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Abstract  Due to the time consuming of conventional 

method in plant-based total protein determination in 

soybeans, this research aims to find an alternative shorter 

time technique using fluorescent technique. The first 

experiment was finding optimum conditions of sodium 

hydroxide concentration and time on protein extraction in 

extraction process. In the second experiment, the solution 

from the best conditions of the first experiment will be 

added by Coomassie brilliant blue G-250. The complete 

reaction time will be recorded. In the last step of this study, 

the fluorescent will be applied to find the responded 

wavelength of protein-dye-complex. Then, the prediction 

of overall protein content will be summarized. The results 

of the studies revealed that optimum of sodium hydroxide 

concentration was 0.8 % and extraction time was 120 min. 

In terms of the reaction time of amino with Coomassie 

brilliant blue G-250 was used completely for 5 min. A 

modification of the Bradford method revealed a protein-

dye-complex at a wavelength of 702.95 nm. The total 

protein content (y) prediction equation was y = 9.4325x-

1.6175, where x value represented the degree of 

fluorescence intensity. The analysis period of total protein 

determination using fluorescent technique was 3.5 hours. 

Keywords Fluorescent Technique, Total Protein, 

Soybean 

1. Introduction

Consumers have been considering animals as the main 

source of protein for a long time. Currently, the popularity 

of plant-based protein consumption is rising [1],[2]. 

Among all plant protein sources, soybeans are very popular 

because they are rich in all eight essential amino acids and 

show digestibility similar to cow's milk, meat and egg 

proteins [3]. They are also consumed by lactose intolerant 

consumers who are aware of cholesterol. 

The components in soybean seed contain some 

substances such as proteins, carbohydrates, fats, and 

minerals. Soybean seeds are found to contain 36-45 % 

protein, 19-25 % fat and 15-35 % carbohydrates [4]. 

Soybeans are mainly used in the production of soy milk and 

tofu, soy milk. Since protein is the major component of 

soybean, an analysis to determine the amount of protein is 

necessary to indicate the quality of the soybean seed before 

processing. The common technique to analysis of protein 

content in soybean seeds is “Kjeldahl method”. This is 

based on the principle that nitrogen is present in most 

organic substances derived from proteins. The nitrogen 

analysis in the sample can be calculated as the protein 

content [5]. However, the disadvantage of Kjeldalh method 

is that it requires a long time to analyze the sample [6]. The 

shorter time procedure was introduced by Marion M. 

Bradford in 1976 [7]. Its principle is based on the 

observation that the absorbance maximum for an acidic 

solution of Coomassie brilliant blue G-250 shifts from 465 
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nm to 595 nm when binding to protein occurs. It is a 

spectroscopic analytical procedure that presents the 

concentration of protein in the solution (mg/ml). The idea 

of this study aims to find an alternative quick process 

technique using fluorescence to detect total protein which 

is based on the determination of Bradford method while the 

amount of total protein will be presented in “% protein”.  

2. Materials and Methods 

2.1. Material and Preparation 

Thai soybeans (Glycine max {L.} Merr. cv. ‘Chiang Mai 

60’) were used in this research. Soybeans were obtained as 

a byproduct from Chiang Mai Field Crops Research Center. 

All other chemicals used were of analytical grade. 200 g of 

cleaned raw material was heated in the microwave for 75 

min and then 20 g of soybean was stored in a storage bag 

at 4 °C. 

2.2. Methods 

This research was separated into 3 parts: i) to find the 

optimum conditions of sodium hydroxide concentration 

and time on protein extraction in extraction process, ii) the 

solution from the best conditions of the first experiment 

will be added by Coomassie brilliant blue G-250 in order 

to develop protein-dye-complex structure of Benzene ring 

for fluorescent response. The complete reaction time will 

be recorded and iii) the fluorescent will be applied to find 

the responded wavelength of protein-dye-complex. Then, 

the percentage of total protein prediction will be 

summarized via graph-based translation and equation. The 

steps of study will be investigated as the following. 

2.2.1. The Effect of Sodium Hydroxide Concentration and 

Time on Protein Extraction in Extraction Process 

The prepared soybean protein was extracted with 125 

mL of sodium hydroxide (Sigma-Aldrich, Germany) 

solution at concentrations of 0.1, 0.2, 0.4, 0.6, and 0.8 % 

respectively. Each level will be divided into 5 periods of 15, 

30, 60, 90 and 120 min and each treatment will be repeated 

5 times for measurement. The extraction using a magnetic 

stirrer (MGS-1001, LMS, Japan), stirs level 6, at room 

temperature and then the solution was separated by 

centrifugation at 10,000 rpm for 15 min and filtered with 

filter paper No. 1 (Whatman, United Kingdom). The treated 

samples will be analyzed of protein by Kjeldahl method, 

fluorescence spectroscopy by using Bradford method [7]. 

Finally, all experimental design was statistical software 

(SPSS Inc., Chicago, IL, USA) used to do data analysis. 

The result of sodium hydroxide concentration and reacting 

time will be used for the following experiment. 

2.2.2. The Complete Reaction Time between Coomassie 

Brilliant Blue G-250 and the Extracted Solution 

Coomassie brilliant blue G-250 was added in the best 

condition of solution from previous experiment in order to 

develop protein-dye-complex structure of Benzene ring for 

fluorescent response. The complete reaction time will be 

recorded. 

From the results of the 1st step, the best results will be 

analyzed by the Bradford method [7], fluorescence and 

fractions of protein peptide and amino acid. The room 

temperature with the period time of 5, 10, 15, 20, 25 and 30 

min is the condition of studies. In controlled samples that 

were not subjected to temperature stimulation, the samples 

will be straying at room temperature for 30 minutes. The 

values obtained are expressed in terms of fluorescence 

intensity and absorbance method. Finally, the analysis was 

statistical software (SPSS Inc., Chicago, IL, USA) 

2.2.3. Determination of the Fluorescent Response Peak 

Weighing 20 g of crushed soybean seeds and adding 125 

mL of 0.4 % sodium hydroxide (Sigma-Aldrich, Germany) 

solution, then extracted for 45 min using a magnetic stirrer 

(MGS-1001, LMS, Japan), stirring level 6, at room 

temperature 25 °C, then the solution was separated by 

centrifugation at 10,000 rpm for 15 min and filtered with 

filter paper No. 1 (Whatman, United Kingdom), then draw 

0.1 mL of protein solution, add to the cuvette and add 4 mL 

of Bradford reagent (Sigma-Aldrich, Germany). The 

sample was set for 15 min and taken to find the emission 

range with the fluorescence spectrophotometer in scan 

mode. 

2.2.4. The Development of Graph-Based Translations and 

Equation to Predict the Overall Protein Percentage 

in Soybean 

The results from the 3rd step will be measured by a 

fluorescence spectrophotometer. It was compared to 

standard fluorescence graphs. The standard graphs were 

used for bovine serum albumin (BSA) solution that 

analyzed fluorescence graph. Then graph will be created to 

form the relation between intensity value of fluorescence 

and the percentage of protein of Kjeldahl method. In the 

equations for protein prediction, the results from last, the 

correlation between the intensity fluorescence value and 

percentage of protein of Kjeldahl method were used to 

construct a multivariate regression equation for the 

conversion of total protein content.  

The results from all experiments will be collected as a 

method for determining total protein content in soybean by 

using fluorescence technique.
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3. Results 

3.1. The Effect of Sodium Hydroxide Concentration 

and Time on Protein Extraction in Extraction 

Process 

The effect of sodium hydroxide solution concentration 

and extraction time on the amount of protein solution after 

extraction was studied using concentrations of 0.1, 0.2, 0.4, 

0.6, and 0.8 % of sodium hydroxide and 15, 30, 60, 90, and 

120 minutes of extraction time, there was no statistically 

significant difference in sodium hydroxide concentrations 

at p < 0.05 of confidence level. However, the extraction 

time had a statistically significant effect on the extracted 

protein content at p < 0.05.  

The results were determined by testing the extracted 

protein solution by the fluorescence method and 

absorbance method and the Kjeldahl method. The results 

that can be determined at 0.8 % sodium hydroxide 

concentration and 120 min of extraction are contained 

resulting in the highest protein extraction. From these 

results, it may be concluded that the experimental guideline 

in terms of concentration and duration affects the level of 

soybean protein extract, but the results of statistical 

analysis only indicate that the time duration has a 

significant difference statistically of confidence level at p 

< 0.05. In conclusion, the analysis results can be shown in 

Figures 1, 2 and 3 respectively.  

Protein analysis of soybean meal after extraction showed 

that the extraction time had a statistically significant effect 

on the protein content of soybean meal at significantly 

different at p < 0.05. Analysis by fluorescence intensity and 

absorbance method and total protein (Kjeldahl method). In 

the effect analysis of soybean meal after protein extraction 

with 0.1 % sodium hydroxide and 15 min of extraction time, 

the maximum protein content was 0.816±0.005 %, and 

these values were consistent with the protein content. The 

extraction rate was 0.99±0.0055 %, which was considered 

the lowest extraction value of all treatments. The results of 

the total protein analysis of soybean meal after extraction 

were also consistent with the effect of protein in solution. 

The higher the solution concentration and the extraction 

time, and consistent with the analysis results, the protein 

content of the soybean meal after extraction decreased with 

increasing solution concentration and extraction time as 

shown in Figure 4. 

 

Figure 1.  Comparison of concentration and time to amount of protein extracted by absorbance method. Statistical analysis uses F-test (% NaOH) = NS,  

F-test (heating time) = sig. and F-test (% NaOH *heating time) = NS). 
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Figure 2.  Comparison of concentration and time to amount of protein extracted by Fluoresce method. Statistical analysis uses F-test (% NaOH) = NS, 

F-test (heating time) = sig. and F-test (% NaOH *heating time) = NS 

 

Figure 3.  Comparison of concentration and time to amount of protein extracted by Kjeldahl method. Statistical analysis uses F-test (% NaOH) = NS, 

F-test (heating time) = sig. and F-test (% NaOH *heating time) = NS 
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Figure 4.  Comparison of concentration and time to amount of protein in soybean meal after extraction. Statistical analysis uses F-test (% NaOH) = NS, 

F-test (heating time) = sig. and F-test (% NaOH *heating time) = NS 

 

Figure 5.  Comparison of reaction time on fluorescence values 

3.2. The Complete Reaction Time between Coomassie 

Brilliant Blue G-250 and the Extracted Solution 

Coomassie brilliant blue G-250 coagulation test with soy 

proteins (arginine, histidine, phenylalanine, tryptophan, 

tyrosine), fluorescence values were analyzed at 0, 5, 10, 15, 

20, 25 and 30 min. Fluorescence-activated electromagnetic 

energy of the reaction between Coomassie brilliant blue G-

250 with 5 types of amino acids, and it was found that the 

duration of the reaction had a statistically significant effect 

on the fluorescence at p < 0.05.  

Figure 5 indicates the fluorescence reaction rate of 

protein-dye-complex over a period of 30 min. The 

complete reaction takes place 5 min after adding 

Coomassie brilliant blue G-250. This is because the 

statistical analysis results found that after the 5 min of the 

fluorescence reaction, there was no statistically significant 

difference at p < 0.05. 

The underlying principle for this assay was the 

association between Coomassie brilliant blue G-250 and 

proteins with a change in peak absorbance from 465 to 595 

nm. Absorption at 595 nm was used to quantify protein 

content [10], but fluorescence was measured at a 

wavelength of 702.95 nm. However, the reaction time 

depends on many factors such as reagents used time 

between mixing and the specific protein type of Coomassie 



430 Plant-Based Total Protein Determination of Soybeans Using Fluorescent Technique  

 

brilliant blue G-250. Therefore, it can be concluded that the 

reaction time between Coomassie brilliant blue G-250 and 

specific amino acid depends on the type of raw material 

used for analysis because the proportion of specific amino 

acid is not the same and the fluorescence value is also 

according to the specific amino acid proportion. 

3.3. Determination of the Fluorescent Peak 

The results of the emission peak analysis of the protein-

dye-complex solution for determining the fluorescence 

properties of the compound are as follows. From the peak 

scan results, it was found that the protein-dye-complex 

solution has a structure with fluorescent properties and an 

emission peak can occur at 702.95 nm and as shown in 

Figure 6. 

3.4. The Development a Correlation Graph between 

Fluorescent Intensity (A.U.) and Total Protein 

Percentage in Soybean 

Creation of graphs for protein prediction equations is by 

comparing the fluorescence with the total protein (Kjeldahl 

method) using the same sample set for the extraction and 

analysis of the proteins. The resulting graph is straight-line 

and the equation predicts the total protein content of y = 

9.4325x-1.6175 and has an R2 value of 0.9964. The 

variables in the equation consist of y being the total protein 

content and X value being the degree of fluorescence 

intensity. The prediction equation was tested for overall 

protein prediction accuracy in soybeans using cv. Chiang 

Mai 60. The prediction accuracy level was 58.27+6.24 %. 

The data display is shown in Figure 7. 

 
Figure 6.  Emission peak of protein-dye-complex solution 

 

Figure 7.  Comparison of reaction time on fluorescence values 
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4. Discussion 

4.1. The Effect of Reaction Time on Reaction between 

Solution and Protein 

The concentration analysis also contradicted the trials of 

[8]-[11], which concluded that the concentration of alkali 

solubility in extraction with Chenopodium seeds, 

watermelon seed, and Tea Residues was found that the 

concentrations affected the increased protein extraction 

content as yield of extraction. However, there is some 

support that is consistent with the results of the experiments 

by Wani et al. [10] and Lestari et al. [12] stated that the 

maximum protein extraction depends on the seed type and 

protein composition and as a consequence of increased pH, 

protein anion increases, and electrostatic repulsion between 

them increases. As a result, protein solubility is increased 

due to protein-water interaction. However, if the 

concentration of the extraction solution is too high, it will 

lead to the deterioration of the protein [13],[14]. 

4.2. Determination of the Fluorescent Peak and 

Complete Reaction Time between Solution and 

Protein 

The results were initiated by the basic mechanism of the 

assay, the binding of Coomassie brilliant blue G-250 dye at 

acidic pH to a basic amino acid residue consisting of 

arginine, histidine, phenylalanine, tryptophan, tyrosine 

residues and hydrophobic reactions in proteins, which 

results in the color turning blue [15],[16]. The typical 

fluorescent species of molecules are aromatic rings 

structures [17],[18] and the amino acid aromatic rings 

structures composed of tryptophan, tyrosine and 

phenylalanine have quantum yields of 0.2, 0.14 and 0.4 

respectively [19]-[22]. But those three amino acids in 

soybeans are low, so how to increase quantum yields by 

using Coomassie brilliant blue G-250 binding with 

tryptophan, tyrosine, phenylalanine, arginine, and histidine, 

which can increase the efficiency of fluorescent more than 

normal amount [17] and amino acid binding to Coomassie 

brilliant blue G-250 produces an emission peak of 702.95 

nm. 

Initially, the color development of the Bradford method 

was based on the solubility of the constituent proteins with 

hydrophobic (proline, glycine, alanine, valine, isoleucine, 

leucine, and phenylalanine), basic (lysine, histidine, and 

arginine) [5] includes the group of aromatic (tyrosine, 

phenylalanine, tryptophan, and histidine [23], [24]. The 

timing also depends on the amount of protein dissolved in 

the solution, with the higher the protein content, the longer 

the color equilibrium takes place [25]. A period of more 

than 5 minutes of which can develop a complete color. 

 

4.3. The Development of Graph-Based Translations is 

the Overall Protein Percentage in Soybean and 

Equations for Protein Prediction 

In general, the Kjeldahl method is used as a standard 

method for protein determination in the food industry. 

Therefore, the graph developed from the relation between 

fluorescence intensity and soybean protein content by the 

Kjeldahl method, and the amount of value from the 

equation will be the percentage of total protein content in 

soybean. So the process of developing protein prediction 

curves, the relationship between the protein values 

analyzed by the Kjeldahl method and the fluorescence 

values were linearly shown on the curve and the results 

were consistent with the research by Bradford [7], Zor and 

Martina and Vojtech [24] Zor and Selinger [26] found that 

the absorbance curve varies with the amount of protein in 

solution and is linear. The predictive equations were able 

to predict protein in soybeans in the range between 19.97 

and 53.17 % , these ranges are within the experimental 

scope and beyond that, there may be some speculation as a 

result of the nonlinearity of the frequencies and the 

analytical equations may not support protein content ranges 

below or above the set limits. 

Due to greater sensitivity and specificity in protein 

detection using fluorescence. However, the study also 

stated that assay selection should depend on the specific 

protein being measured including the required level of 

sensitivity and accuracy [27],[28].  

5. Conclusions 

The overall results can be summarized as the total 

protein determination by the Fluorescent technique. 20 g 

soybeans were heated at 50°C with a 600 W microwave for 

75 min and then extracted with 0.8 % sodium hydroxide 

125 mL, 120 min duration of extraction. The extracts are 

separated by centrifugation at 10,000 rpm for 15 min at 4°C 

and filtered with filter paper No. 1, then draw 0.1 ml of 

protein solution, add to the cuvette and add 4 ml of 

Bradford reagent for 5 min and then measure the 

fluorescence with fluorescence spectrophotometer machine 

at a wavelength of 702.95 nm, then calculate the value in 

the equation of y = 9.4325x-1.6175, where y is the total 

protein (%). In addition, the total protein determination by 

fluorescent technique can be reduced from 5 hours of the 

standard method (Kjeldahl method) to 3.5 hours. The cost 

per sample is 0.7-0.86 USD, while the standard method 

costs 2.6-2.75 USD. Therefore, the benefit for 

determination of total protein by fluorescence technique 

with higher accuracy and speed of analysis, as well as low 

sample analysis costs but the important point is that this 

approach is the steam of the future green industry transition 

period. In addition, the fluorescence technique for 

determination of total protein can be applied to the protein-

related food industry by modifying the relation between 
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fluorescence intensity and total protein content. Standard 

method and appropriate for the plant protein species to be 

measured. 
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