPH radi-
cal scavenging activity (A), ABTS radical scaveng-
ing activity (B), and reducing power (C) of extracts
obtained from fermented hydrolysate after ethanol
concentration.
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Table 5. ICso and ECsy values of extracts obtained from residue after ethanol concentration

ICso value (mg/mg) ECso value (mg/m0)°
Sample
DPPH scavenging ABTS scavenging Reducing power

OA-A 5.05 (0.08) - -

OA-O 3.14 (0.36) - 3.80 (0.05)
OA-E 0.87 (0.04) 0.85 (0.11) 0.59 (0.09)
BHT 0.69 (0.14) 0.47 (0.02) 0.51 (0.16)
BHA 0.40 (0.06) 0.21 (0.04) 0.25 (0.61)

*ICso: the effective concnentration at which the DPPH or ABTS scavenging activity was 50%.
®ECs: the effective concentration at which the reducing power was 50%.
*The parentheses contains the standard deviation with the analysis repeated three times.

Table 6. List of compounds identified by GC/MS in the ethyl acetate extract of residue after ethanol concen-
tration

Peak Retenti(?n Compound name Area

no. time (min) (%)

Sugar derived compounds 3.59

5 12.50 Butanedioic acid, bis (trimethylsilyl) ester 0.70

6 19.74 D-Xylose, tetrakis (trimethylsilyl) 0.65

7 22.00 Xylulose tetrakis (trimethylsilyl)- 2.24

Phenolic compounds 5.42

8 20.43 Vanillyl alcohol, bis (trimethylsilyl)-deriv. 1.15

9 23.11 Benzoic acid, 3-methoxy-4-[(trimethylsilyl)oxy]-, trimethylsilyl ester 141

10 24.25 3-Vanilpropanol, bis (trimethylsilyl)- 0.55

11 24.83 (4-Hydroxy-3-methoxyphenyl) ethylene glycol tris (trimethylsilyl) ether 0.42

12 27.38 3-Vanil-1,2-bis (trimethylsilyloxy) propane 1.41

13 36.80 1,2-Benzenedicarboxylic acid, mono (2-ethylhexyl) ester 0.48

Miscellaneous 37.36

1 4.48 Silane, (2-furanylmethoxy) trimethyl- 28.34

2 4.58 3,6-Dioxa-2,7-disilaoctane, 2,2,4,7,7-pentamethyl- 2.71

3 10.55 Urea, N,N’-bis (trimethylsilyl)- 5.70
OAE %S BHTOH A4S0 4lst 4 U AlElol= 718504 429 SRS tehieh 4
ERAL qlo] R IS JAE = Sl A= 7154 3 Vb geiitee] =od 7 9 9 el 2
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