[ Downloaded from fsct.modares.ac.ir on 2025-08-04 ]

[ DOR: 20.1001.1.20088787.1400.18.120.22.4 ]

[ DOI: 10.52547/fsct.18.120.25 ]

Ve ;-o.@-:g\/\ 0395 AT ol Ol ;\.\_& CLJ)?}J‘\.CAJN

ol 3l S @lio g pols dlxe

www.fsct.modares.ac.ir :alows Culu

sar A sln e 2 L el Ulgm Ji50 0dd S 655 O3 9 Sl
e kS 5,1 5 a8 i 58 51 ol 50 0 g o 5 sl 5 S5 g

-

. . N . b . Y z. .7 N LA PP \ N N
%ﬁg&‘odﬂ|ﬁJ%J‘dh&“|m;‘&J°‘Jﬁ,vﬂu‘ uﬂﬁf‘tﬁ)‘ﬁk)‘tﬁjﬁb

Ol dgton e w33 b oSS (55 55LaS 0dSls (ol oo 5 pile 0 8 ( allE mlio 5 p e (555 (s mtils )
.otﬂl‘%;.a‘Ww};pmu‘L;)-),L:.sbmuwwcunﬁb,ﬁ‘;u_r
.glﬂl‘W‘Ww};;Aml;‘éjjjmbﬁ@\;‘&l;\;@u”jx;b,)f‘mjp;m\—v
DL 5580 odS i oL e 5 (s Sl it 0 ASCESLS (Dl 5 a5 (IS 05,8 Ll -8
Ol s (ol ab b 5 (53518 o ke o823 ( pldE mbo 5 pske 05 8 ltls -0

d‘]‘l‘ g.l.@,.':..a g.l.@,.i.a J»}AJ_:Q QK...':-.I‘} ‘Lg)')}LiS oA ‘LFL‘J‘; GLJ 9 (}l& A}; gﬁm@)b)h}tﬁ»l -1

o.\& e OleMb|
EY dﬂ?’ s ‘.,i‘..'Sl‘, 3 ol s NADP K) NAD B1™ ui.:g‘ Ol s (.\:.J u;_,ﬁ_») B. &:.ah’w s dlae 1) @JU

S3be B rlns ol b1 @l olge 1 0o gd oo 13 (Solen o ge OF 3 geS Sl (0 S
5 @Bl @ D131 S Tl gl )l ol ey (2 lse 0T 5L polis prmes dnled o
DS 5SS 55 Nl Bgy ol Aagn 5 AL (s 590 (IS Slse 5o eyl eles
605 b 5 gl Al SKaS 4 (55l Al 0ged 68K L pdE 55T 5 LS i F s sl
Fay A F slgin HPLC-UV b jliis guni 5 odd S slajendy O3l 5 e il
Lol 31 ealiil sl 5 5505 b o S (65,5 6lajouds Sl (g5 g1 gms O gl 320
S sUS s 2 D 5 B (2,8 Ly oS sbml 5 g0 Khes o s Juld 5lu sy
Gl ey 5 A4S g3l e o 5w Freundlich dolw bu g ol lism S8, A2 ou) s
Jlail 7 VA (St 4l 53 cpioma 305 OGS ol St 555 55 ool i 455 (6l 2 YL
O 3 ool 03 985 ol IS (gl el 31 BUSI 1,48 OF OAS o131 7 AV/0 5 dwel 5 55
A3 8 ST HPLC-UV b s 5 5 Gouy 2liE sl aised i il 50 law s ol Sl
orv e mVEA g LT wals 5 dalr 5B 0 b dol 553 g il sl i s 0,
T 5 dlf ci S Gl o 4 L MAY 5L WY GV sl sl 5 (R = 0.99)
w4 del 5558 gl LOQ) (5,8 o3l u> 5 (LOD) (5L, 05T > ] oy pE
ST YN &als 53 5amom 5 59 S5 o 3,10kl Sl il 55 VeA pg L7 5 66 pg L7
Cono odias 0L S el oy M= £) s S (G157 0/YY I VAR 5 (= £) 5,1 (gl 7 0/F)

A2l p 3l B ged ST s ey s

VEor JRENE Bl s b
VEU VYA Ly b

(eSS

(g Sl ok

cgﬂ)ﬁ ol S~ 6);;“)\))
ool 0 55

ol 5L C\Jé::..a\

10.52547/fsct.18.120.25
DOR: 20.1001.1.20088787.1400.18.120.22.4

*

(ol J s
rfarhoosh@um.ac.ir

YV


http://dx.doi.org/10.52547/fsct.18.120.25
https://dorl.net/dor/20.1001.1.20088787.1400.18.120.22.4
https://fsct.modares.ac.ir/article-7-53804-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-08-04 ]

[ DOR: 20.1001.1.20088787.1400.18.120.22.4 ]

[ DOI: 10.52547/fsct.18.120.25 ]

d\}w Jﬂyo“v@é}ﬁ@bswﬂ)j}&b

Ob&-«uﬁjﬂlﬂ) Lo e

OFSS e Sl s IS s sledss e
IN] el Sl (plie gl G 5y Al
s b L ple SIS sl s V]G e s S
Le-7Y ] W G5 s L oab BISsls s
Swge Il Vo] ol 1S
HPLC-MS/MS  [¥a] (SERS) i, s K s K

JY=YA]

HPLC-MS/MS L s sy opl 5 5 il o [Y0]
Slealans 5 ey 5 Ol 3l oslel la asy a3l
10 (6l oslizad W6 oos 35 gel Jow p b a5 dits zad 01 S
eI T P P N P TN P P P B
UV 5855 elhag B85l 8 SiSe Jsane skl
Sl 5 e ealizad s gls ST oS (6,8 o310 <l 5
OIS ESSs b Caolanl 5 aBls gls & pes Sy
o3bel 2y S 3550 4 S o3I bt 3y skt 4
(SPE) sl 56 (05w Law ) gl il Ll 50l (5l
Y 5 & A] il o s ol sl S ol
Glatise b« SIS SPE (gla Csle 5 aslinad s a0
o=y LS5 Tl sk Olesan 3l OIGL olams
i S slaedh T Lo sl OBl ls s
33,5 LIS (sl i SPE 52 o 5o (MIPY) J S0
S GILT 5550 Gua slge oS slis olantl sy oS
Sl 18 5 Y] Ll s 5 L ol gls 4sas
SBT3 b je e Ol ks o b 518 J S50 o S
Lph e sbml (LB Olsm) olant] Gus sly S5
Ll 5B ol s 6 e sal bl Klssl 5 o5 il
[re] % Lo 8 LK b oJil (MIP-SPE)
Sl Sy Sy F dseme ol g Opli e

WJﬂjéd)u‘chdL;ﬂ)ﬁongéuM

1. Solid phase extraction

2. Partial co-extraction

3. Affinity sorbents

4. Molecularly imprinted polymers
5. Bulk polymerization
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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 o
Solvent p(;razjlrmeatuelrsf'}'1 bonding Hansen polymer) Imprinting ~ NIP/MIP
factor
3, (MPa'?) par(ﬁl;f;?/rz) o NIP MIP
Acetonitrile 18 6.1 - - - Aggregate
Chloroform 3.1 57 - - - nh;ii‘)’;rl
0.98+0.10  0.85+0.09 X
MEK 9.0 5.1 (9.7%) (11.1%) 0.86 Aggregate
Y.
MISE(I)('/SI;ep 45 2.55 0 '(8471:&; ())4 ! %g ;,2))07 1.43¥  Microspheres
MEK/Hep 1.05£0.09  2.08°+0.05 z .
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 micrographs of NIP (a, ¢) 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°
13 124+ 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 9+ 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+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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Fig 2 Binding isotherm of optimized NAM-imprinted
log (K' mM'l) polymer (MIP) and its corresponding non-imprinted

polymer (NIP). Binding was carried out at 22 "C.
Values and error bars are mean (+ standard deviation)
Fig 4 Affinity distribution curve of optimized MIP of three replicates.
and its corresponding NIP
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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

POlymer m A[(HmOl g_l) NKmin—Kmax KKmin—Kmax R2
-1\m: -1 -1
type (mM")"] (pmol 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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Fig 6 Mean %NAM release from MIP at different
times. Mean values (n = 2) with range bars are
plotted.
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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
. 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 ANt pa LOQ LOD

Method/ technique (RSD %) (R%) (ngL)LR el (ugL) Sample(s) Ref.

RRLC-MS/MSP 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 1o A Turkdish cereal [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 7747-102.62  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
Tou 30 26.10+£0.75 2.89 2647 +0.56 2.13
4 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 4.12 18.10+0.38 2.12
30 23.74+0.45 1.89 2413+ 1.26 5.22
9000 16000 -
—Wheatnone SPE blank
8000 1 14000 {  —Meat non SPE blank
s 7000 4 ~—Wheat MIP-SPE biok — Meat MIP-SPE blank
p — Wheat NIP-SPE ( 20 ppm) 8 12000 — Meat NIP-SPE (10 ppm)
g 60001 __ < —Meat non SPE (10 ppm)
: ‘Wheat non SPE (20 ppm) E 10000 - et MIPSPE (10 pm)
g 5000 1 —Wheat MIP-SPE(20 ppm) s 8 ] —Meat MIP-SPE (20 ppm)
§ 4000 1 — Wheat MIP-SPE (30 ppm) i ‘\\ §. 8000 | —eat PSP (30 o)
E so00 | — WheatMIP-SZE (40 pom) \ g 6000 -
9 S
2 2000 - % 4000 -
- -
& 100 - 8 2000
Ly W 0 = ‘ =
1000} 2 4 6 /'8 10 ) 4 10
Retention time (min) -2000 - Retention time (min)

Fig 9 Chromatograms of direct injection and after
MIP-SPE and NIP-SPE (eluting fraction) of control

and spiked wheat flour samples.

AR

Fig 8 Chromatograms of direct injection and after
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 ug L' and 148 ug 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.
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