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ABSTRACT
Membrane techniques involve a membrane that is either a polymeric material or a liquid for the separation of a substance. Electrospun
nanofibers can serve as a separation membrane as they are capable of sensing the unwanted chemical substances when bioactivated with
the immobilized antibodies. This study relates to a method and a bioactive poly(vinyl alcohol)/poly(acrylic acid) based nanofiber for the
separation of substances from the milk and buffer solution. Nanofiber was prepared by the electrospinning method and was bioactivated
by immobilizing the related antibody. In this study, cotinine was used as a model substance to be removed. The cotinine specific
bioactive nanofiber was immersed in cow's milk, breast milk, and buffer solution for 30 minutes and then removed. The cotinine removal
efficiency of the bioactive nanofiber was found to be 91% in cow’s milk, 94 % in breast milk and 79 % in buffer solution. High
efficiency of nanofiber in milk samples can be attributed to the blocking feature of milk that facilitates antigen-antibody binding on the
nanofiber. Bioactive nanofiber captured cotinine like a magnet. The use of nanofibers for the removal of unwanted substances will
provide an inexpensive method for the removal of unwanted substances from the liquid medium.
Keywords: Bioactive nanofiber; milk; cotinine; electrospinning.

1. INTRODUCTION
In membrane extraction, the sample solution is separated
from the acceptor or strip solution and the analyte molecules pass
through the membrane from the donor to the acceptor. In most of
the non-porous membrane extraction systems, the membrane
forms a separate phase (polymeric or liquid) between the donor
and acceptor phases, so a three-phase system is formed. It is
possible to arrange a trapping in the acceptor phase, so the analyte
molecules that have passed the membrane are kept in the acceptor
by chemical means, usually by creating a charged ion that prevents
the back-extraction into the membrane. It is also possible to use
antibodies to selectively trap the extracted analytes [1]. Over the
past decade, the use of electrospun nanofibers in biomedical
applications has been drastically increased. Nanofibers are valued
for their ultra-high specific surface areas (i.e. surface-to-volume or
surface-to-mass values), and have been found potentially useful in
many biomedical applications [2]. Electrospinning as one of the
production methods of nanofibers seems to exhibit the most
promising results for biomaterials engineering applications [3]. In
the electrospinning process, fibers (50-1000 nm) can be produced
by spraying the polymer solution into the electric field [4].
Bioactivation or functionalization of nanofibers is necessary in
order to search specific features that will help maximize their enduse performance. Bioactive nanofibers are becoming an interest in
biomedical applications. They can also be fabricated as a drug
carrier to release therapeutic agents to wounds in a controlled
manner, rather than using direct injections of drugs of high cost
and low efficiency. In this study, a novel bioactive PVA/PAA
based nanofiber was developed for the removal of cotinine from
cow’s, breast milk and buffer solution. Unconscious drug use or

exposure to chemical substances of living beings in lactation
period may cause irreversible effects on the infants. In the
postpartum period, smoker mothers expose their infants to nicotine
via breastmilk or they give up breastfeeding in order to change
their smoking habits. Nicotine was removed from the
contraindicated drug list during breastfeeding [5]. Nicotine
removal from the list of contraindicated drug during lactation does
not imply that it will not cause any side effects in infants. The
authorities continue to support smoking cessation and reduction.
Nicotine and its main metabolite cotinine can cause sleep
disturbances, can increase the risk of iodine and thyroid
stimulating hormone (TSH) deficiency, can reduce the count of
pancreatic β cells and thus can increase the glucose level, can
cause hyperleptinemia and neonatal nicotine withdrawal syndrome
[6,7]. Nicotine and cotinine disappear from the milk by 3 h and 72
h respectively [7,8]. Breast milk nicotine concentrations of
smoking mothers were found to be approximately in a range of 660 ng/mL and cotinine concentrations were found to be
approximately in a range of 4-200 ng/mL and [9–11]. Reversed
phase high-performance liquid chromatography (RP-HPLC) and
gas chromatography–mass spectrometry (GC–MS) can also
remove the cotinine from breast milk but these methods are not
cost effective and are not suitable for the use of an unprofessional
person. In the present study, a simple and rapid one-step extraction
method was developed and validated for the removal of nicotine
and cotinine from breast milk.
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2. MATERIALS AND METHODS
2.1. Materials.
PVA (Mw¼146.000–186.000, 87–89% hydrolyzed degree,
Sigma-Aldrich, St Louise, Missouri, USA), PAA (Mw 450.000,
Sigma-Aldrich, St Louise, Missouri, USA), Cotinine (SigmaAldrich, St Louise, Missouri, USA), N,N-Carbonyl diimidazole
(Sigma-Aldrich, St Louise, Missouri, USA), Dimethyl
suberimidate dihydrochloride (Sigma-Aldrich, St Louise,
Missouri, USA). Cotinine ELISA (Abraxis, USA), Cotinine
antibody (Sheep polyclonal antibody, 7.9 mg/ml) (Randox, AntiCotinine PAS10081, UK).
2.2. Electrospinning.
PVA 5% (w/v) and PAA 10% (w/v) were mixed at a 10:1 ratio
and used for the nanofiber production by electrospinning. Table 1
shows the application parameters of electrospinning.
Table 1. Electrospinning application parameters.
PVA/PAA Flow Rate
Distance between collector and nozzle
Voltage
Collector Type
Collector Surface

1 mL/h
15 cm
25 kV
Rotating cylinder
Filter paper

2.3. Thermal Crosslinking PVA-PAA Nanofibers.
In order to prevent the solubility of the PVA-PAA based
nanofibers in water and other solutions, the fibers were first stored
at 100 ° C for 30 minutes and then at 140 ° C for 2 hours.
2.4. Surface Modification of Cross-Linked PVA/PAA
Nanofibers with N,N-Carbonyl Diimidazole (CDI.)
N, N-Carbonyl diimidazole (CDI) was used to provide covalent
binding of antibodies to the nanofibers. Cross-linked nanofibers
were dried under vacuum at 30 ° C for 24 hours. 10 g of CDI in 50
ml of tetrahydrofuran was stirred at room temperature with a
magnetic stirrer until a homogeneous solution was obtained. A
cross-linked nanofiber was placed in a three-neck flask equipped
with nitrogen inlet and reflux, and 50 ml of CDI solution were
added and shaked at 40 ° C for 24 hours. After 24 hours, Nacylimidazole modified nanofibers were obtained and the
nanofibers were stored at 4 °C. The surface modification was
continued with dimethyl suberimidate dihydrochloride solution in
the immobilization step.
2.5. Bioactivation of Nanofiber.
The cotinine specific bioactive nanofiber (3x3 cm) was prepared
by immobilizing cotinine antibody on to the nanofiber. Cotinine
antibody was a sheep polyclonal antibody (Randox, Anti-Cotinine

PAS10081,UK). Its concentration was 7,9 mg/ml. The method of
Garcinuno et al. [12] was modified and used for the
immobilization of antibodies to the nanofiber surface [13].
2.6. Cow’s Milk Samples.
Fresh cow's milk of the same brand was used in the experiments.
2.7.
Breast Milk Samples.
Breast milk samples were obtained from nursing mothers around
us on a voluntary basis. We declare that the investigations were
carried out following the rules of the Declaration of Helsinki of
1975 (https://www.wma.net/what-we-do/medicalethics/declaration
-of-helsinki/), revised in 2013. Cotinine-containing breast milk
samples were obtained from 6 smoker mothers. Marmara
University Medical Ethics Committee approved the breast milk
collection and experimental steps of this study. Written consents
were taken from the nursing mothers when they accepted to give
their milk. The breast milk samples were not used separately.
They were pooled and then separated into aliquots. All nursing
mothers were healthy. The inclusion criteria of 6 non-smoker
mothers: 4-6 months post-partum, ≥20 years, nursing mothers with
no smokers around. The inclusion criteria of 6 smoker mothers : 46 months post-partum, ≥20 years, nursing mother who smokes 815 cigarette per day. The study was designed to be a pilot
randomized invitro study. Breast milk samples that contain 10, 25,
50, 100 μg/L cotinine were prepared with breast milk of nonsmokers. These cotinine concentrations were in the range of
cotinine found in breast milk ][9].
2.8. Determination of the Bioactive Nanofiber Efficiency.
Efficiency of the bioactive nanofiber was measured in 20 mL
cow’s milk, breast milk and phosphate buffer (PBS, pH 7.2, 0.2
mM). 10, 25, 50, 100 ng/mL cotinine was added to each samples
for the preparation of spiked samples. 20 mL breast milk from the
smoking mothers and bioactive nanofibers were also incubated for
an hour. The bioactive nanofiber was removed from breast milk
after the incubation. Cotinine concentration was determined by
using the Cotinine ELISA (Abraxis, USA). The efficiency of
cotinine removal was calculated with the obtained ELISA results
and compared.
2.9.
Statistical Analysis.
Graph Pad Prism 5.0 (Graph Pad Software, San Diego, CA, USA)
was used for the statistical analysis. The ANOVA and Tukey’s
tests were used for the comparison of p values that were greater
than 0.05 were considered as significant.

3. RESULTS
In this study, we demonstrated the bioactivation steps of a
nanofiber for the separation of the unwanted substances from the
liquid medium and then explained the use of this membrane for
the removal of cotinine from the buffer and milk samples. The
prepared nanofibers were uniform and had bead-less morphology.
The diameters were between 110-170 nm. Figure 1 shows a web
of randomly oriented and thermally esterified nanofibers. The
intermolecular interactions between hydroxyl groups (-OH) and
carboxyl groups (-COOH) in the structure of PAA and ester
bonds with higher thermal and hydrolytic stability were formed.
As a result of the thermal esterification reaction, the nanofibers

were cross-linked to insoluble in water, milk and other solvents. A
controlled covalent attachment of antibodies is used to activate the
surface of nanofiber to achieve better homogeneity in antibody
coating. For this covalent attachment numerous coupling strategies
have been developed for immobilizing antibodies on these
surfaces, such as linkages with glutaraldehyde, carbodiimide and
succinimide ester [12,13]. Garcinuno et al [12] reported that
immobilisation using dimethylsuberimidate provides the best
analytical performance with regard to precision, sensitivity and
reusability of the immunosensor. Massolini and Calleri [14]
revealed that in trypsin immobilized systems serves as a separation
Page | 820

Bioactivated poly (vinyl alcohol) /poly(acrylic acid) based nanofiber for high-performance membrane techniques
methods. Masini and Svec [15] revealed that monolithic structures
with a variety of nanoparticles such as gold, silver, metalorganic
frameworks, carbon, graphene, and fullerene can be used for the
columns designed for on-line sample enrichment and/or
modification. They also mentioned that microextraction of nonsteroidal anti-inflammatory drugs from water and urine has been
achieved using the monolithic poly(BuMA-co-EDMA) columns
[15].

shows the effect of medium to the 10, 25, 50, 100 ng/mL cotinine
removal efficiency of the nanofiber. Approximately 91% of
cotinine was removed from the cow milk, 94 % from the breast
milk, 79 % from the PBS by bioactive nanofiber. The cotinine
removal efficiencies of the bioactive nanofiber from spiked
samples were significantly higher in the high cotinine
concentration than the low cotinine concentrations. The use of
bioactive nanofiber in milk samples showed higher cotinine
binding efficiency than in PBS. The reason for the high cotinine
binding in milk samples may be the blocking of the nanofiber with
milk that may result in a more specific antibody-antigen binding.
Although cotinine removal efficiencies of bioactive nanofibers in
cow’s milk and breast milk were close, the best removal was in
breast milk and the lowest removal was in PBS. Nagarajan et al.
[19] revealed that the fabrication of superhydrophilic and
superhydrophobic surface is feasible by surface functionalization .
Park et al showed the use of electrospun poly(acrylic
acid)/poly(vinyl alcohol) nanofibrous adsorbents for Cu(II)
removal from industrial plating wastewater [20].

Figure 1. Thermal Esterification of Hybrid Nanofiber.

When an antibody is covalently immobilized on to the
nanofiber high precision is achieved because the antibody is fixed
on the nanofiber, the sensitivity of the procedure increases. In this
study, cotinine was selected as the substance to be removed and
used to determine the removal efficiency of the bioactive
nanofiber. When selecting cotinine as a model, it is considered the
fact that it is a substance that passes into breast milk and that it is
easy to find breast milk samples containing cotinine. The cotinine
(10, 25, 50 and 100 μg/L) binding efficiencies of bioactive
nanofiber in cow’s milk, breast milk and PBS are shown in Table
2. The removal efficiencies of 10 and 25 ng/mL cotinine from
cow’s milk were significantly lower than the removal of 50 and
100 ng/mL cotinine (Table 2). The removal efficiency of 10
ng/mL cotinine from breast milk and PBS was significantly lower
than the 50 and 100 ng/mL cotinine removal efficiencies (Table
2).
Exposure of infants to nicotine via breast milk is another
way, in addition to inhalation of tobacco smoke [16]. Cotinine
accumulates in breast milk and is ingested in low doses by the
infants [17,18]. Exposure to nicotine in the early stages of life may
affect infant health and hence development and should be removed
from breast milk. After the incubation of bioactive filter and the
smoking mother's milk, the milk cotinine level decreased 94.7 %
(Table 3). Cotinine concentrations, that were added to milk
samples and PBS, were calculated by considering the
concentration range of cotinine in breast milk. The recovery
observed for the spiked breast milk samples was higher than the
recovery obtained for the analyte prepared in PBS. The recovery
values of the bioactive nanofiber were found between 91% and
96% for 10, 25, 50, and 100 ng/mL cotinine (Table 4). Figure 2

Figure 2. Cotinine Removal Efficieny of Bioactive Nanofiber.

In our previous study, fluoxetine was removed both from
breast milk and cow milk by PVA/PAA based nanofiber of which
surface is modified by dimethylsuberimidate [13], in this study the
surface of the nanofiber is modified with both CDI and
dimethylsuberimidate to increase the immobilization rate of
antibody to the PVA/PAA based nanofiber surface. Additionally,
cotinine removal efficiency of the bioactive nanofiber in smoking
mother’s breast milk was found to be 94.7%. This value was
consistent with the efficiency found in the spiked breast milk
samples. The bioactive nanofiber was active at 4°C for 3 months.
As the highest efficiency was obtained in breast milk, the
reproducibility of the bioactive nanofiber was evaluated with the
validation analysis in this sample type. The reproducibility results
of the bioactive filter were acceptable. The recovery values of 10,
25, 50, and 100 ng/mL cotinine shows the accuracy of the
bioactive nanofiber. Recoveries between 70 % to 130 % are
accepted as good recovery. In this study, the recovery value of the
bioactive nanofiber was found between 91% and 96% for 10, 25,
50, and 100 ng/mL cotinine.
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Table 2. Cotinine removal efficiencies of the nanofiber in cow’s milk, breast milk and phosphate buffer
Cotinine
10 ng/mL
25 ng/mL
50 ng/mL
100 ng/ ml
Mean
SD
Mean
SD
Mean SD
Mean
SD
88.20 0.76 ∆*
87.30
1.12∆ * 94.10 1.07
94.60 1.13
Cow’s milk
91.20 2.13 ∆, *
93.10
2.86
95.70 2.28
96.20 3.22
Breast milk
71.38 1.39 ∆, *
78.50
1.05
82.50 0.71
83.40 0.92
PBS
SD: Standard Deviation PBS: Phosohate buffer, ∆ : p<0.05 compared to 50 ng/mL,
* : p<0.05, compared to 100 ng/mL, n=20
Table 3. Cotinine Removal Efficiency of breast milk filter from smoking mother’s breast milk.
Before Filtration
After Filtration
Cotinine Removal
Mean
SD
Mean
SD
Efficiency %
Cotinine in
52.74
0.41
2.82
0.19
94.7
Breast Milk
(ng/mL)
SD: Standard deviation, n=6
Table 4. Recovery, repeatability and repeatability limit levels of the breastmilk filter usage.
Spiked Cotinine
RSD %
Recovery (%)
r
(ng/mL)
2.34
10.65
91.2
10
3.07
14.3
93.1
25
2.38
11.4
95.7
50
3.35
16.1
96.2
100
RSD: relative standard deviation, r: repeatability limit, n = 20.

4. CONCLUSIONS
The bioactive nanofiber creates a paradigm for the removal
of unwanted chemicals from the milk and/or the buffer solution
with its nano-technological background. This bioactive nanofiber
can also be used to remove one or more substances that interfere
with each other and affect the results of the blood analysis.

Different kinds of bioactive nanofibers can also be
developed for the removal of drugs from the breast milk. Thus,
infants whose mothers are being treated with drugs or exposed to
other chemicals can also be protected. The hypothesis and
methods of this study are protected by intellectual property.
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