Detection, 2013, 1, 21-29 Jose Scientific
Published Online October 2013 (http://www.scirp.org/journal/detection) ":‘ Research
http://dx.doi.org/10.4236/detection.2013.12004

A Rapid Separation and Highly Determination of Paraben
Species by Ultra-Performance Liquid Chromatography
—FElectrochemical Detection

Maneenuch Chuto', Sudkate Chaiyo', Weena Siangproh®’, Orawon Chailapakul'**"

'Department of Chemistry, Faculty of Science, Chulalongkorn University, Bangkok, Thailand; 2Department of Chemistry, Faculty of
Science, Srinakharinwirot University, Bangkok, Thailand; 3Center of Excellence for Petroleum, Petrochemicals and Advanced Mate-
rials, Chulalongkorn University, Bangkok, Thailand; *Electrochemistry and Optical Spectroscopy Research Unit, Department of
Chemistry, Faculty of Science, Chulalongkorn University, Bangkok, Thailand.

Email: *corawon@chula.ac.th, *Weenasi@hotmail.com

Received June 25", 2013; revised July 30", 2013; accepted August 8™, 2013

Copyright © 2013 Maneenuch Chuto et al. This is an open access article distributed under the Creative Commons Attribution Li-
cense, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

In this study, a new technique was developed using rapid ultra-performance liquid chromatography (UPLC)-based sepa-
ration coupled with electrochemical detection by a boron-doped diamond (BDD) electrode for the detection and quanti-
fication of three commonly used parabens (methylparaben (MP), ethylparaben (EP) and propylparaben (PP)). We aimed
to reduce the analysis time by using UPLC coupled with a short reverse phase C 18 monolithic column (25 mm x 4.6
mm). Operating the monolithic column at low back-pressure resulted in high flow rates. A mobile phaseconsisting of a
25:75 (v/v) ratio of acetonitrile: 0.05 M phosphate buffer (pH 5) at a flow rate of 2.5 mL-min ' was used to perform the
separation. The amperometric detection with the BDD electrode was found to be optimal and reliably reproducible at a
detection potential of 1.5 V vs. Ag/AgCl. Under these conditions, the separation of the three targetanalytes (MP, EP and
PP) was achieved in 2 min and was linear within a sample concentration range of 0.1 to 50.0 mg-L™" (r* values of
0.9970, 0.9994 and 0.9994 for MP, EP and PP, respectively). This method was successfully applied to determine the
concentrations of each parabeninsix real samples with therecoveries ranging from of 80.3% - 98.9% for all three para-
bensfrom samples spiked at 12, 22 and 32 mg-L™". Therefore, the proposed method can be used as an alternative rapid
and selective method for the determination of paraben levels in real samples.
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1. Introduction These three parabens were selected because they are
the most frequently use din cosmetic products (e.g.,
creams, skin lotions or gels). Moreover, MP and PP are
often used together due to their synergistic effects [3],
requiring the ability to separate and quantify them from

Parabens (4-hydroxybenzoic acid esters) are synthetic
chemical preservatives used in a wide range of cosmetic,
food and pharmaceutical products because they are broad
spectrumantimicrobial and antifungal agents with a low
toxicity to humans, have a good in situstability and are

non-volatile [1]. The key to the bioactivities of parabens o O\CH3 0 O At O O\/\CH‘
is their inhibition of membrane transport and mitochon-
drial function processes [2]. The antimicrobial activities
of the different parabensappear to increase with increas-
OH OH OH

ing chain length, as length are accompanied with a con-
comitant reduction in water solubility [3]. In this work,
the separation and quantification of three commonly used
parabens, methylparaben (MP), ethylparaben (EP) and Figure 1. Chemical structure of the three paraben analytes,

propylparaben (PP) (Figure 1), were proposed. in order (left to right) of elution from the reverse phase C
18 column.

Methylparaben (MP) Ethyiparaben (EP) Propyiparaben (PP)
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mixed sources. The European Economic Community
(EEC) permits the use of parabens in cosmetics with a
maximum total paraben concentration of 0.8% (w/w) and
0.4% (w/w) for any single paraben [4]. Likewise, the
maximum concentration for parabens in foods is set at
0.1% (w/w) and in pharmaceuticals at 1% (w/w) [5,6].
Based on several estimates, the total average paraben
exposure for humans is 76 mg-day ' or 1.3 mg (kg body
weight)'-day™ which is derived from estimated exposure
(intake) levels from cosmetics and personal products (50
mg-day '), drugs (25 mg-day ') and food (1 mg-day ")
[7]. Normally, parabens have a low toxicity because of
their rapid in vivo hydrolysis. However, recently, there
are an increasing number of reports on the weak estro-
genic activity of parabensand reports that parabens can
bind to estrogen receptors, which could potentially medi-
ate some undesirable intermediate effects [8-11]. Fur-
thermore, the detection of some parabens in both human
breast tissue and human milk has been reported [12,13].
Hence, it is important to develop a reliable but quick and
high-throughput method for the determination of para-
bens in real samples that retains sensitivity for low levels
of detection. This technique would also require a broad
enough linear detection range to logistically allow quan-
tification of these parabens.

Several analytical methods for the detection and quan-
tification of parabens have already been developed. Chro-
matographic methods are widely used, especially high-
performance liquid chromatography (HPLC) [14-18] and
gas chromatography (GC) [13,19-22]. Use of flow inject-
tion methods has also been reported [23,24]. These tech-
niques are coupled with standard detection methods,
most often ultraviolet (UV) detection [14-18], but chemi-
luminescent (CL) [23,24] and mass spectrometric (MS)
detection [13,14,19,21,22] have also been reported. Cap-
illary electrophoresis [1,25] has also been reported. How-
ever, all of these methods are time-consuming, and some
require that the samples are concentrated prior to the ex-
periment. In addition, UV detection has a high limit of
detection (LOD), CL detections are often unreliable due
to inconsistencies in chemiluminescent generation and
MS detection requires a high cost for the equipment and
skilled operating labor.

In the last few years ultra-performance liquid chroma-
tography (UPLC) has emerged [26-29]. UPLC offers
several advantages for separation, such as using a smaller
particle column and/or higher flow rates for increased
speed. UPLC can operate at a much higher pressure of
1000 bar (15,000 psi), which reduces the analysis time
and thus allows for a higher sample throughput.

In addition, the use of a short monolithic columns has
also been reported [15,30], based on the new sol-gel
technology. The monolith particles consist of a high den-
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sity of macropores, so monolithic columns have a much
higher porosity (approximately 15%) than conventional
particulate columns. As a consequence, the resulting col-
umn back-pressure is much lower, allowing operation at
higher flow rates [31,32]. Moreover, the mesopores struc-
ture provides a very large active surface area for high
efficiency separations. The reduced length and charac-
teristics of the monolithic column are the important keys.
The length of the column has been minimized, resulting
in a reduced distance to transfer the analytes in the column.

Electrochemical detection (ECD) is an alternative
method used here for the determination of parabens. A
few electrochemical methods have already been reported
that have the advantages of good sensitivity, low cost and
simplicity [33,34]. In the past, a glassy carbon working
electrode was used for the determination of parabens at
low levels (ug'mL™") [34]. However, in this work, a bo-
ron-doped diamond (BDD) working electrode was evalu-
ated. Compared with ordinary electrodes, BDD electrodes
present many benefits, such as the wide potential window
(up to 3 V), very low and stable background current, long-
term response stability and absence of fouling [35].

Thus, the purpose of this research was to develop a
rapid, highly sensitive and accurate UPLC method cou-
pled with electrochemical detection using a BDD elec-
trode for the simultaneous determination of three com-
monly used parabens, MP, EP and PP, in real food, cos-
metic and personal care product samples.

2. Materials and Methods
2.1. Reagents and Solutions

Methylparaben, Ethylparaben and Propylparaben were
obtained from Sigma-Aldrich (Steinheim, Germany).
Acetonitrile (HPLC-grade), methanol, ortho-phosphoric
acid (85%) and di-sodium hydrogen phosphate dehydrate
were obtained from Merck (Darmstadt, Germany). Po-
tassium dihydrogen phosphate was acquired from BDH
laboratory supplies (VWR International Ltd., England).
Water purification conducted using a Millipore Milli-Q
purification system (R > 18.2 M-Q-cm™') was used
throughout.

A stock standard solution of each of the three parabens
(1000 pg/mL) was prepared by dissolving 10 mg of each
paraben in 10 mL of a 1:1 (v/v) ratio acetonitrile: Milli-Q
water in a volumetric flask. The solutions were then
placed in an amber bottle and stored at 4°C. The working
solutions were prepared by suitable dilution of the stock
standard solutions in the same solvent.

2.2. Cyclic Voltammetry

Electrochemical measurements were obtained using a
CH Instrument potentiostat with a standard three elec-
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trode configuration including a BDD working electrode,
a platinum counter electrode and an Ag/AgCl reference
electrode in 3 ml of 0.05 M phosphate buffer (pH 5.0),
initially evaluated at various pH values between 4.0 and
8.0 and subsequently at the optimal pH 5.0, in a volume
of 3 mL.

2.3. UPLC Experiment and Apparatus

UPLC was performed using a Shimadzu LC-20ADXR
UFLC equipped with high-pressure binary pumps and a
Chromolith® Flash RP-18 endcapped column (25 mm x
4.6 mm) from Merck (Darmstadt, Germany). An elec-
trochemical detector consisted of a CH Instrument poten-
tiostat and a BDD electrode as the amperometric detector
in a thin layer flow cell (GL Sciences, Inc.). The UPLC-
ECD system utilized 25:75 (v/v) ratio acetonitrile: 0.05
M phosphate buffer (pH 5) as the mobile phase with an
applied potential of 1.5 V vs. Ag/AgCl and a flow rate of
2.5 mL-min"". The experiments were performed at 25°C.

2.4. Electrochemical Measurement

The thin-layer flow cell consisted of three electrodes: a
BDD working electrode, an Ag/AgCl reference electrode
(Bioanalytical System, Japan) and a stainless steel tube
counter electrode. The geometric area of the BDD elec-
trode in the flow cell was estimated to be 0.42 cm”® with a
1 mm thick silicon rubber gasket as a spacer. An elec-
trochemical analyzer (CHI1232a, CH-instrument, USA)
was used for amperometric control and signal processing.

2.5. Sample Preparation

The six real samples that were analyzed are presented in
Table 1. Samples A, D and E were extracted with 2.5
mL of methanol. The mixture was extracted by sonica-
tion for 15 min in an ultrasonic bath (ESP chemicals, Inc.,
MA, USA), whereas samples B, C and F were extracted
in methanol by vortexing for 3 min in a vortex mixer
(Mixer Uzusio LMS. Co. Ltd., Japan). All the mixtures
were then clarified by centrifugation (Cole Parmer, USA)

Table 1. The real product samples used in this research.

Product type Product sample Code (samf)fzriizit(;11;n01)

Food Soft drink A 1 mL:2.5mL

Jelly B 300 mg: 1.5 mL

Personal care Toothpaste C 300 mg: 1.5 mL
Mouthwash D 1 mL:2.5mL

Cosmetic Lotion E 1 mL: 2.5 mL

Blemish Balm
powder F 50 mg: 1.5 mL

(BB powder)
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at 6000 rpm and the supernatant was harvested for prepa-
ration of the appropriate dilutions such that the concen-
tration of parabens in the final test solution was within
the linear dynamic range (found to be 0.1 - 50 pg-mL™").
Samples were filtered through a 0.22 pm nylon mem-
brane filter before injection into the UPLC-ECD system.

2.6. Data Analysis

Standards and samples were analyzed, and peak areas
were integrated. Standard curves were obtained by plot-
ting the net peak area as a function of the analyte con-
centration and fitting the data to a linear equation. To
compare the two measurement systems, which are sup-
posed to be equivalent, the results were tested using the
paired t-test.

3. Results and Discussion
3.1. Cyclic Voltammetry

The electrooxidation behavior of methylparaben (MP),
ethylparaben (EP) and propylparaben (PP) were first in-
vestigated by cyclic voltammetry at the BDD electrode.
Preliminary trials established that a 0.05 mol-L™" phos-
phate buffer was an optimal supporting electrolyte for
paraben detection because it provided the lowest back-
ground current (data not shown). The effect of different
pH values (pH 4 - 8) of the 0.05 mol-L™' phosphate
buffer on the electrooxidation behavior of MP, EP and
PP (50 mg-L™") were then investigated by cyclic volt-
ammetry at the BDD electrode. Figure 2 shows the rela-
tionships between the current obtained from three para-
bens and the buffer pH.

For all three parabens, the best operating current was
obtained at pH 5. An equivalent or greater current was
observed at pH 8, but high pH values will dissolve the
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Figure 2. Effect of the pH on the obtained peak current of
each paraben at 50 mg-L™' by cyclic voltammetry. Data are
shown as the mean 1 SD and are derived from 3 inde-
pendent repeats. Means with a different lowercase letter are
significantly different (P < 0.05; Duncan’s MMT).
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silica and cause an increased void volume in the column.
Therefore, 0.05 mol-L™' phosphate buffer at pH 5.0 was
selected for all subsequent work.

3.2. UPLC Separation

The separation of MP, EP and PP (each at 10 mg-L™")
was performed using the C 18 short monolithic column
in the isocratic mode. The acetonitrile: 0.05 mol-L™'
phosphate buffer (pH 5) was investigated from a 25:75 to
40:60 (v/v) ratios at a flow rate of 1.5 mL-min"". The
optimal (v/v) ratio of acetonitrile: 0.05 mol-L™" phos-
phate buffer pH 5 was determined to be 25:75 (Figure
3(a)). As the acetonitrile concentration decreased, the
resolution of the three parabens increased. However, this
was at the cost of an almost three-fold longer elution
time. Nevertheless, the monolithic column has a total
porosity greater than 80%, so a higher flow rate could be
achieved without a loss of resolution.

Thus to confirm this, an increased flow rate of 2.5
mL-min~' was evaluated, and it yielded a good separa-
tion of the three parabens within a much shorter elution
time of 2 min (Figure 3(b)).The retention time of the
three parabens was 0.6, 0.9 and 1.8 min for MP, EP and
PP, respectively, and this time was dependent on the po-
larity of the species, as expected.

3.2.1. UPLC Column Type

A comparative study on the column performance be-
tween a microparticle C 18 packed column (Shim-pack
XR-ODS 1I) and two reverse C 18 monolithic columns
(Chromolith® Performance and Chromolith® Flash) was
performed. The retention times for the three parabens by
UPLC-ECD varied significantly between the three dif-
ferent columns (Table 2), with the C 18 monolithic col-
umn under these conditions having by far the fastest
analytical speed. The shim-pack XR-ODS II C 18 pack-
ing column, which generated the highest back-pressure,
had a longer elution time than the short C 18 monolithic
column (Chromolith® Flash RP 18), whereas the ex-
tended monolith column had a longer time than the short
column. Thus, the Chromolith® Flash RP-18 column,

Table 2. The elution times for the three parabens from three
different columns used in the UPLC-ECD.

Flow rate

(mL'min') MP EP PP

Analytical column Elution time (min)

Shim-pack XR-ODS II

*

(100 mm x 2.0 mm i. d.) 0.6 2243 96
Chromolith® Performance
(100 mm x 4.6 mm . d.) 25 1730 66
1. ®
Chromolith” Flash 25 06 09 18

(25 mm x 4.6 mm i. d.)

" At the maximum pressure of the column.
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Figure 3. UPLC-ECD chromatogram of the three parabens
at 10 ppm each and separated on a C 18 monolithic column
(a) at a flow rate of 1.5 mL-min " with different (v/v) ratios
of acetonitrile (ACN): 0.05 M phosphate buffer (pH 5.0) as
the mobile phase; and (b) with a 1:3 (v/v) ratio of acetoni-
trile: 0.05 M phosphate buffer (pH 5.0) and a flow rate of
2.5 mL-min". In all cases the detection potential was 1.5 V
vs. Ag/AgCl using a BDD electrode. Chromatographs
shown are representative of those seen in 3 independent
repeats.

which is very short and perfect for ultra-fast analysis,
was selected as the most suitable column when speed of
the analysis is an important factor.

3.2.2. ECD Potential

The effect of varying detection potential (ranging from
1.3 to 1.6 V vs. Ag/AgCl) on the peak current obtained
with the BDD electrode for the three parabens was also
investigated. The oxidation current of the parabens was
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found to be significantly affected by the detection poten-
tials. The i-E curve for the three parabens, shown in Fig-
ure 4, demonstrates an increase in current as the applied
potential increased up to 1.5 V, followed by a decrease in
current at 1.6 V vs. Ag/AgCl due to the high background
current when operating at higher potential. Thus, a detec-
tion potential of 1.5 V vs. Ag/AgCl was selected as the
optimal potential for the amperometric detection of these
three parabens.

3.3. Analytical Performance

The calibration of the obtained chromatograph peak areas
against the respective paraben concentrations were plot-
ted (data not shown), and a linear relationship was de-
termined for all of the three parabens within the range of
0.1 to 50 mg-L™", with coefficients of determination (r 2)
>0.997 for the three parabens (Table 3). The calculated
LOD and LOQ values from this data, using 3 S/N to 10
S/N, respectively, were the same for all three parabens
(Table 3), and the values compare well with those that
have previously been reported using different methods
[33].

3.4. Application to Real Samples

The proposed method was applied to six different sam-
ples, derived from food, personal care and cosmetic
products (two each, see Table 1) that were purchased
from local supermarkets. The chromatograms for the six
real samples are presented in Figure 5, where it demon-
strated that the matrix compounds do not interfere with
the analytes. The peaks were identified by comparison
with the three paraben standards, and the results are

i —+—Methylparaben
—=—Ethylparaben
*+~Propylparaben
~~ 4 1
<
2
=
S :
E 4 , 2/\x
N /
2

1.3 1.4 1.5 1.6

Potential (V)
Figure 4. Effect of the detection potential on the peak cur-
rent obtained from the BDD electrode with 10 mg-L™" of
each indicated parabens in 0.05 M phosphate buffer (pH 5.0)
at a flow rate of 2.5 mL-min'. Data are shown as the mean
+1 SD and are derived from 3 independent repeats. Means

with a different lowercase letter are significantly different
(P <0.05; Duncan’s MMT).

Copyright © 2013 SciRes.

Table 3. Linearity range, limit of detection (LOD) and limit
of quantitation (LOQ) of the UPLC-ECD method for the
three parabens.

Linearity Slope

Analytes range (peak area) r’ (nI;(-)]i)") (n];(?]?")
(mg'L™)  (units/mg-L™") g J
MP 0.1-50 0.2912 0.9970  0.03 0.1
EP 0.1-50 0.2530 0.9994 0.03 0.1
PP 0.1-50 0.2479 0.9994  0.03 0.1
2 Toothpaste 0-6 PP
1 MP 0.4 N
70 110 150
0
0 50 100 150
! Mouthwash
0.5 A “
0
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Figure 5. UPLC-ECD derived chromatograms of the three
parabens in six real samples. Peaks labeled MP, EP and PP
are methylparaben, ethylparaben and propylparaben, re-
spectively, and were designated by comparison of retention
times to known standards. Insets show a magnified scale.
Chromatographs shown are representative of those seen in
3 independent repeats, and the samples are as per in Table

summarized in Table 4, along with the analysis of the
same samples by the standard UPLC-UV detection me-
thod, for comparison.
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Table 4. Determination of the parabens levels in six real samples.

Methylparaben Ethylparaben Propylparaben
Samples® UPLC-ECD UPLC-UV UPLC-ECD UPLC-UV UPLC-ECD UPLC-UV
(mg-L™ (mg-L™ (mg-L™ (mg-L™ (mg-L™ (mg-L™
Soft drink (A) -
Jelly (B) -
Toothpaste (C) 240.0 £0.5 290.0 0.5 - 130.0+0.2 100.0+0.2
Mouthwash (D) 630.0+ 0.4 700.0 + 0.2 -
Lotion (E) 437.0£03 4725402 35.0£0.0 525400
BB Powder (F) 360.0 £ 0.0 420.0+0.1 - 480.0+0.0 480.0 £ 0.0
tvalue (at 12 mg-L™) ~0.7408 24752 1.9383
tvalue (at 22 mg-L™) ~0.7882 0.8953 2.1581
tvalue (at 32 mg-L™) ~0.5355 ~0.4202 2.1222
t critical 2.5706

*Sample codes are as in Table 1, Data are shown as the mean + 1 SD, and are derived from 3 independent repeats.

However, the actual paraben levels in the samples
were unknown. For a direct comparison with the UPLC-
UV method, the results obtained using UPLC-ECD and
standard UPLC-UV were compared by a paired-t-test for
three samples that were spiked with different known
paraben concentrations (12, 22 and 32 mg-L™" to repre-
sent a low, medium and high level, respectively). The
critical t-value (2.5706) was significantly higher than the
experimental t-values between the two pairs of assays.
Using the UPLC-ECD method, the t-values for MP, EP
and PP were —0.7408, 2.4752 and 1.9383, respectively,
for a spiked sample at 12 mg-L ™" For a spiked sample at
22 mg-Lfl, t-values were -0.7882, 0.8953 and 2.1581,
respectively, and for a spiked sample at 32 mg-L™', t-
values were —0.5355, —0.4202 and 2.1222, respectively.
There were no significant differences between the two
assay methods at all three spiked concentrations. Thus,
the results obtained from the developed method can be
accepted.

The precision of the UPLC-ECD method was then
validated by calculating the relative standard deviations
(RSD) from triplicates using the same three paraben con-
centrations as above (12.0, 22.0 and 32.0 mg~L71, or low,
medium and high). The precision and accuracy data for
the three parabens in the six samples are summarized in
Table 5. The inter-day precision levels were in the range
of 0.3% - 4.9%, 1.0% - 4.8% and 1.9% - 4.9% for MB,
EB and PB, respectively. The intra-day precision levels
were very similar, ranging from 0.4% - 4.9%, 2.2% -
4.8% and 0.7% - 4.9% for MB, EB and PB, respectively.
The inter-day recoveries were in the range of 80.3% -
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96.6%, 81.1% - 94.4% and 83.2% - 96.5% for MB, EB
and PB, respectively, and the intra-day recovery levels
were also similar at 80.3% - 96.0%, 80.4% - 96.5% and
81.6% - 98.9% for MB, EB and PB, respectively. Thus,
this method was demonstrated to be reproducible over
time.

4. Conclusion

In this work, a method for the rapid analysis of three
commonly used paraben preservatives (MP, EP and PP)
by UPLC coupled with ECD using a BDD electrode was
successfully developed. Particular attention was focused
on the use of a monolithic column coupled with a UPLC
instrument for fast separation that arose from an in-
creased flow rate (reducing evaluation time) without a
loss of resolution. In addition, the innovative ECD sys-
tem using a BDD electrode, with an optimal potential of
1.5 V vs. Ag/AgCl, yielded a high degree of reproduci-
bility, based on % RSDs for the intra- and inter-assays
below 5%. Analysis time was 2 min or less. This method
was applied to six real samples, two each of food, per-
sonal care and cosmetic products and was found to yield
acceptably similar results as the standard UPLC-UV
method for detection of the three test parabens. Both
methods provided a high speed of separation, however,
the proposed method improved the efficiency of these
preservatives in terms of better sensitivity when com-
pared to the standard method. In conclusion, UPLC-ECD
using a BDD electrode was proved to be an attractive
alternative method for detection of parabens in real sam-
ples.
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Table 5. The inter- and intra-precisions and recoveries of the three parabens from the UPLC-ECD method.

27

Intra-day Inter-day
Spiked
Samples”  level Methylparaben Ethylparaben Propylparaben Methylparaben Ethylparaben Propylparaben
(mg-L™")
Recovery RSD Recovery RSD Recovery RSD Recovery RSD  Recovery RSD Recovery RSD
12 879+43 47 86.6+41 48 859+43 43 827+23 28 84.8+33 39 851+41 48
Sample A 22 93.7+£3.7 40 942+22 23 972+21 21 86.1£41 438 87.7+3.1 3.6 883+35 4.0
32 89.2+29 33 928+£24 26 955+2.1 22 832+£37 44 87.2+4.1 47 899+44 49
12 80.3+04 04 822422 27 91.1+28 3.1 803+£02 03 81.1+0.8 1.0 89.6+17 19
Sample B 22 81.9+28 34 862+22 25 975+08 09 82.1+£27 33 84.6+3.9 46 942+45 48
32 81.6+£04 05 838+19 22 96.7+0.7 0.7 813+04 05 84.4+£32 38 927+46 49
12 80.7+0.5 0.6 804+02 03 844+16 20 822+24 30 82.7+3.5 42 832+18 22
Sample C 22 845+32 3.8 819+30 3.6 840+25 3.0 944+38 40 89.1+3.8 42  926+21 23
32 82.5+28 34 802+0.1 02 851+32 38 845+41 49 84.8+4.1 48 898+23 25
12 96.0+17 1.7 808+13 13 81.6+0.6 08 96.6+1.7 1.7 81.1+0.8 1.0 838+28 3.3
Sample D 22 90.8+4.1 45 862+32 37 885+44 49 895+2.1 24 83.8+2.1 25 845+33 39
32 81.8+13 1.6 819+14 1.7 878+1.6 1.8 822+0.7 09 82.0£1.5 1.8 833+36 43
12 86.2+0.6 0.7 945+1.1 1.2 989+09 09 859+12 14 90.8 +4.3 48 932+36 39
Sample E 22 904+39 43 965+17 18 979+14 15 89.0+4.0 45 944 +34 36 965+3.1 32
32 80.7+02 03 834+£22 26 96.7+13 13 821+1.6 2.0 82.0+1.8 22 944+25 27
12 98817 1.7 955+£21 22 93.1+42 45 932+46 49 91.1+£42 47 915+4.1 44
Sample F 22 953+3.6 38 89.7+40 45 842+33 39 93.0+44 47 94.0+2.4 26 908+3.7 4.1
32 947+46 49 952+36 38 947+45 48 89.9+41 46 94.1 £4.5 47 932+26 28

*Sample codes are as in Table 1, Data are shown as the mean + 1 SD, and are derived from 3 independent repeats.
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