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Table 1 Influence of solvent systems on polymer shape, binding capacity, and imprinting factor.

Hydrogen- Binding Capacity (mg/g Morphology
Polar H . _
Solvent p(;:m ea::rsgp bonding Haﬁsen polymer) Imt}?rlntlng NIP/MIP
actor
3, (MPa'?) par(al\l/lnlf;?/rz) o NIP MIP
Acetonitrile 18 6.1 - - - Aggregate
Chloroform 3.1 57 - - - 11111:1(2%3 lga:arl
0.98+0.10  0.85"+0.09 X
MEK 9.0 5.1 (9.7%) (11.1%) 0.86 Aggregate
Y.
Mlsi(l)('glgep 4.5 255 0'(8 47;(,2 ())4 ! %g ;,2))07 143  Microspheres
MEK/Hep 1.05+£0.09  2.08+0.05 2 .
30-70 2.7 1.53 (8.8%) (2.5%) 1.98 Microspheres

*From Polymer Handbook [52].Within each column, different superscripts indicate significantly different values
(P <0.01). Values are the means of three replicates + standard deviation.
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Fig 1 Scanning electron icrographs of NIP (a, c) and MIP (b, d).
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Table 2 Influence of monomer:cross-linker (MAA:EGDMA) ratio. *

MAA-EGDMA ratio Binding Capacity (mg/g polymer) Imprinting

NIP MIP factor
1:1 3.00 £ 0.08 (2.6%) 4.13°+0.04 (0.9%) 1.38°
1:2 1.75+0.06 (3.3%) 3.00% 0.10 (3.4%) 1.72°
1:3 124 +0.06 (5.0%) 2.14+0.08 (3.8%) 1.73
1:4 1.05+0.09 (8.8%) 2.08°+0.05 (2.5%) 1.98*
1:5 0.73 £0.02 (2.1%) 1.36°+0.01 (1.0%) 1.87°
1:6 0.58 + 0.04 (7.4%) 1.10 '+ 0.09 (8.3%) 1.88%

*Within each column, different superscripts indicate significantly different values (P < 0.01).
Values are the means of three replicates + standard deviation.
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Table 3 Influence of template:functional monomer (NAM:MAA) ratio. *
NAM:MAA Binding Capacity (mg/g polymer) Imprinting

ratio NIP MIP Factor

1:14.7 0.88+0.03 (3.3%)  1.2°40.04 (3.2%) 1.38°

1:3.6 1.05 4 0.09 (8.8%) 2.08"+0.05 (2.5%) 1.98°

1:1.8 0.96+ 0.07 (6.7%)  2.23%+0.04 (1.6%) 2.32°

* Within each column, different superscripts indicate significantly different values (P < 0.01).
Values are the means of three replicates = standard deviation.
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Table 4 The Freundlich isotherm model parameters (m and a), number of sites (N kmin - kmax), and
weighted average affinity (Kkmin-kmax) for NAM

pO]Ymer m A[(MmOI g>]) NKmin—Kmax KKmin—Kmax R2
type (mM™)"] (wmol g) (mM™)

MIP 0.59 25.25 69.48 0.30 0.98

NIP 0.79 8.93 26.76 0.23 0.98
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Table 5 Conditions for optimization of SPE washing.
Wash Recovery in wash solvent (%)*
Wash type volume NIP-SPE MIP-SPE
(mL) NA NAM NA NAM
Acetonitrile + 5% MeOH 3 Not detected 96.1 Not detected 88.2
Acetonitrile + 3% MeOH 3 Not detected 71.4 Not detected 72.6
Acetonitrile +1% MeOH 3 Not detected 60.1 Not detected 63.3
3 Not detected 57.6 Not detected 46.8
Acetonitrile + 0.5% MeOH 2 Not detected 542 Not detected 324
1 Not detected 52.8 Not detected 12.6
o 3 Not detected 55.7 Not detected 40.8
Acetonitrile
1 Not detected 513 Not detected 49
*Values are the means of two replicates.
Table 6 Conditions for optimization of SPE elution.
Recovery (%)*
NIP-SPE MIP-SPE
NA NAM NA NAM
Elution 1st (1 mL MeOH) 88.14 40.08 99.60 82.75
Elution 2nd (1 mL MeOH) 12.10 458 Not detected 9.15

*Values are the means of two replicates.
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Table 7 Comparison of the current MIP-SPE-HPLC method with previously reported methods in the

determination of NAM.
. Precision Recovery 1 a LOQ LOD

Method/ technique (RSD %) (R%) (ngL7)LR el (gl Sample(s) Ref.

RRLC-MS/MS"” 0.26-2.40 90.58-101.68 10-100 0.46 0.14 Plant root [1]

Electrochemical 2.59-6.20 - 20-2000 32.30 9.72 Coffee [25]

MEC/HPLC® <6.00 96.72-102.12 - 1020 340 Food supplements [59]

RP- HPLC 3.12 99.40 10000-200000 - 100 A T““;Zl:lcereal [60]

RP- HPLC 1.55-2.86 86.0-98.8 499-19960 900 300 Urine/serum [47]

RP- ion pair-HPLC 1.9 107.20 2000-6000 1250.0 625.0  Multivitamin tablet [61]

RP-HPLC 6.90-18.00 99.00 50-50,000 750 250 Honey [62]
RP-HPLC 1.89-5.31 77.47-102.62  148.0-5000.0 148.0 44.0 Beef/Wheat flour Our work

? Linear Range

" Rapid resolution liquid chromatography/tandem mass spectrometry
“Micellar Electrokinetic Chromatography

Table 8 Precision values for the NAM MIP-SPE.
Intra-day(n = 4) Inter-day (n=4), 4 days, one run per day

Spiked amount Analyzed amount Analyzed amount

Sample RSD RSD
(ppm) (ppm) %) (ppm) (%)
(mean + SD) (mean + SD)
Wheat 20 17.64 £ 0.44 2.52 17.85+0.95 5.31
ﬂoﬁ? 30 26.10+0.75 2.89 26.47+0.56 2.13
40 3243 +1.27 3.94 33.10+£1.08 3.27
10 10.12 £ 0.39 3.88 10.03 £0.23 2.34
Beef 20 18.61 £0.77 412 18.10 £ 0.38 2.12
30 23.74+£ 045 1.89 2413 +1.26 5.22
9000 - 16000 -
—Wheatnone SPE blank
8000 4 14000 —Meat non SPE blank
5 0 ~—Wheat MIP-SPE biok — Meat MIP-SPE blak
2 —Wheat NIP-SPE ( 20 ppm) 8 12000 | —Meat NIP-SEE (10 ppm)
£ 60001 _ < ——Meat non SPE (10 ppm)
: ‘Wheat non SPE (20 ppm) - E, (1171 S (10pom)
2 5000 1 — Wheat MIP-SPE(20 ppm) s s @ — Meat MIP-SPE (20 ppm)
§ 4000 { — Wheat MIP-SPE (30 ppm) / \ §. 8000 1 —neat PSP (30 ppem)
E so0p | — WheatMIP-S7E (40 pom) \ ? 6000 1
8 s \
B 2000 1 g 4000 - {
- - i
A 100 - A 2000 ,’
¥ I 0 e (\ T = T —
100 2 4 6 8 10 2 4 6 8 10
Retention time (min) -2000 - Retention time (min)

Fig 9 Chromatograms of direct injection and after Fig 8 Chromatograms of direct injection and after

MIP-SPE and NIP-SPE (eluting fraction) of control
and spiked wheat flour samples.

AR

MIP-SPE and NIP-SPE (eluting fraction) of control
and spiked beef samples.
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Vitamin B; (Nicotinamide) is involved in many vital reactions in the human body
as the precursor of NAD and NADP. NAM deficiency can lead to pellagra thus
foods are fortified with this vitamin. On the other hand, high intakes of NAM can
cause some symptoms. Hence, a cheap, rapid, selective and sensitive
determination of NAM concentration in foods is crucial. The present study propose
a NAM analysis method for beef and wheat flour by employing a molecularly
imprinted polymer based solid phase extraction clean-up coupled with HPLC-UV.
Precipitating polymerization technique for fabrication of NAM molecularly
imprinted microspheres was utilized. The effects of polymer ingredients including
functional monomer, cross-linker monomers, template and solvent were
investigated on binding characteristics. The binding behavior of the polymer well
modeled through Freundlich equation and the polymer showed high selectivity of
NAM over nicotinic acid (NA). In a kinetic study, 79% of NAM binding and
96.5% of NAM release occurred immediately. The NAM imprinted microspheres
were packed into SPE for NAM extraction, food samples injected and the output
analyzed with HPLC-UV. Good linearity was obtained for solid phase extraction of
NAM in the range 148-5000 pg L™ (R* = 0.999) and high extraction recoveries of
77-102% and 81-87% were obtained for NAM in beef and wheat flour samples,
respectively. The limit of detection (LOD) and limit of quantification (LOQ) for
nicotinamide were 44 pg L™ and 148 pg L', respectively. The overall inter-day
and intra-day relative standard deviations of 2.13% to 5.31% for wheat flour
(n=4), and 1.89% to 5.22% for beef samples were obtained, demonstrating good
precision of the proposed method in its application for real sample analysis.

YYe



