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W] B2 AAS 54 2AE9 FExS A T2 ol&He AE
Axg] W liquid-liquid extraction (LLE) %+ solid phase
extraction (SPE) o]t}. SPEE 7] €wje] ARV At WHolA

3 B W olt), AukA 0 7 sorbent materialS SPEY] o] £

3 Q@ 4 o]t}t. Conventional SPE materialss= 7F4 o] BIA I silicaxs
7IRko 2 stt}, Silicaw P sEe] ®BalE 7] o 7] wol 3F 3
=}

H HAol Ha, HEF Addd ZpkE AleFE o] &8k green
analytical chemistryoﬂ 3 #BAo] =olxa 9t} Pollen grain (3}

e Fao 2u S AV AE 2e AAAZRA, 2ol A

A2 Z4do|t}. Pollen grain®] €%<Ql exined 3}st4 o= <QFA4ElaL
t} %3t biopolymer® T4 H ]9l 7] W&ol drug deliveryel] ©]&%¥ n}
gttt B AFoE AUF9 pollen graing SPE sorbent® o] &3}
AT

Al EZo] By AbZ=Eo| E3E phenolic acidsE EY £ 1A E 9
Aol FIFS m R mAEe] AAkst=  allelochemicals= 2] & 9]
LS ZRAANINAY AaA 7. &5 EY £ phenolic acidse= 2 &
o A FIS WA= 8h F styeolth. # A= SPE

A
sorbent®ZA] pollen graing ©]&3te] EY 29 phenolic acidsE F
=3%to] HPLC/UVE 433t
SPEE o] &3 959 phenolic acids % F71-& response surface
methodology (RSM)< °©]-83lo] A glstAtt. 23 designol 9201"1
+ central composite design (CCD)E o] &3t RSM Z3} =+
& Z7LS precondition =] H]& 11%, elution =2 H|& 219,

elution formic acid®] H]& 45% %t RSME &3t o =33 99 F
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Wl =4 AASY B4 E4EY w55 dd FE ol&He= S
Ay WS liquid-liquid extraction (LLE) %% solid phase
extraction (SPE) o|t}. SPEx= 7] &ule] ARV Atk WHelA
43 2o ol gubA © 2 sorbent material S SPEY] ¢lo] F4
20|t} Conventional SPE materialsi= 7}4 o] HIA AL silicas
Hho 2 gt} Silicas HA o] ZalE 7] olg 7] wiol Al
o

A3 S4el Hu, o
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rok

N
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o 32339 phenolic acidsE EY £ 1AL
o v A Eo] ALkelE  allelochemicalss= 2 &2
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SPEE o] &3 959 phenolic acids 5% %71& response surface
methodology (RSM)= o]-&3slo] HA sttt A3 39 FH A sl
Aol 7= oJe] 7R W T AW HEAI 7Y H K S ek

il

one variable at a time (OVAT) methodE °]&3lth A3 A4S
HSIA|A o] | APs & 718 & 2945 HoFe A4 =21
HA zxo=m ZAAst= Aol OVAT methodolth. o] W& A]Zto]
e A WY A5 AEo] EAGE A olE S AEd

HA kol At &S 4 vt HHHA RSME o] &3t gz &
AE 3 4% =4 e &S 1dd + daL, o 7 A
3 o]l Ao Wad uwe] response (A¥)E vierst 4= <t
RSME &3 Ad =713 responseit 4&28S YEE model
odelS E3 A2 responses YEI= 23T

m
z215 =8 5 9grl =3 g=1 A8 =4 59 responses Oﬂ%
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Variable 1 Variable 17
OVAT-method experimental design
(one-variable-at-a-time) (Central Composite design)

Figure 1. OVAT method®} RSMe| H] L
(Preu et al, 1998, JCA)
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a4 At Model& F&f o549 2 AA AFS FAFOEHN 4
ol g A dFdE F At =, OVAT methodv= 333 A
FAARE 7|vto R o AdEAQ Wygolgtd, RSMS HAashe] 4
3 FAE 7Ivte® 3 B ola A SEAQ WRolt (Figure
1).

RSM< design of experiment (DOE)E ©] &3 23 designs =3

o] FojXt}, T2 o]&H = DOEA = feo "€ Zo] 4 7HX|7F 3
t} (Figure 2). ZF design< factorial points, star points, center

points, midpoints® 74 @t}
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actorial points2|

B
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+ Non-regular
factorial design

Regular two-level Central composite Box-Behnken Plackett-Burman
factorial design design design design
(CCD) (BBD)

@ Factorial points: == factor 2 2| (1| Al & SHgt L & 22+ 3| 5| &5H= points
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A Center points: 2 = factor®H 2| (| 4| & 2H242| Z8HH| o &H5H= points

O Midpoints: Design space2| =4 2| tlA S 20| 2| %I 3+ points

Figure 2. Regular two-level factorial design, CCD, BBD¢] %2
(factor”} 37§¢1 749-) ¥ Plackett-Burman design
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1. Regular two-level factorial design

Regular two-level factorial designe factorial points@ ©]F o4 3l
t}. o] designg E3| factor® response®] w3 linear influence,
factor7te] A328& & 4 AA| T factor® quadratic effectst= &
T ok 227] w&e o] designe oH| Aol HA3I A %
7] @A F&3sttt AE pointe] /MF (NDE 27 (f = factore] 715)
ot} Factor®] 7ol wel A3 point 7IF7F AFH oz F7tsl7]
ol ®E factor® 7WF7F 470 olskel A§ o] &gttt AlF =Tt o
o] 7] wjFo] RSM XU} screening out®] ZZHOo 7 F7 o] &
t}. Screening out®| ¥ o2 719 factor & TR factors A€ st

838t & factorg AAsE AS on| g

i rlo
l-‘\il

ke
ofy

)

2. Central composite design CCD

Central composite design (CCD)< factorial points®# %t o}y 2} star
points®} center points® T4 ©t}. Star points™ center pointsol 4 +
a, —a¥Fa = oz pointsEA], response surface®] curvatureE 3}o}3}
=1 o] &%}l o] points: factorial points®ti= T TFE 22 FHd
2 F 33 (extreme values)?] Z3Fol™, point®] 7<= factor 7
o] 29 gt Folth agt> the el ols] A Er
o= VA pointS] AZF = {YN;= V2 (f = factora) A5) (A 1)

Factor7} 27091 ¢ €19 Aol o8 agt 1.4t

Center pointsi= X factor HYNA FTLzhe =3t s
pointsZA], ThE experimental points®} & 3 pointoll A oz W
HEE-#t)k Data 4] Al pure errord Aol o]&¥rt}t  Center

point®] 7l (V,)v o Aol o AA =,




o= \/ e N )
2
CCDY F Ad pointe] & v Ao o HABHAG
Ny =2"+2f+ N, (2] 3)

Factor 717} 25 vl A& point®] W7} 471¢] DOES 7} @t
A3d point 7t &S erroneous points®] FFE E WA HT
A E7F =S modelolth. & CCDx 4719 DOE & 7Hg 218 =7t
=2 modele]lt}. CCDE &3l linear influence, factorit 4=
quadratic effects& I+t 4= Qom, RSME| &2 o2 o] gHrY,
Star points®] ¢ e wet 2] CCD7F 9l+=4Yl I % face centered,
rotatable, inscribed”’} += o]8¥t}t (Figure 3). °] & 714 £
variety 7} ol® ARIA| = AsHA] row A 5S4 wef o] &y
+ variety© T2t} Fetetaixl st A He, A8 Vs AR S
of Wt A&Ed CCDE AdEstolof gt} agko]l design® WA=
43t design WHLI7F A3 7Hs HYd EFEojof g

A5

+1.4 1--

5 |

| | - |
07

1 0 +1 ’ +1

Face centered CCD Rotatable CCD Inscribed CCD

Figure 3. 37}# CCD variety®] =4} (factor’} 27§21 %)



2-1. Face centered CCD

Face centered CCD+ agto]l 191 AS$E ouvdlt}. Star points™
factor®] Zo W33}l center pointZFE 19+F "olx xHo] ¢
% &t} Figure 201 YERH CCDE face centered CCDeo]t}. Design
space: figure 39} #o] factor’} 271¢l A $ol= AAZAE S, figure

29} 7ol factor7} 3701 Afol= AS54HE o] Fo)
2-2. Rotatable CCD

Figure 33 #o| factor’} 2701 4% agka 14t} Star points™
factor <ol a3}, center pointE YHOE Ffo] wkx]Eo] 149
A Aol 923t} Design spaces figure 3¢ #o] factor7} 27021 7
§-ol = factorial points® o] Fo1x HAMZF o] BAHS A= 43
<, factor7} 3701 Aol A4 HAHES Av= 78S 9l
F1}. Rotatable CCD+ face centered CCDell H]&| agko] = a1, 19
w2} design®] W7t ggE o

2-3. Inscribed CCD

Inscribed CCD ®3& factor7} 270¢1 785 agk 1.4t 12 A9 star
points”} factor HH el Az, HE=7kol $X38}ar, factorial pointsi=
design space®] ¢t&Eo =2 & 7AZIt}h Figure 39 #©] factor’} 270<]
7$ star pointst= - 194 +1¢] H$E, factorial pointsi= - 0.7°]A
+0.79] W9l AA H}. Design spacei= figure 3¢+ #o] factor’} 2

Aol Ao BtEold e ¥ S, factor7t 3701 5ol
= AL zF Wol wdkolgl= F3S o]Fv = inscribed CCD

7} 4% rotatable CCD#} & 4 <l

r
(@R
(@)
\
(i)
=
oZ
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3. Box-Behnken design (BBD)

Box-Behnken design (BBD)2 CCD$% #©°] center pointsE 2zZril
A"t factorial points™ 4! midpointsE 7FAM star points® = A 3F
Z  ¢Extrt. BBDE %@ linear influence, factor7t A3 2Hg
quadratic effectsE 3}3t 4= Qlom RSMe EHZHoO=Z o] &

Factor 7} 25 w CCDell H|s| A3 point®] 7H57F B #7]
o AFEr+= ¢ v Holtp, 18 Xw BBD+ midpoints®] Z 0]
7] wj&o] <FA3E operating zones Zt+=t}. CCD+ factorial points
(g 2 e =)ok ‘AsHA'SE Yoy star pointsE 7F

2w, o2 pointst A MAE WoluAY A¥e AW & ¢

A

Hd X v}l BBD+= ©]# %k star points$} factorial pointsE
zvt3 A 7] witol EE A¥ points7F ¢3S operating zone®l

E3E Y BBDAlA & A7 pointe U3 2t (Table 1).

Factor?] 74 Center point?] 7j4 = Al¥ point9] 7j4
3 3 15
4 3 27
5 3 46
6 6 54
7 6 62
9 10 130
10 10 170

Table 1. Factor 7<= wE BBDolA = A& point 7+



4. Plackett—-Burman design

Plackett-Burman design< regular two-level factorial design¥} %
o] factorial points® °]FoJ4 St} ZHARE = factorial points®]
Z3Fel regular two-level factorial design®} ¥ Plackett-Burman
design< ¥ factorial points® Z&o|t}. 18 7] w9 o] design
S non-regular factorial design ©|2}il &t} Table 2%+ factor’}
117§ ©]3}el % Plackett-Burman design®] 12 runs design®|t}. 9]
FAA +12 factor HAA HIAZ -1 HE@S ov|sit. o &
E9] factor7} 670191 7% Factor GH¥El Factor K7HA &= H| & A
At AgS MestH #rk FactorZl 1171 o] 4F<l 49 20, 24,

28 runs 59| Plackett-Burman designg ©]-&3hH ¥}

Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor | Factor

A B C D E F G H I J K
1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1 +1
2 -1 +1 -1 +1 +1 +1 1 A1 1 +1 1
3 -1 -1 +1 -1 +1 +1 +1 1 -1 1 +1
4 +1 -1 -1 +1 -1 +1 +1 +1 4 1 A
5 -1 +1 -1 -1 +1 1 +1 +1 +1 1 -1
6 A1 1 +1 A1 | +1 A1 +1 +1 +1 A
7 1 -1 -1 +1 ) -1 +1 1 +1 +1 +1
8 +1 -1 -1 -1 +1 -1 -1 +1 -1 +1 +1
g +1 +1 & 1 5 +1 1 1 +1 1 +1
10 +1 +1 +1 - A -1 +1 1 -1 +1 -1
11 1 +1 +1 +1 A 4 1 +1 1 1 +1
12 +1 -1 +1 +1 +1 A 1 1 +1 1 A1

Table 2. Factor7} 117§ ©]3}2l % 12 runs Plackett-Burman design

Plackett-Burman design®] 4 main effectE < factorite] “J < 283}
confound€lt}. 12 7] wj&o] o] designolA] quadratic effect, factor
7re] A5 2o mlolst 4= ¢lo W linear influence®t 1L © T}, o] g

o)
st 5AE % ] o] regular two-level factorial design¥} o]

“ "1 0= P2

f
N

&1

| &1

11’



Plackett—Burman
design

Factor?t =% 8
(%), quadratic
effects (X)
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o) AE A

e

14
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52 0]4ke| factor
Z0Mq Eg5HA A2
factorE screening
outdt=0l HFE&

Aoz o gHr)
tal the 1
=2 CCDE 9]

7 2t} (Figure 4). ¥ AT

}o] pollen graing ©] &3t

MBS

Regular two-level
factorial design

+ Linearinfluence,
factor 2t =L E

+  Quadratic effects
(X)

+ 404 0|Ete
factor= A
ZRGIA HE
factorE screening
out &t=0l 0| F

Figure 4. Z+ DOE<]

Box-Behnken design
(BBD)

Linear influence,
factor? A EAE,
quadratic effects.

Midpointse| =&
FactorJt 424 0|5tE
[ RSME| =X =2

olE

| A

ol
SPE

Central composite design
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m
=
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220 g dS 98] 9% 9 phenolic acids EFEFS A

- Gallic acid (Sigma Aldrich, USA)

- 3,4-Dihydroxybenzoic acid (Sigma Aldrich, USA)
- 4-Hydroxybenzoic acid (Sigma Aldrich, USA)

- Vanillic acid (Sigma Aldrich, USA)

- Caffeic acid (Sigma Aldrich, USA)

- p~Coumaric acid (Sigma Aldrich, USA)

- Ferulic acid (Sigma Aldrich, USA)

— Sinapic acid (Sigma Aldrich, USA)

- m-Coumaric acid (Sigma Aldrich, USA)

Pollen graing SPE sorbent®A ©]&3}7] $3] washingdlil, &
oFol Al phenolic acidsE %37 98 ooy e &u U AFe

g3kt

Pollen grain (Han Science, Korea)
- Water (J.T. Baker, USA)

- Methanol (J.T. Baker, USA)
Acetonitrile (J.T. Baker, USA)

10



- Ammonia (Sigma Aldrich, USA)
— Formic acid (Sigma Aldrich, USA)

LC/UV #4¢ slal thest 2o g 2 Aloke ALgatglnh

- Water (J.T. Baker, USA)
— Acetonitrile (J.T. Baker, USA)
— Formic acid (Sigma Aldrich, USA)

1-2. A9 71+

- Adjust pipette (0.5~10 ulL, 20~200 pL, 100~1000 uL,
Eppendorf AG, Hamburg, Germany)

- Pipette tips (0.5~10 pL, 20~200 pL, 100~1000 pL,
Eppendorf AG, Hamburg, Germany)

- Centrifuge tube (2.5 mL, 5 mL, Eppendorf AG, Hamburg,
Germany)

- Centrifuge (Eppendorf AG, Hamburg, Germany)

- Conical tube (15 mL, SPL Life Sciences Co. Ltd)

Vortex Mixer (Vortex Genie 2)

- Ultrasonicator (Sonics & Material, Inc., USA)

- PTFE membrane filter (0.2 um, Sartorius Stedim Biotech
GmbH, Goettingen, Germany)

- Liguid nitrogen

- Volumetric falsk (100 mL, 500 mL, Schott Duran, Germany)

- Filtration Tubes 3 mL (SUPELCO, USA)

11



1-3. 4 717]

- HPLC: PerkinElmer UHPLC (PerkinElmer, USA)

— Column : SPP column (C18, 2.1 X 150 mm, 2.7 um, Agilent,
USA)

- Detector : PerkinElmer PDA (PerkinElmer, USA)

12
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2. Ay
2-1. SPEE 93 pollen grain® FH]

Pollen graing SPE sorbent® ©]-&3}7] 984+ washing 37 o]
F Q3lt}. Pollen graing Soxhlet extractord]l B2 % MeOH
(methanol) & 24A17F &<t &R/ttt o A4S &3l pollen grain®]
Ao A uko]l A A AL, FE vk ) ACN (acetonitrile) @ H.O
: FA (formic acid) (67 : 30 : 3, v/v)&H S = washings 3t T} ©

Hge Fll gFstEol AAHUT. 299 washingH S wFI F

60 TolA 12413+t AxsIY. Ax7F € pollen graine 2

FES ol gal BAUE WolUEe dob YAE AA stk ol

400 mg? A™E3A €} SPE cartridgeE &t

13



2-2. A& AA T

97FA] phenolic acid %+%9 45 (Figure 5), A<= AE3H
=43 TFES 5 mg/mLY FEE MeOHo o] A g&AS HHE
ATt AFEASs Ao FvE &1 FH MeOHES FHAI7]AL &
EvwS 05% NH; in ACNell =% th.

oS #AHS E3] EUA phenolic acidsE FE3IUtE 2 g9
EYS H& 6 mLeY MeOH : HO (1 : 1, v/v) £9e @3}
Ultrasonications 40 CTolA 1 A|7Hs<E A P3te] E o] A phenolic
acids® FZ3stAth &9 o] E&A EcES AAst] fAsto

4,000 rpmol A 10 ¥7F A&
31

T

o omE {3 SuE
th o] & 1.5 mLe 05% NH;s in ACN & ol I3t}

gl st t}l. Supernatant® PTFE 0.2 um
AAS & Wz 4 mL FHeA
st SEAIA

2~ X O

membrane filter & H Y ErEs

50 ColA nitrogen purgeZ ©]-&

0 OVOH 0
Ho\ll,fx\\'/ﬂ\oH /@’)L OH © QXOH
HO Y HO i , HO™

OH OH OCH;,
Gallic acid 3,4-Dihydroxybenzoic acid 4-Hydroxybenzoic acid Vanillic acid

g ot g et

OCH_,

Caffeic acid p-Coumaric acid Ferulic acid

m-Coumaric acid

Figure 5. 9 7}4] phenolic acid Z+%9 +%*
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SPEE ©|&3 sampling #42 ta3 #Zu (Figure 6). =3
ACN &3 &9 2 mLe ACN 2 mLE o83 precondition 3%t}
o] AN 3 ACN &3 84S F3] - OH groups 7FF pollen
grain W & Fo] AAHE L, ACNS F3 1 99 E& =o] A
A ¥t} Precondition ¥, 1 mLe A8 T+ EF3%S spikedr 1 mL
o] ARE SHAFHL o] W AR AFA WElE2> SPE cartridge
o 2 w1} 7}al, phenolic acids: pollen grain 42 & Fo] &
vl =] o] SPE cartridgeo] F+&t}h T3 ACN 1 mLE o] &3l cartridge
of ol A= &4 WalES AAsAH. SPE cartridgeol] Hob Sl
+ phenolic acidsE &2A1717] 93] 3 mLY ACN, &, FA9] =%

95 ol&aint. &2 50 CTelA nitrogen purges ©]-8&3}o]
AT o] & 200 ple] = =< %, PTFE 0.2 ym membrane
filter2 E&S Al Ao HPLCO injections} % th.

o|N

>

1 mL Extract
Loading
2mL | ImL
ACN/H,0 2 mL e/ 1mL ACN/H,0/FA
ACN 4 ACN
Precondition Precondition Removal Elution
| —y = = — = —. | — — [ =
OH OH J LOH
- ~ T ¥ -
LOH OH OH#® OHE OH
e [ =—=p-1 o e 8 o DTi [——=x-1 , o [=—=r- A
OH OH OH -OH . JOH
OH -OH OH OH -OH

*  Phenolic acids
® Hydrophobic interferents

Figure 6. SPEE ©]&3} sampling 37
(Qian Lu et al, 2014, JCA)
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2-3. RSM$& o] &3 43 design

SPEE ©] &3t sampling 345 24 3}317] 918t Design-Expert
(trial, Stat-Ease, Inc., Minneapolis, USA) softwareZ ©]&3tit}. 2
3 el 2 o Ay AxE F9 AL Ad 21 3 MRAE 4

AstAtl. Figure 614 precondition®} 4 3} elution®} 42 phenolic

acids® &2 % &g T3 FFS vA7] Wl v= 3 7HA
S

-Factor A: precondition*] =¢] H|&
-Factor B: elutionA] &¢2] H] &

~-Factor C: elution*] FA¢ H] &

Aol Al 7HA 21& CCDE ol &3] HAzgtslc) dn A3S F36
factor A, B, C9 H9= Z+z+ 10 - 30, 10 - 30, 0 - 52 AAs}

Al o] & softwareo] th&3F o] 4T (Figure 7).

J I
~
Response Surface
—( Numeric factors: |3 » | (210 50) @ Horizontal

Categoric factors: |0 w (010 10) Vertical
Central Composite _ [Ese b
Box-Behnken | Name Units Low High -alpha +alpha
One Factor A [Numeric) | Precondition water ratio
Miscellaneous Aluperd L iL 3
Optimal (Custom) B [Numeric] |Eiution water ratio % 10 20
UsarnDefined C [Numeric] |Ejution FA ratio % 0 3
Historical Data e

Figure 7. 37}#] factor?] o|&, @ 2 HY
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Elution

FA ratio

(%)
7 1 (10, 10, 0) 9 (10, 20, 2.5)
2 (30,10, 0) 10 (30, 20, 2.5)
6 3 (10, 30, 0) 417(20, 10, 2.5)
4 (30, 30, 0) 12 (20, 30, 2.5)

Elution 5 (10, 10, 5) 137(20, 20, 0)

) water ratio
9 6
Preconditioh 1 3 (%) (30, 10, 5) 147(20, 20, 5)
water ratig

('1/_9/‘ 7 (10,305 Ay - Ab(10,10,25)
-

8 | (30,30, 5)

Figure 8. 207} A& pointd =2

211, 2, 3o 93l factore] 7H7F 37091 49, ¥ A F pointd 7N
= 2070 o] t}. Figure 29 CCD %29 figure 79 7zt factorol] 3k
AE ddstd Hx =2 YepY figure 8% Zth o] 20719 A¥
point® ¥ A¥e CCDE TFA %Y, uncontrolled factors® <2

Hashals] fe) TS 2= 29e AW
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I = =
CCD Options (e
Replication
Replicates of factorial points;: 1
Replicates of axial (star) points: 1
Center points: 6
Alpha
Rotatable (k < 6) 168179
| Spherical 1.73205
(") Orthogonal quadratic 1.52465
| Practical (k > 5) 1.31607
@) Face centered 1.0
Other: 1.31607
- 20 Runs
@ Enter factor ranges in terms of +/- 1 leveis
") Enter factor ranges in terms of alphas [ oK I [ Cancel ] [ Help ]
8 o §
Type: [Ful v| Bocks:[1
Points
Not center points 14
Center points 6
alpha= 1 Options... 20 Runs

Figure 9. Block 7] % CCD option A1 #

Block 7|2 A¢E 3% Yo 13z &= gle 45 23S HAE
of 22 UHA designdti= 715olth dE £9] figure 99 BlocksZ

28 AMdstd, AA AE designs o]E H<o AHFEE designsdiF

figure 9 ©o}&% 2] OptionsE T3 CCDY FTHE A= 4 Jq=d

B A& o] A= face centeredES A E}a4dTh
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I v FAHAA responseE AAT=td], responseZA= 97K
phenolic acid®] peak area =% ° =2 3}¢t}l. Responsed M4+ I 1
ML 2o+ glom, A wet s Agsta Z2F ol oF

= A}t (Figure 10).

Responses: 1 + (1to 999)

Name Units I

Total peak areal

Figure 10. Response A A
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2-4. LC/UV #4 x4

E¢ko] A phenolic acidsE F%3%+ A5 E PerkinElmer UHPLCE
Abgsle] BA8 9tk LC columne porousd T+XE 71z SPP
column (C18, 21 X 150 mm, 2.7 pm, Agilent)E AF&3I3t. UV
detector= PerkinElmer PDAE ©] &3} %t

rol

LC instrument PerkinElmer UHPLC
SPP column
Column (C18.2.1 X 150 mm, 2.7 ym)
Detector PerkinElmer PDA

+ Solvent A: 0.1% FAIn H:0
+ Solvent B: 0.1% FAIn ACN
+ Flow rate : 0.2 mL/min

Step time %Yo % B
{min)
0.5 ag 10
Chromatographic 2.0 90 10
conditions 25.0 85 15
10.0 50 50
1.0 0 100
10.0 0 100
1.0 ag 10
18.0 ag 10

Table 3. LC/UV 41z
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m. 23

1. SPE =72 #43}

Design-Expert software°l| figure 79 W& %
block, option®l ¥+ W& 4= $ responseo| #3H Hm 7px] <
Al figure 113 2L design matrix® €< 4 9t} Figure 119
X stde figure 8¢ A3 pointe] numberingS & V] sFal, software:
ol FA9 AR AT 4 JA = Figure 11914 rune F
2Zb 2 w2 " A Ao w2 numbering g v dch AY FA =
designe & divit} FHLE wH 7] wjZo ¢hH  design matrix
tables @il ol& A& AREstHAW 2 A ARRs|oF g
Run &AW Z AdS A8st & A2 response (97 phenolic acid®]

peak area &3S figure 113 Zo] &5
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Factor 1 Factor 2 Factor 3 Response 1

Std | Run |A:Activatio...|B:Elution wat..|C:Elution FA r.. {Total peak ar...
< % % %

= 1 30 20 2.5 2.13807E+007
4 2 30 30 0 1.8826E+007
14 3 20 20 S 2.1837E+007
16 4 20 20 2.5 2.15186E+007
17 5 20 20 2.5 2.17074E+007
S 6 10 10 S 2.26428E+007
19 T 20 20 2.5 2.16989E+007
8 8 30 30 5 1.90074E+007
1 9 10 10 0 1.98987E+007
20 10 20 20 2.5 2.11371E+007
13 1" 20 20 2.5 1.89379E+007
7| 12 10 30 5 2.25815E+007
9 13 10 20 2.5 2.24992E+007
1" 14 20 10 2.5 1.70928E+007
12| 15 20 30 2.5 1.93237E+007
13 16 20 20 0 1.90052E+007
6 17 30 10 S 1.77969E+007
2 18 30 10 0 1.66567E+007
15 19 20 20 2.5 1.87987E+007
3] 20 10 30 0 2.08217E+007

Figure 11. CCD design matrix % responses
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[ Notes for 150506_CCO_E= | ] Transtorm R Summany ] [fod moder [&] anova 1= Diagaostics [.i:'_;-MDdulGraphg
-1 Design (Actual) | | | ] B
| ‘Summary
& Graph Columns
{S] Evaluation
LI ansysis
LL[_] Ri:Total peak are: |
-é.' Optimization
| I§¢ Humerical
t; Graphical
Post Analysis
oint Prediction
onfirmation
L] Coefficients Table
Figure 12. &4 A3}¢] &<l
Figure 129 9% 2+ Analysis® 3t ojg] 4 A3=
stolst 4= 9t} Figure 12 $1% ¢ Fit summary, ModelS =34
design modelel] s QoF ARE gl 4 vt 1 A3 HIES
F3 42 design model®] quadratic modele] gt A& & 5 AT}

Figure 12
(ANOVA)

A3 g 5

212 ANOVAE
2t} (Table 4).

=<

Y3
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Source? | Sum of squares® | d.f.c | Mean square? | F-value® | p-value, Prob>Ff | Significance?
Model 6.231E+013 L4 6.924E+012 479 0.0112 significant
A 2408E+013 1 2A08E+013 16.66 0.0022 significant
B 6.404E+012 1 6.404E+012 443 0.0616 not significant
c 9.079E+012 1 9.079E+012 6.28 00311 significant
AB 9.127E+011 1 9127E+011 0.63 0.4453 not significant
AC 1.297E+012 1 1.297E+012 0.90 0.3658 not significant
BC 6.945E+011 1 6.945E+011 048 0.5040 not significant
Az 7A408E+012 1 TAQSE+012 512 0.0471 significant
B? 1.640E+013 1 1640E+013 11.35 0.0071 significant
By 3511E+010 1 3511E+010 0.024 08792 not significant
Residual® 1445E+013 10 1.445E+012
Lack of fiti 3.832E+012 5 7.664E+011 0.36 0.8563 not significant
Pure error 1.062E+013 5 2.124E+012
Cor total* 7.677E+013 19
= Variation2| source 'NuII 0| Al He WmAE FvalueE YE SHE
b Hito| HSe 3 "Prov>F" Zt0| 0.0SECH &S H2 298 terms2 ZHE
=5 W *‘o“i.‘ errorS ‘*H:_FE}EEil 0|gg terms
2 Sum of squaresE AR EE LiE 2 Fitted model 2% 2| data®| vanation
= ZtA} variance 2} term variance S H|IIohe test Hr= =l design points (center points)3 A response2| variation

‘E': EFHEo &

Table 4. ANOVA 23}

Model®] F-value 4.79% modelo] §21%-< v, Prob>Fak<l
00112 99+ 22 =2 F-valueZ7l noiseol <& usks 3E9]
1.12%%}ell = A gt AS udtth. Prob>Fate]l 0.06Rth 22
e 9% terme 2 T3 Lack of fite] - Prob>F#kol
0.05HT a2 Fo3tx &t AL onstt = modelS §935)

o]

oug B Ao FZ¥ model> Al

&O

rr

51

r‘[O

lack of fit& &
Fawsittay 2 4 ol wd A C, A% B® 7 93 model term
At . AC, BCE EF £93HX

ol
o
ysgtomz R Ao factor A, B, C Aol HFzztge gl
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Two-factor .
Linear B ratian Quadratic

effecis effect effects

Y = by + biA + bsB + byC + bsAB + bsAC + bsBC + b;A2 + bgB2 + by C2

by = 2.172E+007, by = -1.552E+006, b, = 8.002E+005, b; = 9.528E+005,
by = 3.378E+005, b5 = -4.027E+005, bg = -2.946E+005, b; = 2.641E+0086,
bg = -2.442E+006, by =-1.130E+005

Y : response (total peak area)
by : intercept
by - by : coefficients of the effects

|bx| : implies the impact of the factors

+, - sign of the coefficients : shows the direction of relationship between the effects and the
response

Figure 13. Response®} factorol #3k o] x}t}al2]

Design-Expert softwareE %3 response®} factorel| #3+ o]zt
gAlS AS 4= 9t}d (Figure 13). Figure 13914 by y&#, by -
bo 2t effecte] A& olv|sit}. o] AFEY Fov AF
e, A2 g&FHe] ar]E ou| gt} by - by factor A, B, C
o] A dARN FFHS, by be= T factorite] A8 FIFHE,
b7 - bo= 2 factor®] o]zt#Ql WFHS u|gtt. 45 59 factor
A9l gFHES YeERNE biol @2 - 1.552E+006°] =2, factor A7}
= responset AAaT Aoz oAgHT T3 factor Co] &Y
S YEW = bse 9528E+0050] 22 b AYAzko] wl&] Fop 13 =
2 factor C7} factor AE.T} responsed] H| X 3k o] ¢ =
AL $19 A& Fdl & 4 Atk Figure 139 b9 H o= -0z

factor AT FASTE, b9 HIE= +o]|R=E factor C= FF5

R
o,
z
o

o

response #°|l At AS ¢ 4 Atk Precondition Al &9 Yol
@ol SPE cartridgeol] Ho
ol 9l £33 7 phenolic acids?t &2AEHE Ao ot
ElutionA] FA7F ®&<% proton ion® exchange’t <7}3t<]

phenolic acids®] €87} S7lst= Ao = o€,

-

AS A5, MZ loading Aol cartridgeoll
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Figure 129] ¢ &9 3+ Model GraphsE &3l figure 139 A&
st gz Azt ¢ Qled 2 AT A = 3D response
surface® YEFATE (Figure 14, 15, 16). Figure 14, 15, 162 Al 7}A]
factor & T 7}A factor?] response (total peak area)el]l ©jgk < gk
S YeuH, o] wf YA factors= A EHO At} dE E9] Figure
149 4% factor B7} 2022 1A Y] & WE YEle 18z
t}. Table 404 factor Av 2241 &y, o2&l JggHo] F
ot oJu|E Adtkal kAT Figure 13914 b - 1.552E+006, by
2.641E+006°) B2 figure 1494 factor A7} Z71&4E response

rlo

lth. = Figure 139 2lo] Figure 14, 15, 169 A|Zt8 o= =z %
A =] o] 9l T

Design points above predicted value

e e

™

@ Design points below
2.38876E+007
1.73394E+007

X1 = C: Elution FA ratio
X2 = A: Precondition water ratio i

Actual Factor A
h . =+007 |
B: Elution water ratio = 20 waEy

22E+007
2E+007

1.8E+00T |-

Total peak area

16E+007 |/

A Precondition water ratio (%)

Figure 14. Factor A%} factor Col W3t 3D response surface
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® Design points above predicted value
@ O 2low i ue

. I s
1.73394E+007

X1 = B: Elution water ratio

X2 = A: Precondition water ratio

Actual Factor 24E+007
C: Elution FA ratio = 2.5 o
D 2 2E007
o
=  2E+007
@
2 sE+007 |4
3
— 1.6E+00T

Al Activation water ratio (%) 15 15
B: Elution water ratio (%)

1010

Figure 15. Factor A%} factor Boll W3t 3D response surface

@ Design points above predicted value

@ Design points below pred

I 2.38876E+007

1.73394E+007

X1 = C: Elution FA ratio
X2 = B: Elution water ratio 2 4E+007

Actual Factor
A: Precondition water ratio

Total peak area

30

20
B: Elution water ratio (%)

C: Elution FA ratio (%)

Figure 16. Factor B¢} factor Col tj3gt 3D response surface
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2. RSM model®] &3 o=

e &

RSM models &3 HAHgGE alA=  figure 17 &
Optimization ©}#] Numericals &3 3tt}. Figure 17 1% <¢] Criteria
g S8l HAs 21S AHT 5 vk 2 Hd3e 542 SPE A3
Zz7Aa9 HA3E. = total peak area (response)E HWE s A
o]7] wj&ol figure 179141 Total peak area® A &3 F  Goal
maximize® A& TE Figure 17914 H&4 UEE FAS e
AA Ags 2070 runse A} FHEgk 2 FHYgES 9n| s,
RSM<S &3l HAslslH A Azt =2 3s 4& F 7]
) o] figure 179 Limitsol 0+ Lower ¥ Upper #< o] HIYE
Hoju= s fJ4g9 F At

[Z3 Notes for 150506_CCD_= @ Criteria L._ Solutions [ E Graphs
L. [H Desgn (Actual)
AcActivation water ra| Total peak area
B:Elution water ratio -
C:Elution FA ratic Use Interval (one-sided) ||
L&

L[] Analysis =

= Goal | maximize -
/1] R1:Total peak area (

—qu Optimization Lower Upper
B mamerica Limts: 1.66567E+007 2.26428E+007
E‘c Graphical Weights: 1 1
¥ Point Prediction
[n_ Confirmation
.[E] Coefficients Table

57E+007/|

1.66567E+007 2.26428E+007

Total peak area
Figure 17. RSM model& =3+ 23} 34
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Figure 17 $1%2] Solutions=
HA =2710& AT F 9 el
al

=4 B A= figure 18

239 desirability 7} =& o2
Y= g JAoRE AT ¢ 9l

#Ze] Ramps ¥4 o= ueRHT. 7}

=
% desirability7} =& Z7A& figure 183 #t}l Factor A: 11,
factor B+ 21, factor C+= 452 3}o] 39 AL HA3gsle] AL
response®] Hir k2 2.40892E+007°| At} A =7k A= oF 5%
2, RSM modeldll €3+ H % Z7o] ulg2slr}al T A
J @
10 30 10 30
A:Precondition waterratio = 11.0498 B:Elution water ratio = 21.1919
"] —
0 5 1.73394E+007 2.38876E+007

C:Elution FA ratio = 4.52065
Figure 18. RSM model<

o =

=
S
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V. 28

1. Ao 27 92 pollen graing SPE F&A 2 o] &3t EY
2:9] phenolic acids® F%38}3l, LC/UVE o]&3&to] AR Z
th b XskAolar, mvlgo] 7]E¢] SPEC Hla] A" EAHS TN
3kl vt

2. SPE A3 =31 T A3 Ay Tk s vH o7 4
FE = 3709 A 3ol el RSME o] &a H A sttt H A s
A3} preconditionr] =] H] &S 11%, elutionr] =9 H|&L2 21%,
elutionr] FAS] W& 45%< w HA =3olzta o=t AA
A3 A3 99 A3 1ol 4 2ddE Fsksdth
z79 A3 o] RSMo] &% o]
g = Utk E3 SPE F2 A=A

29131, phenolic acids ¥ o} @}t

2 BEXEAo EA X pollen grain®] F€E £ 9L HoR 7
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Abstract

Pollen grain as a novel SPE sorbent for
determination of nine phenolic acids and

optimization using RSM

Hae Yoon Cho
Department of Pharmacy, Pharmaceutical Analysis
The Graduate School

Seoul National University

Liquid-liquid extraction (LLE) or solid phase extraction (SPE) are
usually wused for removal of iInterfering substances and
preconcentration of target compounds. SPE is a useful tool because
it consumes less organic solvents. Generally, sorbent materials are
an 1mportant factor in SPE. Conventional SPE materials are
expensive and based on silica. Silica i1s a stable compound,
therefore it is hard to be decomposed and can be harmful to the
environment.

Recently, green analytical chemistry has gained a lot of interest
because it uses less toxic, eco—friendly reagents. Pollen grains are
powder like gametes produced in anther of stamen and are
obtained from the nature. Exine, the outer wall of pollen grain,
was used in drug delivery because it i1s chemically stable and
composed of diverse biopolymer. In this study, pollen grains of

pine were used as SPE sorbents.
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Phenolic acids in effusion of plant roots affect the growth of
microorganism 1in soil. Allelochemicals produced by microorganism
stimulate or inhibit plant growth. In other words, the amount of
phenolic acids in soil is a significant factor in plant growth. In this
study, pollen grains were used as SPE sorbent and it extracted
phenolic acids in soil. The samples were analyzed with HPLC/UV.
The condition for extraction of nine phenolic acids with SPE was
optimization using response surface methodology (RSM). Central
composite design (CCD) was used for experimental design. The
optimum conditions determined by RSM were precondition water
ratio of 11%, elution water ratio of 212 and elution formic acid
ratio of 4.5%. The predicted value from RSM and mean value
gained by experimenting three times under the optimum condition
showed a high agreement.

In the result of this study, it is proven that it is effective to use
RSM when calculating the optimum value and understanding the
relationship between experimental factors and responses. The
optimum value can be found effectively and scientifically with help
of statistics tool such as ANOVA with minimum number of

experiments using RSM.

Keyword: Phenolic acids, SPE (solid phase extracton) sorbent,
Pollen grain, Green analytical chemistry, Response surface
methodology (RSM), Central composite design (CCD), Analysis of

variance (ANOVA)

Student Number : 2013-23470
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