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Research Title: Prototype for extraction and separation of wood vinegar
Researcher: Dr. Nathawut Choengchan
Department of Chemistry, Faculty of Science

King Mongkut's Institute of Technology Ladkrabang

ABSTRACT

In this work, sequential injection system with monolithic column, or so called ‘sequential injection
chromatography’ was developed as a prototype for separation of phenolic compounds viz., gallic acid,
vanillic acid and syringol. A Chromolith” flash RP-18e (25 mm x 4.6 mm) column was used as analytical
column. An Auto-pretTM system with a syringe pump and an eight-port multi-selection valve module was
used for ‘on-line’ sample dilution and for automated liquid delivery manipulation. Absorbance was
detected at 264 nm. Methanol (10%) in 0.1 mol/L acetate buffer (pH 3.0) was used as mobile phase for
isocratic elution. After optimization and validation, the system provided good results. Separation was
complete within 6 min. Linear calibration curves were obtained (Area = 22730 [Gallic] — 2724.9,r>= 1.0
/ Area = 25083 [vanillic] - 8701.2, 7’ =0.9999 and Area = 1941.2[Syringol] + 4209.5, ¥ o= 0.9929).
Retention times were highly precise (RSD = 1.14 to 2.70 %). Recoveries were observed from 82.4 - 98.2
%. The system was applied to wood vinegar sample, from Eucalyptus tree. Prior sample pretreatment
was not required except filtration. The samples were on-line diluted 100 fold with mobile phase. Syringol
contents were higher than gallic and vanillic, respectively, for all investigated samples. The contents were
statistically compared to the results obtained from HPLC system by paired-¢ test. The results were not
significantly different between the two systems. This indicated that the prototype was successfully

developed.

Keywords : wood vinegar, phenolic compounds, Sequential Injection Chromatography and monolithic column
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AMNNNANIVNAY U"IﬁiJﬂ’JuuliJllﬁﬁ‘]JiSﬂﬂ‘UV\luﬂaﬂﬂﬁTﬂWﬁTﬂ%uﬂ UANNUUID

I~{ d' o 9 9 1 9 1 a a a A té g’/
LLﬁSL‘].I‘L!‘Vlﬁl!ii]g]ﬂuﬂﬂi%iuﬂ”m@ﬂﬂc] "l,mm ]'l,"]fﬁiﬁ]@ﬁ NIALNAAN LLAZNTANUAAN FITTTNITIY

a dyd P Aaw dyd ~ a 4 g}.l a dy

G]ﬂ!ﬂuiJﬂmﬂi%IEl%HﬂﬂﬁWﬂﬂﬁWﬂ 1ua1u3ﬂﬂumﬁuhmmmﬁwwwurﬁmmmimmmmsﬂu

1. n5ALNAAN (Gallic acid) (NANMTAAIAIVOIUNUUUYTLIAN Hydrolysable

=

. a v Y § 1 . . a
tannins ﬂiﬂlmaaﬂi’)iJﬂ‘l!ﬁf]\iilll;ﬁf]ﬁi]ghlﬂﬁ1iﬂ§$ﬂ®ﬂﬁﬁfJﬂ’J'l Ellagic acid nIaltnaany

9 Y
v a o w a v v [ Y [ a
AUTNUATUIUAILASNIVATITOYNADATS EJUEJQL%?J?WLL@%I‘],'H’LT LLaZ1%11&ﬂ15§ﬂﬂ1ﬂ1’3$@$1‘l’3\mu

U

= IS . . A~ A v o a o ya
@elunwiulsmuinanu uag a1 Ellagic acid AnaauiaduduoulesilnTsdua iliriun

ds! v aAa Y o 9 v U dyd Y o a A 9
vunazlsvam Ivaiuaue AITNUTNUAUMAIY i]\1UlmJﬂTil.lﬂiJlmJﬁluLﬂﬁﬁNﬁﬁJN

a

a2 a1y . < J a a a a
2. nsaNiiaan (Vanillic acid) Wluasdsznovluzioond ladvesniiadu niladu

Qd‘ 9y a

[ 4 a Aa A v a a
MUATITH ﬁ%@L@Wﬁ?WUﬂau (ethyl vanillin) UTINWNINI NUBAUN 1ANINFTTUWIA LaznHa
a [ d 9y A = 9 ) A a A I A o o 9
AUTIUATIEN %ziwmuwauguummmmw NIAIUAAN HIDINUAAU LﬂuﬁWﬁ‘ﬂllﬂ%glﬂllﬂGl‘]f
v Aa 9 a A Y o a 9 9 v <
WEUNUAUAT VBINU YUY ¥o9HNU HIauduan s lsavainsie Taaihvuienslsaunann
A A A 1 A A Yo o a [ J
AoIANLAUNYNAUTIONUIA IHNUAINARN B

a I o { [ A @ Aa a
3. 195 uv0@ (Syringol) 1Hueendsznevuntiuinluatulyd Iiaauatusssuma sley

Y
[

a (% J Y @ a Jd o A a o 14
1l undafuasua Ty tazamsadugsgaunsd i lntae1go 1S HAZINNAMAINYDINAR D U

4
A v A

Y Y
u@ﬂ%']ﬂuﬂquﬂ31uﬁ1u13ﬂ1uﬂ1iaﬂﬂ'ﬁ’f)ﬂlﬁl] aﬂuleﬂ} wazinloa

O ,OH Oo. OH
N N OH
H;CO OCH3
CH
HO OH o "
OH OH
Gallic acid Vanillic acid Syringol

51U12.3 Tassadaveansaunaan ninnilaan uag lysusea

U
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v a J a v
2.1.4 HANMIIATIZHUUUFIANATEADUIINTU (Sequential Injection Analysis, SIA)
o a P 1

il A.71. 1990 Ruzicka u@g Marshall [5] l@WaNsz0U3ATI2H N1 Sequential
L . 2 3 A~ A Y a o a )] 3 o w
injection analysis, SIA) “]Nl’]Juiz‘ﬂll‘i/lllﬂ"liE]ﬂﬁ”li‘ﬂ@]i’)\iﬂTi]Lﬂ'i"lgWLLﬁ%iLﬂlL’ﬂHﬂHﬂNTLﬂHﬁTﬂU

o w a ann % ] =1 9 = d‘ Y =3 lay A

G]'liJﬁ'lﬂ'Uﬂ'lilﬂﬂﬂ;]ﬂifl'l fT'lﬁﬁ'J'fJfJ'l\“l!Lﬁ$’ﬁ?i!ﬂllfl]ggﬂ@ﬂlﬂl'lu'lcluﬂﬁll1@]5Wu@ﬂﬂ1ﬂ%§lllllﬁu!ﬂﬁ@ﬂ

HAZAANINANVDAUTY 331V SIA UAAIAIZUN 1

HOLDING COIL

UV-vis
DETECTOR

CARRIER SAMPLE
BUFFER

WASTE

REAGENT#2 REAGENT#1

a = = a o
;51]7]2.4 FLUUFAIUFIADUIAAYU(SIA)

flan http://www.flowinjection.com/method2.html

AIU52NOUVBITLUUHAIUTIAD UIATU
1 Y 4 [ o & { Y] & o w
1) MUBYIMIVUIAARY (Propulsion unit) AsadIuvely Tunldindluluias
Y A A g v W A = 4 o 1 Y 1w o 1 .
TUINaD UG 1o UAITVINADUT DI UALAZ A0 19FAINTIVIA 19U Syringe pump
2) 52UVY0INIRA  (Multiposition valve) Ao dIuligad1SIAL 1AZ/HI0 A15A20819
<3 1 o I
W1'1Uinv 139 holding coil Hanvaizly multiport valve 8131593 port 1ANIND4 10 port
I 1 { o [ <3
3) Holding coil Ain iludiungadisnll uaz/mio ared1auuny 13
U ~ = dy I U ~ A 9 [ A % ]
(@ 199 3 1 iudiunne1e9nUn5190919@20819)
v { 1 1 o o @ 1 1 v
4) Flow through cell ApauiiuszuuvenlddudesSonuduazatodiudigan

A57999
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U

a\ d' d' A
2.2 NHIIDNNYIVOIY/M INUNIUITIUNTIN

= a 9 A =) a 9 1 a aa
nsalueanizlsznouale 2 nguie leasondiuuledn launwin nsaunaan Nuan
a a I Y 1 = 1 & A A Aa a Yy 1 a a
uaznsaleaudn iudu arudnnquuilsne nsalaasondduiniia laun niaaunda eganuaz
a a a 4 =1 a 31/ = g 3/ A o W = [
Funa Tumsianeiaisdszneuiluedn Jusouusnsuiluduaouniinnudiag Avnisana
Y Y 1 [
A3HANeNNININIAYAY MINUUTIMIATIVIAe Tz Ysianazifsua [6] nyail Tudaned
d' 1 [} 1 9 d' [ 1 [ as % dy d'a YA [
luginasnuagdanald aagiminzanlunsanadienu sanaiugiunisyldne o1de
1Y ] I~ [
nanminlasuInns i [7] TunazdhunalasunIngnil(Go) wie Tasu Insnsfvearad
Uszansnmge (HPLC) Taeld359un mass spectrometry (MS) aapaaumaiinduae,7] luns
57979
1 a =Y a 4
ANVUANANVOUNANA HPLC Tunisuen 1115019 utaganua1uiso lumsinsigy 9
1 [ Y] P [ [} Y] 4
lianuuanarsludiuvesneauinly Tasdiulvajaz 19noaul Reversed-phase  C-18 uazivla

4 . @ o 4 I I g’/ [ I
wasunnlyazlddriazarenauisdsuanuiludd vazaanuidunsaa vz ay

A3

[

=\ = J [ =\ 9 tﬂ' v W td‘ ] zﬂ'

UeNNU GalaNUUANAN UTZUUMIATI9TA Taslims 1HaTeedianraInwaia[7] 154 1AT09
o aa A a J 4 1% 4 4
a1 Iagi-1mda dnlnIng W lalwos[s.9] nseens19ia laTono115d [10,11,12]
. 9 a v 9 [ kY Y
A. Alonso Garcia UAZAMY @UBMI lHnALAMITNAA W dUDIUITI AIA8A1T 19
1 % v @ 9 = a

Reversed-phase C-18 HPLC 32unumsasivineaniialomn lumsuenaisdsenouilluan 1o
¥ila #91AA1 Repeatability #1031 10% 1AL 12 1A 0.993 [8]

Domingo Blanco Gomis L{asAue Idauenslsy Capillary liquid chromatography & MU

a %,' " 1 a/ ) 1

ldnuszuu HPLC  Tumsasaadaansisznevuil Tudaluiweihila lamaundueglugieoo -
105% 1182 RSD 108031 7% [9]

M.A. Rodriguez-Delgado tlazaaie Wimuunatia HPLC Tagl¥siunuinsesnsiaing3-1%

(e

ann

=) e

a 9 d' [ 4 di A [ a
iia wazld n5esnsratangootsaudiomuau I lunisasiatanundu nsan
a a A Aa a @ 1 r'd a r'd 9 d‘d a1
nsalaSuIa BRAUNTY 1Az NIU-15a51Moa TuA19619 11 91AN15AT 1Y 1T Hang a1
Y
a1 Tagedu [10]
o [ a o a H
Andreas Schieber lazaz Min1sastvdlansadueanuazalluesa luueditla uazaid
9 J [ . =< o LK d'é’ 1 1
Tagld HPLC 3900 Diode array ttag MS  siaiunaagnunuuun vl wudiamnsauen
a131Usenouanasgu 26 sia lanelu 1 $2lue uazlinnuannsolumsuening [11]
Y Y
B. Abad-Garcia uazaay laanaaslszaeuil Tuaaniniwalyl Tasldunmuea-1ii-
Y
NIADLFAN (30:69:1, viv/v) 1PUUTIMIuEnTaald Reversed-phase HPLC 51/ UMIATITAA8
Photodiode array (DAD) 18 %RSD 1081071 8% IAT10AN15ATIVIABYIZHIN 0.005 D9 0.03

TuTasnsuaiaaans 1daAuna 98-100% [12]
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Guanghou Shui 118¢ Lai Peng Leong IAWAUUNALA HPLC $IuAUAT0n529 30 1 Ta
s o A ad = a v o ¥ 9
laTeno1515d Tunisasiada nsadunsduazasiszaeui Tuaauvunieuny luiiwalduas
A A = o Y Y A A
n309aN Flseauanuausa laglsiarlumsuena1snavua 8o wiN YA1 RSD voaa1luns
LENBYIZHIN 0.3 — 1.6% wazlmAunduag lusIe 85— 106% [13]
g}—' Y oA 9 @ ¢ a A o ] A 1Y) E4
UONINUULAITINNMT IFRRaN¥HAdud 1S UMIHen luseuy HPLC Ao aoau 1ulu
Aaa X Y =2 1 9 . . a 4 = a
ann®a 1a1NIANYI9E19 19914 [14] Massimo Castellari tazae An1zHaslszneuil Tuan
4 a (Y] o Aaa a . [
Tu'lvidremadin HPLC Tagldnedauni 1uTuann ¥Ha Reversed-phase C-18 FIWUINENITALEN
Y v 9
wazlsunaldlumsaamiesns uaed wazldmaindu [15]
Tumssezyriianaznlsualatinsiuenniesiio HPLC-MS 1ag GC-MS 1 llums
a 4 = a ' . . R 9 a
AnsrzgrassyneuW Tuan 1 14911U99 Anna Maria Gioacchini tagaay l9matin HPLC-ES-
a I a v A ] Y A .. a J
Ms lumsannzdd Tuaanazoad lea saldmnnulafiga [16] Jii Gruz uazame An512H
[ ) 1 Y v
asilsznouilTuanluwmsesdnlaeld upLc-MsMs &' ludealivuaoiuiiuanududuyo
o v = 3’; [ <3 9 a SN 1 Aa =\
#9619 9nNada5I157 T lumsins ey iny 12 W [17]
o = a A Aa A 9 a
C. Proestos hazaaue asaviaasdsznouilluanlunsiinauven laglsmaila HPLC
1 a 4 [ o Y = a a Aaan a
wag GC-MS Tagluaiuued GC-MS 1znszinannmsmlvasiszneui Tudaamal gnsends
a @ o [ ~ ] o Y a I v
andu uazdmsuasn hiszme sgsh liinadluoywus (18]
A A P 9 9 v A 9 .
wonuInmAtaNsuenuaz s 1eHUsuaale HPLC tag GC 1a7 693015 19 Capillary
. 3 A A = a s A Aad
electrophoresis (CE) 1Hudnna@onvialumsinsiey laamnizeseegesd1sdseneunivg uas
Uszyiinna Tuanadnawunais wu Tuaives Kazuhiko Tsukagoshi tazany 1Himaiia CE lu
a 4 a
MsansigraIslseneuiuean (phenol, 2-chlorophenol, 4-chlorophenol, 2,4-dichlorophenol, 2,6-
dichlorophenol 18 2,4,6-trichlorophenol)[19]
Y o Y @
Saleh M.S. Sawalha uazamg lasiau CE 1¥5mnu Ms/MS  lumsuiifsuna ans
a [ 1 ) v A 4 a e
sznevileudanuanlunldendy aawadn Idmuzdmsuimszviaisdseneusssunail [20]
Y
UBNNHERIUUDS C. Garcia-Viguera a2 Peter Bridle laif3oufisuimaiia HPLC Ay CE [21]
. = ! o a 4 =
11AZ9IUUBY Juhani Kronholm 11/581Me152117319 GC-MS A1 CE [22] Jumsiasigvansdsenauil
a é [ (% Y d' 9 [ 1 g ) [
Tu@n &3 HPLC 11 CE ag GC-MS AU CE Tiwanadeny uanisuenlu CE Yusgnuvaisilade

a

wu Anunsalszauenivles dndluihiliuazgaingil

U

9
[

dnnadaiimsldmaiianaail lWihlumsasieiaasdseneuil Tuan MIN.  Peyrat-
Mailard, S. Bonnely 1@z C. Berset 1% HPLC $28nUiA30IAs29 Aga0umnsn wuduile 19

And luihlugeiid (100-450mv) a151sznevil Tudn awnsalimimsaeuausaiiga [23]
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B UHUMIIVY

3.1 msniinazginsal
3.1.1 a5iall

3.1.1.1 eNIAzeNINITIUNITAUNAAN (Gallic acid) — Sigma, USA
3.1.1.2 e3aza1enInIgIUNIAilaan (Vanillic acid) — Fluka, Switzerland
3.1.13 msazmamm;@m%auﬂaa (Syringol) — Sigma, USA
3.1.1.4 ansazanaunuea t1nsa HPLC- Carlo Erba, Italy
3.1.1.5 NIN0ZHAN
3.1.1.6 IWLL‘V]Z‘T@EJ?J?]MJVI,W{(Potassium chloride)
3.1.1.7 laTnunangen la Tasusleala (DiPotassiumhydrogenphosphase)
3.1.1.8 IWLW]Z‘T@EJ?JT‘]JiUbJ@{(Potassium bromide)
3.1.1.10 TwunanFeon luasa (Potassium Nitrate)
3.1.1.10 Tmunanden'leTo lad (Potassium iodide)

~ J .
3.1.1.11 I“WLL‘V]ﬁl%&lhlé’lﬂ%ﬂ“ﬁ&lﬂuw\lﬂ‘iﬁﬁ (Potassium Hexacyanoferrate)

3.1.2 gilnsalinseansnasa
3.1.2.1 wIadafsunas
3.1.22 finnes
3.1.2.3 Wnla
3.1.2.4 vinoanya
3.1.2.5 Lﬂ%ﬂﬂﬂﬁ@ﬂq‘iymTﬂTﬂ
3.12.6 inaoa AR uAAFI(Sonicator)
3.1.2.7 High Performance Liquid Chromatography (HPLC) - UV-Visible
spectrophotometer (Water 486)
3.1.2.8 Syringe pump (HAMILTON, PSD4)
3.1.2.9 8-port Multi-selection valve (HAMILTON, Serial MVP)
3.1.2.10 Revers phase C-18 packed column (KYA TECH Corporation, HiQ sil C18HS)

3.1.2.11 Revers phase C-18 Monolithic column (Merck, Chromolith® HPLC column)
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3.2 MSAUHUNTIVEY
o = Y @ AY o 9 A
MIazAeNInNATeNNNANUTIRn losy tazaITaza1eNdeaRAN1IAI 04
HPLC 92n309i1UnIzA18nI0d luasuuuia 0.45 lulaswas uaglaese1niaaae Sonicator NN
Y
A4
3.2.1 MIETENAITAZAE
v 4 a
3.2.1.1 g1sazargtviosozaman
= = A ) J ] = a
B3IUATALAN8 THAIUDLTANIIUTY 0.1 Tua1s lagva TmAeuozdan lag
Y v
Tatase 11 13.6 5 Y5V MAIA8INAUIUATY 1,000.0 Waaans
= aa Y 9 14 a = an
MIINATAZAUNTADTTFAMTUIY 0.1 Tua1s TastlulansaunareansFaniun
Y v
5.8 Jaaans UsuSuasdrerinauauasy 1,000.0 Uaaans
g}J ) a J [
Mntuihmsazate T@enosFananuEudy 0.1 Tua1s MNFUAUAITazaY

[

an Yy 9 J ~ 2 Y] d‘ 9
NIADSHANAITULVNUU 0.1 Tuas Janey¥mnunaeans (3.0, 3.5, 4.0, 4.5 1L8 5.0)

A A Y 9 Y 2
3.2.1.2 Asazaraanasun wmusariuvusosas 10 laslsuias luaisazate
[} 4 a 4
oS ozFean Wty 0.1 Tuans
ANANTAZAUUMUDATUTU 99.9% 11 100 Haaans laluvlratadSuasvuia

a Aaa [ 9 a @ J v 9 14 a Aaa
1,000 ¥aaand Usudsuasareansazarvessantwiosiundu 0.1 IiJfﬂi IUATU 1,000 UAAANT

3.2.1.3 Ssazaelanaoun ozd 1 lu'lnsd Wududesas 10 TaedSuas

a g 9 9 a ' 1%
mwnazamaxmiﬂu‘lma UUU 99.9% W1 100 Waaansd Glﬁiuﬂl’)ﬂ')ﬂ

Y v
151059119 1,000 Tadaes YsulSuasdreinauauasulsuias 1,000 Haaans

3.2.1.4 A130LA0NIATFIUNTALNAAN INUTU 1,000 HAANTUADAAT
a [ Y] 4 a 9 o
-aza1gnsaunaan 0.05 5N luaisazaretmesosFan uardsy

1Su1m59UATU 50.0 Haaans

3.2.1.5 @130LA0UATFIUNTANTAAN 1MUY 1,000 HadnSuAoans
a A ] Y] 4 a ]
- azaensaniaan 0.05 n5u lumsazareidiesesdian udrlsudSuasauasy

50.0 Yaaans
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3.2.1.6 @13aza1eNIAsgIu S usea tiutdu 1.000 Jadniunoans
a Y] Y] 4 a [y =Y
-azae'la5u99a 0.05 05U lumsazareiiososdan udrlSulSuasauasy

50.0 Yaaans

3.2.1.7 ENTAZAONIATTIUAAY 1MUY 10.0, 50.0, 100.0 LAY 200.0 HAANTUABANT

- AFAzAIIATTIUNEY 1TNTU 200.0 HaanSusedas Thilaasazaroninsgiunsa
UNAAN A15AYAENINTIIUNTANNAAN ETaLaIeNIATTIU l¥TuIea ANMITLTY 1,000 HadnTY
Avpans W10019az 5.0 Haaans ldluviaiadsuiasvuie 25 Tadans USulSasaleasazane

d‘ d' a Aaa d‘ 9 9 a a [ 1T A a
aAapuNIUATY 25.0 Uadans NANUAVTY 10.0,  50.0 LAz 100.0 Haaniuavans Uil
F

A13020UIATTIUTUIU 1000.0 HAANTUADANT NIFIWUT 0.25, 1.25 1AL 2.50 Aaans ANEIAL

Y [ Y A A a aa
uarsudsunasaeasazanamanfouNnIuATY 25.0 Haaaas

3.2.1.8 @130LAIATTIUNEN IWUTU 0.1, 0.5 1AL 1.0 Haan5uAvan3

A150YAPUIATTIUNEN 1TUTY 1.0 Haaniuaeans thlaesazatoniasgiu
Haw 1 WNTY 50.0 Haansuaeans u1 0.5 Jaaans laluviadialiuiasvuia 25 Jadans Usu
PSnasaearsazaronlandounouasy 25.0 Hadans nanuEutu 0.5 Jaansuneans thila
asagaeasIududuNay 50.0 Haaniuaeans 11 0.25 Jaaans UsulSasaieaisazaie

4‘ d‘ a aa

wlaaapuNIUATY 25.0 HadaAs

#1502 010UIATTIUHAY 1WNTU 0.1 aanTudeans uladrsazaroniasgiu

Y 9 a a o 1T A Aa Aaa [ = 9 A A

UMD 10.0 HadnsuaoaaT N1 0.25 Yadans dTudTnasareamsazaalmnfounounsy

25.0 Yaaans

3.2.2 A UNUMINAADY
= A A A o
3.2.2.1 AnanueMaauimnzaun s lumsasiaia
=~ a ~ = Y 9 4
- IRTHNETAZABNIATTIUNTALNAAN (NBEITIAST) ANUUNAY 10-4 THas

a 4 a o Y
- mmﬁazawmﬂuﬂaam*ﬂ}uﬁu 10-4 Twans aslunan mmsaunualnasy

'
a A

o o Ay Y A A Iya ~ Y
- uWﬁLﬂﬂ@]ﬁﬂJ‘Vlhlﬂ “ri‘1‘?1’J13JEﬂ’Jﬂﬂugiq’ﬂLWfﬂ‘HﬂﬂﬁﬂJﬂi%ﬂfJ‘UV‘lu’ﬂﬁﬂ‘mlﬁlﬂllﬂ

- dmsvasazanomiasgiuniaan tag lasurea naasuFwAeINULD 1 - 3
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3.2.2.2 Anwianzimunzaylumnaass
(1) sHavsImsazaaanaoun

) i g
- gssumsazasmusautuiosas 10 TasdSuas luihnau wedlumla

& A A Y & g v I 1
- Juasazaamlanaauingss vy Tuaunsenineauituaasazatoma
& AAq Y (3 U .
nasunn 1y Tagdaunaindya s base line
] H Y
- fruaonIms laveuraadounmny 1.0 Jadaasaeunii asiganau
4 4

HARNANNENIATY 264 W TUILAT

a

-RAAa1TazaeNIATTIUNa NI NTY 200.0 Haansuaeans Usuias 10

d‘ 9 Ed

luTasdas lhginses HPLC tudinTasumInunsy uaziamsazaoduniosounsuauag
. 2 o : ; H s a ¢
-yhahde 1 - 4 TesdSulasumsazaamadounIniduezdlalulngg

wutudesaz 10 TasSuag

(2) oasaruvesesazaeanasun
~ Y I 9 I
- ININANTATAYNNIUBAINTIUT 8L 10, 25, 50, 75 1asaf5u1as Turinay
o 1 = v v Y A
- msneasurumeInulusiven (1)

Y 1
- MIUATUNNOATIAIY

o A4
(3) Miltervsaasazareananun
S wssymsazatemanasui wmusadultudosaz 10 TasdSuas Tastlinle
Y
ATazagNIUDATUTU 99.9% 11 10 Hadans laluviadiadSuasuuia 500 Haaaas 31w
a aa a aa ) g < A aa
uNTALNAITFIARLEAN 2 Uaaans U5U15119311nauIUATY 500 Uaaans
esenasazaneandoun iumueatdutuieosay 10 Tasdsuias lu
] 4 a 9 9 ~
a15azaet NI HaN NV 0.1 WOV 3.0, 3.5, 4.0, 4.5 LAL 5.0
o ] =1 [ o 9 d‘
- msneasuruAeInu lusiven (1)
vy 1
- MEIUATUNNAINDY
9 L= a =) a o =)
-mdey lvuRansuenuesaisdsznouNusan inisaaa1sazale

WIASFIUHEL UTY 1.0, 10.0, 50.0 LA 100.0 HAANTUADAAT INUIUATUNNANMTNTY

@ ’é’m1mi"l,°ﬁammmiazmmwﬁmﬁeuﬁ

- IRTUUAITAZA1ONIATTIUHEUTNTU 200.0 HaAnSuADAAS
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Y
(4

- fMuaeas N3 Inaveslainde ity 1.0 Hadansaouil a3 Arganau
o 4
HENNANEINAY 264 U1 TUINAT
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SEPARATION OF PHENOLIC COMPOUNDS IN WOOD VINEGAR USING
SEQUENTIAL INJECTION CHROMATOGRAPHY

Arinarong Mathaweesansurn'?”, Suwannee Janyapoon?, Nathawut Choengchan®?

Flow Innovation-Research for Science and Technology Laboratories (FIRST Labs),
*Applied Analytical Chemistry Research Unit, Department of Chemistry, Faculty of Science,
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Abstract: In  this work, sequential injection
chromatography (SIC) with  monolithic  column
(Chromolith® flash RP-18e column) and UV detection
was developed for separation of major phenolic
compounds existed in wood vinegar, i.e., syringol, vanillic
acid and gallic acid. Optimal conditions of SIC were
listed as the following: injected volume; 10 pL, mobile
phase composition; methanol (10%) in 0.1 M acetate
buffer (pH 4.0), flow rate; 25.0 uL s and detection
wavelength; 264 nm. Gallic acid was firstly eluted,
followed by vanillic and syringol, respectively.
Separation was complete within 10 min. Retention times
were highly precise (RSD = 1.14 to 2.70 %). Good
linearity ranges of all analytes were also achieved (linear
regression coefficients (r?) were range from 0.997 to
0.999). The system was then applied to a wood vinegar
sample from eucalyptus. Analytical recoveries were
observed from 97 to 114 %.

1. Introduction

‘Wood vinegar’ or ‘Pyroligneous acid’ is a by-
product in charcoal production. It is condensate of
smoke which is occurred during wood burning. One
interesting component in wood vinegar is phenolic

groups due to their high radical scavenging activity [1].

P. Rungruang et al. [2] found that major phenolic
compounds, existed in wood vinegar from eucalyptus,
are syringol, vanillic acid and gallic acid. Syringol
and vanillic acid can be exploited as food flavoured
additives. Gallic acid is useful by taking into account
of its anti-wrinkle property, thus it is widely used as
supplement in many cosmetic products.  However, it
is necessary to separate and purify the mentioned
phenolic compounds from wood vinegar matrix prior
further applications.

There are many analytical methods developed for
separation of phenolic compounds. Those methods are
based on gas chromatography (GC) [2, 3] and liquid
chromatography (LC) [4-9]. Although GC, especially
with mass detection (MS), is appropriate to identify
kinds of phenolic compounds in wood vinegar, the
separated fractions are damaged during detection. LC
is more applicable since the liquid fractions can be
individually collected for advanced uses without any
destruction. Most of LC methods [4-9] employed
conventional packed columns for separation of
phenolic compounds in various kinds of samples.
Despite the fact that all LC methods mentioned above
provided high separation efficiency, some drawbacks

such as long retention time and use of high pressure
pump were not negligible. These can be solved by
exploiting more porosity column, namely ‘monolithic
column’ [10]. M. Castellar et al. [11] demonstrated
advantages of monolithic column by coupling with
HPLC for determination of phenolic groups in wines.
Even though the results gave short analysis time with
good separation under low pressure, samples were
manually injected which is not suitable for routine
works.

Recently, a sequential injection chromatography or
'SIC" was reported for the sake of fast separation under
low pressure and fully automated manipulation [12,
13]. Those publications were involved in development
of SIC methods for separation with subsequent
detection of pesticides [12] and sulfonated-azo dyes
[13]. To our knowledge, application of the SIC to
phenolic compounds in wood vinegar has not been
reported so far.

In this work, we therefore aimed to develop a
monolithic-based SIC method for separation and
determination of phenolic compounds, i.e., syringol,
vanillic acid and gallic acid in wood vinegar from
eucalyptus. Separation conditions were optimized in
order to obtained high resolution with short retention
time.  Validation by evaluation of the method
performances was also carried out.

2. Materials and Methods

2.1 Reagents and samples preparation

All solvents were of HPLC grade and were
purchased from Carlo Erba. Deionized-distilled water
was used throughout. Exactly 0.1 g of standard
syringol, vanillic acid and gallic acid (all from Sigma-
Aldrich) were weighed and dissolved in mobile phase
(100.00 mL). Mixed working standard solutions were
prepared by diluted from the stock solutions to give
final concentration ranges of 50 to 200 mg L™. The
mobile phase consisted of 10 % methanol in acetate
buffer pH 4.0 was prepared by mixing 0.1 M acetic
acid and 0.1 M sodium acetate. All solutions were
filtered through 0.45 pm Nylon membrane prior to
analysis unless commercial wood vinegar samples
(from eucalyptus wood, similar sample to [2]) were
filtered through 0.22 pm Nylon syringe filter after
centrifugation for 15 min.




Absorbance (a.u.)

2.2 Chromatographic system and operating
conditions

The SIC system consisted of syringe drive module
equipped with 2.5 mL Gastight® syringe and an 8-port
multi-selection valve (All devices were purchased
from Hamilton, USA). The system was automatically
manipulated by Auto-pret® software (MKG Company,
Japan). Separation was done on a Chromolith® Flash
RP-18e silica based monolithic column (25 x 4.6 mm,
Merck, Germany) with flow rate of 25 pL s'. The
injection volume was kept constant at 10 pL for all
injections. Detection was carried out on Jasco v-630
UV-visible spectrophotometer (USA) at 264 nm.

3. Results and Discussion

3.1 Choices for monitored wavelength

Since maximum absorption wavelengths (An) for
syringol, vanillic acid and gallic acid are different (Fig.
1) and the available spectrophotometer for SIC system
is not diode array detector, it is necessary to
investigate the compromised wavelength  for
appropriate detection of all analytes.

Itis clearly noticed from Fig. 1 that syringol is very
less absorption than vanillic acid and gallic acid.
However, from our previous results [2], syringol
content was much greater than the other two phenolic
substances in wood vinegar. A wavelength at 264 nm
was therefore selected as a monitored wavelength in
order to enhance sensitivity for determination of
vanillic acid and gallic acid in real sample.
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—Gallic acid (Apax = 264 nm)
—Vanillic acid  (hmax =259 nm)
(Pmax = 268 nm)

1.00

Syringol
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240 280 320 360 400

Wavelength (nm)

Fig. 1. UV spectra of the interested phenolic
compounds at equivalence concentrations of 10 M.

3.2 Optimization of SIC system

Optimization of the SIC system was performed
using standard solution of syringol, vanillic acid and
gallic acid (at 100 mg L™ for all standards). Mobile
phase composition was primarily studied. Results in
Fig. 2 illustrate the influence of mobile phase
composition on resolution and retention time.
Although decreasing in the methanol (MeOH)
concentration in mobile phase from pure to 5 % can
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improve resolution of the separation, analysis time is
prolonged. This reduces throughput of the method.
Therefore, we selected 10 % for further study.

From literature [5], addition of acetic acid into the
mobile phase can enhance separation efficiency of the
phenolic compounds. In this work, effect of acetic
acid concentration was also investigated. As expected
when the acid (2 %) is added into 10 % MeOH,
resolution is improved (Fig. 2). However, this
concentration led to the mobile phase's pH of 2.0
which reach tolerance pH for the exploited monolithic
column. This can damage the column in case of long
usage term. We, therefore, changed to prepare the
mobile phase in acetate buffer solution (pH 4.0)
instead. This mobile phase composition gave satisfied
resolution and analysis time.

Besides of the mobile phase component, the other
parameters, including flow rate and injection volume,
were also examined. Higher flow rate and injection
volume resulted in worse separation. A flow rate of 25
pL s* and an aliquot of 10 uL were regarded as
appropriate  flow rate and injection volume,
respectively, by compromising between resolution and
analysis time.

Optimal conditions for the proposed SIC system
were summarized in Table 1.
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Fig. 2. Effect of the mobile phase composition on
resolution of the separation and analysis time.

Table 1. Optimal conditions of the SIC system.

Parameter Optimal value
Sample volume (puL) 10
Flow rate (uL s™) 25

10% methanol in
acetate buffer pH 4.0

Mobile phase composition
(isocratic elution)

Detection wavelength (nm) 264
Sample volume (puL) 10
Flow rate (uL s™) 25

Time (s)




3.3 Analytical performances

An example of chromatograms obtained from the
optimal conditions is shown in Fig. 3. Under isocratic
elution, gallic acid is initially eluted, followed by
vanillic acid and syringol. Results in Fig. 3 indicate
that all the phenolics can be completely separated
within 10 min.

Although satisfied separation efficiency was
achieved under isocratic elution, we are now studying
on gradient elution system for the aim of shortening
the retention time for syringol.
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Fig. 3. Example of chromatograms of mixed standard
phenolic compounds at 100 mg L™.

Table 2. Analytical performances of the SIC method
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accuracy (by regarding analytical recovery). Limit of
detection (LOD) and limit of quantitation (LOQ) were
evaluated accordingly to [14]. In accordance with our
previous results [2], the calculated limits are adequate
to be applied the developed method to determine the
interested phenolic substances existed in wood vinegar
from eucalyptus wood.

3.4 Application to wood vinegar sample

The SIC method was applied to determination of
syringol, vanillic acid and gallic acid in wood vinegar
sample, from eucalyptus.  Concentrations of the
phenolic compounds are presented in Table 3.

Table 3. Concentrations of the phenolic compounds
in wood vinegar samples, determined by the SIC
method.

Concentration ( mg L™, mean + SD)

Sample

Gallic Vanillic Syringol
1 113 (+25) 127 (+0.7) 453(+1.2)
2 76.4(+05) 90.2(+19) 310(+1.7)
3 60.1(+13) 645(+0.7) 251(+0.5)
4 51.3(+0.9) 46.1(+0.2) 238(+0.4)

Phenolic compounds

Performances

Gallic Vanillic Syringol
Retention time
(min) 1 3 7
Linearityrange 54 505 50.200  50-200
(mg L")
- . y = y = =
Ca"br?t'on 0.0012x+  0.0013x+  0.0001x -
equation 0.007 0.004 0.0003
Linear
regression 0.992 0.997 0.996
coefficients (r?)

RSD (%) of 1.86 114 2.70
retention time ’ ' ’
Recovery (%) 114.3 103.3 97.2
LOD®*(mgL?)  0.063 0.034 0.007
LOQ°(mgL?)  0.182 0.098 0.023

Note & LOD =y, +3Sg
b LOQ =y, + 10Sg

The other analytical performances were also
examined and the results are concluded in Table 2.
Linearity ranges of 50 to 200 mg L™ were achieved
with good linearity for all analytes. The SIC system
also gave high precision of retention time with high

The phenolic concentration trends are similar to
our previous results by GC-MS [2] where the most
abundance phenolic compound in this kind of wood is
syringol.

Nevertheless, in order to verify the developed
method, further validation of the method with LC is
required and the process is now going on. We selected
LC with UV detection as the validating method instead
of GC-MS because any derivatization procedure is not
required.

4. Conclusions

The monolithic SIC method was developed for
determination of syringol, vanillic acid and gallic acid
in wood vinegar. The method provides fast separation
(< 10 min/sample) under low pressure with fully
automated  manipulation. High  analytical
performances (such as precision and accuracy) were
also achieved. However, further validation by
statistical comparison of the results with LC-UV
technique is necessary.
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COUPLING OF SEQUENTIAL INJECTION WITH MONOLITHIC
COLUMN FOR ON-LINE SAMPLE DILUTION PRIOR TO
SEPARATION OF PHENOLIC COMPOUNDS IN WOOD VINEGAR

Nathawut CHOENGCHAN, Arjnarong Mathaweesansurn

Flow Innovation-Research for Science and Technology Laboratories (FIRST Labs),

Applied Analytical Chemistry Research Unit, Department of Chemistry, Faculty of Science,
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520 Thailand

In this work, sequential injection system incorporated with monolithic
column, or so-called ‘sequential injection chromatography’ [1, 2] was developed
for separation of phenolic compounds, i.e., gallic acid, vanillic acid and
syringol. A Chromolith™ Flash RP-18e (25 mm x 4.6 mm) column was
used as analytical column. An Auto-pret™ system with a syringe pump and
an eight-port multi-selection valve module were used for on-line’ sample
dilution and for automated iiquid delivery manipulation. Absorbance was
detected at 264 nm. Methanol (10 %) with acetic acid (2 %) in 0.1 mol/L
acetate buffer (pH 3.0) was used as mobile phase for isocratic elution. After
optimization and validation, the system provided good results. Separation
was complete within 6 min. Retention times were highly precise (RSD =
1.14 10 2.70 %). Recoveries were observed from 97 to 114 %, The system
was applied to wood vinegar samples, from Eucalyptus tree. Prior sample
pretreatment was not required unless filtration. The samples were on-line
dilution for 100 times with mobile phase. Syringol contents were higher
than gallic and vanillic’s contents, respectively, for all investigated samples.
The contents were statistically compared to the results obtained from HPLC
system by paired-# test. The results were not significant difference between
two systems.
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