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Abstract
The preparation of portable colorimetric biosensor strips is described by combining aptamer-immobilized electrospun nanofiber
membranes (A-NFMs) with signal probes (DNA-conjugated gold nanoparticles (AuNPs)) for determination of kanamycin
(KMC) as a model analyte. The A-NFMs were decorated with complementary single-stranded DNA (cDNA) of KMC
aptamer-conjugated AuNPs (cDNA@Au) to get the colorimetric biosensor strips. The constructed biosensor strips showed a
significant absorbance decreasing band at 510 nmwhich induce a visual color change from pink to white when exposed to KMC,
with a low detection limit of 2.5 nM (at S/N = 3). The effect is due to disassembling of cDNA@Au fromNFMs in the presence of
KMC because the aptamer has a higher affinity to KMC than its complementary DNA, which resulted in replacing cDNA@Au
with KMC. Satisfactory performance was observed in real sample (drinking water and milk) analysis with a recovery of 98.9–
102.2%. The constructed colorimetric biosensor test strips hold great application promise for food safety control.
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Introduction

A global rise in new diseases is emerging coupled with the
increase of antimicrobial resistancewhich threaten humanity’s
booming population, and it is responsible for 33,000 annual
deaths in Europe alone [1, 2]. By the year 2050, the antibiotic
resistant superbugs will be surpassing cancer as the leading
cause of mortality worldwide [3, 4]. One of the factors that has
led to this crisis is the antibiotics abuse in livestock breeding

[5]. Therefore, advancements in antibiotic residue determina-
tion have gained considerable traction as a food safety mea-
sure. To detect antibiotics residual in animal-derived food,
various methods, such as gas chromatography-mass spec-
trometry [6, 7], high-performance liquid chromatography
(HPLC) [8], and high-performance liquid chromatography-
tandem mass spectrometry [9], are conducted. These methods
present high reliability, sensitivity, and selectivity; however,
they also require for expensive equipment and trained opera-
tors [10, 11]. Thus, it is highly demanded to promote inexpen-
sive, rapid, and accurate methods.

Common people always prefer tools that have cleared test
process, easy-used procedure, and intuitionistic readout; there-
fore, point-of-care testing (POCT) methods have an unparal-
leled attraction in monitoring antibiotic residues in food sam-
ples [12]. As one of the most popular POCT methods,
enzyme-linked immunosorbent assay (ELISA) kit is a user-
friendly method, but it still suffers the intrinsic limitation of
expensive antibody, and requires harsh preservation condition
and batch-to-batch variations of quality [13]. Despite desirable
progress have been achieved, there is still an urgent demand to
explore stable methods for the quick screening of antibiotics
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in food. Another issue may result from the shortage of proper
carrier materials to instead of nitrocellulose filter papers for
recognition ligands decorating [14]. In comparison with anti-
bodies, aptamers, single-stranded DNA oligomers, have great
advantages for small molecule determination. When the mo-
lecular weight of molecules is smaller than 2000 g mol−1, spe-
cific antibody is usually hard to generate due to insufficient
immunogenicity, but the small molecule aptamers possess
great affinity and specificity to the target [15]. Consequently,
aptasensor methods have been developed for antibiotic resi-
dues determination using different electrochemical [16], mi-
crochip electrophoresis [17], fluorescent [18, 19], and colori-
metric schemes [20]. Out of these, colorimetric aptasensor has
several advantages owing to their capacity to carry out fast and
low-cost portability and simplicity [21]. Up to now, almost all
of the existing colorimetric aptasensors are colloid-based as-
says, which is created by controlling the assembly and disas-
sembly of gold nanoparticle (AuNP) colloid aptamer conju-
gates [22, 23]. However, aptasensor strips have never been
developed due to the limited availability of suitable carrier
materials.

Over the last years, it has been demonstrated that introduc-
ing electrospun nanofibrous membranes (NFMs) as the plat-
form for recognition element functionalization can sustainably
improve sensitivity and portability [24, 25]. Electrospinning is
a simple but powerful technique, which can help fabricate
NFMs with self-standing structure, high specific surface area
(SSA), and porosity, and easy to functionalize. Additionally,
with interrelated tortuous porous structures, the analyte diffu-
sion can facilitate and accelerate the interaction between ana-
lyte and recognition sites [26]. Hence, it can be employed to
label aptamer as probes and fabricate test strips for the deter-
mination of antibiotics. So far, studies on NFM-based antibi-
otics colorimetric sensors have not been available. Moreover,
the crux of the matter is that the Au and aptamer are investi-
gated separately, only focus on AuNPs decorated NFMs for
photocatalysis [27], or aptamer-immobilized NFMs for elec-
trochemical recognizing [28]. Researchers before have never
systematically addressed the significance of integrating
aptamer-AuNPs bioconjugates with NFMs together for color-
imetric sensing.

Considering the above findings, a stable and portable col-
orimetric strip was constructed for detecting kanamycin
(KMC) as a model analyte. In particular, a nanofibrous carrier
with carboxyl groups was fabricated by grafting glutamic acid
(GA) into cellulose acetate (CA) (G-CA NFMs). In this assay,
a KMC aptamer was first labeled on G-CA NFMs. Secondly,
the signal probes consisting of a complementary single-
stranded DNA (cDNA) of KMC aptamer-conjugated AuNPs
were hybridized with aptamer on G-CA NFMs. In the pres-
ence of KMC, because the aptamer presents higher affinity to
the target than to its complementary DNA, the KMC can
replace the cDNA then the signal probes would disassembly

from G-CA NFMs finally. These test strips were successfully
employed to detect KMC residues in food samples. All results
prove that our biosensor strips can be widely applied for fast,
sensitive, and portable recognition of KMC in real samples.

Experimental

Materials and reagents

All chemicals were utilized as received without any further
purification and acquired from sources. Hydrogen tetrachlo-
roaurate (III), acetone, N, N-dimethylacetamide (DMAc), so-
dium hydroxide (NaOH), hydrochloric acid (HCl), sodium
chloride (NaCl), trisodium citrate, nitric acid (HNO3), N-
h y d r o x y s u c c i n i m d e ( N H S ) , 1 - e t h y l -
3-(3-(dimethylamino)propyl) carbodiimide (EDC), CA
(39.8 wt%, Mw = 30,000), and GA were procured from
Shanghai Aladdin Biochemical Technology Co., Ltd. (http://
www.aladdin-e.com). Phosphate-buffered saline (PBS, 0.2M,
pH 7.4) (raising to pH 8.0 by adding KOH) and 2-(N-
morpholino) ethanesulfonic acid (MES, 50 mM, pH = 5.5)
were gained from Quality Life Technologies Co., Ltd.
(http://www.cnqlt.com). All the antibiotics were bought
from Shanghai Adamas Reagent Co., Ltd. (http://www.
adamas-beta.com). The KMC aptamer DNA [29] (5′-NH2-
TGGGGGTTGAGGCTAAGCCGA- 3 ′ ) a n d i t s
complementary single-stranded DNA (cDNA, 3′-TCGG
CTTAGCCTCAACCCCCA-5′) were purchased from
Songon Biotech Shanghai Co., Ltd. (http://www.life-biotech.
com) and purified by HPLC. The milk sample was bought
from a local supermarket.

Synthesis of signal probe (cDNA-conjugated AuNPs)

All glasswares for the experiments were utterly immersed
overnight in aqua regia (HCl/HNO3, 3/1 v/v) before use.
The citrate reduction method has been applied to the synthesis
AuNPs [24]. Concisely, 10 mL of trisodium citrate (1%) was
quickly added to the boiling solution of 100 mL of hydrogen
tetrachloroaurate (III) (1.0 mM) under vigorous and constant
stirring for 15 min to award a wine-red solution. After that, the
solution was cooled down gradually to the room temperature
(RT) under continuous stirring and then stored in a refrigerator
until use. The bioconjugation of AuNPs with cDNA was
achieved by incubation 2 mL AuNPs with 25 μL of the
cDNA (1 μM) under continuous stirring for 25 min in a dark
environment at RT. The impurities were extracted by
centrifuging the bioconjugates at 12000 rpm for 20 min. The
precipitated cDNA@ Au bioconjugates were re-suspended in
2 mL PBS (pH 8.0) and kept at 4 °C until use. In such condi-
tion, the aptamer showed strong binding affinities to KMC
with Kd lower than 100 nM (Fig. S1).
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Fabrication of nanofibrous carrier (G-CA NFMs)

Typically, a homogeneous solution of 15 wt% CA in a solvent
mixture of DMAc and acetone (1/2, wt/wt) was prepared.
Electrospinning procedure was carried out using a syringe
and a 19G needle with a flat tip at a voltage of 15 kV and a
feeding rate of 1 mL h−1. The CA NFMs were collected on an
oilpaper sheet that was located 15 cm apart from the needle
under a relative humidity of 30% and temperature of 28 °C.
The residual solvents were removed by drying the NFMs in an
oven at 200 °C for 1.5 h. The CA NFM thickness was con-
trolled within 100 μm. Secondly, GAwas grafted onto the CA
NFMs using the alkaline reaction as depicted in Fig. S2. The
grafting of the GA was achieved by direct reaction of the GA
(2 g) with CA NFMs (0.5 g) by contact with ultrapure water
(250 mL) under reflux for 96 h after the pH had been con-
trolled to 9.5 ~ 10 (with a molar NaOH solution). The CA
NFMs were then washed several times with ethanol and ultra-
pure water (until neutral pH) before being air-dried at RT for
24 h. The obtained grafted reaction between the GA and CA
NFMs resulted in the formation of covalent bonds between
amino groups of the GA and acetate groups of CA.

Preparation of test strips and experimented for KMC
determination

To prepare the biosensor strips, the obtained G-CA NFMwith
a size of 1 cm × 1 cm was immersed and incubated in 50 mL
of EDC/NHS solution for 1 h and dried at RT. The EDC/NHS
solution was prepared by adding EDC (0.3 g) and NHS (0.2 g)
to deionized water (50 mL). Then, the activated G-CA NFMs
were incubated in 100 μL of aptamer (10 μM) in 5.0 mL of
50 mM MES buffer (pH = 5.5) at RT for 4 h. The unspecific
adsorption was removed by rinsing with 5 mL of PBS for 3
times and the obtained aptamer-immobilized G-CA (AG-CA)
NFMs were stored in PBS for further use.

Subsequently, the signal probes were assembled on the
AG-CA NFMs by hybrid with the aptamer DNA [30, 31].
Briefly, the signal solution was dotting onto AG-CA NFMs
several times (1 to 9 times). Each time, 10 μL of signal probes
was dotted on (1 cm × 1 cm) AG-CA NFMs and air-dried at
RT for 2 h. Then, the AG-CA NFMs assembled with signal
probes were washed by 5 mL of PBS for 3 times and air-dried
at RT for 2 h to acquire the biosensor strips with pink color.

Determination of KMC residues

The typical biosensing experiment of antibiotics was achieved
as follows: antibiotics solutions (100 μL) of concentrations
(2.5 ~ 80 nM) in PBS buffer were directly applied on colori-
metric biosensor strips for 10 min at RT then washed by 5 mL
of PBS and air-dried at RT for 20 min. The milk was

pretreated to remove various proteins as shown in the
Electronic Supporting Material (ESM).

Characterization

The characterization details were presented in the ESM.

Results and discussion

Design and principle of aptamer-based biosensor
strips

The objective of the aptamer-based biosensor strips,
consisting of signal probes (cDNA-conjugated AuNPs)
and nanofibrous carriers, was shown in Scheme 1.
While KMC was recruited as a model antibiotic to il-
lustrate our strategy, firstly the signal probes were pre-
pared by attaching of AuNPs covelantly to cDNA (a
complementary single-stranded DNA of KMC aptamer).
Moreover, a nanofibrous carrier for the signal probe was
fabricated by electrospinning and modification.
Generally, the nanofibrous carrier was designed based
on three criteria. First, the solid nanofibrous carrier
should have excellent hydrophilicity, large SSA, and
high porosity. Second, specific chemical groups to in-
teract with signal probes should be modified onto the
NFM surface, which provided a large quantity active
sites for assembling signal probes stably. Third, the dis-
assembly of the signal probe from carrier can only trig-
ger by KMC during the determination. The first criteri-
on is fulfilled by choosing CA NFM as a primary plat-
form, owing to their hierarchically multi-branching po-
rous structure with large SSA [32]. To satisfy the last
two requirements, our carrier design is based on DNA
hybridization and aptamer-target complex interaction.
Because the GA-grafted CA NFMs with plenty of car-
boxyl groups on the surface, it can be considered a
suitable platform to label aptamer with amino groups
[26]. Moreover, since the cDNA is the complementary
DNA of aptamer, the signal probes constructed with
cDNA and AuNPs were spontaneously hybridized with
aptamer on the G-CA NFMs. In this case, signal probes
are successfully assembled on the surface of the
nanofibrous carrier, which would appear pink in color.
During the KMC determination, the aptamer will pref-
erentially bind with the added analyte via strong affinity
effects (for example, hydrogen bonding, electrostatic
forces, and spatial matching). Because the aptamer has
a higher affinity to KMC than to its complementary
DNA, the KMC can replace the signal probes then
KMC-aptamer complex would be formed. Finally, the
signal probes are released from carrier to the solution
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media and the color of biosensor strips changes from
pink to white.

Synthesis and characterization of cDNA@Au signal
probes

As illustrated in Fig. 1a, the AuNPs showed typical extinction
spectra for such particles with a maximum located at 517 nm
due to the excitation of plasmons. For citrate-protected
AuNPs, NP usually carries inter-particle electrostatic repul-
sion due to the preexisting citrate groups on the surface.
After the bioconjugation process, the extinction maximum
slightly shifted to around 525 nm as shown in Fig. 1a, and
this phenomenon revealed that the cDNA-coated AuNPs were
successfully formed [33]. cDNA with 21 bases in length was
incubated with unmodified AuNPs, and van der Waals attrac-
tion between cDNA and AuNPs is strong compared with the
repulsion between cDNA and negatively charged AuNPs.
Therefore, the cDNA can adsorb on AuNPs gradually. It is
worthy to mention that there is no observed color change after

the bioconjugation process, as can be seen from Fig. 1d.
AuNPs and cDNA@Au suspension were further investigated
using TEM. The corresponding TEM images of AuNPs and
cDNA@Au suspension were displayed in Fig. 1b and c. Both
bare and conjugatedAuNPs showedmonodisperse and spher-
ical morphologies, with a size range between 15 and 20 nm.
Compared with AuNPs, a thin halo layer was observed around
cDNA@Au, which was the signal of successful cDNA ad-
sorption on the surface of the AuNPs. Evidence for the
bioconjugation of the AuNPs with cDNA also came from
Fig. S3. The addition of NaCl (50 mM) led to the aggregation
of AuNPs, while there is no aggregation in the case of
cDNA@Au. Increasing the ionic strength of the AuNPs led
to disrupting the charge balance between the NPs.
Consequently, the addition of enough salt can screen the re-
pulsion between the NPs, leading to salt-induced aggregation.
Nevertheless, cDNA is a random coil structure that adsorbs
significantly to the AuNPs thus helping to stabilize the AuNPs
at high salt concentration [34]. Moreover, the particle size
distributions of AuNPs and cDNA@Au were measured by

Fig. 1 a Ultraviolet-visible (UV-
Vis) absorption spectra of water,
AuNPs, and cDNA@Au. TEM
images of b AuNPs and c
cDNA@Au. d The photographic
images of water, AuNPs, and
cDNA@Au. e Dynamic light
scattering (DSL) and f zeta po-
tential of AuNPs and cDNA@Au

Scheme 1 Schematic illustration of the fabrication of CA, G-CA, and AG-CA NFMs, synthesis of AuNPs and their bioconjugation with cDNA,
assembly of cDNA@Au onto the surface of the NFMs, and KMC biosensing process
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DLS. As shown in Fig. 1e, both samples showed a narrow
diameter distribution; these results revealed that no aggrega-
tion occurred during the synthesis and bioconjugation pro-
cesses. The average hydrodynamic radius estimated from
DLS measurements was changed from 17.5 to 19.8 nm.
Additionally, the surface zeta potential was changed from
about − 45 mV to about − 58 mV, indicating that large
amounts of negatively charged nucleic acid have stranded
onto the surface of AuNPs (see Fig. 1f) [35].

Construction of the nanofibrous carrier

Endeavoring to offer a NFM-based carrier for signal probes
assemblingwith some specific chemical bonds, GAwas firstly
grafted onto CA NFMs. The morphological behavior of CA
and G-CA NFMs have been compared by FE-SEM as
depicted in Fig. 2a and b. After the grafting process, fiber
swelling phenomenon can be observed in the G-CA sample,
yielding to a nanofiber diameter increasing as shown in Fig.
S4a and b (more details were presented in the ESM). The FE-
SEM results indicated that no deformation had been observed
on the structure of NFMs after the modification process.
Notably, as presented in corresponding contact angle images
inserted in Fig. 2a and b, the wettability of CA NFMs
(WCA = 125°) shifted to superhydrophilic after the GA
modification.

The confirmation of the CA NFM modification through
amide bond also came from FTIR spectral analysis. FTIR
spectra of a GA, CA, and G-CA NFMs are presented in Fig.
2c (more details were presented in the ESM). The results

suggested the covalent attachment of GA to the surface of
CA NFMs through the formation of an amide bond, which
was in good accord with the chemical structures of CA and
GA. Thus, we derive that the GA-grafted CA NFMs with
large SSA and the carboxylic acid groups have been fabricated
successfully.

Furthermore, the TGA curves of GA, CA, and G-CA are
presented in Fig. 2d. These results demonstrated that the CA
have less water absorbability than G-CA. This phenomenon
was an indication of the grafting of polar groups on the surface
of CA NFMs [36]. To further verify the successful grafting of
GA on CA NFMs, XPS was also applied to characterize the
surface of the CA and G-CA NFMs. As seen in the XPS
spectrum of the CA and G-CA, NFMs are presented in the
inset in Fig. 2e. Just C1s and O1s bands appeared in the case
of CA NFMs, while, a new band at binding energies of about
399.6 eV for N1s was observed in the spectrum of the G-CA
NFMs, which can be attributed to amide groups. [37].
Consequently, the FE-SEM images and the ATR-FTIR spec-
tra simultaneously with the TGA and the XPS spectra prove
that GA has been grafted successfully onto CA NFMs with
through the amide bond.

Since the performance of colorimetric recognition strongly
relies on SSA [38], the SSA of the CA NFMs before and after
the grafting process was examined through theN2 adsorption–
desorption technique. As seen in Fig. 2f, both curves repre-
sented type IV isotherm hysteresis based on the International
Union of Pure and Applied Chemistry (IUPAC) classification.
Besides, the tight H3 hysteresis loop demonstrates that the
mesopores are unlocked; therefore, there is no considerable

Fig. 2 Representative FE-SEM images of a CA NFMs and b G-CA
NFMs. c FTIR spectra and d TGA patterns of GA, CA NFMs, and G-
CANFMs. eN 1s spectra of CA and G-CANFMs and the corresponding

XPS survey spectra are shown as inserts. f The nitrogen adsorption–
desorption isotherms of CA and G-CA NFMs
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interruption in-between capillary evaporation and N2 conden-
sation. BET SSA of G-CA NFM decreases slightly after
chemical treatment due to the increase of the fiber diameter
and surface roughness. This increase in fiber diameter repre-
sents a significant role in decreasing the SSA [39].

In order to construct a nanofibrous carrier for signal probe
assembling, aptamer was immobilized on G-CA (AG-CA)
NFMs for cDNA in signal probe hybridization. To confirm
the desired structure, FE-SEM and XPS were employed to
characterize the nanofibrous carrier. As shown in Fig. S5a,
the feature of nanofibrous structure varied in the AG-CA
NFM, and wrinkled fiber surfaces and a slight increase in
average diameter were observed. Moreover, the evidence of
successful aptamer immobilizationwas provided in XPS spec-
tra (Fig. S6) (more details were presented in the ESM). Here,
the results proved that aptamer has been well immobilized
through the reaction between the COOH group on the G-CA
NFMs and the NH2 group of the aptamers and formation of
CONH. The results meant that the AG-CA NFM acts as a
carrier for signal probe assembling.

Characterization of signal probe assembled
nanofibrous carrier

To verify whether the signal probe hybridization with the
aptamers on the nanofibrous carrier surface can be established,
a representative sample is prepared by incubating nanofibrous
carrier with excessive signal probes to ensure the full combi-
nation. It can be clearly seen from the photograph of the rep-
resentative sample that assembly process has produced an
obvious color change from white to pink (Fig. S4b). In addi-
tion, after assembling, the monodisperse signal probes were
well distributed on AG-CA NFMs without an obvious change
in the particle size and shape as shown in the corresponding
FE-SEM image (Fig. S5b). The aforementioned facts prove
that the signal probes can be assembled on the nanofibrous
carrier successfully.

To optimize the assembling amount of signal probes, dif-
ferent spotting time were designed. The assembling amount of
signal probes onto the AG-CA NFMs was multiplying with
the spotting time’s increases as can be seen from the UV-vis
spectra in Fig. S7a. The absorption peak of probe-assembled
AG-CA NFMs was located at 510 nm. Noteworthy, the inten-
sity of the signal probe-assembled AG-CA NFMs was also
increasing as the spotting time is prolonging. However, RGB
analysis data showed GRB sum reached a relatively stable
region after 7 times (Fig. S7b). Therefore, spotting signal
probes onto G-CA NFMs for 7 times were utilized as the
optimal spotting time to prepare our biosensor strips, which
is presented in pink color as shown in Fig. S7c.

Before our biosensor strips brought into use, EDX was
used to study the surface chemical compositions of biosensor
strips and verify their possibility to recognize KMC. The EDX

spectra showed that C, N, and Owere themain elements of the
G-CA NFMs as represented in Fig. S8. Besides that, the
weight ratio and EDXmapping of the corresponding elements
were also inserted in Fig. S8. Noteworthy, Au element band
has indeed existed in the EDX spectrum after spotting of sig-
nal probes, which is indicating assembly of cDNA@Au suc-
cessfully on the NFMs again. After our strips reacted with
KMC (60 nM, for 10 min), the pink color vanished. As shown
in Fig. S5c, no particle-shaped structures can be observed on
the carrier, which was in accordance with the color change,
and this is in the light of the fact due to the leaching out of
AuNPs. As displayed in Fig. S8, after KMC recognition, the
weight of Au element is also decreased, which harmonize with
the FE-SEM results reminded above (Fig. S5).

Additionally, the stability of signal probes on the biosensor
strips was also checked by soaking the strips in the PBS buffer
under continuous stirring at room temperature. They were
taken out and used to detect KMC after 2, 5, 7, 15, 30, 60,

Fig. 3 a UV–vis absorption spectra. b ΔC obtained from RGB values of
the colorimetric strips after soaking in the PBS of various storage time
then used to detect KMC. Insets show the corresponding optical images
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and 90 h. As exhibited in Fig. 3a, the biosensor strip color
does not change after 90 h immersion. Here, the results indi-
cating signal probes were stably and firmly assembled on the
surface of the nanofibrous carrier. Likewise, as presented in
Fig. 3b, the detectability of the biosensor strips displayed that
no significant change in the C value occurs after soaking the
strips in PBS for 90 h (the decrease of the C value was
within 2.39–10.9%). Besides, the storage lifetime of the col-
orimetric biosensor was also checked by soaking the packed
samples for half year. As can be seen from Fig. S9, no signif-
icant change in the C value occurs after soaking the packed
samples for half year (the decrease of the C value was within
1.5–11.5%). Here, the results indicating our strips showed
satisfactory storability without losing their detectability.

Sensing performance of biosensor strips

The sensing performance of the strips was evaluated upon
exposure of the strips to different concentrations of KMC
and incubation for 10 min at RT. As can be seen in Fig. 4a,
due to rising of KMC concentration from 2.5 to 80 nM, the
absorbance intensities of the biosensor strips at 510 nm de-
creased progressively, indicating an increase of AuNPs
detaching rate owing to the effect of KMC as an accelerated
agent. In addition, comparison color difference ( C) values
achieved from RGB values of the biosensor strips before and
after determination of KMC demonstrated a perfect linear re-
lationship with the KMC concentration ranging from 2.5 to
80 nM (y = 4.073x+71.345) (R2 = 0.995). Figure 4c offers
photographs of the biosensor strips after recognition of differ-
ent KMC concentrations. Notably, the pink gradually
vanished to white lightened with an increase in KMC concen-
tration. However, the color changes of the biosensor strips
even at 2.5 nM of KMC were still visually evident. For im-
proving visual detectable of the biosensor strips, the color

change was quantitatively evaluated by using RGB data.
Figure 4b shows the ΔSUM values of the biosensor strips
before and after exposure to different KMC concentrations.
Noteworthy, the biosensor strips had detectability of concen-
tration lower than 2.5 nM of KMC. Figure 4b displays also
ΔR, ΔG, and ΔB values of the biosensor strips before and
after exposure to different KMC concentrations. Worthwhile
that a ΔG was the most pronounced, while ΔR is rarely al-
tered, which is probably due to pink–white color transforma-
tion. Besides, the biosensor strips exhibited a remarkable sen-
sitivity toward KMC compared with aptamers studied in ear-
lier published reports for colorimetric recognition (Table S1).
Here, the results referenced that visual recognition can be
applying, which has various features such as high-sensitive,
fast, easy to use, and relatively cheap for KMC recognition.

Moreover, the biosensor strips were exposed to different
antibiotics including azithromycin (AZM), Chloramphenicol
(CAM), cephalexin (CEF), Gentamicin (GEN), KMC, neo-
mycin (NMC), norfloxacin (NRFX), oxytetracycline (OTC),
Penicillin G (PC-G), and Sulfadiazine (SDZ) to study the se-
lectivity property. As presented in Fig. S10, no color changes
existed, which indicates that our colorimetric biosensor strip
shows superior selectivity toward KMC.

Furthermore, the biosensor strips were applied for real sam-
ples including drinking water and milk by spiking them with
various KMC concentrations. Subsequently, the biosensor
strips, as well as ICP-AES, have determined the concentra-
tions. Noteworthy, our results are in perfect congruence with
results achieved by ICP-AES. Further, the average recoveries
that we got are in the range of 98.608 ~ 103.224% for drinking
water and 98.904 ~ 102.25% for milk, while the relative stan-
dard derivations found are between 1.061 ~ 1.37% for drink-
ing water and 1.014 ~ 1.755% for milk (Table S2). This results
demonstrated that the fabricated biosensor strips have good
sensitivity to determine KMC from drinking water and milk,

Fig. 4 a UV–vis absorption
spectra, b RGB color change, and
c optical images of the colorimet-
ric strips after incubated in opti-
mized leaching liquor added with
various concentrations of KMC
for 10 min. Inset of a the linear
curve between ΔC obtained from
RGB values of the strip before
and after determination of KMC
and concentration

Microchim Acta         (2020) 187:360 Page 7 of 9   360 



which will have promising applicability for determination of
KMC in real samples. However, the preparation process of the
colorimetric biosensor strip is very long. Moreover, such bio-
sensors can be applied as a useful screening tool to determine
the antibiotics, if they have been commercially available.

Conclusions

We have successfully presented a novel strategy for optical
biosensing of KMC. For the first time, nanofibers were deco-
rated with aptamers with portability and stability. cDNA@Au,
as the colorimetric agent, was stably assembled on the surface
of aptamer-immobilized GA-grafted CA NFMs via DNA-
DNA hybridization. Benefit from the excellent affinity of the
aptamer to KMC, the signal probes immediately disassembled
from the carrier when test strips interact with the target. As a
result, the designed biosensor strips effectively combined the
advantageous features of electrospun NFMs, AuNPs, and high
specificity of aptamers that eventually produced a low detec-
tion limit, which can visually observe the resultant color
change. Moreover, this method exhibited excellent selectivity
and applicability to determine KMC in drinking water and
milk.
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