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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 phenblic compounds viz., géllic acid,
vanillic acid and syringol. A Chromolith® flash RP-18¢ (25 mm x 4.6 mm) column was used as analytical
column. An Auto-pretTM system with a syringe pump and an eight-port muiti-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, 2= 1.0
/ Area = 25083 [vanillic] — 8701.2, »” = 0.9999 and Area = 1941.2[Syringol] + 4209.5, ¥ = 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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@ a {4 .
14l .91, 1990 Ruzicka Wa Marshall [5] IANAIUITZUVIATILHNY¥OI1 Sequential
. . . . é 4 { a o e
injection analysis, SIA) FuiluszuuiiimsgamsndesmsinsgiuaSouiitududdy
o @ a aan (Y ] =) 9 a 9 = |J A
audaumsnalnse msdedunzasniiszgngainluilsuasidesunie ludunldes

LUAZAANITHAAYBALTE 32U SIA HAAIAIZIN 1

. HOLDING COIL

UV-vis
DETECTOR

JUN2.4 szvUmAIITEABUIINTU(SIA)

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

a1/5ENRUYDITLVUHAIUTE B UIINFU

1) wiuvesmsTuinABY (Propulsion tnit) Avd Uve iy TR M ndluduma
Fuindougs edludtuntondiowudiasfetadigainsieia s Syringe pump

2) sTULYRIMIRA._ (Multiposition valve) i daufigaesiail uaz/mie dsdaede
'l 137 holding coil Fdnumy v multiport vatve @1130% port 1441NES 10 port

3) Holding coil fie uduiigaasiadl uaz/mie Mmethaniiiuly

(@it 1 8433 Sudwiindestumsfensiied

4) Flow through cell fodaufifluszuuviedi 19d1dedtonuduazdetudigan

A529799



12

2.2 ANV UM INUMUITIAUNTIN

= L= 9 vA o oy 9 J r=Y oan
nsaWuednIzilsznaudle 2 ngule leasenduuledn lauAwan nsaunadn Niian
a A v [ P a a J a a
wagnsaledudn @udu dubnnguwiledio nsalaasendduuniia ldun nsaaida wlogdnuas
a a a o = o 2’/ é 3 g d'z.s [ A [
gua lumsamsigvasiseneuduedn uasuusnduiludunsuniianudidy Aemsane
J d” Y ) 3’1 [-] Qo é o = = Aﬁ' 1]
MImatesninnniagdy nntuihimsasiviameszystiauaznilsuia (6] nyadl Tudanog
i L U L] H LY 1] QU Q .&’ H =) -7
Tugdfidrsduszdamald anmzfimuzanlumsadadieiu FatadugufitionlFfe orde
[ [l <4
nanmantelasunInns i 171 hitwedlhuudalasun InsnsWee) vse lasun InsnsWusaunan
Usg@nsnmgs (HPLC) Taeld32uAU mass spectrometry (MS) ansnaumaiaduq(e,7] lums
A32970 |
AnuLanANYBanailn HPLC lunisuen S wazanuaiunsa lunsdinsies s
farmuanarludruvesnoduniily Tasdaulnajeel¥aoduil Reversed-phase C-18 uazile
4 { A @ o A (v g’l [ [
waeuin Iz lgdhazarenauiedSuariuiuga uazamnudlunsawaldivuizau
dy o 1 Y P\ Y d'l o @ d‘ L] d'!
uanni dslanuuana luszuumsasivia Inelinslnasesdrianvainvate]7] Wy w309
r aa o (=) A Q)
as19iagI-mia aulaIns W Iafines]s o] niosnsivinlalenoiisd [10,11,12]
A. Alonso Garcia dagag lauemsldmaiiansanadiomavosuis aualenisld
Reversed-phase C-18 HPLC 3aunumsnsavinoaniiialowns lumsuenasyszneuil Tugda 10
=y é ] i 'u 1} * @
¥l a9 AR Repeatability #1071 10% 1 12 A1 0.993 [8]
Domingo Blanco Gomis LOSAME Ineauensld Capillary liquid chromatography GRVERT
s o a E,’ a v Y [ v
Téfuszuu HPLC Tumsasavdamsdszneni Tudaluhwedlidla Idadundusglusie so -
105% uag RSD 108NN 7% [9]
M.A. Rodriguez-Delgado iagaaiz Wauimatia HPLC Taald5aufinasosnsiaingi-ia
Wa uazld wsesasivtadgessawudiamuaiiylalunsasisianundu asaniladn
Q A aa a %) v 'd a ECTIR) d'd - |
Asa ly3udn BRAUNTU Baz NTU-ITeIIea Tudledia 1] nmsimse nana e
k]
a1 bagadiu [10]
Andreas Schieber liazane ynsasdiansafiusdnuazval louesd luieldla wazad
) Y . 2w o A [} 1
Tneld HPLC 90U Diode array waz MS Hawmundasgiufiyuinlva nudrewisanen
msilszneumasgu 26 siia lanelu 1 ¥ Tus uasfianwanse lumsueniia [11]
o A y y
B. Abad-Garcia wazame laanaaisdszreuil Tudannimald Tasldumusa-iii-
2 L QU
AIABSTAR (30:69:1, viviv) INUUYIINT5HeN 1aeld Reversed-phase HPLC SauAunsasavindae
Photodiode array (DAD) 18 %RSD tieenii 8% Iasinanisasasinegszndg 0.005 94 0.03

luTasnsuaianaes ldmaundu 98-100% [12]
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Guanghou Shui 4% Lai Peng Leong laWaniimadia HPLC 3aufunseensiasalla
laTone15158 lunsasaota nsadurisduazmsdszneuil Tudauuumeusu lurhsalsuay
wipehy Halszaunnudiie Tneldinarlumsuonansianua so Wil a1 RSD veeralums
HENBESTNIN 0.3 — 1.6% uazliaAundueglusg 85— 106% [13]

uenantudadeiimsldnedniatindudmiumausnlussun HPLC fo aoduni Ty
A 180 n1sAnEed19n1aua1e [14] Massimo Castellari uazanig Sins1zransilssnoudi Tuda
Tulnifemadia HrLC TaeldneduniluTudfn #iin Reversed-phase C-18 Fewuiannsauen
wasvBinardlunsSadtesndafion uasldnanfidu (1]

TunsszysiiaunemiSuna ldimsinenasesile HPLC-MS uaz Ge-MS 119 Tums
Answriensdlsenevil Tuda iy Tuemves Anna Maria Gioacchini uazane l¥matia HPLC-ES-
Ms lumsdinneilTudauazsan lad dalddnnwlafige[16] i Gruz unzame Sinsed
msilszneuil TudalumiosinTneld upLc-MsMs ashidoaiiiuneouuanututures
deths Snadisnis Woalumsdnsed i@y 12 1 [17]

C. Proestos unzaaie as9taaisilseneuil Tudalufefitinauney Tasldmaiia HPLC
uag GC-MS Tasludinues GC-MS s msdndennmahitasdssnoutl Tudamal §Asond
Aindu ungdmSuensii biszme swrhldidaduouiug [18]

usnanmaianisuentaz N HLSNwde HPLC uay GC uda §13ins 14 Capillary
electrophoresis (CE) flu8nmsdonuilelumsiinse Tnsmmgothadamsilsenouiie ung
alsg gfifina Tuanaddathunats s Wstuves Kazuhiko Tsukagoshi iazane 9imaiia cE lu
mMsanTIeasLsenauNuedn (phenol, 2-chlorophenol, 4-chlorophenol, 2,4-dichlorophenol, 2,6-
dichlorophenol a2 2,4,6-trichlorophenol)[19]

Saleh M.S. Sawalha uazAe tAWMUI CE 1d9aufy MsMS lunisnidSum ans
Uszeuiloudnndnlunldendy namai Idmunzdmiuinieimstsenousssuman [20]
wennnRdiinuves C. Garcia-Viguera W2 Peter BridlelatifSeuifieumatia HPLC Ay CE [21]
LALITUYDY Juhani Kronholm WSeuiieusenine GC-MS fu CE [22] lumsdmsieiansdsenail
Tuf #4 HPLC 1 CE uag GC-MS fu CE Inafindiefu uamsuonlu cE %uagjﬁ'uﬂmﬂﬂ%%’a
B Azt greainve? fndluihfiliunzgangd

Snaded m3ldmadiamaunil I lumsasaeiaaislseneuii Tuin M. Peyrat-
Mailard, S. Bonnely 482 C. Berset 1% HPLC ‘i'mf‘i'mﬂ%mm’sﬁﬂﬂaamw‘%ﬂ wuinie 1y

dnd Irlf lugedien (100-450mv) arsdsznevil Tuda aunsalimmsaeuaussiige [23]
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unh 3

asl o A X7/
IBAUHUNTIFTIVE

3.1 mamdlnazgilnsel
3.1.1 sl

3.1.L1 g15azaeuasgunsaunann (Gallic acid) — Sigma, USA
3.1.12 A1aaeNIATFIUNTAIIanA (Vanillic acid) — Fluka, Switzerland
3.1.1.3 drsacaneuasyiu lsdunen (Syringol) - Sigma, USA
3.1.1.4 91502 AGWNIUOE 150 HPLC- Carlo Erba, Ttaly
3.1.1.5 NIABLBAN
3.1.1.6 InunaiTennae 138 (Potassium chloride)
3.1.1.7 laTnunaden laTaswunoawn (DiPotassiumhydrogenphosphase)
3.1.1.8 Tnunanen Tus lud (Potassium bromide)
3.1.1.10 Tnunaien lunse (Potassium Nitrate)
3.1.1.10 Tnumenden To Ta'lad (Potassium iodide)

4 T
3.1.1.11 Inunendoumenye leen lumesisa (Potassium Hexacyanoferrate)

3.12 gulnsaliasensania
3.1.2.1 vaainlSanag
3.1.2.2 finined
3.1.2.3 Hula
3.1.2.4 vinenrisn
3.1.25 Lﬂ%ﬂﬂﬂiﬂﬂqmﬂlﬂﬂ'lﬁ
3.1.2.6 w3eslinduaTwiga(Sonicator)
3.1.2.7 High Performance Liquid Chromatography (HPLC) - UV-Visible
spectrophotometer (Water 436)
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 MSAUHUMSIOH
i A Yy & Ay a g A
mMIazatenInuawTeNsIntnaulsaen lesou uazmsazaieNidseRadnT o
HPLC 9203509/ 1UnszA16nsod luaouauin 0.45 1ulnswas uag lanose1maaae Sonicator 40
9
A9
3.2.1 MSWIBNAITAZ A
Y] o a
3.2.1.1 asazaneinesozaan
a a A 9 9 ¢ & a a
wisuasazane ImfevesFmndudu 0.1 Twars Tasws lsfevozdan tas
Y as y & a aa
Tawsa 11 13.6 nFu VSUSU1asAIINaAUIUATY 1,000.0 AAAAT
=) aa g g 4 2 = aa
W EUTITALAISATABLFAMIUIY 0.1 a5 lagillansaunadenosyanu
a An Qr S & a A
5.8 Haddas YSulSnasarsindusuasy 1,000.0 Jadanas
Y
ez ate leReuseFianasdudy 0.1 Tuas vwauduaisazae

aa Y ¢ v A Y 1 v oAy
NIADSHANAIINIVNUYU 0.1 IﬂJﬁ'ﬁ QﬂWLﬂ%iﬁLﬂTﬂﬂV]ﬂﬂﬂﬂTi (3.0, 3.5, 4.0, 4.5 LiQS 5.0)

A H
3.2.1.2 sazatemanaoun wmueadutusesas 10 InefSues luasazay
TmososFan Wudu 0.1 Tums
ANATACVUNIUDALTUIU 99.9% 11 100 Uadaas laluvianlSuiasvuia

a an o a 7 4 A Aaa
1,000 Nadans YSulsunsmemsasmessdaniviosidudu 0.1 Tuas sunsy 1,000 Vadans

' AN .
3.2.1.3 sasateandoud oz la lulnsd Wududseas 10 TaeilSunas
aa1sazarvosd Ia luinsd idudu 99.9% w1 100 Taddas laluvinia

A aa 'Y g & A aa
USnasvuia 1,000 Tadans UYsuSuiasdisiinausuasulsuias 1,000 Jadaas

3.2.1.4 @130SMONIATTIUATAUNDAN [WUTU 1,000 TadnTuaetag
! a Y o o a ) o
- azanensannaan 0.05 NSy Iuaisazateinines oz Fan war1lsu

531m59UATY 50.0 Yaaans

3.2.1.5 gsasaneuasgunsanilann Wudu 1,000 iadnsudedng
- azalensaiian 0.05 Sy Tumsazasidmesezdian ud1lsuLlSuinsauasy

50.0 Hanaas
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3.2.1.6 g1sazateNInsgy IS utea [udu 1.000 Hadnfunedns
- azane s usea 0.05 nTy lumsazarstiiefesdian udardfudSnassunsy

50.0 1aanAs

3.2.1.7 E13ALAENIATIURAY (9NFU 10.0, 50.0, 100.0 LA 200.0 HaANTuABTAS

- TR ATEVIATIUNEY 1T 200.0 HadnTuaedas Tulamsazatewasgiunsa
LAAAN AIATAILINATTIUNIANITAN Asazatensg U laS utea aAnududu 1,000 Tadniy
Aoans wodNag 5.0 Jadaas laluviadailSuasvuia 25 iadaes USulSuiasdredisazae

4 d' a an a 3 g aQ A v oA a
WandouRIuATY 25.0 Uaddas ANUIVIY 10.0, 50.0 AL 100.0 Naansuasdas Tula
v

MITOLABNIANTFIUTUIU 1000.0 aanTuaAsdas NeeINN 0.25, 1.25 4Ag 2.50 adnas MNdIEL

o/ & { Q- Aan
LL’L%”J‘IJT]J‘iEﬂJ"Iﬂ‘i?%”JEJ’CT”I‘J'ﬂ%ﬂ'IEIW‘Ii’ﬂﬂﬂE]uﬁ IUATD 25.0 UAAAAT

3.2.1.8 T1TAZAWIATTIUNEY IWNTU 0.1, 0.5 UDL 1.0 AaanTuADIAS
MI0LAIBNIATFIUNTN [N 1.0 TannTudedas Tulaaisazaioninsgiu
Y 9 a a o P A A aa v s oy a Aa -
Har 1Y 50.0 Tadnsuaadas w1 0.5 Uaddas laluviadatsuiassuia 25 Tadaes U5y
Wumsmemsazaonimadeuiisuasy 25.0 Tadaas Aanududy 0.5 iadnTudedas Tila
sy 9 a a @ 1A a an o 9
MIRTMNATFUTNTUNTY 50.0 aANSUABAAT M1 0.25 Uaaaas Ysuilsunasaiedisazaiy
P z £
wapasunIUATY 25.0 Taaans
Y g A Aa v " A a
MSALAWUIATTIUNTL [T 0.1 UadnTudedas Unlamsazmeuiasgiu
9 9 a A o Y A a Aan -] Y A ~
Wudumey 10.0 Badnsudefag W1 0.25 Taanas UFulSuiesdremsazaemantouiounsy

25.0 Ynaanas

3.2.2 J/AUUUMINADDY
4 d & g
3.2.2.1 Anwanuenaauiimuzauildlunsaseia _
= a a a sy 9 4
- WSeNmIsAzAeAsTIUNTALNaan (Wesesife) aadudu 10-4 Tuas
- masazmensaunadndudu 10-4 Tuard aslufiam hmsaunuaalnedy
o o d 1 & Y o = 1
- thednedui s manueaiugegaive 19aamuilsgneufuedniiuenled

- dAmumsazaeuasgunilann waz laSuea neasusuRenude 1-3

131044
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3.2.2.2 Anvantizimuzayluminaass
- i 4
(1) Flavesasazmeamnaoun
y & §
- wissumsazaeumusaudusoeaz 10 TnerlSuas luhnau wedluwle
4 4
nnoun
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a R | @ 4 =) -3 A ¥ 3
luTasdaas Wiginios HPLC 1iudfinTasun Inunsy uazlnaisazaiodins oaiauasUaINATS
o % 3 3 H v A
-hade 1 - 4 TaslSunldoumsazaemamiounnidluezdlalulngg

Wududosas 10 TnerlSu1as

o ' A {
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Qs 4 7Y 9 9 P~
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433 Yadnadigalunsasieda (Limit of detection, LOD) (Miller and Miller, 1993)
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SEPARATION OF PHENOLIC COMPOUNDS IN WOOD VINEGAR USING
SEQUENTIAL INJECTION CHROMATOGRAPHY
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Abstract: In this work, sequential injection
chromatography (SIC) with monolithic column
(Chromolith® flash RP-18¢ column) and UV detection
was developed for separation of major phenolic
compounds existed in wood vinegar, ie., 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 pL 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 er 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.




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 (Ay,,) 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.

It is 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
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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 %) i1s 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 pL 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.

. 7 ! 600
substances in wood vinegar. A wavelength at 264 nm R
was therefore selected as a monitored wavelength in
order to enhance sensitivity for determination of 2.00 + r S00
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3.2 Optimization of SIC system Eaxsmeter Rt eslue
Optimization of the SIC system was performed Sample volume (pL) 10
using standard solution of syringol, vanillic acid and Flow rate (uL s™) 25

gallic acid (at 100 mg L™ for all standards). Mobile
phase composition was primarily studied. Results in

Mobile phase composition 10% methanol in

Fig. 2 illustrate the influence of mobile phase (1socraf1c siotn) state st pE 4.0
composition on resolution and retention time. Detection wavelength (nm) 264
Although decreasing in the methanol (MeOH) Sample volume (pL) 10
concentration in mobile phase from pure to 5 % can Flow rate (uL s™) 25




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.

0.19

e
-
&

Absorbance (a.u.)
(-}
g

s
b

-0.01 o 100 200 300 400 500 600

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 (£2.5)- 127 (£0.7) 453 (+1.2)
2 764(+05)  902(x19) 310(+1.7)
3 60.1(+13) 645(+0.7) 251(+0.5)
4 513 (+0.9) 46.1(+02) 238(+0.4)

Phenolic compounds
Perfi - Cx :
ormances Gallic Vanillic Syringol
Retention time 1 3 7
(min)
Linearity range 5 5 50-200 50-200
(mgL™)
Calibration 010+ 0/0013x + - 0:0001x -
equation 0.007 0.004 0.0003
Linear
regression 0.992 0.997 0.996
coefficients ()

RSD (%) of 1.86 1.14 2.70
retention time ’ ’ ’
Recovery (%) 1143 103.3 97.2

LOD*(mgL")  0.063 0.034 0.007
LOQ"(mgL")  0.182 0.098 0.023

Note * LOD =y, +3Sy
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 pun/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 1iquid 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 to 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 vanillics contents, respectively, for all-investigated samples.

The contents were statistically compared to the results obtained from HPLC

system by paired-t test. ‘The results were not significant difference between
two systems.
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