CHAPTER 111

RESULTS AND DISCUSSION

3.1 CE Conditions and Optimisation

’!%e selected using a 57 cm in length

(50 cm to detector) x unjoateﬂﬂhca capillary and background
electrolyte (BGE) as a (_' bH an acidic compound with pK,

3.8 [Tian et al. 200

having a negative c

3.1.1 CE conditions

In this work, CE conditions

charged GA3 toward
opposite direction wi s 3¢ qvin Figy 1.5 and Equation 1.10. Both

electrophoretic mobility time of analyte and depend on
the pH of BGE, and therefi gessary for CE analysis to maintain the
constant pH. Na;B40; dlssolv d “widely used as the basic BGE since it

Na,B407 # }HZO — > ay a + 2H3;BO; + 2B(OH)4 3.1
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The pH of a softtion containing weg.k acid (HA) and conjugated base (A) is given by

R RRE S44571 912 6

pH=pK, + log{l%;]] (3.2)

In this case, HA is H3BO; and A™ is B(OH)4". As seen in Equations 3.1 and 3.2, the
same concentrations of H3BO; and B(OH)4 provide high buffering capacity. As a
result, the same concentration of the borate buffer prepared from Na;B40O; leads to

precision in electrophoretic mobility, EOF and migration time. In addition, Na;B40;
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is available in highly pure reagent grade, and the borate buffer is easy to prepare and
stable for a long period of time [Chankvetadze 1997]. An uncoated fused silica
capillary, similar to that used in GC, is the most popular for CE. It is a good material
due to its UV transparency and durability when polyimide coated [Weinberger 1993].
Although fused silica capillaries for CE are commercially available with internal

diameters ranging from 20 to 200 pm, the most commonly used capillary dimensions

are 25, 50 and 75 pm LD. [Chankvetadze 1997]. The 25 pm 1.D. capillary provides

high resolution and less Joule heatin r sults in analyte-capillary wall interaction,

especially cationic analyte due 1 diameter. In addition, the use of

very small diameter cap1ll has pr th low detection sensitivity due

-|

to small path length of l' ol e capillary. The 75 pm L.D.

t1v1ty but may cause low

ting (c s oc % as seen in

capillary provides lo

resolution due to peakgh

‘J"J"' d . : .
used to 1mprove detection sg s1t1ﬂ” srease wall interaction when separations

have no problem of resolution. 0 um LD. capillary is used for many
I A

applications due to 11‘L§compromi's% a’moﬁg' ensitivity, heat dissipation and

wall interaction. Thi ot T levels of GA3, therefore

the 50 um L.D. caplllaﬂ was selected, . thﬂaplllary, the total length of
capillary (L) is 1mportax&t for the field strength In CE, the length of capillary is

usually used lﬂ% o'g;a’t? E(] %ﬁ} ijléwnﬁj ﬂ?rﬁpﬂgary length, ths greater

the migration tifhe of analyte. The shorter capillary gives faster analysis time but

poore W illary with 57
e 1nrlen¢t(ﬂo cm a ?e ctj was 13(311% E‘ ﬂ] ﬂa g)
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3.1.2 CZE optimisation

In initial work, CZE with the BGE as a borate buffer at pH 9.2 was used for
determination of GA3 in fermentation broth. In production of GAj; at IBGE, typically,
GA; is isolated from the 10-day fermentation broth, and therefore, the 10-day
fermentation broth was 10 times diluted with water, and used for investigation on
suitable CZE conditions for separation of GAj3 from other compounds in the broth.
Effects of BGE concentration and applied voltage on the separation of GA3 were

studied by varing the buffer concentr ’y; Ee range of 12.5 to 50 mM using the

.1 and 3.2 show an example of

electropherograms of w en diluted 10 times using the

separation voltages of 25 and 3@ Wlkmg standard GA3 into the

The first consideration
the BGE concentration a
mobility (peo), electrophore ;T total mobility (pner) of GAj,
respectively. Electroosmotlc mb’i{:’fy alculated using Equation 1.10, where f¢, is

the migration t1m e first migrating order of

electropherograms 1 sntration, when the separation

voltage was mcrease(urom 25 to 30 kV, an increase Oﬂlgo was obtained due to Joule

heating leadi as shown in Equation
1.7). In congm iﬂ ﬁ%ﬁﬁgﬂ ﬁﬂﬁ d to decrease with an
incre e to a decrease in z tential (Meo o< € as
sho ﬁ%ﬁﬁﬁﬁﬁﬁj t’h] ’; m ﬂqﬁ ncentration or
conductmty, the greater the heat generating. However, results in this experiment
showed that a decrease in e, Was influenced by a decrease in zeta potential more than
an increase in Joule heating. To confirm Joule heating in this work, experimental and

predicted values of electric current (/) are compared in Figure 3.6. The predicted

current is calculated using Equation 3.3 [Feret 1993]
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I =xES (3.3)

where K is the BGE conductivity, E the electric field strength, and S the cross-section

area of the capillary. k; is given by Equation 3.4
ks = FX zici; 3.4)

CB(OH)-HB(OH)-- The L at a given ionic
g’ ihe equation linking the observed

bility (mobility at zero ionic

In this case, Zzjcjy; is equal to ¢y
strength of the BGE is

electrophoretic mobility

(3.5
p” values of Na” and B 10" m” V™ 5™, respectively
[Pospichal et al. 1989] sum of the hydrodynamic radii
() of analyte ion and coun e sum of r, of Na" and B(OH),
ry may be calculated from the abs: Survay et al. 1996]

(3.6)

The parameters in Equation, 3.6 are previoysly defined as shown in Equation 1.4. In

using Equatmﬂ $ub%) é@c%@ | mobiftyPahd liagg) are used as unsigned

quantities througl out, i.e. the modukus of pand Za,

From S&ur“j';l aats Qedivgyz;g}] t:gl gpgmvltalﬂ(:] gdall) higher than
predicted (A and [J) current is found. When the ionic strength of the BGE increases
from 25 to 100 mM, the ratio of experimental and predicted current is found to
increase from 1.11 to 1.22 for separation voltage of 25 kV and from 1.12 to 1.29 for
30 kV. This indicates that Joule heating increases with an increase in the ionic

strength of BGE and separation voltage.
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The total electrophoretic mobility (une) and electrophoretic mobility of GA3 shown in

Figures 3.4 and 3.5 were calculated using Equations 1.11 and 1.9, respectively, where
tm is obtained from electropherograms in Figures 3.1 and 3.2. As previously
mentioned in Section 3.1.1, GAj; carries a negative charge and migrates opposite
direction of EOF. Therefore, under high EOF and normal polarity (detection), GA3
passes through a detector after the EOF marker. It is seen in Figure 3.5 that, at
separation voltage of 25 kV, electrophoretic mobility slightly decreases with an

increase in the BGE ionic strength du

s

f decrease in an effective charge of GA3 and

2

separation voltage of 30 ' 1ﬁcan e in electrophoretic mobility of

GA; is found with an i - tl S h, in the range of 25 to 100
mM, due to the opposi : oo e heating; leadi
an increase of ionic

an increase of the size of ioni GA@ ith counter ion Na®. However, at the

ing to an increase of p, and

To confirm the effect due

show that p° (blank ﬂelbols) mcreases‘" witl an._m fthe BGE ionic strength. It
can be explained y‘"r—"m——— """"" ie"Joule heating caused by an
increase of the BGHjon'd uctivit) ) ngthjjn addition, the higher the
separation voltage, the ggater the Joule hea

ﬂuEJ’J‘VlEJ‘V]‘iWEJ’Wﬂ’ﬁ

As seen in Flglﬂ:l: 3.5, the total mobslvhty of GA3 i lS found to decrease with an increase

of the ﬂm iftm g(; Ea‘b lgure 3.3) and
mmgmﬁqant change of electrophoretic mobility o I :gack symbols in Figure 3.4).

The decrease in the total mobility leads to a long migration time of GA; as shown in

Figures 3.1 and 3.2. In comparison with the separation voltage of 30 kV, that of 25 kV

gives longer migration time due to #y, oc 1/V.

The next consideration is given to the peak variance and peak shape of GA; as shown
in Tables 3.1 and 3.2. The predicted peak variances due to diffusion (c’uig) and

electromigration dispersion (6’gmp) are calculated using Equations 1.21 and 1.26,
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respectively. The predicted value of 6% in Table 3.1 is the peak variance due to the
time constant effect caused by an RC circuit which is an electronic filter applied to the
detector output to reduce noise. The product RC is called time constant (ti), where R
is the resistance and C the capacitance [Horowitz and Hill 1989]. The greater the time
constant, the lower the noise. However, the time constant effect gives a broader and

tailing peak, and its contribution to variance is given by Equation 3.7 [Reijenga and

Kenndler 1994]
A "?
= 3.7
é__; te (3.7)
f |

the time domain, Aasym < 1 mdmh iting peak, while 4asym > 1 indicates the

l',; L

alling pak. The perg i S EMD (7 "‘2;:9 defined as 1006%ewn/0,

Figures 3.1 and 3.2. @1;\_/ i angulﬂdlstnbutlon can be used to

indicate the distortion ¢f peak. The smaller the value of Pgmp, the smaller the

distortion of pﬂ( ForPhnk 10o-or ik peraligd of Gubssian variance = 90%, the

peak almost has'Guassian shape [Ergy etal.200 IL
R Bl

From 'S!ble 3.’1-,] t@ ;Sedri-c]te‘di o diff Eglﬂt’o] 11’13re?.|se \;Enlthqan@cgse in the BGE
ionic strength and a decrease of applied voltage, due to an increase of the migration
time of GAs3. As previously discussed in Section 1.2.5.3, EMD causes triangular
distribution of CE peak. At 12.5 mM Na,B40; or the ionic strength of 25.0 mM, the
electrophoretic mobility of GA3 shown in Figure 3.1a was observed to be -1.62x10*
m® V' s and the electrophoretic mobility of a borate ion, B(OH)s", as the BGE co-
ion is calculated to be -3.36 x 10® m*> V! s using absolute electrophoretic mobility

of -4.00 x 10® m*> V' s [Survay er al. 1996] and Equation 3.5. Mismatch between
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electrophoretic mobilities of the analyte and the BGE co-ion causes EMD, leading to
distortion of GA; peak [Khaledi 1998]. From the GA; peak shape in Figures 3.1 and
3.2 and Aasym < 1 (except for the BGE ionic strength of 100 mM) in Table 3.2, the
GAj3 peak has fronting distribution. This may be explained that, in this case, p of GA3
is less than p of B(OH)4™ as the BGE co-ion, and the direction of p for GA3 and the
BGE co-ion is backward the inlet capillary end. The BGE co-ion can enter the front of
the analyte zone, resulting in the fronting distribution of the analyte peak
[Chankvetadze 1997]. At the BG trength of 100 mM, the value of Aaym
slightly higher than 1 is possi Q\ W

rimental error of Aasym ~ 1.0 or the

effect of the time constant*nh:glvei’talh Or Aasym > 1 in the time domain

redicted s’evi in<Bable 3.1 and the percentage of
; ' Ur\:u\wihﬂm increase of the BGE ionic

an increase of the BGE concentration

[Jeansonne and Foley 1
EMD (P EMD) in Tabl
strength. This can be

results in a decrease o Jiffe ¢ betxeen the BGE zone and the

analyte zone or a decreaSe ¢ paramiet Equation 1.27, leading to a
e 3

decrease of o’gup. At thefBGE fenic < mM and 100 mM, the Pemp

nearly 10% was found to bg'in gggee' ent wi ym ~1.0, indicating that the GA;

In this experiment, the rise time of | § of time constant of 1/2.2 was used to reduce
noise. As shown in Tab the predicted 0% ca atﬂ using Equation 3.7 is found
to decrease with an incgease of the BGE &c}nic strength and a decrease of applied

voltage due tﬂnﬁﬁ%o%ﬁf%ﬁ%fm.?ther sources of peak

variance are négligible, such as detector aperture width, thermal dispersion and

ERRITRIN Ty TRy

As shown in Table 3.2, at each CE condition, the observed peak variance is seen to be
approximately twice the predicted values. This may be the additional contributions to
peak variance due to a parabolic profile of the analyte zone caused by the mismatch of
EOF in the sample plug and the BGE zone [Burgi and Chien 1991] and the difference
in the temperature between a thermostatted section and unthermostatted sections
[Nhujak 2001a], which their peak variances cannot be predicted exactly. In the range
of 25 to 80 mM ionic strength of the BGE, the observed peak variance was found to
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decrease with an increase of the BGE concentration and to have a similar trend of the
sum of predicted peak variance of o2, 6°emp and 6%c. The greater observed peak
variance at the BGE ionic strength of 100 mM than that at 80 mM may be due to the
significant effect of Joule heating and the greater difference in the temperature in the

capillary sections as previously mentioned.

The consideration is now given to peak efficiency (V) of GAj; and resolution of GA3

and unknown peak 2. The values of Table 3.3 were obtained from the observed

peak variance and Equation 1 I' portlonal to 1/0°, the smaller the

the BGE ionic strength and the
. —

applied voltage on N can _be : he simila

resolution in Table 3.3 we ainéd’ fro - herograms in Figures 3.1 and

3.2 and Equation 1.16. B#selifigfrgsolution u}a A5 and unknown peak 2 was found to

increase with an increagé of B ONnce: ON 1 *\ due to a decrease in peak

value of ?, the greater th

vay to the peak variance. The

variance due to EMD as sh ] { improvement of resolution. A
change of the BGE conce M
but a slight increase of ‘R;. hot 13 *  tom Equation 1.18 that R; is also
proportional to the reciprocal ofithié total mob
50 mM Na,;B40- gives thcsm’ﬂﬁ'
From Table 3.3, at 2 é"‘u--ai..i-.‘-.‘—’ n, insignific k 1‘ difference of resolution of
GA; and unknown pé€al
30 kV. This may be du l

Its in a slight decrease of N

esults from Figure 3.3 show that

, leading to an increase of R.

scparation voltages of 25 and

to small effect of crzth

ﬂ‘iJEJ’W]EJVl'ﬁ‘WEﬂﬂ‘ﬁ
‘-l“maﬁﬂﬁm UAIINYIAY
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(c) 40.0 mM Na,B407, 25 kV (d) 50.0 mM Na,B407, 25 kV

Figure 3.1 An example of electropherograms of the 10-day fermentation broth diluted
10 times using separation votage of +25 kV and BGE concentrations of (a) 12.5, (b)
25.0, (c) 40.0 and (d) 50.0 mM. Peak 1 = GA3, 2 = unknown, 3 = AMBA and 4 =
unknown. Other CE conditions: uncoated fused silica capillary 50 pm I.D. x 57 cm

(50 cm to detector), temperature of 25 °C, 0.5 psi pressure injection for 4 s and UV
detection at 214 nm.



41

0.0030 =
1 0.0018 2
0.0015
0.00404 e K/J A 3
0.0024 % A
oy 34 36 383 40 42 l..L;l.‘Jd.lﬁL'l
= 5 0.0032
=, " 3 g 1
o 00018 =
5] 9
= =
3 S oo
2 o002 v 2 2
< < L
0.0006 |
{,/"\/W"‘”"lw
! i 1
0 2
Migration time n ' A\ Vligration time (min)
(a) 12.5 mM'NagB. 04504V 3 4 5.0 mM Na,B407, 30 kV
0003 ﬂl
0.0054{ *** l' 1
0.0028 |
oo 1
x 0.0045, oot 44 48 52 s6
-
z
L
S 0.0036]
= -
£
N
2 2
< 00027,
.J 0 ;-‘ - L ‘ 0 LV'K/"J
o RIS Yot
1

']m'liI'ia”l g'l' 'l’sm
{RAaR5 ol I I neade,
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Figure 3.2 An example of electropherograms of the 10-day fermentation broth diluted
10 times using the separation voltage of +30 kV, BGE concentrations of (a) 12.5, (b)

25.0, (c) 40.0 and (d) 50.0 mM. Peak 1 = GAs3, 2 = unknown and 3 = AMBA. Other
CE conditions as shown in Figure 3.1.
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Figure 3.4 Effect of BGE ionic strength (/) on electrophoretic mobility (k). Symbols:
(M) p at +25 kV; (A) p at +30 kV; (O) p° at +25 kV; (A) p° at +30 kV. Other CE
conditions as shown in Figure 3.1.
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Figure 3.5 Effect of#BGEfoni¢ & a ) on total obility (unet) at separation
voltage of +25 (A) and (W), 6ther CE condit ons as shown in Figure 3.1.
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Figure 3.6 Effect of BGE ionic strength (I) on electric current (Is) at separation
voltage of +25 (A) and +30 kV (H). Symbols A and [ are the predicted values of I,
at separation voltage of +25 and +30 kV, respectively. Other CE conditions as shown
in Figure 3.1.
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Table 3.1 Observed and predicted peak variances (6%) of GA3

25kV 30 kV
BGE Predicted o? Observed o Predicted 6° Observed %
(mM) (10° m?) (10 m?) (10 m?) (10 m?)
czdiff O'ZEMD 0'21c O'Zdiff 0'2EMD 0'2tc
125 031 1.03 058 3.78+0.58 030 098 093 3.82+0.66
250 035 0.51 051 16 034 049 078 2.50+0.16
300 037 044 036 042 071 220+0.25
400 042 036 41 031 059 2.16+0.14
50.0 0.48 028 048 2344022
Table 3.2 The perce / metry factor (4asym) of GA3
A/ 7 e\ N
(mM) 25k ST\ W\, 25 kV 30 kV
125 27, _Q" 0722004 0732003
25.0 23.4 0.74+001  0.76 £0.01
30.0 64001  0.79£0.02
40.0 ) 8£0.03  0.91+0.09
50.0 1 « LI£001 1164008

peﬁ@;giﬁ,wméiwm 215 st ocown ek
7 - s

(M) 25 kV 30kV 25kV 30kV
12.5 1.11+£0.03  1.04 +0.02 0.67 +0.08 0.66 +0.07
25.0 1.56+0.01  1.51+0.01 1.15+0.08 1.00 £ 0.06
30.0 1.69+0.04  1.58+0.09 1.18 +£0.05 1.15+0.13
40.0 1.90+£025 1.98+0.20 1.26 + 0.04 1.16 +0.07
50.0 2.04+0.01  2.38+0.01 1.06 + 0.08 1.07 £0.10
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3.1.3 MEKC optimisation

To compare with CZE, MEKC for separation of GA; and other compounds was
carried out using SDS as micellar phase. The SDS is the most widely used anionic
surfactant for MEKC due to its high water solubility and lipid-solubilising power
[Weinberger 1993]. Because of its widespread applicability, this SDS surfactant is
available in highly purified form and is inexpensive. Effect of SDS concentration on
the separation of GAj3 and other compounds was investigated using the Na,B40;
concentration of 25.0 mM an % /2 Eoltage of 30 kV and varying SDS
concentration in the range o&' : 150 the critical micellar concentration
(CMC) of SDS is equal [ alem,the SDS concentration greater
than CMC is required to icellar in MEKC. Typically, addition of
SDS in the borate buffe BGE ionic strength, therefore,
the lower concentration of By D 6@4 Na,B40,) than that in CZE
(40.0 mM Na,B407)" wefe fscfected to Jkeep Jonle heating minimum. MEKC

electropherograms of th

es are shown in Figure 3.7.

It should be noted that

batches of the fermentation bro h;:;r:-’-} Jia %
_"_:b:;;l;;;,:‘ 4 i{;":{ -3

Peak 3 in Figure 3.7.Belongs to 3-amino-4-methylbenzoié acid (AMBA) spiked as an
internal standard fo

ere performed using different

dJntifcative analys v section. From Figure 3.7,

an increase in the SDS concentration resulted in the %Ltter resolution of GA3 and

unknown peak HoweVef»at above 40 iV SDS concentration, another unknown

peak 4 sepratf bl QAT IR ) B b ol of antyte njctec i

proportional to %f)rrected peak areay’A.on, peak area divided by migration time. The

valuesq %ar@aﬂ ﬂg;ﬁnw %q“a:;w &c’r&(ﬁd&(j be 23.33 and
14.57 pi.U. This indicates that peak GAj3 in Figure 3.7a belongs to GAj3 peak
overlapping unknown peak 4. Above 100 up to 150 mM SDS, no unknown peak
separating from peak GAj; was observed. To explain the effect of SDS concentration
on the resolution of GA; and other unknown compounds in the broth, MEKC

behaviours of GA3 and unknown compounds 2 and 4 are firstly discussed.
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Figures 3.8 to 3.10 show the effect of SDS on the electroosmotic mobility,
electrophoretic mobilities and total mobilities of interested compounds. From Figure
3.8, at the fixed concentration of Na,B409, the electroosmotic mobility is seen to be
insignificantly different with an increase in the SDS concentration above 20 mM.
Terabe et al. [1985] demonstrated that changes in SDS concentration above the CMC
(8.1 mM) resulted in no significant change in electroosmotic mobility due to
insignificant difference of the zeta potential at the solution-capillary wall interface.
This may be explained that, at above , Na" ions from SDS act as counter ions for
dodecylsulfate ions and do not..(fb(}; ] ‘ le layer near the negatively charged

capillary wall, resulting i lange in otential (Heo o< £ as shown in

Equation 1.7). This situat : ! e of Na;B40- causing a decrease

in e, as seen in Figure ¢ \ “\t

As previously mentio ' t.a given SDS concentration, the
_ - . C)

observed electrophoreticg#mobility" of - ; ¢ bsa) 1S equal to the sum of

e

o T
e o

is assumed to be equal to the electropho

: y PETTITR)  N .
may be determined using. Sudan-Iil ot “dodec pophenone, having a very strong

partitioning in the S aikei-howeveis-tre-tlectrophoretic mobility of

SDS micelle was not | K ;'using 10 mM phosphate as a
|

buffer, the electrophoret? mobility of SDS micelle was reported to be -4.75 x 10 m?
v st [Nels fj : TT l%f rT]ﬂ erved electrophoretic
mobilities of ﬂyg gEO mﬁg are sma?;jl.ga]: those 3 mM SDS because the
greater.viscosi 7 0 ti d‘ l,pTﬁ m SDS affect a
decrea:a‘ m:j iﬁmﬁmﬁjﬁm a ‘fT IE,rdthe observed

electrop}?oretic mobilities of GA3 and unknowns 2 and 4 are seen to increase with an
increase in the SDS concentration due to an increase in the number of the SDS
micelle, leading to the greater mole fraction of the analytes in the micellar phase and
the higher electrophoretic mobility (umc > pa). A different change of electrophoretic
mobility of each analyte is due to the difference in the retention factor of each analyte.

Theoretically, the retention factor of analyte linearly increases with an increase in the

SDS concentration [Khaledi 1998].
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The total mobilities of the analytes in Figure 3.10 are seen to decrease with an
increase in the SDS concentration due to insignificantly different EOF and the
increase in the electrophoretic mobility. It should be noted that, for negatively charged
analytes under high EOF, the greater the electrophoretic mobility, the smaller the total

mobility as seen in Figure 1.5.

Table 3.4 shows the effect of the SDS concentration on peak efficiency of GA3 and
resolution for GAjz:unknown 2 an :unknown 4. Since contribution to peak
variance in MEKC is complica@g@}.} COIT etween the observed and predicted
peak variance is not discum to jO mﬁ?, the peak efficiency (V) of GA;

; unknown 4. An increase in

could not determined d
SDS concentration fro f'hltea“in\ merease in the value of N or a
decrease in peak vari ally, aMrease in SDS concentration

can affect the following

¥

variance due to Joule heating a%‘ﬁgn e in the ionic strength of the BGE

— I, 2 ; .

containing higher SDS concentration, (m@ease in peak variance due to EMD as
; : . " L)\ 20 SR

an increase in the ionic strength; and (i) 2 :

polydispersity, a differenee-in-the-number-of SDS-mon prtiets in a micelle, as a higher

i
-

SDS concentration [Cole ef al. -
without SDS, MEKC w1}h SDS above 50 mM was found to give the smaller peak

=9 L
variance (hig ) f~the BGE with higher
U TN SN

viscosity than plug resulted in a decrease in a parabolic profile caused by
the mi m EQFE.i ﬁe rieJO : jﬁ, mmam in peak
broadeHg analytes [Mont m ‘In ork;it is'th that the higher

viscosity of the solution resulting from SDS may result in smaller peak variance of

. 3: , in comparison with CZE

analytes in MEKC than CZE. This work showed that an increase of peak variance due
to diffusion and Joule heating gave smaller effect than a decrease of peak variance
due to EMD, polydispersity and mismatch of EOF. In some cases, an increase in SDS
concentration resulted in the fluctuation of N or an increase of N to maximum and
then a decrease with higher SDS concentration [Dang et al. 1993 and Ahuja et al.
1994].
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The values of the resolution in Table 3.4 were found to increase with an increase in
the SDS concentration due to the greater separation factor (o) as seen in Figure 3.9
which shows the greater difference in the observed electrophoretic mobility. From
Equation 1.18, the resolution mainly depends on a-1, therefore, the greater the value

of a, the higher the resolution.

It can be concluded that MEKC, and not CZE, can be used for determination of GAj

in fermentation broth. In MEKC, ion of GA3 may be improved by variation

which is a buffer wi adjusting pH, to separate at

temperature of 25° Qi1 are .. d.to avoid the use of organic

")
\
J

solvent. In this stud e for separation resulted in

longer analysis time, ed. Therefore, the following
MEKC conditions were
mM Na,B407, 100
of the GA3 peak and u

quantitative analysis.

A3 1n the fermentation broth; 25
0 kV. The baseline resolution

‘ ta 16 o 0 be 2.13, which is enough for

ﬂ‘lJEJ’J“fIEJ‘ﬂﬁWEJ']ﬂ‘i
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Figure 3.7 An example of electropherograms of 10-day fermentation broth diluted 10
times using (a) 20, (b) 40, (c) 50 and (d) 100 mM SDS, 25 mM Na;B407 and
separation voltage of +30 kV. Peak 1 = GA3, 2 = unknown, 3 = AMBA and 4 =
unknown. Other CE conditions as shown in Figure 3.1.
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Figure 3.9 Effect of SDS concentration on electrophoretic mobility (i) of GA3 (A),

unknown 2 (M) and unknown 4 (@) at separation voltage of +30 kV. Other CE
conditions as shown in Figure 3.1.
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3.1.4 Stability of GAj3 in water and diluted BGE

Typically, the analyte dissolved in the 10 times diluted BGE is used to give sample
stacking and the minimum peak variance due to injection length and mismatch of
EOF between a sample plug and BGE zone [Burgi and Chien 1991]. However,
previous work reported that GA3 could be decomposed in a basic solution, studied by

HPTLC [Kumar and Lonsane 1986]. Therefore, the stability of GA3 in water and 2.5
"t/i-ne 0 to 48 hours using suitable MEKC

ﬂf / 3.11 shows an example of the

in w 5 mM Na;B407. As previously

mM Na,B40; was studied at period

conditions obtained from Sect

electropherograms in GA

mentioned, the amount o oportional to Acor. In order to
ayer 2001], each GAj3 solution
+ ratio of GA3; and AMBA,

Acorr,ratio, Was determine F KL trof am. The GA3 concentration

correct imprecision in

contains 10 ppm AM

at a given period of time,

(3.8)

where 4° . is s-concentration of GA3 (100

corr,ratio

1] (¥

F-
Figure 3.12 s 5'mM Na,B40; solution
AT NG

as a function period of time. Each point 1s the average for triplicate runs.
Resultg=ing Figure 3. 1 t i i i qﬂﬂ, solution was
decom%%ﬁﬂ Hﬁm:mg eﬁeﬂ:illﬁ e 12 hours. At
the period of time 12, 24 and 48 hours, the amounts of GA3 was found to decrease
14.6, 35.4 and 45.8% for the solution containing 2.5 mM Na;B407, while 6.3, 11.9

and 17.5% for the solution in pure water. This suggests that the GAjz standard

solutions should be prepared in water, and used for analysis within 12 hours.
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(a) GA;
dissolved in
water at O hr.

(b) GA;
dissolved in
water at 48 hrs.

(c) GAjdissolved
in 2.5 mM Na2B4O7
at O hr.

(d) GA;3 dissolved

'] éJET 2.5mM Na2B4O7
t 48 hrs.

Figure 3.11 An example of electropherograms of GA3 dissolved in water at the period
of time 0 hour (a) and 48 hours (b) and in 2.5 mM Na;B40; at the period of time 0
hour (c) and 48 hours (d). CE conditions: uncoated fused silica capillary 50 um LD. x
57 cm (50 cm to detector), 25 mM Na,B407, 100 mM SDS, separation voltage of +30
kV, temperature of 25 °C, 0.5 psi pressure injection for 4 s and UV detection at 214

nm.
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Figure 3.12 The amount ' .S mM Na,B40;7 solution

was found to be less He 0 ppm. also-contained 10 ppm AMBA as
the internal standard.

was fitted to Heﬁ gqnﬁ mmg 0.0058, with a high
correlation co yis corratio, and x the value
of the iﬁcpi nﬁ M ﬁ“ﬁl of the "latoth the baseline
resoluti ﬂn \ﬂn ﬁ the 10 times

diluted broth was prepared for MEKC analysis, and the concentration range of 20 to

e relat10nsh1p between Acomratic and the GAj3 concentration

200 ppm GA; in water was used for a calibration plot using 10 ppm AMBA as the
internal standard. An example of an electropherogram of 100 ppm GAs3 containing 10
ppm AMBA is shown in Figure 3.11a. Figure 3.13 shows a plot of the Acor ratio of
GA; and AMBA as a function of GA; concentration. The value of Acorratio Shown in
Figure 3.13 is the average for three runs, with RSD < 3.0 %. The liner relationship in
Figure 3.13 gives the equation y = 0.010x + 0.0323, with a high value of = 0.9990.
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Figure 3.13 A plot of
concentration.

s diluted fermentation broth

d and to investigate the effect

llllll

ion. ‘Each experiment was caried out by

of sample matrix on acc ac;’l&g ¢

MEKC for 10 rephcates FoP-G&‘;'fépl the known amounts of GA3 at

spiked in the diluted b th the amount of GA3 at a level 6f 50 ppm in 5, 7, and 10-day
fermentation b, i spiked in the diluted
broth resulted gy Zr ﬂaﬂﬁﬁﬁgmof GA3 and unknown
peak 4, lea acCur: int ount of GA3
splkedé ﬁgdfli\a ﬁ(ﬁ fmﬁtﬁlﬁaﬁﬂ m:f GA3, after

spiking A3 subtracting the average determined amount of GA; in the diluted broth

without spiking GAs. Results of the amounts of GA3 spiked in the water and diluted
broths are shown in Table 3.5. The values of recovery were found in the range of 95
to 100% with RSD < 5%, indicating high accuracy and precision of the MEKC
method, respectively. In addition, the sample matrix was found to give no effect on
the accuracy and precision of the method due to insignificantly different values of

recovery and RSD for GAj spiked in water and the diluted broth.
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Tables 3.6 and 3.7 show results of the migration time (fga3), electrophoretic mobility

(1Ga3) and corrected peak area (corr. Agas) of GA; within a day and 5 days, using 140
pbm GA; standard solution. Each value in Table 3.6 was obtained from each run
within a day for 10 runs. Each value for day-to-day in Table 3.7 was obtained from
the average for triplicate runs. Both within a day and day-to-day, the values of RSD of
fga3 and pgas were found to be less than 1 %, indicating that high precision in the
migration time and the electrophoretic mobility of GA3 in MEKC. This is a benefit
from the use of NaB4O; as the BGE

constant pH leading to stable E OF. \an # phoretic mobility of analyte, as
i 7 43.6 and 3.7, the values of corr.

—
ifl different, with RSD < 5 %. These

¥As in MEKC is obtained.

which provides high capacity buffer and

previously mentioned in
Agas within a day and 5.6
indicate that high precisi

Table 3.5 The determined & ot nts of \GA; spiked in water and the
fermentation broths diltited ; o 4

Matrix Recovery (%)  RSD (%)
Water =S| 95.1% 4.0 40
1360 £97.1£15 1.6
Diluted 5-day bro 500 ’ 976144 45

Diluted 7-day broth D m 100.0 +3.4 3.4

Dilutedlo-daﬁrqg E" 55 %a 4¥ iz:o'ﬁi ﬁ% +4.1 43
U
RN INANINYAY
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Table 3.6 Within-day migration time, electrophoretic mobility and corrected peak
area of GA3. MEKC conditions as shown in Figure 3.11.

No. foas (min)  pgas (108 m> V's?)  corr. Agas (LAU)

1 4.880 1918 23.93

2 4.878 1915 23.58

3 4.878 -1.933 24.70

4 4.877 -1.908 24.63

5 24.64

6 23.96

7 24.40

8 24.30

9 24.61
10 24.28
average 4,879 40.000 — <1914 %01 2431+037
%RSD Brs 1.54

Table 3.7 Day-to-day migratign time, el phoretic mobility and corrected peak
area of GA3 (n =5 days). MEKC eenditions s Shown in Figure 3.11.

Day E:.a:.;:;.:=:m;::z;;§'a%‘ corr. Agas (HAU)

1 “ 2443 %043

2 4.879 + 0.001 -1.922 £0.010 24.07 £ 0.57

3 o 7 : 5.41+£0.22

AR INERINEN T

4 9] 4.790+0.003 ¢ -1.909 + 0.006 26.61 £0.15
4+.040 7 ¥ () - :
¥ /|

average 4 031 -l X 522%0.98
%RSD 0.65 0.56 3.88

Each value is obtained from the average for triplicate runs.
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3.2.3 Limit of detection (LOD) and limit of quantitation (LOQ)

LOD and LOQ were defined as the analyte concentration at signal-to-noise ratios of 3
and 10, respectively. For GA3 determined using this method, LOD and LOQ were
found to be 5.0 and 10.0 ppm, respecively. LOD may be improved by using a bubble
cell capillary to increase cell path length or large volume sample stacking as an on-
column pre-concentration [Liu ef al. 2002]. However, it is not necessary for this work
where the amount of GAj in the ferme‘ 7on broth is greater than 20 ppm.

\\//,

3.3 HPLC Analysis ‘__ _____,

by Samappito [1994]" H 1 *ﬂg 3 extraction has not been

3 extraction with ethylacetate

was determined as the pro du‘bb’ii’i:fhe ection!2.4.4. Figure 3.14 shows an example

was used as a surrogat€ to compare the recovery of GA3 and AP. Figures 3.16 shows
calibration plo ﬁﬁ m of peak area of GA;
to that of AP ﬁgﬂ ﬁf 3'conc mﬂ range of 200 to 1200

ppm. The ount of GA extracted from the férmentation brofh’ was obtained by

measuag ‘i\‘ﬁuﬂu iﬂeflaa)y Elzr]ﬁ 8965 with 7

0.9999, obtamed from a calibration plot in Figure 3.16. The recovery of spiked GA;

was calculated by the similar way used in CE as mentioned in Section 3.2.2. Table 3.8
shows a comparison of the spiked and determined amount of GAj3 in the 5 and 10-day
fermentation broths. The determined amount of GAj; spiked in the broths, directly

obtained from peak area of GAj, gave values of the GA; recovery of 62.5 + 8.1 and
56.5 + 3.8 %, with RSD 13.0 and 6.7 %, for the 5 and 10-day fermentation broths,
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respectively. This indicates that ~40 % GAj lose during the extraction, and poor
precision in the values of the GA; recovery is obtained with RSD > 5 %.

The recovery of AP used as a surrogate was calculated from 100 multiplied by the
ratio of peak area of AP spiked in the broth to that in the GA; standard solution. The
recovery of AP extraction was found to be 65.2 + 2.7 and 64.3 + 1.6 % for the 5 and
10-day fermentation broths, respectively. The similar range for the extraction

recovery of GA3 and AP imply that thejamount of GA3 in the broth may be corrected

using the extraction recovery of : o rrected amounts of GAj3 in the

fermentation broths determined -_- ; \él to be 264.4 + 19.4 and 234.2 +
- —

16.4 ppm, for the 5 a .— ermentatio; espectively, which are close to

of GAj3 in the broths by HPLC,

extraction recovery of AP

the spiked amount of
the amount of GA;

determined in each batcj

1.01

=
op

S
N

Of;'ua""im SWYINT
‘quiﬂ) 3 9 | 15

Retention time (min)

Figure 3.14 An example of a chromatogram of 600 ppm GAj standard solution
containing 100 ppm AP.
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Figure 3.15 An example of HPLC chromatograms of GA3 extracted from the 10-day
fermentation broth without (a) and with (b) spiking 250 ppm GAj3 standard.
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Figure 3.16 Calibration g_;);::j en peak.area of GA3 as a function of GA3
00 . 9)0) %

concentration in the rang€ o 00 pp:

GA; spiked in 5 and 10-day

Table 3.8 The determific
fermentation broths obtaining

N o
o g

G Oul
2

Extraction recovery (%)

Broth Spiked (i et
GA; | : GA; AP
5days 250 62.5+81  652+27

10days 250 %i00 1 6. 565138  643%16

o
% the average of triplicate batchs and triplicate HPLC

oA D INED,
o A DT WHBINLID Y 1 20 o

respectively. It can be seen that LOD for GA3 obtained from HPLC is better than that
from CE (5.0 ppm). In this work, the path length of the detection cell in HPLC is 1
cm, while ~50 pm in CE. Therefore, the larger the path length, the better the detection

sensitivity.
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3.4 Applications to Real Samples

3.4.1 Determination of GA3 in fermentation broth by MEKC and HPLC

The amounts of GAj3 in the 3, 5, 7,10 and 11-day fermentation broths determined by
MEKC and HPLC were compared. For MEKC analysis using conditions shown in

Section 3.1.3, the broths were filterred and ten times diluted with water. The

concentration of GAj3 in the diluted brot;\ was obtained from the ratio of the corrected

GA; and the calibra ' Figure|3.16. he corrected amount of GA; was

GA3 determined by MEKC ____ he 1oss of G2 3 during the extraction prior to
HPLC injection as previously _meﬁiixTnec:}/_ rom Table 3.9, for each broth, the amount
of GA; determined by MEKC is seemed to be in asreeme: it-with the corrected amount
y i ip of the amounts of GA3
in 3 to 11-day ferm ati IEKC and HPLC (corrected
amount using agj pe value of 0.987 in
Figure 3.19, v% ﬁ ﬁeﬁ a ﬁgﬂﬁm %pobtamed between the
amounts of GA3 determined by MEKC and HPLG; Therefore, MEKIC can be used as

o st iBlchripi RT3 B b e s
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Figure 3.18 An example of MEKC electropherograms of the 5 (a) and 10-day (b)

fermentation broths. CE conditions as shown in Figure 3.11.
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Table 3.9 A comparison of GA3 in the broths determined by MEKC and HPLC

The amount of GA3 (ppm) determined by

Broth HPLC
MEKC
Determined Corrected®

3 days 384.1+18.4 275.5+54 393.0+5.4

5 days 696.9+11.0 487.7+11.9 7242173

7 days 77130+ 25.0

10 days 854.0+12.8

11 days 8829+ 1.7
Each value is the a licate bacths. broth and triplicate runs.
%the corrected amountmSing AP tecoy ach batch extraction

400 1 o
miuﬁf'8ﬂ§Wﬂﬁﬂi

_#9) GA;determined by HPLC (ppm)

"' F [l - - [ o W - u
1 .1 Yy ' . h 1 ST 1% BRI
0 00 " F400 600 : ?“3 1000

GA; determined by MEKC (ppm)

Figure 3.19 Relationship of the amounts of GAs in the 3 to 11-day fermentation
broths determined by MEKC and HPLC.
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3.4.2 Determination of GA; in a commercial products by CZE and MEKC

For GA; products, there are two types of CU Gibb. packages, a tablet of GA3 and a
tube of GAs. The actual weight of a GA; tablet and a GA; tube were determined (~1.0
g and ~1.43 g, respectively). The GA3 tablet was grinded before preparation. The
solutions of GA; tablet and GA; tube were prepared by weighing the appropriate
amount of GA3 tablet (~0.0100 g) and GA3 tube (~0.0286 g) and then dissolving this
in 10 ml water. Each sample soluti tained 10 ppm AMBA as an internal
| by CZE and MEKC. For CZE

were used to determine GA3 in

standard. The amounts of GA:
analysis, CZE conditions o
ample of electropherograms

MEKC, respectively. The

ratio of the measurement of

commercial products. Fi

of the GA; tablet an

corrected peak areas of GA8 a .,y =0.0130+0.0031 with ”
= 0.9999, from a calibration . 1 atio orrected peak areas of GA3 and
AMBA as a function of theco ion.of ¥A3: For MEKC analysis, the amount of

GA;3 in a solution is obtain € ratic easurement of corrected peak
areas of GA; and AMBA and Mbr 4
(%w/w), of GA3 in c&mmerclaf-pr’e‘&rﬂc‘tg ob

lot in Figure 3.13. The percentage, P

ned from the equation

10x w (mg) 3:9)

where C is thﬂnuﬂf axn EJ njqﬂ-\ﬂ;]eﬂlﬁne of the GA3 solution
b gV RabTal ALY T

from the equation

W (mg)x P (%w/w)
100

mg/tablet or mg/tube = (3.10)

where W is the total weight of a GA3 tablet or tube (mg).
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Tables 3.10 and 3.11 show a comparision of GA3z in the CU Gibb tablets and tubes,
respectively, determined by CZE and MEKC. From Tables 3.10 and 3.11, the
amounts of GAj in the tablets and tubes determined by CZE and MEKC were found
to be insignificantly different. Using MEKC analysis, a small peak, similar to
unknown 4 in the fermentation broth, near GA3 peak was observed for the CU Gibb
tablet, while was not found for the CU Gibb tube. Result from Section 3.1.4 showed
that the unknown 4 was obtained from the decomposition of GA3. The reason of the
absence of unknown 4 in the CU Gibbh, tubes may be because the fresh samples of the
CU Gibb tubes were used for analys e amounts of GA3 in the CU Gibb

] \:ﬂ {
determined by MEKC and -}' i‘o insignificantly different, MEKC

analysis provides more r CZE cannot separate GA3 and

unknown 4.

The labeled amounts  - ' .: and 100 mg/tablet. Using MEKC
analysis, the average de ’ vere found to be 56.9 + 6.8
mg/tube and 107.0 + 5 th
Gibb products is typic

\ e actual amount of GA3 in CU

the labeled amount in order to

‘I_

compensate decomposition of“£ ring production and storage. Thus, good

agreement is obtained betwee 7 deterrmined an amounts of GA; in commercial

products. 7' . ]

EB 2
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Figure 3.21 An example of MEKC electropherograms of the GA; tablet (a) and GA;
tube (b). CE conditions as shown in Figure 3.11.
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Table 3.10 A comparison of GA3 in the tablet of GA; determined by CZE and MEKC

GA;3 (%w/w) GA; (mg/tablet) RSD (%)
CU Gibb

CZE MEKC CZE MEKC CZE MEKC

Tablet1 10.16+0.24 9.91+0.03 1000+24 98.6+03 24 03
Tablet2 11.02+0.00 10.99 £0.04 109.6+0.0 109.5+0.4 0.0 0.4

"//Zéj 108.4+0.5 0.7 0.5

111.6+2.6 0.6 23

Tablet3 11.21+0.17

Tablet4 11.61 +£0.07

Average  11.00 + 0.58

7 & 87107.0+54 53 5.0

RSD (%)
CU Gibb
CZE MEKC
Tube 1  4.12+ 0137 3.83+£0.04 58. 48406 1.0 11
Tube2  4.09 + 0.0¢ 80+06 15 11

Tube3  4.11+0.03 ¢ 404+0.09 588+05 57.8+13 09 22

i e
Average 4, hi : 5406 569+17 12 3.0

AN AT INE A
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