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Abstract

Background: Silver nanoparticles (AgNPs) can be easily obtained in aqueous solution
by chemical reduction using appropriate reducing agents and stabilizers. The
development of environmentally-friendly methods using non-toxic solvents and reagents
has become an alternative for the synthesis of these particles and their future application
as sensor probe for agricultural products. In this work a straightforward method based
on green tea extracts as reducing and capping agent is proposed for the synthesis of
AgNPs, followed by their evaluation as sensing platform for determination of tetracycline
in honey samples.

Results: Highly-stable nanoparticles were easily obtained by combining green tea
agueous extracts and ultrasound irradiation during 2 min. The as-synthesized AgNPs,
spherical in shape and with average size of 8.5 nm, were evaluated for determination of
tetracycline by following the changes on the localized surface plasmon resonance band
(LSPR) at 450 nm induced by the presence of this antibiotic at pH=5.8. The method was
successfully applied in the concentration range between 200 and 800 pg L with R? >
0.996 and limit of detection (LOD) of 52.7 ug L . Multiple honey samples were analyzed
and obtained recovery values were ranged between 82.8 — 116 %, with relative standard
deviation values lower than 6.69%.

Conclusion: Obtained results demonstrate the synthesized AgNPs, only using green
tea extracts, represents a promising and sustainable alternative tool for the cost-effective

determination of tetracycline antibiotics in honey.
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1. INTRODUCTION

Tetracyclines (TCs) are a class of broad-spectrum antibiotics that have been
widely applied in veterinary medicine due to their effective antimicrobial properties and
low cost. These compounds are often administered through food or applied directly to
the animal, not only to treat bacterial diseases, but also for preventive and prophylactic
purposes. However, the abuse of these antibiotics can lead to the proliferation of
resistant bacteria and potential accumulation in the human body through the intake of
food from animal origin, including milk, meat and honey, among others?. Regarding their
occurrence in apiculture products, several countries have established maximum residue
levels (MRLs) for TCs in honey, while others banned their use® 4. Particularly, Argentina
is the third largest producer and exporter of honey worldwide, so the quality of this
product must fulfil the international standards and commercial requirements®. Most of the
analytical methods applied for determination of TCs are based on the high performance
liquid chromatography (HPLC) with UV-Vis detection, molecular fluorescence or mass
spectrometry (MS) 2 6. However, chromatography-based methods require expensive
instrumentation, as well as high-purity reagents that are often not entirely
environmentally friendly and cheap. For this reason, the development of simple and low-
cost methods, with minimal consumption of samples and reagents, for determination of
TCs residues in honey is highly required.

In the last years, the application of nanosensors for optical detection of TCs has
emerged as alternative to the conventional methodologies” 8. Particularly, optical
sensors based on the localized surface plasmon resonance band (LSPR) of metallic
nanoparticles, such as gold and silver, have attracted attention for determination of TCs
because their good reproducibility and overall performance’. LSPR is induced by the
absorption and/or scattering of radiation due to the oscillation of the conduction electrons
at the surface of the particle. This phenomenon is very sensitive to the refractive index
and is strongly affected by the particle size, shape, inter-particle distance of
nanoparticles, and also by the interaction with target molecules, including TCs 2 °.

Silver nanoparticles (AgNPs) can be easily obtained in aqueous solution by
chemical reduction of Ag* ions to Ag® using appropriate reducing agents and stabilizers
to prevent their aggregation'® 1. However, in most of the cases, highly reactive and toxic
chemicals, such as sodium borohydride, are employed along with organic agents,
including surfactants, polymers, and solvents, which can generate harmful effects to the
environment and living organisms. Hence, the development of environmentally-friendly
methods using non-toxic solvents and reagents has become a challenge for the
synthesis of nanoparticles. Mainly, the use of natural, renewable and widely distributed
sources, such as plants, roots and fungi, that have compounds with reducing and



stabilizing properties, including polyphenols, flavonoids, carbohydrates and vitamins, is
receiving great attention'2 13, The use of green tea for generation of AQNPs was recently
proposed because of the synergistic effect between both, the antioxidant and anti-
inflammatory properties of tea components and antimicrobial effects of nanopatrticles,
leading for biomedical and industrial applications'? 4. Nevertheless, the use of AgNPs,
obtained by green tea extracts as unique source of reducing and stabilizing compounds,
has not been yet explored as sensor for TC determination.

In this work, an environmentally-friendly method based on green tea extracts and
ultrasound energy is presented for the generation of AGNPs in aqueous solution. The as-
synthesized particles are then proposed as chemical sensor to evaluate the TCs

concentration in multiple honey samples.

2. MATERIAL AND METHODS
2.1 Reagents and solutions

The reagents used were of analytical grade and all solutions were prepared with
ultrapure water. Tetracycline hydrochloride (TC) was obtained from Parafarm (Argentina)
and used to prepare a 1000 mg L stock solution in methanol (Anedra, Argentina). This
solution was kept at 4°C under light protection. A working solution of 100 mg L was
prepared by taking 1.00 mL of the TC stock solution and diluting to 10.00 mL with
ultrapure water. For the synthesis of AgNPs in aqueous solution, 8 mg mL* 0.8% (w/v)
green tea extract, 0.1 M NaOH (Cicarelli, Argentina) and 0.1000 M AgNOs (Biopack,
Argentina) were selected. Folin Ciocalteu reagent (Biopack), gallic acid (Biopack) and
Na.CO;s; (Anedra) were used to determine the total polyphenolic content in the tea
extracts. Regarding the flavonoid content, AICI; (Merck, Germany) and quercetin
(Cicarelli) were used. Disodium phosphate (Timper, Argentina) and sodium dihydrogen
phosphate (Cicarelli) were used to prepare a 0.020 mol L phosphate buffer solution
(pH= 5.8 £ 0.1) while disodium phosphate and citric acid (Timper) were used to prepare
a Mclvaine Buffer (pH= 4.1 = 0.1). A mixture of methanol and ammonia (90:10 v/v) was

used as the elution solvent in the solid phase extraction (SPE) procedure.

2.2 Tea selection and preparation of agueous extracts

Black tea, two of local brands and one international, and three kinds of green tea
with the same origin as the previous ones were selected to assure the natural variability

of tea composition. Subsequently, a quartering process was carried out for all types of



tea, thus ensuring the representativeness of the laboratory subsamples. Then, 0.8 g of
dried tea leaves were added to 100 mL of ultrapure water to obtain the aqueous extracts.
The mixture was boiled for 20 min, cooled to room temperature (22°C), filtered with
Whatman® paper (8um pore size) and stored at 4°C under light protection for further

analysis.

2.2.1 Determination of total phenolic content and flavonoids

The total polyphenols content in the tea extract was analyzed by the reference
method (Folin Ciocalteu) 1°. A calibration curve was constructed in the concentration
range between 2.0 - 10 mg L of gallic acid. Subsequently, 55 uL of the tea extract (8
mg mL1) were taken, mixed with 500 uL of the Folin-Ciocalteau reagent, 1.5 mL of the
100 mg mL* Na,COs solution and made up to a final volume of 10.00 mL with ultrapure
water. After reacting for 2 h absorbance was measured at 765 nm using an UV-Vis
spectrophotometer (Agilent Cary 60, Agilent Technologies, USA). The quantitative
determination of flavonoids was carried out by the Zhishen's method based on the use
of AICI; 8. A calibration curve (2.5 - 30 mg L) was prepared by directly mixing 2.50 mL
of 20 mg mL* solution with different volumes of a 277 mg L' quercetin working solution,
to a final volume of 5.00 mL. In the case of the tea extract, 364 L were taken and treated
in the same way as the standard solutions. Standard solutions and tea extracts were left
for reaction during 10 min and then quantification of flavonoids was performed at 415

nm.

2.3 Synthesis and characterization of AQNPs

AgNPs were easily obtained by adding 3.75 mL of the tea extract (8 mg mL™), 40
pL of 0.1000 M AgNOs3, 240 pL of 0.1 M NaOH, and 970 pL of ultrapure water in a glass
tube. The mixture was sonicated with an ultrasound bath (BK-9050, 40 KHz, Baku,
China) for 2 min (50W, 22°C) until a change in the color of the solution from colorless to
brownish-yellow indicated the formation of AgNPs. Suspension of nanoparticles were
kept at 4°C under light protection for further analysis.

The LSPR of AgNPs were analyzed by UV-Vis spectroscopy and spectra were
collected in the range between 300 and 800 nm. Morphology and size of AQNPs were
determined by transmission electron microscopy-TEM (JEOL 100 CX Il microscope,
Tokyo, Japan). Samples were prepared by placing a drop of fresh suspension on copper
grids and dried at room temperature before analysis. The electrophoretic mobility and
hydrodynamic size of nanoparticles were determined by dynamic light scattering (DLS)

with a Zetasizer Nano ZS90 instrument (Malvern Instruments Ltd., Worcestershire, UK).



Because no additional steps were performed to isolate AgNPs from the reaction medium
and considering highly colored suspensions were obtained, dilution of AgNPs with
ultrapure water (1:3) and filtration with syringe membranes (Acrodisc, Gelma®, 0.2 um)
were required prior to analysis. Infrared spectroscopy (IR) measurements were carried
out in the ranges between 4000 and 400 cm ! and 4000 — 10000 cm * (4 cm 1
resolution), aiming to identify the functional groups which are distinctively bound on the
surface of AgNPs. All spectra were recorded with a FTIR-NIR Nexus 470
Spectrophotometer (Thermo Scientific Nicolet iS50) and samples were prepared in KBr
discs. To this end, AgNPs were decanted from the solution by adding 0.3 M K>CO3 and
centrifuged during 60 min (7000 rpm), by following the reported procedure 7. After drying
the precipitate in a vacuum desiccator for 24 h, 2 mg of AgNPs were mixed with 100 mg
of KBr, grounded into a fine powder and pressed in a mechanical press to prepare the

mentioned discs.

2.4 Sample preparation

In order to evaluate the applicability of AgNPs for determination of TC in real
samples, four commercially available honey samples were collected from different
geographical locations (Fig. S1). Samples were subjected to a solid-liquid extraction
procedure for isolation of TC 8. For this purpose, 1.0 g of honey was accurately weighed
and mixed with 6.0 mL of acetone. Then, it was immersed in an ultrasonic bath (50 W,
25°C) for 30 min to promote the extraction. This step was performed twice and
supernatants were collected and evaporated to dryness (35°C, N,). Dry extracts were
suspended with 10.00 mL of Mclvaine buffer solution (pH = 4.1) as recommended in the

literature 1°.

2.4.1 Solid phase extraction (SPE) procedure

Due to TC residues can be found in honey at concentrations lower than 1.0 mg
L-*and different co-existing substances are also present in the matrix, including fructose,
glucose and sucrose, inorganic ions, among others, a solid phase extraction step (SPE)
was included 2°. To this end, a C18 column (100 mg, Strata®, Phenomenex, USA) was
used for the isolation and preconcentration of the analyte from sample extracts. The
procedure adopted for SPE was implemented as follow: methanol (3.0 mL) and water
(3.0 mL) were used for activation of the sorbent. In a second step 10.00 mL of TC solution
or samples (pH 4.1) were pumped through the column (2 mL min?). The column was

then dried with an air stream for 5 min and the retained analyte was finally eluted with



2.0 mL of a methanol: ammonia (90:10 v/v) mixture. The eluate was evaporated to

dryness (35°C, N2) and reconstituted in 2.00 mL of phosphate buffer (pH 5.8) for analysis.

2.5 Determination of TC by synthesized AgNPs

The synthesized AgNPs were evaluated for determination of TC by following the
changes in the LSPR in presence of different concentrations of the analyte. To this
purpose, reconstituted eluates were mixed with 200 L of AgNPs and left for equilibration
during 30 minutes. Absorbance measurements were recorded at 450 nm by using a 1.5
mL-quartz cuvette. Calibration curve was constructed in the range between 200 — 800
ug Ltof TC.

3. RESULTS AND DISCUSSION
3.1 Synthesis of AgNPs by green tea extracts
3.1.1 Selection of tea aqueous extracts

Selection of the most suitable tea extract for synthesis of AQNPs was based on
the polyphenols content. In fact, it has been previously demonstrated that spherical
AgNPs with controllable size distribution can be obtained when varying the polyphenolic
content 2%. The possible mechanism for reduction of Ag* to Ag® involves the ionization of
polyphenols in alkaline conditions, followed by the transfer of one electron to Ag*,
resulting in the oxidation of tea polyphenols to quinone and generation of AgNPs 22,
However, there are several factors that affect the polyphenolic content and availability,
including location, climate, variety, harvest and manufacturing conditions and process,
among others. Hence, tea extracts were analyzed to choose that one with the highest
total polyphenolic content (Table S1). In particular, extract n°5, obtained from green tea,
showed the highest content of polyphenols. Flavonoids content was also assessed in
this extract (22.0 + 4.9 mg g*?), which agreed with the mean values reported in the
literature for good qualified green tea 23. Hence, extract n°5 was selected as unique

source of the reducing and capping agents involved in the synthesis of AgNPs.
3.1.2 Study of experimental conditions

Preliminary studies were performed to evaluate the effect of the green tea
concentration in the reaction mixture on the synthesis of AgNPs under alkaline

conditions. Three concentrations were tested (0.7, 3.4 and 6.0 mg mL™) following the



common conditions for biogenic synthesis of nanoparticles by green tea extracts # 24,
According to the obtained results, high intensity of LSPR was observed when the
concentration of green tea was above 0.7 mg mL?, showing the favorable effect when
the reducing compounds concentration increases (Fig. S2). Although the highest
intensity was observed when working with tea at 3.4 mg mL?, associated with a high
concentration of nanoparticles in the reaction solution, an increase in the concentration
to 6.0 mg mL* allowed to obtain a narrow band, suggesting the presence of AGNPs with
a narrow size distribution. As a compromise on these factors, we decided to set the
concentration of green tea in the mixture to 6.0 mg mL* for the subsequent studies
aiming to assure the reduction of silver ions while maintaining the satisfactory size
distribution and stabilization of AgNPs in aqueous solution. The pH of solutions (6.0 and
10.0), contact time (1-10 min) and agitation mode (manual, vortex and ultrasounds) were
also evaluated. It was observed that broad LSPRs, with a maximum at A= 429 nm, were
obtained when the synthesis was performed at pH 6.0, while the LSPRs showed a
narrow distribution at alkaline conditions, with a maximum around A= 415 nm, mainly
attributed to monodisperse particles, being independent of the agitation mode (Fig. 1).
These findings can be explained considering tea polyphenols are mostly in their ionized
form under alkaline conditions, transferring one electron to Ag* and being fast oxidized
to quinone, thus leading to the generation of AgNPs with monodisperse distributions 24
25_

Regarding the time dependence, AgNPs were obtained in the first 2 min by the
assistance of vortex and ultrasound energy, but remaining stable when using ultrasounds
(Fig. 1B). On the other hand, no significant changes on the LSPR that evidence the
generation of AQNPs were noticed when the contact time was lower than 2 min (Fig. S3).
Hence, the synthesis of AgNPs was performed with 6.0 mg mL* of green tea, under

alkaline conditions and the assistance of ultrasound energy (50 W, 22°C) for 2 min.

3.2 Characterization of AgNPs

Synthesized AgNPs were characterized by TEM microscopy, FTIR-NIR
spectroscopy and DLS. As showed in the TEM micrographs in Fig. 2, AgNPs obtained
under optimal conditions (pH 10.0) resulted mostly spherical in shape with an average
size of 8.5 nm + 2.6 nm (n= 200). On the contrary, polyhedral nanoparticles with sizes
around 50 nm were observed at pH 6.0. In fact, aggregation of particles can also be

observed in the TEM image (Fig. 2A). Particularly, the statistical size distribution data



presented in Fig. 2B show a narrow size distribution that support the tendency observed
in the LSPR of AgNPs under optimal conditions.

FTIR analysis was performed to evaluate the presence of bioactive compounds
from the green tea extract on the surface of AQNPs synthesized under alkaline conditions
(Fig. 3A). As observed in the figure, the broad band at 3292 cm is associated with the
O-H stretching vibration assigned to the hydroxyl group of polyphenols and the bands at
2930 and 2733 cm are related to the C-H stretching of aromatic rings. The band at 1630
cm ! could be associated with the C=0 vibration of conjugated ketones, while the band
at 1455 cm* is related to C-C stretch in aromatic compounds. Moreover, the band at
1040 cm™ is connected to the stretching vibration of C-O-C 24 The bands located
between 900-600 cm™ might be linked to the —NH, wagging of amine and amide groups,
as recently stated by Hussein et.al. 6. As complementary study, the analysis in the range
between 4000 — 10000 cm* (2500 — 1000 nm) was also assessed by NIR spectroscopy
(Fig. S4). Distinctive bands associated with the functional groups of tea polyphenols were
evidenced at 4520 cm* (=CH stretching), 5189 cm* (O-H stretching first overtone) and
7243 cm (C-H stretching) .

As showed in Fig. 3B and 3C, average hydrodynamic diameter of AgNPs was
estimated by DLS and resulted about 23.7 nm (measured by triplicate), with a size
distribution range between 10.1 and 37.8 nm. The zeta potential value was -43.4 mV at
pH 5.8, being AgNPs negatively charged in the pH range between 3.4 — 9.0. Therefore,
the high stability of AgNPs in aqueous solution may be attributed to the surface
modification by the bioactive groups from the green tea extract 2. In order to test the
effective capping of particles by the phytocompounds, stability of AgNPs towards
aggregation was evaluated for a period of time and under temperature effect. A slight
band broadening was observed in the following 7 days after synthesis but remained for
the next weeks, without significant changes on the position of the maximum LSPR,
demonstrating the long-term stability of nanopatrticles (Fig. S5). The effect of temperature
was also evaluated in the range between 15 — 55°C immediately after synthesis of
AgNPs and after 7 days (inset in Fig. S5). In both cases, no significant changes were
noticed in the position of the maximum LSPR indicating the rapid reduction rate of Ag*
and the high stabilization of particles by the bioactive compounds.

Table 1 shows a brief comparison between the AgNPs synthesized in the present
work and those previously reported 24 28-31 As can be seen, the proposed method allows
obtaining AgNPs with small particle size, being fully comparable with the published
methodologies, even when conventional or green procedures are applied. Distinctively,
in this work, the combined use of green tea as reducing and capping agent, and

ultrasound energy results suitable for the synthesis of AgNPs in only 2 min. Special



attention can be paid on the differences between hydrodynamic size and zeta potential
values for AQNPs synthesized by both, the borohydride-based and the proposed method,
in the latter also suggesting an active role of the capping agent in controlling stability and

size in aqueous solution.

Table 1. Comparison between AgNPs synthesized in the proposed work and those obtained

from the literature

Ref. [24] Ref. [28] Ref. [29] Ref. [30] Ref. [31]
Syriuicsis parameters
Reaucing agent/capping Green tea Persea americana Berberis asiatica Parkia Speciosa  NaBH,

leaves
seed root

A-sistance Mechanical Magnetic stirring n.r.’ n.r. Mechanical

stirring stirring
Temperature (°C) RT* RT RT 25 n.r.
T 15 min 5h 4h 24 h 30 min
TEM anaiysis
Average diameter (nm) 3.9 50 9.8 35 12
Shape Spherical Spherical Spherical Spherical Spherical
DLS meésurements
Hydrodynamic size (nm) 34.7 n.r. n.r. 155 2.87
Zeta potential (mV) -35.5 n.r. n.r. -14.9 -10.1
U e ‘roscopy
LS R (nm) 410 430 427 410.5 390

This work

Green tea

Ultrasound
energy
22

2 min

8.5

Spherical

23.7

-43.4

415

t n.r.: not reported
1 RT: room temperature

3.3 Evaluation of AgNPs for determination of TC

AgNPs were evaluated for determination of TC through changes in the LSPR
under various pH conditions considering the species distribution of TC in aqueous
solution and the surface charge of AQNPs. Under acidic conditions (pH = 2.5), AgNPs
showed an initial decrease in the LSPR intensity (Fig. S6). This behavior can be

associated with the partial loss of the capping agent and a release of Ag* ions by



dissolution processes, leading to the possible AQNPs aggregation and/or Ag* adsorption
on the particle surface, particularly evidenced during long-term exposition 32. Therefore,
the interaction between AgNPs-TC was found unfavorable at acidic conditions, also
considering TC exists as cation. In the same way, incomplete interaction between AgNPs
and TC was evidenced when the pH was adjusted to 4.1 or set above 7.0, possible
attributed to the co-existence of various TC species. On the contrary, intensity of LSPR
was enhanced when the concentration of TC varied between 0 and 20 mg L* at pH 5.8
(Fig. S7). A possible explanation is the interaction between the oxidized polyphenols on
the surface of AgNPs with the protonated dimethylamine group of the TC molecules,
which can enhance the stability in aqueous solution 33, However, a minor shift in the
maximum LSPR to higher wavelengths was observed after interaction with the antibiotic,
suggesting a particle size increase because of the change in the surrounding media
without significant aggregation (Fig. 4). Similar behavior has been observed for the
interaction between citrate-capped AgNPs with TC at concentrations lower than 22 mg
L* under analogous experimental conditions 34,

Aiming to evaluate the interaction of AgNPs with other substances, cations and
anions were also mixed with the nanoparticles suspension and the changes on the LSPR
were registered. Zinc, aluminum and fluoride were selected considering their occurrence
in honey may arise from environmental factors or can result from different anthropogenic
activities and diclofenac was chosen as organic model containing amino and carboxylic
moieties *. The change on the LSPR of nanoparticles in presence of these substances
showed that the response of AgNPs toward TC was five-fold higher than that of the
inorganic ions (Fig. S8). As a mention, and without considering the differences in
concentration, the change on the LSPR in presence of TC was about eight time higher if
compared with diclofenac. In this case, diclofenac presents a pKa value around 4.2 and
exists as anion at the working pH value, which can affect the interaction with the

negatively stabilized AgNPs, as similarly noticed with fluoride.

3.3.1 SPE procedure

Considering the complexity of honey matrix, a SPE was included for the
pretreatment of samples. SPE procedures based on C18 sorbents have been previously
used for extraction and preconcentration of TC from honey samples 6. In this work, a
C18 cartridge was employed and the extraction conditions, including pH of sample
extracts, composition and volume of the elution solvent, were evaluated as shown in
Table 2.



Table 2. Optimization of the variables for SPE procedure

Parameter Evaluated Optimal condition
Sample pH 4.0-6.0 4.1
Methanol
Elution solvent i
Methar'\ol /:ammonium Methanol / ammonium hydroxide
hydroxide
Methanol / acetic acid
Acid or base content (% v/v) 10-50 10
Elution volume (mL) 1.0-6.0 2.0

As previously mentioned TC is an amphoteric molecule, which ionization forms
are strongly affected by the pH of the medium. Here, the pH of samples was studied and
satisfactory retention of TC was obtained at pH 4.1. Considering the characteristics of
the adsorbent and the physicochemical properties of this analyte, methanol was selected
as elution solvent and its performance was evaluated at different pH conditions and
volumes. It was observed that a mixture containing 10% (v/v) of ammonium hydroxide
provided a higher extraction efficiency. At alkaline conditions, TC remains negatively
charged, thus decreasing its affinity to the adsorbent. Finally, the effect of the elution
volume was studied in the range between 1.0 and 6.0 mL. The extraction of TC was not
complete when using 1.0 mL, while the recovery was maximum with 2 mL of elution
solvent and then remained almost constant for higher volumes. Therefore, satisfactory
results were obtained when the pH of samples or standards were set at 4.1 (+ 0.1) with
Mcllvaine buffer, and then using 2.0 mL of methanol with 10% (v/v) ammonium hydroxide

as the elution solvent.

3.3.2 Analytical performance

The performance of AgNPs for determination of TC was evaluated by following
the changes in the LSPR at 450 nm when increasing the TC concentration in phosphate
buffer (pH= 5.8). The calibration curve was constructed in the concentration range
between 200 and 800 ug L. The equation of the calibration curve was Y = (0.1537 +
0.0053) X + (0.0803 + 0.0029), with R? = 0.9964. The limit of detection (LOD), calculated
at 3 Syi/slope, was 52.7 pug L %7 Intermediate precision, expressed as relative standard
deviation (RSD%), was 6.22% by analyzing a 300 ug L™ TC solution (n = 5). Compared
with the existing analytical data, the obtained LOD value meet those from the literature,

resulting even lower than that from electrochemical and spectrophotometric analyses



(Table 3)81838-41 Moreover, recovery rates and RSD values are in agreement with those

reported when more sophisticated methodologies were applied, mainly

liquid

chromatography coupled to UV detection or mass spectrometry, thus supporting the

reliability and validity of the AgNPs as chemical sensor.

Table 3. Comparison of methods for determination of TC in honey samples

Method Probe Linear range LOD FE(;I)D Recovery (%) Ref.
Electrochemical A”et:renc‘ipg’d‘zm 178 —1.33x103 pg L 67.0 g Lt 0.41-823 91.81-109.7 18
Colorimetric Aptamer-AuNPs 17.8-311 pg L? 12.4 pgL? - - 38
yrescent BCDs-Eu/CMP-cit 22.2 —1.33x10% pg L 3.50 pgL? 2.4 94.2 8
7 S;ctrophotometric Ytg(i)‘;nrgl(e”)? - 4.44x10°—1.78x105 ug Lt 2.18x10°pg Lt 1.5-33  99.8—100.6 39
LLC-UV - 50.0 — 1.00x10% pg Lt 16.1 g Lt 45-6.7 71.2-82.3 40
. LC-MS/MS - 0.100 — 100 pg Lt 0.66 pg L 7.9-14.8 87.4 41
d _SPR AgNPs 200 — 800 pg L 52.7 ug Lt 6.22 82.8-116 vTvger(

T BCDs-Eu/CMP-cit: carbon quantum dots (BCDs) and cytidine monophosphate (CMP)/europium
coordination polymer nanoparticles

3.4 Analysis of honey samples

To evaluate the applicability of the proposed method for determination of TC, four

commercially available honey samples, representative of different geographical locations

in Argentina, with climate and flora diversity, were selected and prepared according to

the protocols described in Section 2.4 42, Under optimal experimental conditions, TC was

not detected in the samples about the detection limit. The accuracy of the method was

further investigated by determining the recovery rates of the target analyte in the spiked

samples at two levels, according to the reported amounts of this antibiotic in honey from

treated hives 3. For this purpose, known amounts of TC were added to the samples

before any pretreatment, and then subjected to the whole procedure. As shown in Table



4, satisfactory recovery values were obtained in the range between 82.8 and 116 % with
RSD values less than 6.69% for all samples. It is noteworthy that the recovery rates are
comparable to those obtained when using an imprinted monolithic sorbent for selective
isolation of TCs coupled to HPLC-DAD 4°. Moreover, the results obtained in the present
study meet the acceptability criteria for analysis of contaminants in food from animal

origin 44,

Table 4. Recovery study of TC in honey samples

ol Adde_(lj Foun(_JI ¥ Recovery RSD
(ugOL ) (ng L) (%) (%)
S1 300 313 104 5.39
600 630 105 2.38

0 - - -
S2 300 249 82.8 6.69
600 690 115 0.93

0 - - -
s3 300 347 116 6.09
600 580 96.7 6.38

0 - - -
sS4 300 287 95.8 3.52
600 550 91.6 4.61

T mean of 3 replicates

4. CONCLUSION

A straightforward and cheap method was proposed for the synthesis of AgNPs only
based on green tea extracts as reducing and stabilization agent and low-frequency
ultrasound irradiation, at 22°C during 2 minutes. Polyphenols from green tea are marked
as responsible for abatement of aggregation of nanoparticles in aqueous solution. TEM
analysis revealed spherical in shape AgNPs with an average size lower than 10 nm. In
addition, DLS measurements showed a hydrodynamic size around 23.7 nm and zeta
potential values about -43.4 mV, confirming the high stability of AgNPs. The developed
strategy provides environmental and economic benefits, being two important issues to
be addressed for the synthesis of nanomaterials. Based on the LSPR changes at 450
nm, the AgNPs were directly applied for determination of tetracycline residues in honey
samples. The analysis was carried out after an SPE procedure to assure the clean-up of
samples and preconcentration of the analyte. The obtained results demonstrate the

satisfactory application of the AgNPs as chemical sensor, with acceptable LOD value



and recovery rates between 82.8 and 116%, being comparable with those values
reported when more sophisticated methodologies were applied. Hence, this approach
represents a low-cost way to address the need of TC determination in honey with minimal

instrumentation required.

Acknowledgements
D.B. Pistonesi is grateful to Universidad Nacional del Sur and CIC (Argentina) for the

research grants. V. Springer is member of CONICET (Argentina). Funds from projects
PGI — UNS 24/Q067, PGl — UNS 24/Q097, and PICT 2016-2442 are also acknowledged.



References

! Thiele-Bruhn S. Pharmaceutical antibiotic compounds in soils - a review. J. Plant Nutr.
Soil Sci. 166: 145 — 167 (2003). https://doi.org/10.1002/jpIin.200390023

2 Granados-Chinchilla F and Rodriguez C. Tetracyclines in Food and Feedingstuffs:
From Regulation to Analytical Methods, Bacterial Resistance, and Environmental and
Health Implications. J Anal. Methods Chem. Article ID 1315497: 1-24 (2017).
https://doi.org/10.1155/2017/1315497

3Wang S, Dong Y and Liang X. Development of a SPR aptasensor containing oriented
aptamer for direct capture and detection of tetracycline in multiple honey samples.
Biosens. Bioelectron. 109: 1 — 7 (2018). https://doi.org/10.1016/j.bios.2018.02.051

4 Buzia OD, Ploscutanu G and Elisei AM. Tetracyclines Residues in Honey. Rev.Chim.
(Bucharest) 70: 1544 — 1550 (2019). https://doi.org/10.37358/RC.19.5.7166

5 EU-Honey market overview. https://ec.europa.eu/info/food-farming-fisheries/animals-

and-animal-products/animal-products/honey en. Accessed on 2020-05-14.

6 Arabsorkhi B and Sereshti H. Determination of tetracycline and cefotaxime residues in
honey by micro- solid phase extraction based on electrospun nanofibers coupled with
HPLC. Microchem. J. 140: 241 - 247 (2018).
https://doi.org/10.1016/j.microc.2018.04.030

7 Liu X, Huang D, Lai C, Zeng G, Qin L, Zhang C, Yi H, Li B, Deng R, Liu S and Zhang
Y. Recent advances in sensors for tetracycline antibiotics and their applications. TrAC-
Trends Anal. Chem. 109: 260-274 (2018). https://doi.org/10.1016/j.trac.2018.10.011

8 Hu J, Yang X, Peng Q, Wang F, Zhu Y, Hu X, Zheng B, Du J and Xiao D. A highly
sensitive visual sensor for tetracycline in food samples by a double- signal response
fluorescent nanohybrid. Food Control 108: 106832 - 106839 (2020).
https://doi.org/10.1016/j.foodcont.2019.106832

9 Amjadi M, Manzoori JL and Pakpoor F. Photometric Determination of Tetracycline
Based on Surface Plasmon Resonance of Silver Nanoparticles. J Anal. Chem. 71: 253
— 258 (2016). https://doi.org/10.1134/S1061934816030072

10 Teerasong S, Jinnarak A, Chaneam S, Wilairat P and Nacapricha D. Poly (vinyl
alcohol) capped silver nanoparticles for antioxidant assay based on seed-mediated
nanoparticle growth. Talanta 170: 193 - 198 (2017).
https://doi.org/10.1016/j.talanta.2017.04.009



https://doi.org/10.1002/jpln.200390023
https://doi.org/10.1155/2017/1315497
https://doi.org/10.1016/j.bios.2018.02.051
https://doi.org/10.37358/RC.19.5.7166
https://ec.europa.eu/info/food-farming-fisheries/animals-and-animal-products/animal-products/honey_en
https://ec.europa.eu/info/food-farming-fisheries/animals-and-animal-products/animal-products/honey_en
https://doi.org/10.1016/j.microc.2018.04.030
https://doi.org/10.1016/j.trac.2018.10.011
https://doi.org/10.1016/j.foodcont.2019.106832
https://doi.org/10.1134/S1061934816030072
https://doi.org/10.1016/j.talanta.2017.04.009

11 Agnihotri S and Mukherji S. Size-controlled silver nanoparticles synthesized over the
range 5-100 nm using the same protocol and their antibacterial efficacy. RSC Adv. 4:
3974 — 3983 (2014). https://doi.org/10.1039/C3RA44507K

12 santiago TR, Bonatto CC, Rossato M, Lopes CAP, Lopes CA, Mizubuti ESG and Silva
LP. Green synthesis of silver nanoparticles using tomato leaf extract and their
entrapment in chitosan nanoparticles to control bacterial wilt. J. Sci. Food Agric. 99:
4248-4259 (2019). https://doi.org/10.1002/jsfa.9656

13 Pirtarighat S, Ghannadnia M and Baghshahi S. Green synthesis of silver nanoparticles
using the plant extract of Salvia spinosa grown in vitro and their antibacterial activity
assessment. J. Nanostruct. Chem. 9: 1-9 (2019). https://doi.org/10.1007/s40097-018-
0291-4

14 Gol F, Aygiin A, Seyrankaya A, Gur T, Yenikaya C and Sen F. Green synthesis and
characterization of Camellia sinensis mediated silver nanoparticles for antibacterial
ceramic applications. Mater. Chem. Phys. 250: 123037 (2020).
https://doi.org/10.1016/j.matchemphys.2020.123037

15 International Standard 1SO 14502-1. Content of total polyphenols in tea Colorimetric

method using Folin Ciocalteu reagent (2015).

16 Gerolis LGL, Lameiras FS, Krambrock K and Neves M. J. Effect of gamma radiation
on antioxidant capacity of green tea, yerba mate, and chamomile tea as evaluated by
different methods. Radiat. Phys. Chem. 130: 177 - 185 (2017).
https://doi.org/10.1016/j.radphyschem.2016.08.017

17 Gonzalez Fa A, Pignanelli F, Lopez-Corral I, Faccio R, Juan A and Di Nezio MS.
Detection of Oxytetracycline in honey using SERS on silver nanoparticles. Trends in
Anal. Chem. 121: 115673 (2019). https://doi.org/10.1016/j.trac.2019.115673

18 Krepper G, Pierini GD, Pistonesi MF and Di Nezio MS. “In-situ” antimony film electrode
for the determination of tetracyclines in Argentinean honey samples. Sensor Actuat. B-
Chem. 241: 560 — 566 (2017). http://dx.doi.org/10.1016/j.snb.2016.10.125

19 Wang S, Yong W, Liu J, Zhang L, Chen Q and Dong, Y. Development of an indirect
competitive assay-based aptasensor for highly sensitive detection of tetracycline residue
in honey. Biosens. Bioelectron. 57: 192 - 198 (2014).
https://doi.org/10.1016/j.bios.2014.02.032

20 Solliec M, Roy-Lachapelle A and Sauvé S. Quantitative performance of liquid

chromatography coupled to Q-Exactive high resolution mass spectrometry (HRMS) for


https://doi.org/10.1039/C3RA44507K
https://doi.org/10.1002/jsfa.9656
https://doi.org/10.1007/s40097-018-0291-4
https://doi.org/10.1007/s40097-018-0291-4
https://doi.org/10.1016/j.matchemphys.2020.123037
https://doi.org/10.1016/j.radphyschem.2016.08.017
https://doi.org/10.1016/j.trac.2019.115673
http://dx.doi.org/10.1016/j.snb.2016.10.125
https://doi.org/10.1016/j.bios.2014.02.032

the analysis of tetracyclines in a complex matrix. Anal. Chim. Acta 853: 415 — 424 (2015).
https://doi.org/10.1016/j.aca.2014.10.037

21 Dutt A and Upadhyay LSB. Synthesis of Cysteine Functionalized Silver Nanoparticles
using Green Tea Extract with Application for Lipase Immobilization. Anal. Lett. 51: 1071-
1086 (2018). https://doi.org/10.1080/00032719.2017.1367399

22 Chandra A, Bhattarai A, Yadav AK, Adhikari J, Singh M and Giri B. Green Synthesis
of Silver Nanoparticles Using Tea Leaves from Three Different Elevations. Chemistry
Select 5: 4239 —4246 (2020). https://doi.org/10.1002/slct.201904826

22 Yang J and Liu RH. The phenolic profiles and antioxidant activity in different types of
tea. Int. J. Food Sci. 48: 163 - 171 (2013). https://doi.org/10.1111/j.1365-
2621.2012.03173.x

24 Rolim WR, Pelegrini MT, Aradjo Lima B, Ferraz LS, Costa FN, Bernardes JS, Rodigues
T, Brocchi M and Seabra AB. Green tea extract mediated biogenic synthesis of silver
nanoparticles: Characterization, cytotoxicity evaluation and antibacterial activity. Appl.
Surf. Sci. 463: 66 — 74 (2019). https://doi.org/10.1016/j.apsusc.2018.08.203

25 Moulton MC, Braydich-Stolle LK, Nadagouda MN, Kunzelman S, Hussain SM and
Varma RS. Synthesis, characterization and biocompatibility of “green” synthesized silver
nanoparticles using tea polyphenols. Nanoscale 2: 763 - 770 (2010).
https://doi.org/10.1039/CONROOO46A

26 Masoud Hussein EA, Al-Hajry Mohammad A, Abourageh Harraz F and Faisal Ahsan
M. Biologically Synthesized Silver Nanoparticles for Enhancing Tetracycline Activity
Against Staphylococcus aureus and Klebsiella pneumoniae. Braz. Arc. Biol. Techn. 62:
19180266 (2019). https://doi.org/10.1590/1678-4324-2019180266

27 Sanaeifar A, Huang X, Chen M, Zhao Z, Ji Y, Li X, He Y, Zhu Y, Chen X and Yu X.
Nondestructive monitoring of polyphenols and caffeine during green tea processing
using Vis-NIR  spectroscopy. Food Sci Nutr. 8: 5860-5874 (2020).
https://doi.org/10.1002/fsn3.1861

28Giron-Vazquez NG, Gomez-Gutiérrez CM, Soto-Robles CA, Nava O, Lugo-Medina E,
Castrejon-Sanchez VH, Vilchis-Nesto AR and Luque PA. Study of the effect of Persea
Americana seed in the green synthesis of silver nanoparticles and their antimicrobial
properties. Results Phys. 13:102142 (2019). https://doi.org/10.1016/j.rinp.2019.02.078

29 Dangi S, Gupta A, Gupta DK, Singh S and Parajuli N. Green synthesis of silver

nanoparticles using aqueous root extract of Berberis asiatica and evaluation of their


https://doi.org/10.1016/j.aca.2014.10.037
https://doi.org/10.1080/00032719.2017.1367399
https://doi.org/10.1002/slct.201904826
https://doi.org/10.1111/j.1365-2621.2012.03173.x
https://doi.org/10.1111/j.1365-2621.2012.03173.x
https://doi.org/10.1016/j.apsusc.2018.08.203
https://doi.org/10.1039/C0NR00046A
https://doi.org/10.1590/1678-4324-2019180266
https://doi.org/10.1002/fsn3.1861
https://doi.org/10.1016/j.rinp.2019.02.078

antibacterial activity. Chem. Data Coll. 28: 100411 (2020).
https://doi.org/10.1016/j.cdc.2020.100411

30 Ravichandran V, Vasanthi S, Shalini S, Shah SAA, Tripathy M and Paliwal N. Green
synthesis, characterization, antibacterial, antioxidant and photocatalytic activity of Parkia
speciosa leaves extract mediated silver nanoparticles. Results Phys. 15:102565 (2019).
https://doi.org/10.1016/j.rinp.2019.102565

31 Mikac L, Ivanda M, Gotic M, Mihelj T and Horvat L. Synthesis and characterization of
silver colloidal nanoparticles with different coatings for SERS application. J Nanopart
Res. 16:2748 — 2761 (2014). https://doi.org/10.1007/s11051-014-2748-9

32Axson J L, Stark DI, Bondy AL, Capracotta SS, Maynard AD, Philbert MA, Bergin IL
and Ault AP. Rapid Kinetics of Size and pH-Dependent Dissolution and Aggregation of
Silver Nanoparticles in Simulated Gastric Fluid. J Phys Chem C 119: 20632-20641
(2015). doi:10.1021/acs.jpcc.5b03634

33Qi N, Wang P, Wang C and Ao Y. Effect of a typical antibiotic (tetracycline) on the
aggregation of TiO2 nanoparticles in an aquatic environment. J. Hazard Mater. 341:187
—197 (2018). https://doi.org/10.1016/j.jhazmat.2017.07.046

34 Deng H, McShan D, Zhang Y, Sinha S S, Arslan Z, Ray PC and Yu H. Mechanistic
Study of the Synergistic Antibacterial Activity of Combined Silver Nanoparticles and
Common  Antibiotics. Environ. Sci. Technol. 50: 8840-8848 (2016).
doi:10.1021/acs.est.6b00998

3% Azzouz A and Ballesteros E. Multiresidue method for the determination of
pharmacologically active substances in egg and honey using a continuous solid-phase
extraction system and gas chromatography—mass spectrometry. Food Chem. 178: 63 —
69 (2015). https://doi.org/10.1016/j.foodchem.2015.01.044

36 Peres GT, Rath S and Reyes FGR. A HPLC with fluorescence detection method for
the determination of tetracyclines residues and evaluation of their stability in honey. Food
Control 21:620 — 625 (2010). https://doi.org/10.1016/j.foodcont.2009.09.006

87 Massart DL, Vandeginste BGM, Buydens LMC, De Jons S, Lewi PJ and Smeyers-
Verbeke J. Hanbook of Chemometrics and Qualimetrics: Part A, Elsevier Science B.V.,
Amsterdam, The Netherlands (1997).

38 Wang S,Gao S, Sun S, Yang Y, Zhang Y, Liu J, Dong Y, Su H and Tan T. A molecular
recognition assisted colorimetric aptasensor for tetracycline. RSC Adv. 6: 45645-45651
(2016). https://doi.org/10.1039/C6RA08262A



https://doi.org/10.1016/j.cdc.2020.100411
https://doi.org/10.1016/j.rinp.2019.102565
https://doi.org/10.1007/s11051-014-2748-9
https://doi.org/10.1016/j.jhazmat.2017.07.046
https://doi.org/10.1016/j.foodchem.2015.01.044
https://doi.org/10.1016/j.foodcont.2009.09.006
https://doi.org/10.1039/C6RA08262A

39 Thanasarakhan W, Kruanetr S, Deming RL, Liawruangrath B, Wangkarn S and
Liawruangrath S. Sequential injection spectrophotometric determination of tetracycline
antibiotics in pharmaceutical preparations and their residues in honey and milk samples
using yttrium (lll) and cationic surfactant. Talanta 84: 1401-1409 (2011).
https://doi.org/10.1016/j.talanta.2011.03.087

40 Sun X, He X, Zhang Y and Chen L. Determination of tetracyclines in food samples by
molecularly imprinted monolithic column coupling with high performance liquid
chromatography. Talanta 79: 926 - 934 (2009).
https://doi.org/10.1016/].talanta.2009.05.033

41 Jin Y, Zhang J, Zhao W, Zhang W, Wang L, Zhou J and Li Y. Development and
validation of a multiclass method for the quantification of veterinary drug residues in
honey and royal jelly by liquid chromatography—tandem mass spectrometry. Food Chem.
221: 1298 — 1307 (2017). https://doi.org/10.1016/j.foodchem.2016.11.026

42 Ferrari CA, Otero R and Collia JA. (eds). Argentine Beekeeping and its regions. An
overview, first edition, Consejo Federal de Inversiones, Buenos Aires, 2011, ISBN 978-
987-510-158-6.

43 Martel AC, Zeggane S, Drajnudel P, Faucon JP and Aubert M. Tetracycline residues
in honey after hive treatment. Food Addit. Contam. 23:. 265-273 (2006).
http://dx.doi.org/10.1080/02652030500469048.

44 Method Validation and Quality Control Procedures for Pesticide Residues Analysis in
Food and Feed, Document No. Document No. SANCO/10684/2009. Available:
https://www.eurl-pesticides.eu/library/docs/allcrl/AqcGuidance_Sanco_2009_10684.pdf


https://doi.org/10.1016/j.talanta.2011.03.087
https://doi.org/10.1016/j.talanta.2009.05.033
https://doi.org/10.1016/j.foodchem.2016.11.026
http://dx.doi.org/10.1080/02652030500469048

Figure Legends

Figure 1. Synthesis of AgNPs at (A) pH= 6.0, and (B) pH= 10.0. Dashed line, manual
agitation; Dotted line, ultrasound energy; Continuous line, vortex agitation. (Inset: Effect

of contact time during synthesis)

Figure 2. TEM images of synthesized AgNPs at (A) pH= 6.0 and (B) pH= 10.0. Insets:

size distribution

Figure 3. Characterization of AQNPs by (A) FTIR spectroscopy, (B) hydrodynamic size

(three single measurements) and (C) zeta potential vs pH

Figure 4. LSPR of AgNPs in presence of various concentrations of TC, mg L*: a) 0; b)
3.0; ¢) 10; d) 15 and e) 20. AgNPs, 200 pL; pH 5.8; volume, 2.00 mL



Table 1. Comparison between AgNPs synthesized in the proposed work and those obtained

from the literature

Ref. [24]
Synthesis parameters
Reducing agent/capping Green tea
ch Mechanical
~ Stirring
mperature (°C) RT #
i 15 min
.
! EM aiLIysis
5verage diameter (nm) 3.9
ape Spherical
measurements
Hy namic size (nm) 34.7
Zeta potential (mV) -35.5
pectroscopy
410

Ref. 28]

Persea americana
seed

Magnetic stirring

RT

5h

50

Spherical

430

Ref. [29]

Berberis asiatica
root

n.r.t

RT

4h

9.8

Spherical

n.r.

n.r.

427

Ref. [30]

Parkia Speciosa
leaves

n.r.

25

24 h

35

Spherical

155

-14.9

410.5

Ref. [31]

NaBH,

Mechanical
stirring
n.r.

30 min

12

Spherical

2.87

-10.1

390

This work

Green tea

Ultrasound
energy

22

2 min

8.5

Spherical

23.7

-43.4

415

@
3

1 n.r.: not reported
I RT: room temperature
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Table 2. Optimization of the variables for SPE procedure

Parameter

Sample pH

Evaluated
4.0-6.0

Optimal condition
4.1

Elution solvent

Methanol
Methanol / ammonium hydroxide
Methanol / acetic acid

Methanol / ammonium hydroxide

Acid or base content

10 — 50 % (v/v)

10 % (viv)

Accepted Article

Elution volume (mL)

1.0-6.0

2.0
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Table 3. Comparison of methods for determination of TC in honey samples

Method Probe Linear range LOD T,il)) Recovery (%) Ref.
: Antimony film 3 A ) _
Electrochemical electrode 178 —1.33x103 pg L 67.0 ug L 0.41-8.23 91.81-109.7 18
@olorimetric Aptamer-AuNPs 17.8-311 pg L 12.4 pg L - - 38
uorescent BCDs-Eu/CMP-cit t 22.2 —1.33x10% pg L™ 3.50 ug L’ 24 94.2 8
photometric Yttrium (11l) - 4.44x109—1.78x105 ug =" 2.18x10% gL' 15-33  99.8—100.6 39
°® Mo complex . . . 5-3. . .

|= HPLC-UV - 50.0 — 1.00x10* pg L™ 16.1 ug L™’ 45-6.7 71.2-823 40
-MS/MS - 0.100 — 100 pg L™ 0.66 ug L 79-14.8 87.4 41

1 1 This

LSPR AgNPs 200 -800 pg L 52.7 ug L 6.22 82.8-116 work

Accepted
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1 BCDs-Eu/CMP-cit: carbon quantum dots (BCDs) and cytidine monophosphate (CMP)/europium
coordination polymer nanoparticles
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Table 4. Recovery study of TC in honey samples

Samples Added Found t Recovery RSD
(ug L) (ug L) (%) (%)

0 - - -
S1 300 313 104 5.39
600 630 105 2.38

0 - - -
S2 300 248 82.8 6.69
600 690 115 0.93

0 - - -
S3 300 347 116 6.09
600 580 96.7 6.38

0 - - -
S4 300 287 95.8 3.52
600 550 91.6 4.61

T mean of 3 replicates
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Size Distribution by Number
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