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1. INTRODUCTION  
Amino acids are the building blocks of proteins. 
Like any living organism, plants synthesize amino 
acid sequences to form proteins. Amino acids and 
proteins play an important role in the genetic and 
physiological processes of organisms such as the 
synthesis of nucleic acids, proteins, enzymes, 
alkaloids, vitamins, terpenoids and chlorophyll, 
and the formation of vegetative tissues [1-3]. The 
use of amino acids in plant nutrition allows the 
plant to use them immediately without having to 
synthesize them, and can save this energy for other 
metabolic processes that allow the farmer to 
increase production [4]. Amino acids bind to 
nutrients such as iron, copper, magnesium, zinc, 
etc., protecting them from degradation or oxidation 
and faster and better uptake and transfer of these 
elements from the cell membrane. In fact, the 
supply of amino acids through the leaves leads to 
better absorption of microelements. When amino 
acids are co-administered with the plant, the 
synergistic effects lead to better absorption of the 
elements as well as faster growth and greater 
resistance to environmental stress [5]. The use of 
amino acids in agriculture is a tool that can be very 
useful to improve production and crop quality, to 

overcome moments of stress due to low 
temperatures, droughts, etc. In view of these 
requirements and the need to control fertilizers 
containing amino acids used in agriculture and to 
prevent counterfeit fertilizers with unrealistic 
percentages from entering the market, an efficient 
method for determining the concentration of amino 
acids in fertilizer samples in laboratories is needed. 
There are many techniques for measuring the 
concentration of free amino acids in solution, 
which can be referred to as thin layer 
chromatography, gas chromatography, capillary 
electrophoresis, and high performance liquid 
chromatography [6-8].  
Sample preparation is an essential part of the 
analytical procedure. The main objective of sample 
preparation is both clean up and enrich the analytes 
of interest from the sample and to convert the 
analytes into a form suitable for the analytical 
instrument. Conventional sample preparation 
techniques such as solid phase extraction (SPE) 
and liquid-liquid extraction (LLE) are considered 
time consuming and require large amounts of toxic 
and expensive organic solvents [9-10]. 
Homogeneous liquid-phase microextraction 
(HLPME) takes advantage of the phenomenon of 
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Abstract 
In the present work, switchable hydrophilic solvent-based extraction (SHSE) followed by high performance liquid 
chromatography with UV detection (HPLC-UV) was used to determine free amino acids in fertilizer samples. 
During the phase transformation of SHSE, the organic phase appeared to effectively capture the target analytes. In 

-immiscible solvent (dipropylamine) is used, which can be solubilized 
in the acidic aqueous phase. Phase separation is then brought about by the addition of sodium hydroxide. The 
variables affecting this method were optimized to achieve the best extraction efficiency. The optimized conditions 

Under the 
optimal experimental conditions, good detection limits (0.0006-0.0021 µmol ml-1), linearities (R2 > 0.997), and 
precision (relative standard deviation less than 5.0%) were obtained. Finally, the developed method was successfully 
applied to the determination of target analytes in different types of fertilizer samples and acceptable recoveries (> 
97.2%) were obtained. 
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phase separation from a homogeneous solution and 
extracts the target solutes simultaneously into a 
very small organic phase [11]. In this method, the 
initial condition is a homogeneous solution and 
there is no interface between the water phase and 
the extraction solvent phase. Therefore, it has the 
advantage of an extremely fast extraction rate, 
since the surface contact between the aqueous 
phase and the organic phase does not present any 
obstacles during the extraction process. In these 
cases, phase separation is based on the 
phenomenon of salting out, the change of 
temperature and pH, and the formation of ion pairs. 
This method has been mainly studied as a powerful 
enrichment method for separation of the desired 
component or instrumental analysis [12-14]. 
Jessop et al. have synthesized a new type of solvent 
called "switchable" or "smart" solvents (SS) [15]. 
Switchable hydrophilic solvents (SHS) are defined 
as solvents that change their physical properties 
reversibly and abruptly [16]. The SHS can be 
mixed with water samples and can be easily 
separated from the aqueous phase by removing 
CO2 from the solution [17]. Alternatively, the 
hydrophilic switch can also be triggered by 
changing the charge of the SHS through pH shift 
[18], which is particularly useful in the context of 
microextraction. The main advantages of using SS 
are the extraction of analytes in a homogeneous 
phase without dispersive solvent and the ease of 
phase separation without additional equipment. 
SPs are environmentally friendly compounds [18-
19].  
In this work, switchable hydrophilic solvent-based 
extraction (SHSE), followed by HPLC-UV was 
proposed for the determination of free amino acid 
in fertilizer samples. The applicability of this 
method in real samples was evaluated by analyzing 
fertilizer samples. 

 
2. EXPERIMENTAL 
2.1 Reagents and standard solutions 
All reagents were of analytical reagent grade 
unless otherwise stated. Phenyl isothiocyanate 
(PITC) and triethylamine (TEA) were purchased 
from Sigma. Hydrochloric acid and acetonitrile 
(HPLC grade) and ethanol (99%) were purchased 
from Merck. Double deionized water was used to 
prepare the solution and mobile phase. 
The standard for amino acids is a milliliter 
ampoule (Termo Scientific, USA) containing 2.5 
micromoles/milliliter of each amino acid in 0.1 N 
hydrochloric acid, including: Aspartic acid (L-
aspartic acid), glutamic acid. L-glutamic acid, L-
serine, L-glycine, L-histidine, L-arginine, L-
threonine, L-alanine, L-proline, L-tyrosine, L-
valine, L-methionine, L-

lileucine, L-leucine, L-phenylalanine and L-lysine. 
This standard was stored at -20 ° C. 
 
2.2 Instrument 
A high- performance liquid chromatography 
(HPLC) instrument from KNAUER EuroChrom, 
model Germany, equipped with a four-channel 
pump, model 1001K- and UV-Vis detector was 
used. 
The chromatographic conditions we optimized for 
PTH-amino acid separation were: Flow rate 0.5 
mL/min, buffer A: 0.28 M sodium acetate, 0.05% 
TEA, and 5% ACN (pH 6.38 l 0.04); B: 60% ACN; 
mobile phase isocratic at 0% B for 2 min; first 
linear gradient from 0 to 43% B in 7 min; second 
linear gradient from 43 to 50% in 4 min, finally 
changing to 100% B in 1 min. Wash step at 100% 
B isocratic flow for 8 min; return to initial 
conditions 0% B in 1 min and maintain at 0% B 
isocratic flow for 9 min until column equilibrium 
step.  
 
2.3. Fertilizer samples. 
Fertilizer samples were selected from fertilizer 
samples sent to Iran Soil and Water Research 
Institute for analysis. 
 
2.4. Sample preparation  
0.4 g of the solid sample and 2 mL of the liquid 
sample were transferred into a 25 ml balloon. 
About three quarters of the balloon volume was 
poured into a 0.1 N hydrochloric acid solution and 
stirred for 20 minutes.  
 
2.5 Extraction procedure 
First, 100 µL of water immiscible solvent (DPA) 
and 200 µL of HCl were added to the sample 
solution, which formed a single phase. Then, 2 mL 
of NaOH solution (5 M) was added as a trigger for 
phase separation. The turbid solution formed 
immediately and complete separation of water and 
DPA occurred after about 2 min. Finally, DPA (50 
µL) was collected from the surface of the sample 
solution and 20 µL of the collected DPA was 
directly injected into the HPLC using a 25 µL 
Hamilton syringe.  
 
2.6. Chromatographic procedure. 
Amino acid derivatives were prepared according to 
our previous research [20]. To obtain the amino 

manure was transferred to glass tubes and the 
contents were completely dried in a vacuum vessel. 
To each of the glass tubes containing the standard 

solution was added, stirred, and placed in a vacuum 
vessel to dry completely. The pH adjusting 
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solution contains a 1: 2: 2 ratio of water, ethanol 
and triethylamine, respectively, which was freshly 
prepared for each purpose and mixed in dark, 
thoroughly clean containers. This step 
triethylamine activates the environment and 
prepares the conditions for the derivative. Then 20 

xed. 
The derivative solution contains 1: 1: 1: 7 ratio of 
ethanol, water, triethylamine and phenyl 
isothiocyanate, respectively. After addition of the 
derivative solution, the samples and standards 
were stored in the dark at room temperature for 20 
minutes to complete the reaction between PITC 
and amino acids. The tubes were then placed in a 
vacuum to dry (removal of solvent) and 
reconstituted in 100 µL diluent for analysis. The 
diluent was 0.005 M sodium phosphate buffer, pH 
7.42, and 6% ACN. Finally, 20 µL was injected for 
analysis. These standards and dried samples can be 
stored down to -20 °C for the next few days. 
 
3. RESULT AND DISCUSSION 
In order to obtain the best extraction performance, 
various parameters affecting the extraction 
procedures were studied and optimized. All 
optimization studies were performed using 500 µg 
L-1 standards and the optimal values were selected 
based on the highest average of triplicate 
measurements based on peak areas. 
Optimization of parameters was performed using 
the one-at-a-time method. All experiments were 
performed at room temperature. 

 
3.1 Optimization of conditions  
3.1.1 Selection of extraction solvent  
For quantitative recoveries, the selection of 
appropriate switchable solvents in SS-LPME 
methods is of immense importance. The extraction 
solvent should have the following properties (1) 
ability to extract the target compounds, (2) ability 
to transform from hydrophilic form to hydrophobic 
form and vice versa by pH shift, (3) high solubility 
in water for the hydrophilic form and low solubility 
in water for the hydrophobic form of the 
switchable solvent.  
Based on these criteria, two switchable solvents, 
dipropylamine (DPA) and triethylamine (TEA), 
were investigated in this section. Therefore, 
extraction was performed using 150 µL of each 
solvent. The results are shown in Fig  1. According 
to the extraction results, DPA showed better 
extraction efficiency compared to TEA under the 
same conditions. Therefore, based on the 
quantitative recoveries, DPA was selected as the 
extraction solvent for further work. 

 
Fig  1. The influence of extraction solvent on the 
extraction efficiency of amino acids obtained from 
SHSE. Extraction conditions: Volume of fertilizer 
sample 25 mL, volume of extraction solvent 150 µL, 
analyte concentration 500 µg L-1, room temperature. 
 
3.1.2. Influence of the volume of the extraction 
solvent (acceptor phase) 
In HLLME, the volume of extraction solvent is an 
important parameter because it affects EF. 
Therefore, in order to determine the optimal 
volume of extraction solvent, different volumes of 
DPA (100, 150, 200, 250, 300 µL) were studied 
while keeping the other experimental conditions 
constant. At volumes less than 200 µL of DPA, no 
cloudy condition forms due to the partial 
dissolution of DPA in water. The extraction 
efficiency of the analytes decreased at higher 
volumes of extraction solvent. Therefore, based on 
the experimental data shown in Fig  2, 200 µL of 
DPA was used in all subsequent experiments. 
 

 
Fig  2. The influence of the volume of extraction solvent 
on the extraction efficiency of amino acids. Extraction 
conditions: DPA as extraction solvent, volume of 
fertilizer sample 25 mL, concentration at 500 µg L-1 and 
room temperature. 
 
3.1.3 Effect of sample volume (donor phase). 
The effect of sample volume on analytical signals 
was investigated in the range of 15-30 mL to obtain 
the best results. As the results show, the analytical 
signals increased with increasing sample volume 
but remained constant after 25 mL. Therefore, the 
sample volume of 25 mL was chosen as the 
optimal volume for subsequent extractions. 
 
3.1.4 Effect of the volume of the NaOH solution 
NaOH is necessary for the separation of the phases 
in the presented microextraction system [21]. 
Hydrophilic protonated DPA can be converted to 
hydrophobic form by adding NaOH solution. To 
investigate the influence of volume on analytical 
signals, some experiments were performed by 
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adding different volumes of NaOH solution (10 M) 
ranging from 2 to 6 mL. The other experimental 
conditions were kept constant. The results showed 
that the analytical signals were enhanced up to 2 
mL of NaOH solution, while phase separation did 
not occur at lower volumes of NaOH solution. 
Further increase in the volume of NaOH solution 
resulted in a decrease in extraction efficiency as 
hydrophobic DPA did not occur. Therefore, 4 mL 
of NaOH solution was used in all subsequent 
experiments.  
 
3.1.5. Effect of extraction time 
In this work, the extraction time was defined as the 
time interval between the injection of a mixture of 
DPA/HCl and just before the start of the collection 
of DPA. When not stirred or centrifuged, phase 
separation takes at least 2.0 minutes after the 
addition of NaOH. Therefore, the effect of 
extraction time was investigated in the range of 
2.0-10 minutes, and the results showed that the 
extraction time had no significant effect on the 
analytical signal. Therefore, 2.0 minutes was 
selected as the optimal extraction time. On the 
other hand, at SHS-ME, the extraction solvent is 
completely dissolved in the sample solution and 
the contact area between extraction solvent and 
sample solution is infinite. Therefore, the transfer 

of analytes from the sample solution to the 
extraction solvent is very fast and independent of 
time. 
 
3.2. Validation of the method 
The optimized SHSE method was used for the 
determination of free amino acids in fertilizer 
samples. The main analytical figures of merit are 
summarized in Table 1. The detection limit (LOD) 
was determined based on a signal-to-noise (S/N) 
ratio of 3. Method repeatability was evaluated and 
RSDs (n=5) ranged from 3.2-5.0%.  
The enrichment factor (EF) was defined as the ratio 
between the final analyte concentration in the 
organic phase (Corg, final) and the initial 
concentration of the analyte in the sample solution 
(Cs, initial): 

 

Extraction recovery (R %) was calculated for each 
analyte using the following equation: 

 

Where VO is the volume of the organic phase, VS 
is the volume of the sample.  

 
Table 1. Some analytical performance data of SHSs method for free amino acids. 

Amino acids R2 LDRa (µmol ml-1) LODb µmol ml-1) RSDc (n=3, %) Recovery % 

Asp 0.998 0.005-0.50 0.0021 3.6 98.5 

Glu 0.997 0.005-0.50 0.0021 3.9 99.9 

Ser 0.999 0.005-0.50 0.0021 4.2 97.5 

Gly 0.999 0.005-0.50 0.0021 4.3 98.2 

His 0.999 0.005-0.50 0.0021 5.0 97.5 

Arg 0.997 0.005-0.50 0.0021 3.8 97.8 

Thr 1.000 0.005-0.50 0.0021 4.2 98.5 

Ala 1.000 0.005-0.50 0.0021 4.4 99.8 

Pro 0.997 0.005-0.50 0.0021 5.0 97.2 

Tyr 0.999 0.005-0.50 0.0021 4.3 98.4 

Val 0.999 0.005-0.50 0.0021 4.9 97.8 

Met 1.000 0.005-0.50 0.0021 3.5 97.2 

Cys 0.998 0.002-0.025 0.0006 4.1 98.5 

Ile 0.998 0.005-0.50 0.0021 3.2 98.9 

Leu 1.000 0.005-0.50 0.0021 3.5 99.8 

Phe 0.999 0.005-0.50 0.0021 4.8 97.6 

Lys 0.999 0.005-0.50 0.0021 5.0 98.9 
aLinear dynamic range 
bLimit of detection (signal-to-noise = 3) 
cRelative standard deviations 
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3.3. Analysis of the real sample 
The proposed method was successfully applied for 
the determination of free amino acids in different 
fertilizer samples and acceptable recoveries (> 
90.1%) were obtained. Fig. 3 shows the obtained 
chromatograms of free amino acids extracted from 
a fertilizer using SHSE-HPLC-UV.  

 
Fig  3. Chromatogram of free amino acids extracted 
from one fertilizer using SHSE-HPLC-UV. 
 
4. CONCLUSION 
The SHSE method using switchable hydrophilic 
solvents (SHS) was applied for the simultaneous 
determination of 17 amino acids in fertilizer 
samples by HPLC-UV. Liquid phase 
microextraction using switchable solvents is an 
environmentally friendly, simple and rapid 
method. The main advantages of using SHSs are 
extraction of analytes in a homogeneous phase 
without dispersing solvent and easy phase 
separation without additional equipment. It is 
simple and fast and does not require special 
laboratory equipment for phase separation. This 
method was successfully applied to the 
determination of amino acids in various fertilizer 
samples. SHSs-HPLC-UV method was compared 
with Direct-HPLC-UV method in Table 2. The 
figures of merit of SHSs method is better than the 
direct determination. In addition, the use of the 
SHSs method eliminates the interferences and 
increases the life time of the HPLC column. 
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