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ABSTRACT 

L-Glutamine (Gln) and Glycine (Gly) are two amino acids with overlapping retention 

times in thin-layer chromatography (TLC). This overlap presents a significant analytical 

challenge, particularly when both compounds are present in the same mixture, as their 

spots on the TLC plate may not be fully resolved. Here, we used smartphone-based image 

analysis combined with PLS regression for semi-separated Gln/Gly quantification in TLC. 

A smartphone captured TLC plates images under consistent lighting conditions, and 

custom software processed them to generate chromatographic profiles. Calibration curves 

showed linear responses, with detection limits of 0.007 M and 0.008 M for Gln and Gly, 

respectively. Despite mobile-phase optimization, complete spot resolution was 

unachievable. To address this, partial least squares (PLS) regression deconvoluted the 

merged signals, enabling accurate quantification. The method was validated using a 

pharmaceutical product, yielding recovery rates of 100.4 ± 1.4% for Gln and 100.6 ± 1.0% 

for Gly, demonstrating its reliability for complex samples. 
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1. Introduction 

The quantification of amino acids (AAs) is critically 

important across scientific and industrial fields. In 

biochemistry and molecular biology, precise AA 

measurements are essential for studying protein 

synthesis, metabolic pathways, and enzymatic 

functions.  

In the food and pharmaceutical industries, AA 

profiling ensures product quality, nutritional value, 

and the development of supplements and 

therapeutics. Clinically, AA quantification aids in 

diagnosing metabolic disorders and nutritional 

deficiencies [1].  

As the building blocks of proteins, AAs influence 

protein turnover, cellular biology, and regulatory 

mechanisms. Their concentrations in biological 

samples (e.g., blood, urine, cerebrospinal fluid) 

serve as key biochemical indicators [2]. Thus, 

accurate AA analysis is foundational for scientific 

progress, industrial applications, and human health. 

several methods are employed for the quantitative 

analysis of AAs. High-performance liquid 

chromatography (HPLC) is widely used due to its 

precision and ability to separate complex mixtures 

of amino acids [1-3].  

Gas chromatography (GC), often combined with 

mass spectrometry (GC-MS), is another powerful 

technique for analyzing volatile amino acid 

derivatives[4, 5]. Spectroscopy, including UV-Vis 

and fluorescence spectroscopy, is employed for 

rapid and sensitive detection, often following 

derivatization of amino acids to enhance their 

spectral properties[4, 6]. Nuclear magnetic 

resonance (NMR) spectroscopy provides detailed 

information on the structure and concentration of 

amino acids in solutions[7, 8]. Additionally, 

Capillary electrophoresis (CE) offers high-

resolution separation and quantification with 

minimal sample requirements [1, 9].  

Each method has its advantages, making it suitable 

for specific applications based on the required 

sensitivity, accuracy, and sample complexity. 

Chromatographic techniques provide accurate 

results but may be unsuitable for the analysis of 

large sets of samples because the separation step is 

time-consuming. However, these methods usually 

require pre-column or post-column derivatization, 

followed by detecting the derivatized analyte using 

LC-UV, LC-fluorescence, or LC-MS/MS [10].  

Spectrophotometric analysis of multicomponent 

mixtures reveals that quantifying compounds 

remains a challenging problem when there is no 

spectral difference. Because most common AAs are 

not readily detected by spectroscopic techniques 

(UV–Visible spectrophotometry or fluorimetry), a 

chemical procedure for the derivatization of AAs is 

required [11].  

Thin-layer chromatography can also be employed to 

detect AAs, which requires no expensive outfits and 

tedious sample pretreatments, and allows a parallel 

separation of many samples [12-14]. As a 

convenient and economical method of detection, 

TLC has been successfully applied in the detection 

of AAs from several samples [15]. Compared to its 

qualitative use, quantitative applications with TLC 

are limited. Nevertheless, with advances in image-

based detection [16, 17], quantitative approaches 

have increased in recent years [18].  

Up to date, many TLC methods, especially using 

high-performance TLC (HPLC) plates, have been 

suggested for the separation of AAs in complex 

mixtures. By changing in mobile phase composition 

and/or modification of the stationary phase, 

analytical chemists were able to separate a lot of 

AAs by TLC or HPTLC [19, 20]. 

L-Glutamine (Gln) and Glycine (Gly) are two types 

of the 20 different amino acids in the human body. 

Gln is a building block of protein. Proteins help with 

many functions; for example, they can repair body 
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tissues, keep the digestive system working, and help 

the immune system fight germs.  

Gly helps build proteins needed for tissue and 

hormone maintenance. Additionally, Gly supports 

heart and liver health, improves sleep, reduces the 

risk of diabetes, and reduces muscle loss.  

The behavior of Gln and Gly in different 

chromatographic systems is similar. Since very 

close retention times have been reported for these 

amino acids, their separation by various thin-layer 

chromatography (TLC) methods is difficult. Band 

overlapping is a common problem in many 

chromatographic methods, especially TLC. 

Therefore, successful chromatographic separation 

requires a significant amount of time and solvent to 

achieve optimal conditions. In such cases, instead of 

finding conditions for the physical separation of 

analytes, their signals are separated mathematically 

using chemometric methods. 

In the present study, we report multivariate image 

analysis for the simultaneous determination of Gln 

and Gly. Using homemade software, the colored 

spots of the analytes were converted to 

chromatograms and analyzed by multivariate data 

analysis methods, enabling the simultaneous 

determination of the non-separated amino acids. 

Partial least squares (PLS) regression was 

implemented as the multivariate calibration method. 

Model complexity was optimized to achieve the 

least prediction error. 

2. Materials and Methods 

2.1. Reagents and Solutions 

All experiments were performed with analytical 

reagent-grade chemicals. n-butanol, acetic acid, L-

Glutamine, Glycine, and brilliant green were 

provided by Sigma-Aldrich. Ninhydrin was 

obtained from Riedel–Dehaen AG Company. TLC 

plates (silica gel 60 F254, 20 * 20 cm) were 

purchased from Merck Company. 

2.2. Homemade System 

The assembled homemade system consists of three 

primary components: a TLC development chamber, 

an image capture device, and 

PLS_Toolbox software (Version 7.8 - released Jun. 

2014) installed on a personal computer.  

The first component is a standard TLC chamber, 

comprising a TLC plate and a mobile phase solution. 

The imaging component is the most important part 

of the homemade system. An iPhone 12 smartphone, 

equipped with a 12-megapixel camera, is used to 

capture images of the TLC plates. To facilitate 

image acquisition, the TLC plates are secured to a 

white plastic and are set at a distance of 20 cm from 

the smartphone and captured in room light (fig. S1). 

The third component of the homemade system is a 

personal computer running a multivariate image 

analysis program. All calculations are performed 

in MATLAB (R2010b). In the image processing 

protocol, the recorded TLC plate images (saved in 

JPEG format) are imported into MATLAB. The 

three output matrices—red (R), green (G), and blue 

(B)—are then extracted from the selected image. 

Each matrix has dimensions of 141 × 124 pixels, 

corresponding to the length (141 pixels) and width 

(124 pixels) of the image. 

After exporting the R, G, and B data, 11 derived 

datasets were generated for analysis (Fig. S2-S6). A 

custom-written subroutine is capable of 

transforming image data into three-dimensional 

(color value versus length and width of the TLC 

plate) and two-dimensional (color value versus 

length of the TLC plate) chromatograms. The 

collected data is smoothed and subsequently fed into 

various multivariate calibration methods to establish 

a correlation between the recorded images and the 

analyte concentrations. 

2.3 Theory 

We performed data analysis using Partial Least 

Squares (PLS) regression, a first-order multivariate 

calibration method. PLS requires a row vector of 

https://wiki.eigenvector.com/index.php?title=Release_Notes_Version_7_8
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predictor variables (in this study, the color values) 

for each sample. To facilitate PLS analysis, the 

three-dimensional arrays of color values (sub-

matrices) were transformed into one-dimensional 

row vectors through a 3D-to-1D conversion process. 

After applying this conversion to all sample 

mixtures, a new predictor matrix (X) was 

constructed by sequentially arranging each sample’s 

row-vector data. This matrix served as the 

independent variable in PLS regression to estimate 

analyte concentrations in the mixtures. 

We employed the PLS-1 algorithm, which requires 

building separate PLS models for each analyte. The 

optimal number of latent variables was determined 

through leave-one-out cross-validation on the 

calibration dataset. Finally, the optimized PLS 

model was used to predict analyte concentrations in 

the validation set mixtures. 

2.4 Procedure 

2.4.1 Mobile Phase Selection 

Various solvent systems reported in the literature for 

TLC analysis of AAs were evaluated. The mobile 

phase of n-butanol: acetic acid: water in a 3:1:1 

volumetric ratio yielded satisfactory results.  

This solvent system has been employed for the 

simultaneous determination of analytes using a 

conventional univariate calibration method. 

However, this solvent mixture did not completely 

separate Gln and Gly spots. Therefore, multivariate 

calibration was implemented for the analysis. 

Brilliant Green was utilized as an internal standard. 

2.4.2 Staining Reagent 

Ninhydrin was used as a staining reagent. To this 

end, Ninhydrin was added to the mobile phase at a 

2% w/w concentration. Subsequently, after TLC 

development, the plates were dried in an oven at 70-

75°C for 10 minutes. 

2.4.3 Univariate Calibration Curve 

Similar to all multivariate calibration-based 

analytical methods, the initial step involved 

determining the linear dynamic range of each 

analyte, or in other words, establishing the 

relationship between color intensity and the 

concentration of the studied AAs [21, 22].  

Different solutions of each analyte, ranging in 

concentration from 0.00039 to 0.20 M, were 

prepared, and a fixed amount of Brilliant Green was 

added as an internal standard. Subsequently, a fixed 

and small volume (approximately 1.0 µL) of the 

prepared solutions was spotted on the TLC plate 

using a 1 µL syringe.  

Calibration plots were constructed by plotting the 

ratio of the analyte peak area to that of Brilliant 

Green as the analytical signal against concentration. 

Separate calibration curves were generated for each 

color value (R, G, B) and their combinations. 

2.4.4 Simultaneous Determination of Gln and Gly 

The procedure for the simultaneous determination of 

two analytes is similar to that described by 

Hematinejad et al [19, 20]. Model development was 

achieved using two sets of standard solutions: 

calibration and prediction sets. A total of 23 standard 

solutions were prepared according to a five-level 

mixture design. All of the standard solutions were 

tested individually as test sets, and the remaining 

solutions were used as calibration sets.  

TLC development and imaging were conducted as 

described in the previous section for univariate 

calibration. The input variables for multivariate 

calibration modeling were the obtained two-

dimensional chromatograms (i.e., plots of color 

values as a function of pixel number from the 

spotting line).  

In this case, the response signal comprised the color 

values (R, G, B, or a combination of color values), 

and the instrument channels were the pixels. The 

chromatograms were corrected for peak shift and 

peak intensity using Brilliant Green as an internal 

standard. PLS-1 methods were adopted. The overall 
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predictive performance of the models was evaluated 

using separate test set samples [23]. 

3. Results and Discussion  

An important consideration in TLC separation is the 

selection of the appropriate mobile phase. After 

selecting the mobile phase, a critical aspect in the 

analysis of amino acids (AA) by TLC is their 

visualization. 

The conventional method involves spraying a 

ninhydrin solution onto the surface of the TLC plate. 

However, this approach is time-consuming and 

often results in a non-homogeneous colored surface, 

making it unsuitable for quantitative imaging. 

Furthermore, spraying requires a certain level of 

expertise. To overcome these limitations, we 

adopted the recent method proposed by Li et al. [24]. 

In this approach, ninhydrin is dissolved directly into 

the mobile phase, resembling a pre-derivatization 

process. Then, the colors are visualized by drying 

the plates in an oven at a temperature of 70–75 °C 

for 10 minutes. This eliminates the need for the 

spraying step and produces uniformly colored spots, 

which are more suitable for quantitative imaging.  

In imaging-based quantitative analyses, it is crucial 

to determine which color coordinates are most 

suitable. We found that using the G (green) value for 

Gln and the B (blue) color value for Gly yields more 

appropriate chromatograms. Specifically, these 

color values exhibited a linear dependency on the 

concentration of the analytes. The chromatograms 

obtained using either the G (green), B (blue), or R 

(red) values change as the analyte concentration 

varies.  

Before performing multivariate calibration, the 

analytical performance of the proposed TLC method 

was evaluated for individual analytes. The three- 

and two-dimensional chromatograms generated by 

the written software, along with the corresponding 

calibration graphs, are shown in Figures 1 and 2 for 

Gln and Gly, respectively.  

 

 

 
Fig.1. Individual calibration for Gln: a three-dimensional 
chromatogram, b two-dimensional chromatogram, and c resultant 

calibration curve  

It should be noted that the data presented in these 

figures were obtained using the G (green) color 

index for Gln and the B (blue) color index for Gly. 

The analytical performance of the individual 

calibration curves is summarized in Table 1. 
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Fig.2. Individual calibration for Gly: a three-dimensional 

chromatogram, b two-dimensional chromatogram, and c resultant 

calibration curve 

Well-defined linear relationships with excellent 

correlation coefficients were observed between the 

relative peak area (peak area of the analyte divided 

by the peak area of the internal standard) and the 

concentration of the analytes.  

The lower limit of calibration was determined to be 

0.0125 M for both Gln and Gly, respectively. At 

lower concentrations, the responses showed 

significant deviations from linearity.  

Table 1. Analytical appraisals of the individual calibration curves 

of Gln and Gly 

 Gln Gly 

Linear range (M) 0.0125-0.2 0.0125-0.2 

Regression equation y = 0.0038x + 0.0048 y = 0.0021x + 0.0089 

R2 0.9993 0.9945 

Detection limit (M) 0.007 0.008 

The detection limits, calculated as 3.3* 

σb (where σb is the standard deviation of the blank), 

were 0.007 M and 0.008 M for Gln and Gly, 

respectively. 

The chromatograms of individual solutions of Gln 

and Gly, as well as their binary mixture, reveal 

significant overlap, making it impossible to 

simultaneously determine these amino acids using 

conventional calibration methods. Therefore, 

multivariate calibration was employed for the 

simultaneous determination of Gln and Gly.   

In the next step, the R, G, and B data were exported 

for each sample, and 11 types of datasets were 

generated for further analysis using multivariate 

calibration methods. These datasets included:1) 

unfolded R, 2) unfolded B, 3) unfolded G, 4) 

Augmentation of unfolded R, G and B, 5) Sum of 

unfolded R, G, and B, 6) Row summation of R, 7) 

Row summation of B, 8) Row summation of G, 9) 

Column summation of  R, 10) Column summation 

of B, and 11) Column summation of G was applied 

for further analysis with multivariate calibration 

method. PLS-1 was the best multivariate calibration 

method in this study.  

PLS1 was applied to all 11 data types. The results 

demonstrated that the augmented unfolded R, G, 

and B data (Fig. S4) provided the best performance 

for both Gln and Gly. Consequently, this data type 

was selected for further analysis. 

The optimal number of latent variables for the PLS 

model was determined through leave-one-out 

cross-validation on the calibration dataset. The 

optimized PLS model was then used to predict 

analyte concentrations in the prediction set mixtures. 

The statistical parameters of the model are 

summarized in Table 2. To validate the predictive 

capability of the calibration models, they were 

applied to estimate analyte concentrations in the 

prediction samples. The results are presented 

graphically in Figure 4. 

Table 2. Statistical parameters of the PLS-based multivariate 
calibration models 

Analyte LV RMSCV R2
CV RMSP R2 P 

REP 

(%) 

Gln 4 0.7568 0.985 0.42 0.997 6.15 

Gly 4 0.6272 0.984 0.40 0.981 8.01 

As seen, the plot of predicted versus actual 

concentrations of both analytes represents a low 

degree of scattering around a line with squared 

correlation coefficients of 0.997 and 0.9812, for Gln 

and Gly, respectively.  
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To validate the multivariate model, we quantified 

Gln and Gly in pharmaceutical samples spiked with 

known concentrations of the analytes: Gln (0.10–

0.12 M) and Gly (0.10–0.15 M). The results are 

presented in Table 3.  

 

 
Fig. 4. Plot of predicted concentration versus experimental  

concentration for analysis of prediction: a Gln and b Gly (n=3) 

Initial recovery values ranged from 103.3-108.3% 

for Gln and 106.6-110.0% for Gly, indicating a 

slight positive bias. After normalization, recoveries 

improved from 103.3–108.3% to 99.1%–101.7% 

(mean ± RSD: 100.400% ± 1.4) and for Gly from 

106.6%-110.0% to 99.8%-101.3% (mean ± RSD: 

100.550% ± 1.0), demonstrating the method's 

accuracy when accounting for matrix effects. 

Normalized recoveries showed no significant 

difference from 100% (p>0.05 by t-test), confirming 

the elimination of systematic bias. 

The proposed model demonstrates effective 

simultaneous quantification of Gln and Gly in 

pharmaceutical samples. 

Several advanced techniques have been reported for 

amino acid analysis, each with distinct advantages: 

HPLC with UV detection [25] was used for 

glutamate, glycine, and alanine in human plasma 

after derivatization with 6-aminoquinolyl-N-

hydroxysuccinimidyl carbamate (AQC). This 

method offers excellent linearity (r > 0.999) and 

precision (<10% RSD) but requires expensive 

instrumentation and derivatization steps. 

In another study [26], capillary electrophoresis (CE) 

with LED-induced fluorescence achieves nanomolar 

(nM) sensitivity for Gly, Gln, and Glu in 

cerebrospinal fluid (CSF). However, this method 

requires specialized capillary conditioning but is 

highly suitable for clinical diagnostics. 

A step-gradient HPLC with fluorescence detection 

enables rapid (<12 min) quantification of glutamate, 

glycine, and taurine in microdialysates and provides 

femtomole-level detection but is limited by 

instrument complexity [27]. 

Spectrophotometry with neural networks uses 

kinetic data for the simultaneous determination of 

Gly and Lys. This method is comparable to PLS in 

signal deconvolution but relies on 

spectrophotometric detection rather than TLC [28]. 

Enzymatic assays are highly specific for Gln 

quantification in CSF and plasma but are limited to 

single-analyte detection [29]. Compared to 

established techniques like HPLC and GC-MS , this 

TLC-based approach offers distinct advantages in 

operational simplicity, reduced equipment costs, 

and minimal training requirements.  

However, three key limitations should be noted: (1) 

unlike HPLC/GC-MS, the method quantifies co-

eluted analytes without physical separation, relying 

on multivariate signal deconvolution; (2) sensitivity 

remains lower than gold-standard methods (LODs 

of 0.007-0.008 M vs. μM-range for HPLC); and (3) 

precision (%RSD 1.0-1.4%), while acceptable for 

quality control, is slightly reduced compared to 

liquid chromatography techniques. These trade-offs 

position the method as particularly valuable for 

rapid screening applications where ultra-high 

sensitivity is not critical.
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Table 3. Results of the analysis of Gln and Gly in pharmaceutical samples (n=3) 

 

4. Conclusion 

We developed a simple thin-layer chromatography 

(TLC) method for the simultaneous determination of 

glutamine (Gln) and glycine (Gly) as representative 

amino acids. The approach combines multivariate 

analysis of chromatographic profiles with 

smartphone-based image processing, enabling 

quantification despite partial co-elution. Compared 

to existing methods for challenging amino acid pairs 

(e.g., leucine/isoleucine separation), this technique 

offers three key advantages: (1) reduced analysis 

time (<30 min), (2) lower operational costs (utilizing 

conventional TLC plates instead of HPTLC), and (3) 

simplified instrumentation (smartphone detection 

vs. HPLC/GC-MS). Validation using 

pharmaceutical samples yielded mean recovery rates 

of 100.40% and 100.55% for Gln and Gly, 

respectively, and demonstrated reliability for 

complex matrices. While optimized for Gln/Gly, the 

methodology shows potential for adaptation to other 

structurally similar amino acids like Leu/Ile, 

pending further validation of separation efficiency. 
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