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Abstract

An optical fiber folic acid (FA) sensor using a molecularly imprinted Chitosan membrane coated on the surface of a bent op-

tical fiber probe (BOFP) as a transducer has been developed and tested for detecting FA in vitamin B supplemental prod-

ucts. The molecularly imprinted polymer (MIP) was made by crosslinking Chitosan polymer molecules with glutaraldehyde

as crosslinker and FA as a template. A MIP membrane was fabricated on surface of a BOFP by coating a Chitosan MIP solu-

tion on BOFP surface and gelatinizing at ambient air environment. After washing out the template FA molecules, the MIP

membrane formed on BOFP surface can selectively absorb/extract FA from a sample solution. The FA molecules extracted

into the MIP membrane was detected by passing a light beam through the BOFP and detecting evanescent wave optical ab-

sorption spectrometric signal. The sensor’s response is reversible because the process of MIP membrane extracting FA is a

reversible process. This sensor detects FA’s intrinsic optical absorption signal as a sensing signal, no chemical reaction is in-

volved in the detection process and no chemical reagent is needed in the sample analysis. The MIP’s selective extracting FA

into  the  membrane  increases  the  sensor’s  sensitivity  and  selectivity.  The  sensor  achieved  a  detection  limit  of  26  ng/mL,

which is  much lower  than traditional  UV/Vis  absorption spectrometric  method for  detecting this  compound.  The devel-

oped sensor has been used for analyzing FA in a vitamin B supplemental product and obtained analytical results agree well

with claimed concentration of the compound in the commercial product. A standard addition/recovery test was also per-

formed and obtained recovery rate ranged from 100% to 104%%. These test results demonstrate the feasibility of using the

developed sensor for analyzing FA in commercial Vitamin B supplemental products.

Keyword: Folic Acid; Vitamin B9; Molecularly Imprinted Polymer; Evanescent Wave Optical Fiber Chemical Sensor; Solid

Phase Microextraction; Vitamin B50 Complex
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1. Introduction

Folic acid (FA) with an IUPAC name of 2S)-2-[(4-

{[(2-amino-4-hydroxypteridin-6- yl)methyl]amino} phenyl)-

formamido]pentanedioic acid is one member of the vitamin

B  family.  It  is  also  known  as  vitamin  B9.  This  compound

plays significant role in keeping our health.

Vitamin  B9  deficiency  causes  anemia  with  many

symptoms,  including  shortness  of  breath,  fantigue/weak-

ness,  pale  skin,  mouth  ulcer,  irritability  and  depression

[1-3].  Food  source  of  vitamin  B9  include  dark  green  leafy

vegetables, beans, peas, nuts and citrus fruits [3-6].

However,  many  people  do  not  take  enough  these

food  materials  to  provide  essential  quantity  of  vitamin  B9

their body needed. One approach to address the vitamin B9

deficiency issue is adding FA to food products, the so-called

fortification  program  [6-8].  Vitamin  B9  added  food  prod-

ucts  made  from  fortified  wheat  flour,  rice,  corn,  are  avail-

able from market now. Another source of vitamin B9 is the

vitamin B supplemental tablet, such as vitamin B50, vitamin

B100 tablet, which are also available from pharmacy stores.

Due  to  FA’s  significant  role  in  food  products  to

keep  human  health,  advanced  analytical  technologies  are

needed  to  analyzing  vitamin  B9  concentrations  in  differ-

ence samples, including blood, urine, natural food products,

fortified food products and vitamin supplemental products

[9-16]. Vitamin B9 concentration information in these sam-

ples are important for medical diagnosis, dietary planning/-

management as well as in quality control/insurance in food

processing. FA concentration in a sample of simple sample

matrix can be analyzed based on this compound’s optical or

electrochemical  properties  [9-11].  FA  absorbs  UV  light

which  can  be  used  to  analyze  its  concentration  in  samples

with  simple  matrix  [9,10].  FA  can  be  oxidized  on  an  elec-

trode, which generates a current signal for quantitative ana-

lyzing this compound in a sample solution of simple matrix

[11]. For analyzing vitamin B9 in samples of complex matri-

ces,  such  as  blood,  urine,  natural  food  materials,  fortified

grain products, vitamin supplemental pills, a separation pro-

cedure is needed to isolate this compound from sample ma-

trix before detecting its  concentration with a selected opti-

cal  absorption  spectrometry  or  electrochemical  detection

method. HPLC is the most frequently used technique for se-

parating FA from sample matrix [12-16]. With HPLC ana-

lyzing  FA  in  a  solid  food  material  sample,  FA  is  normally

first  extracted  from  the  solid  food  sample  into  a  buffered

aqueous solution and separated from the solid sample mate-

rial [12-16]. The obtained buffered aqueous sample solution

is then injected into a HPLC column for separation. Elution

with a mixture of methanol and pH buffered aqueous solu-

tion  or  gradient  elution  method  with  gradually  increasing

polar solvent (water or pH buffered aqueous solution) con-

centration in mobile phase are usually adopted. The detec-

tion techniques used after HPLC separation include UV/Vis

absorption spectrometry [12,13], fluorescence spectrometry

[17],  electrochemical  detector  [14],  and mass  spectrometry

[15,16]. HPLC has been reported successfully analyzing FA

in  enriched  cereal-  grain,  wheat  flour,  multivitamin  tablet,

fortified fruit juice, pharmaceutical preparations with satis-

factory sensitivity and precision. However, HPLC is expen-

sive  in  both  instrument  investment  and  consumable  rea-

gents. It is also time consuming, requires a well-trained sci-

entist to operate the instrument in an environment well con-

trolled laboratory. In many applications, a simple, low cost,

field  deployable  and quick  technique  is  desired  for  analyz-

ing this compound extracted into an aqueous solution from

a sample.

We  have  been  developing  low  cost  optical  fiber

chemical sensor (OFCS) techniques for chemical/biochemi-

cal sensing applications [18-23]. In recent developments we

integrated molecularly imprinted polymer (MIP) with eva-

nescent  wave  (EW)  optical  absorption  spectrometry  into

OFCS to develop a selective and highly sensitive sensor for

quick  detecting  aspirin  in  pharmaceutical  products  [24].

MIP  is  a  polymer  having  specific  vacant  with  shape  and

bonding sites complemental to a target compound on the in-

ner  surface  of  the  vacant  for  selectively  extracting  a  target

compound  from  a  liquid  sample.  MIP  is  synthesized  by

crosslinking a monomer compound by a crosslinker reagent

in the existence of a template molecule. After the crosslink-

ing  reaction,  the  template  molecules  embedded  inside  the

formed polymer.  These  template  molecules  can  be  washed

out, which lefts behind vacant within the polymer that have

shape  and  bonding  site  complemental  to  the  template

molecules.  Figure  1  diagrammatically  shows the  process  of

forming  a  Chitosan  MIP  by  crosslinking  Chitosan  macro-
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molecules with glutaraldehyde as crosslinking agent and FA

as a template. This graph also shows the processes of wash-

ing  out  and  selective  re-absorption  of  template  molecules

(FA).  MIP  was  used  as  a  solid  phase  microextraction  (SP-

ME) media in our developed aspirin sensor to selectively ex-

tract/concentrate aspirin from a sample solution [24].  MIP

has also been used as  a  preconcentration/separation media

in analyzing trace organic compounds in complex environ-

mental samples [25,26].

Figure 1: A diagrammatic drawing show the process of a FA templated Chitosan MIP synthesizing, washing out FA template

and selective re-adsorption of FA into the template

In  a  MIP-EW-OFCS  of  this  work,  a  MIP  mem-

brane  is  coated  on  surface  of  a  bent  optical  fiber  probe

(BOFP). The MIP membrane extracts/concentrates an ana-

lyte from a sample solution. The analyte compound concen-

trated into the MIP membrane is then detected by passing a

light beam through the BOFP, and the intrinsic optical ab-

sorption spectrometric signal of the analyte is detected as a

sensing signal. Thus, an MIP-EW-OFCS integrates SPME se-

parating/concentrating analyte from sample solution and de-

tecting the concentrated analyte into one single specially de-

signed  BOFP.  The  MIP-EW-OFCS developed  in  this  work

for  detecting  FA  achieved  a  detection  limit  of  26  ng/mL,

which  is  much  lower  than  the  detection  limit  of  reported

UV/Vis  spectrometry  and  HPLC/UV  optical  absorption

spectrometric  methods  [9,10,12]  for  FA  analysis.  In  addi-

tion, FA’s intrinsic optical absorption signal itself was detect-

ed as a sensing signal. Sample analysis using this MIP-EW-

OFCS does not involve any chemical reaction, and no chem-

ical  reagent  is  needed  in  the  sample  analysis.  It  can  be

claimed as  a  green  analytical  technique.  The  sensor  is  rev-

ersible with a response time of 8 minutes, can be used for re-

peatedly  detecting  FA  in  different  samples  or  for  continu-

ous monitoring a food processing line. In this work, the de-

veloped sensor has been used for analyzing vitamin B9 in a

vitamin supplemental product (vitamin B50 complex). The

obtained analytical  results  agree  well  with  claimed vitamin

B9 concentration in the product. A standard addition/recov-

ery test was also performed, and the obtained recovery rate

is from 100% to 104%. These real sample analysis results de-

monstrate the feasibility of using the developed sensor tech-

nique for real world application of analyzing vitamin B9 in

vitamin supplemental products.
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2. Experimental

2.1. Chemicals

Deionized  (DI)  water  was  used  in  preparing  rea-

gent  solutions  in  this  work.  Chitosan  (Chitosan  from

shrimp shells, Sigma-Aldrich, St. Louis, MO, USA) and glu-

taraldehyde (GA, OHC(CH2)3CHO, 50% aqueous solution,

Sigma-Aldrich)  were  used  as  received  to  make  Chitosan

MIP.  A  2%  acetic  acid  solution  was  prepared  by  diluting

concentrated acetic acid reagent (glacial acetic acid, Reagent-

Plus,  >99%,  Sigma-Aldrich)  with  DI  water.  FA has  limited

solubility  (0.01  mg/mL)  in  water  at  ambient  temperature,

but has higher solubility  at  elevated temperature (about 10

mg/mL in boiling water) [27,28]. The solubility of this com-

pound can  also  be  increased  by  adding  an  acid  [27].  Stan-

dard solutions of this compound used in this work were pre-

pared  by  first  dissolving  0.0100  grams  FA  (C19H19N7O6,

≥97%, Sigma-Aldrich) in 100 mL of 2% acetic acid solution

at 90 oC to make a 100 µg/mL stock standard solution. This

stock standard solution was immediately diluted with DI wa-

ter to prepare FA standard solutions in concentration range

from 0.0500 µg/mL to 2.00 µg/mL. All other reagents used

in this work are analytical reagent grade.

A  10  mg/mL  Chitosan  solution  was  prepared  by

mixing 0.50 grams Chitosan with 50 mL of 2% acetic acid so-

lution.  The  Chitosan  powder  was  dissolved  in  the  acetic

acid solution by magnetic stirring at room temperature for

12 hours. A Chitosan MIP coating solution was prepared by

mixing 1.0 mL of the 10 mg/mL Chitosan solution, 25 µL of

the 50% GA solution and 100 µL of the 100 µg/mL FA solu-

tion in a small  testing tube. The mixed solution was vigor-

ously  shaken  for  2  minutes  before  coating  the  solution  on

surface of a BOFP.

2.2. Instrument

An optical  fiber  compatible  UV/Vis  spectrometer

(USB4000,  OceanOptics,  Inc.,  Dunedin,  FL,  USA)  and  an

optical  fiber  compatible  deuterium/tungsten  combo  light

source (DH- 2000, OceanOptics, Inc.) were used for record-

ing  optical  spectrometric  response  of  the  MIP-EW-OFCS.

The USB4000 optical fiber spectrometer was connected to a

computer with a dedicated USB connector. A computer pro-

gram  (OceanView,  OceanOptics,  Inc)  provided  by  the  in-

strument maker was used to record the optical spectroscop-

ic spectrum.

2.3. MIP Coated Optical Fiber Probe

In this work, a deep UV transmission enhanced op-

tical  fiber  (FG200AEA,  fiber  core/cladding  diameter  =

200/220  µm,  Thorlabs,  Newtown,  NJ,  USA)  was  used  to

make the BOFP, because the MIP-EW-OFCS will detect the

optical  absorbance  below  350  nm  as  a  sensing  signal.  An

“U” shaped BOFP was prepared by following a procedure re-

ported  in  our  previous  publications  [18-24].  In  brief,  the

center of a short piece (30 cm) of the optical fiber was insert-

ed  into  a  micro  butane  torch  flame.  About  1  cm length  of

the central part of the fiber’s protection jacket and cladding

was  burned  off.  The  bare  fiber  core  was  further  forced  to

bend in the flame to form a “U” shaped structure. The “U”

shaped  part  of  the  optical  fiber  core  was  soaked  in  a

K2Cr2O7/H2SO4  washing  solution  for  5  minutes  to  wash

off  any  organic  species  on  bent  fiber  core  surface,  then

rinsed with DI water. The fiber core probe was then soaked

in a 1 M NaOH solution for 10 min and then rinsed with DI

water again.

In  coating  a  Chitosan  MIP  membrane  on  the

cleaned “U”-shaped BOFP, the “U”-shaped part was insert-

ed into the MIP coating solution and slowly pulled out. The

coated fiber probe was exposed to ambient air overnight for

gelation before testing.

2.4.  Optical  Fiber  Spectroscopic  Study  of  Washing
FA Template Molecules out of Chitosan MIP Mem-
brane

Optical  fiber  EW  absorption  spectrometry  was

used to  monitoring  washing FA template  molecules  out  of

the Chitosan MIP membrane coated on BOFP. After the ge-

lation  process,  the  two  ends  of  a  Chitosan  MIP  coated

BOFP  were  connected  with  the  optical  fiber  compatible

UV/Vis  spectrometer  (USB4000)  and  the  deuterium/tung-

sten-halogen combined light source (DH-2000) with submi-

niature version A connectors, respectively. The “U”-shaped

probe was inserted into DI water in a small bottle, and light

intensity guided through the BOFP was immediately record-

ed as a reference intensity for recording fiber optic EW ab-

sorption  spectrum.  The  Chitosan  MIP  coated  BOFP  was
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then inserted  into  a  0.1  M NaOH solution for  20  min and

the optical fiber EW absorption spectrum was recorded.

2.5. Testing the MIP-coated Optical Fiber Probe for
Sensing FA in Aqueous Sample Solutions

After  washing  FA  template  molecules  out  of  the

Chitosan MIP membrane, the BOFP probe was then insert-

ed back into DI water  in a  small  bottle.  The light  intensity

guided through the BOFP was recorded as reference light in-

tensity after  the optical  intensity signal  stabilized while  the

probe  was  still  in  DI  water.  The  sensing  probe  was  then

inserted to a sample solution for 10 minutes and the optical

absorption spectrum was recorded as a sensing signal.  The

sensing  probe  was  re-inserted  into  the  0.1  M  NaOH  solu-

tion, then DI water to re-generate the sensor for next test.

3. Results and Discussion

3.1.  Fiber  Optic  EW  Spectrometric  Monitoring  of
Washing  FA  Template  Out  from  MIP  Membrane
Coated  on  BOFP

Fiber optic EW absorption spectrometry was used

to  monitoring  FA  template  washing  off  from  MIP  mem-

brane coated on BOFP surface as described in section 2.4 of

this  paper.  A  negative  absorption  spectrum  with  peak  ab-

sorption wavelengths at  365 nm and 310 nm was recorded

as showing in Figure 2. FA in aqueous solutions was report-

ed  absorbs  UV  light  with  peak  absorption  wavelengths  at

around 300 nm and 375 nm depends on solution pH value

[27,29].  In  reported  FA  absorption  spectrum,  the  absor-

bance  at  300  nm  has  higher  absorption  coefficient  when

compared with  absorbance  at  375  nm.  However,  FA exists

in a Chitosan MIP membrane in this experiment. It was ex-

pected that the interaction of FA with Chitosan’s functional

groups (amine, hydroxide) can change FA’s absorption spec-

trum, including shifting peak absorption wavelength and al-

tering absorption coefficient. The negative absorption spec-

trum  indicates  that  the  FA  molecules  were  washed  out  of

the  MIP  membrane.  The  negative  absorption  spectrum

reached a maximum absorbance value of -1.1 at 365 nm and

-0.82  at  310 nm after  20  minutes  keeping the  BOFP probe

in 0.1 M NaOH solution, and stabilized. This stabilized spec-

trum indicates that all the FA molecules were washed out of

the  membrane.  The  sensing  probe  was  then  transferred  to

DI water in a small bottle. The absorption spectrum shifted

up while the probe was in DI water, but the peak absorption

wavelengths and relative peak hights of the two absorption

peaks did not change. It is believed that this spectrum shift

was resulted from the difference of refractive index between

0.1 M NaOH solution and DI water. A new reference inten-

sity spectrum was recorded to set the absorbance value to be

zero at all wavelength. Then, the sensor can be used for re-

cording absorption spectrum of a sample solution by deploy-

ing the probe to the sample solution.

Figure 2: Optical fiber EW absorption spectrum recorded during washing FA template molecules out of the MIP membrane

coated on a BOFP. The reference light intensity was recorded when the newly made MIP was just inserted to DI water. During

the washing off process, FA molecules washed out, and a negative absorption spectrum was resulted.
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3.2.  Chitosan  MIP  membrane  extracting  FA  from
sample  solution  enhancing  sensor’s  sensitivity

In this sensor, the Chitosan MIP membrane coat-

ed on BOFP surface functions as a SPME membrane, which

concentrates  FA from a  sample  solution to  the  MIP mem-

brane.  It  is  expected  that  this  SPME  process  will  increase

the sensitivity of the sensor for detecting FA in sample solu-

tions. In experiments to investigate the sensitivity improve-

ment effect, a bare BOFP (do not have any coating) was first

exposed to a 10 µg/mL FA standard solution, and an EW ab-

sorption spectrum (Spectrum A in Figure 3) was recorded.

The  same  BOFP  was  then  coated  with  a  Chitosan  mem-

brane  by  dipping  the  bent  part  of  the  BOFP  into  the  10

mg/mL Chitosan solution and pulling out slowly. The coat-

ed  BOFP was  letting  for  gelation  overnight.  This  Chitosan

(non-MIP)  coated  BOFP  was  tested  with  a  10  µg/mL  FA

standard  solution,  and  an  EW  absorption  spectrum  (spec-

trum B in Figure 3) was recorded. After recording spectrum

B, the K2Cr2O7/H2SO4 washing-NaOH activation process

described in Section 2.3 of this paper was followed to wash-

ing Chitosan membrane off the BOFP and activate the bent

part  of  the  BOFP.  This  cleaned/activated  BOFP  was  then

coated with the Chitosan MIP coating solution to prepare a

Chitosan  MIP  coated  BOFP.  The  spectral  response  of  this

probe  (spectrum  C  in  Figure  3)  was  tested  using  a  2.0

µg/mL FA standard solution. The BOFP of this work was a

hand-made product. It is impossible to make two BOFPs ex-

act  the  same.  However,  the  sensitivity  of  BOFP EW-OFCS

depends on BOFP structure [30,31]. Therefore, in these ex-

periments, a single BOFP was used to prepare sensor probes

with different coatings in order to compare the sensitivity of

EW-OFCS with different coating on BOFP.

Figure 3: Optical fiber EW absorption spectra recorded with a bare BOFP exposed to a 10.0 µg/mL FA standard solution (spec-

trum A), a Chitosan non-MIP coated BOFP exposed to a 10.0 µg/mL FA standard solution (spectrum B), and a Chitosan MIP

coated BOFP exposed to a 2.00 µg/mL FA standard solution (spectrum C). one single BOFP was used to reording the spectra.

The baseline-shifting corrected absorbance (Absor-

bance  at  295  nm  –  Absorbance  at  530  nm)  values  for  the

three spectra are: 0.0071 for spectrum A, 0.164 for spectrum

B, and 0.401 for spectrum C. From these absorbance values,

one  can  conclude  that  Chitosan  MIP  coated  BOFP  is  282

time  more  sensitive  compared  with  the  bare  fiber  BOFP,

and  12  time  more  sensitive  compared  with  the  Chitosan

non-MIP  coated  BOFP  for  detecting  FA.

3.3.  Reversibility,  Response  Time  and  Sensor’s  Sta-
bility

Reversible  response  of  a  sensor  is  needed  for  re-

peatedly using the sensor for analyzing different samples or



7

JScholar Publishers J Food Nutr 2025 | Vol 11: 202

for  continuously  monitoring  applications.  The  sensor  of

this work is based on a reversible SPME process, which is re-

versible.  Therefore,  this sensor is  expected to be reversible.

Figure 4 shows the test result of repeatedly alternative expos-

ing  the  MIP  membrane  coated  BOFP  to  a  1.0  µg/mL  FA

standard solution and DI water. This test results shows the

reversibility  nature  of  the  developed  sensor.  The  response

time of the sensor is defined as the time needed for the sen-

sor  to  reach  90%  of  the  full-scale  response.  The  response

time of this sensor is calculated to be 8 minutes with the rev-

ersibility test data. It has to be mentioned that the response

time  and  sensitivity  of  this  membrane  coating  based  EW-

OFCS sensor depend on coating thickness. In this work, in

balancing the response time and sensitivity, one dip-coating

with  the  coating  solution  was  used  for  coating  the  MIP

membrane on BOFP surface.  It  is  possible to make a more

sensitive  sensor,  but  that  sensor  will  have  longer  response

time.

Figure 4: Time response of a MIP-EW-OFCS alternatively exposed to DI water and a 1.00 µg/mL FA standard solution, repeat-

edly. This test result demonstrates the sensor’s reversibility and response time. The signal goes down at around 12 min was the

result of mistake in operation.

Long-term stability is important for a sensor to be

used  repeatedly  for  analyzing  different  samples  as  well  as

for continuous monitoring applications. The stability of the

Chitosan  MIP  membrane  is  critical  in  deciding  the  long-

term  stability  of  this  sensor.  Chitosan  is  a  polymer  with

amine  group  in  its  side  chains.  This  polymer  can  be  dis-

solved in an acidic solution. This property has been used to

prepare  the  MIP  coating  solution  in  this  work.  Therefore,

this  sensor  is  not  recommended  to  be  used  for  analyzing

acidic  samples.  The  sensor  is  stable  when  exposed  to  pH-

neutral  solutions  and  basic  sample  solutions.  The  stability

of this sensor has been demonstrated by the fact that all da-

ta of the Chitosan MIP based sensor were collected by using

one single MIP coated BOFP during three month’s research

work.

3.4. Spectral Response, Calibration and Detection Li-
mit

Figure 5 (A) shows the recorded spectra of the sen-

sor’s response to FA standard solutions of different concen-

tration. The recorded absorption spectra by FA extracted in-

to  Chitosan  MIP  membrane  have  peak  absorptions  at  300

nm  and  370  nm.  The  peak  absorbance  at  300  nm  is  more

sensitive than the peak absorbance at 370 nm, which is dif-

ferent from what observed in the experiment of washing out

FA from MIP membrane  (Figure  2).  This  difference  is  be-

lieved caused by the difference of FA concentration in MIP

membrane.  FA  concentration  in  Chitosan  MIP  is  much

higher when the MIP was prepared. The high FA concentra-

tion in Chitosan MIP makes the microenvironment within

the MIP membrane acidic. In this experiment of testing the
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sensor’s  response  to  FA  standard  solutions,  FA  maximum

concentration tested is 2.0 µg/mL. In this case the microen-

vironment in the Chitosan MIP is dominated by Chitosan’s

amine group and is basic. In reported literatures, FA absorp-

tion  spectrum  and  absorbances  at  peak  absorption  wave-

lengths are pH dependent [27,29].

Figure 5: Spectral response of MIP-EW-OFCS of this work to FA standard solution of different concentration (Figure 5 (A)).

The spike at around 284 nm was caused by a light intensity spike from DH-2000 light source. It is not FA’s absorption spec-

trum. The relationship of baseline-shift corrected absorbance value with FA concentration is showing in Figure 5 (B).

In  calibrating  the  sensor’s  response  for  quantita-

tive FA analysis, the difference of absorbance at 300 nm and

530 nm was used as a sensing signal because there is a base-

line shift with the increase of FA concentration. Figure 5 (B)

shows the relationship of baseline shift corrected sensing sig-

nal with FA concentration in standard solution. In the test-

ed concentration range, the sensing signal has a linear rela-

tionship with FA concentration up to 2.0 µg/mL. The detec-

tion limit of the sensor is defined as FA concentration that

causes a sensing signal which is three times the standard de-

viation  of  blank  signal.  The  blank  signal’s  standard  devia-

tion  calculated  from  data  in  sensor’s  time  response  test  is
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0.0017.  The  calculated  detection  limit  of  this  sensor  is  26

ng/mL. This detection limit is much lower when compared

with  reported  UV/Vis  spectrometric  method  for  detecting

FA [9,10,12].

3.5. Investigating Sensor’s Response to Other Chemi-
cals Co-Existing with Vitamin B9 in Vitamin B Sup-
plemental Products

Vitamin  B  supplemental  products  are  available

from market as a vitamin B source for those who does not

take enough vitamin B from food source.  In this work, the

developed sensor was used to analyzing a  vitamin B (Vita-

min  B50  complex)  product.  Such  a  vitamin  B  complex

tablet contains all the needed vitamin Bs as well as some in-

active  ingredients,  such  as  cellulose,  hypromellose,  cros-

carmellose,  sodium  salt,  silicon  dioxide,  magnesium

stearate and polyethylene glycol. In this experiment, the re-

sponse of the developed sensor to some of the ingredients in

vitamin B complex was investigated. The compounds tested

include KCl as an example of inorganic salt, sugar as an ex-

ample of carbohydrates, urea, caffeine as examples of organ-

ic  base,  citric  acid  as  an  example  of  organic  acid.  In  addi-

tion, the response of this sensor to riboflavin (vitamin B2),

nicotinic acid (vitamin B3), thiamine (vitamin B1) was also

investigated. Figure 6 shows the recorded spectral response

of  this  sensor  to  the  tested  compounds.  The  spectral  re-

sponse of this sensor to a 1.0 µg/mL FA standard solution is

also  included  in  this  graph  for  comparison.  These  test  re-

sults indicate that the existence of the tested compounds in

a sample solution does not cause interference in using this

sensor to detect vitamin B9 in a sample solution. Although

nicotinic acid (40 µg/mL) and citric acid (100 µg/mL) cause

small spectral response, the sensitivity of this sensor to these

compounds  are  hundreds  of  times  lower  when  compared

with the sensor’s response to vitamin B9.

Figure 6: Spectral responses of the MIP-EW-OFCS exposed to standard solutions of different substances. The concentration of

the substances tested is also given in this graph.

3.6.  Analyzing  Vitamin  B9  In  a  Vitamin  B  Supple-
mental Product

In  this  work,  the  developed  MIP-EW-OFCS  was

applied to analyze vitamin B9 in a vitamin B supplemental

product  (Vitamin  B50  complex)  purchased  from  a  local
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pharmacy  store.  In  preparing  the  sample  solution,  a  Vita-

min B50 complex tablet was added to 400 mL DI water in a

glass bottle. The vitamin tablet was letting to dissolve in DI

water with occasionally shaking the bottle. After 24 hours, a

strong yellow colored solution was obtained, but with some

undissolved  substances  settling  on  the  bottle’s  bottom.

Three  testing sample  solutions  were  prepared.  Three  4  mL

aliquot  sample  solutions  were  taken  from  the  upper  layer

clear solution and were analyzed for each prepared test sam-

ple solution. In analyzing vitamin B9 in the 4 mL sample so-

lution, the BOFP sensor probe was just insered into the sam-

ple solution and recorded the EW absorption spectrum af-

ter 10 minutes.

Table 1: Results of MIP-EW-OFCS analyzing FA in vitamin B complex tablet*

Tablet
sample#

Founded FA
concentration in

test sample
solution (µg/mL)

STDV/RSD%

Added FA
concentration in

standard
addition/recovery test

sample solution
(µg/mL)

Recovered FA
concentration in

standard
addition/recovery test

solution (µg/mL)

Recovery
rate (%)

1 0.992 0.00951/0.958% 0.500 0.500 100%

2 0.959 0.0230/2.40% 0.500 0.518 104%

3 1.01 0.0285/2.82% 0.500 0.511 102%

*Sample and sample preparation: A Vitamin B50 complex from a local pharmacy store was used as a sample. A tablet of this vi-

tamin B50 complex product has a claimed 400 µg of vitamin B9. Each tablet was mixed with 400 mL DI water to make a test

sample solution. Vitamin B9 concentration in the obtained test sample solution is 1.00 µg/mL.

Table 1 lists  the analytical  results.  A Vitamin B50

complex  tablet  has  a  claimed  400  µg  of  vitamin  B9,  which

means  vitamin B9 concentration in  the  prepared test  sam-

ple  solution  is  1.00  µg/mL.  The  obtained  analytical  results

showing in Table 1 agree well with this claimed quantity. In

another effort to further verify the effectiveness of the devel-

oped  sensor  for  analyzing  vitamin  B9  in  the  vitamin  com-

plex  tablet,  a  standard  addition/recovery  test  was  per-

formed. A standard addition sample was prepared by taking

2.00 mL of a vitamin B50 complex testing sample solution,

adding  1.00  mL  of  2.00  µg/mL  FA  standard  solution  and

1.00 mL of DI water. Three standard addition samples were

prepared  and  analyzed  for  each  vitamin  B50  complex  test

sample solution. The obtained analytical results are also list-

ed  in  Table  1.  The  recovery  rate  was  found  to  be  ranged

from 100% to 104%.

Conclusions
An MIP-EW-OFCS has been developed for selec-

tive detecting vitamin B9 in vitamin B supplemental  prod-

ucts.  This  sensor  uses  MIP as  a  SPME media  to  selectively

extract/concentrate  vitamin  B9  into  a  MIP  membrane

which is  coated on the surface  of  a  BOFP.  The vitamin B9

molecules concentrated into the MIP membrane is detected

by  using  fiber  optic  EW  absorption  spectrometry.  The

SPME significantly improve the sensor’s sensitivity and se-

lectivity. The sensor achieved a detection limit of 26 ng/mL,

which is much lower than that achieved with traditional UV

absorption spectrometric methods [9,19,12]. The developed

sensor is a green analytical technique, do not use any chemi-

cal  reagent  in  the  sample  analysis  process,  because  the

SPME  is  a  reversible  process,  and  the  intrinsic  optical  ab-

sorption signal of vitamin B9 itself was used as a sensing sig-

nal.  The  developed  sensor  was  used  for  analyzing  vitamin

B9 in a vitamin supplemental product, and analytical results

demonstrated  the  feasibility  of  using  this  sensor  technique

for analyzing vitamin B9 in vitamin supplemental products.
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