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ABSTRACT 

A new, rapid, and sensitive flow injection (FI) system with UV- VIS spectrophotometer detector has been 

notified for proteins determination; by measuring the absorbance at 595 nm at room temperature we obtain a good 

linearity between the absorbance and the protein concentration by range between (1-50) mg.l-1. The effecting 

chemical and physical parameters in the system have been studied, like solvent composition, dye concentration, flow 

rate, reagent volume, sample volume, reaction coil length. The method appropriate with many sugars, salts, acids 

and reducing agents, which is commonly exist in the biological solutions and dairy products. The sampling rate equal 

to 180 samples per one hour, detection limit is (0.326mg.l-1).Relative standard deviation for (30mg.l-1), n = 10 was 

found (0.824 %). The calibration curve was prepared. The dispersion coefficient, repeatability and applications were 

calculated. The method has been used to determine the protein concentration in dairy products, drug, and serum with 

retrieval between (71.36 -106.6). 

Key words: Flow injection analysis, Determination, protein, Coomassie brilliant blue. 

1. INTRODUCTION 

During the last two decades the flow injection method has improved in domain, both theoretically and in the 

number of implementations (J.Ruzicka and E. H. Hansen, 1986). The first paper in flow injection technique has been 

published by Ruzicka and Hansenin Denmark (J. Ruzicka and E. H. Hansen, 1975), has provided a new approach in 

analytical chemistry. The FI conception has confirmed to be a substantially multilateral and adaptable notion(J. F. 

Tyson,1992 and A. Sanz-Medel,1999) .This wide admission of (FIA) is ingenuity because of its advantages, which 

include ease of automation, ease of control in space, time and costs, because of the closed system the (FIA) method 

prevents liquid evaporations provides high reproducible mixing for components to form the reaction 

product(J.Ruzickaand E.H.Hansen, 1988), high precision and accuracy, high sampling frequency, low consumption 

of sample and reagent, high reproducibility(J. F. M. Van Impe and et al. ,1998), that allows this technique to be 

applied coupling with a broad of assortment of analytical methodsparticularly the optical techniques and especially 

visible spectrophotometry(S. Lunvongsa, M. Oshima and S. Motomizu,2006 , L. K. Shpigun and et al ,2015 R. 

Burakham and et al 2004 and A. V. Bulatov and et al 2006 ) .Proteins are the most numerous and effectively varied 

molecules inthe living systems.Amino acids are the building blocks found in all proteins which acceded together via 

peptide bonds(R. A. Harvey and D. R. Ferrier, 2011). Thousands of various kinds extend in size between 

comparatively little peptides to massive polymers with huge molecular weights reach to the millions;can be locate 

in a single cell.We can Separate and Purify the proteins depending on the variation of properties such as charge, size, 

and binding features(D. L. Nelson and M. M. Cox,2012).Proteins have fundamental functional and structural roles 

in living organisms(T. M. Devlin,2006).Proteins are one of the main groups in the components of food, and it’s found 

in various organisms of both animal and vegetal source(F. Toldra and L.M.L. Nollet,2013).Determination of proteins 

is substantial in clinical implementation. The commonly employed methodsarenear ultra violet absorption method at 

280nm(D. M. Kirschenbaum, 1975), Far ultra violet absorption method at 205nm(R. K. Scopes, 1974), Lowry 

method(O. H. Lowry,1951),Bicinchoninic Acid (BCA)method(P. K. Smith,1985) and Bradford Method(M. M. 

Bradford, 1976).Coomassie brilliant blue (alsocalled Coomassie stains) has two comparabletri phenyl methane 

dyes(G,R shapes) that were used in the industry of textile but now they are generally used for proteins staining in 

analytical biochemistry assays. The dye color depends on the pH value of the solution. The "G" shape of the dye has 

been searched in detail(H. J. Chial,H. and et al , 1993).The difference in the colors is an outcome of the difference 

charged states for the dye molecule(S. J. Compton andC. G. Jones, 1985).The first research for using of the "G" 

shape of the dye to visualize protein was in 1967 (A. M. Altschul and W. J. Evans, 1967). This dye used for 

quantitation purpose of protein (M. Fountoulakis and et al. 1992). The mechanism of the assay is dye binding to 

histidine, arginine, tryptophan, tyrosine, and phenylalanine residues at the protein molecule(M. R. de Moreno and et 

al. 1986),,Recentlyit has been applied in scientific experimentation(W. Peng and et al. 2009) .this dye has been used 

Beneath the commerce name Brilliant Peelin retina surgery(S. Mennel and et al. 2008).Protein Determination by 

flow injection technique was performed for total protein in human serum with fluorescamine reagent by sequential 

injection analysis and fluorometric detection at 470nm. The linear range was(0.3-12.5) g.ml−1, along with a much 

improved detection limit of (0.1g.ml-1)( X. W. Chen and J. H. Wang, 2006),the quantitation of human 

Immunoglobulin G (IgG) in Serum byZhu et al .By sequential injection analysis with fluorescence probe, a detection 

limit is 0.1 mg.l-1IgG the sample throughput was 11 per hour. RSDs of 1.7% and 5.2%were observed for one day 

which containing 3.9mg.l-1Immunoglobulin G (IgG) of serum samples(H. L. Zhu and et al. 2004).Based the 

http://link.springer.com/search?facet-creator=%22Jan+F.+M.+Van+Impe%22
https://en.wikipedia.org/wiki/Triphenylmethane
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reinforcement of the Resonance light scattering (RLS) intensity for the reagent Eriochrome Black T (EBT), Li et al 

reported a FIA-RLS execution for determination of Human serum albumin(HAS) and bovine serum albumin(BAS), 

they could be determine in the range of (7-36) g.ml-1and (8-44) g.ml-1 respectively. The average RSD value of general 

RLS procedure was 4.82% for 20g.ml-1 EBT-HAS system, while the average RSD value of FIA-RLS was only 0.76% 

for the same reaction system (Y. Li and et al.2006) 

2. EXPERIMENTAL 
Apparatus: Analytical balance sensitive Denver Instrument, Spectrophotometer Labomed.inG single beam, USA, 

and a spectrophotometer Shimadzu UV-1700 spectrophotometer, Recorder Pen Siemens C 1032, Hitter thermal 

Ardeas 51, peristaltic pump Germany, Ismatic, files Interaction with the radius of 0.5 mm, Homemade valves, pipes 

load of Teflon, flow cell volume of 450 μL, pH meter. 

Materials and reagents: 

1. The standard stock of protein1000 ppm was prepared by diluted 1.666ml from 60g.l-1total protein solution in 

distilled water, then transferred to volumetric flask100 ml and made up to the mark with distilled water. And the 

other solutions were prepared by using the dilution law. 

2. Reagent solution (Coomassie brilliant blueG-250) was prepared by dissolving100 mg of Coomassie Brilliant Blue 

G-250 in50 ml of95% ethanol. The resulting solution is then mixed with100 ml of 85% phosphoric acid, then 

transferred to volumetric flask 1000 ml and made up to the mark with distilled water, The solution was filtered 

through Whatman no. 1 filter paper and stocked in an amber bottle at the room temperature(J. M. Walker,2002). 
3. buffer solution at pH = 7.4 was prepared [0.1 M sodium dihydrogen phosphate, NaH2PO4 + 1.0 M sodium hydroxide] 1.1998 

g sodium dihydrogen phosphate was Added to a 250 ml beaker, add about 80 ml of distilled water, and mix using a magnetic 

stirbarand motor. 

PH meter was submerged in the phosphate solution. Using a small pipet, adds1.0 M standardized NaOH 

drop wise until the pH reads 7.40.Then transfer the solution to 100 ml volumetric flask. Fill to the mark with distilled 

water.Invert20 Times to mix well. 

Determination of the wavelength for maximum absorption: Ultraviolet visible spectroscopy was used for the 

determination of the wave length of the maximum absorption of the protein complex formation as shown in Fig. 1. 

From this study we obtain that the max wave length for complex absorption was 595nm, גmax used to find the 

optimum conditions for the protein determination. 

 
Fig.1.UV-Vis spectroscopy for protein complex and reagent 

Design of FIA system: The different parameters affecting the unit have been studied and selected for a final 

estimation method. The following results allow the operator to choose diverse operation conditions to find the best 

design for determination as shown in Fig. 2. 

 
Fig.2.New design of FIA unit 
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3. RESULTS AND DISCUSSION 

Physical parameters: 

Effect of the flow rate: The effect of the flow rate on the peak height was studied in the range of (0.280-4.800) 

ml.min-1(Table 1and Fig. 3). In the low flow rate the double peak appear clearly, may be due to the reality that the 

carrier solution cannot disperse into the midst of the sample zone enough(P. Rumoriand V. Cerda,2003). The rate 

3.6 ml.min-1was the optimum flow rate due to the highest sensitivity.  In the highest flow rate the peak height will 

decrease because of the decreased in the measurement sensitivity due to the dilution (I. F. Al-Momani, 2001). 

Table.1.Effect of the flow rate on the peak height;protein conc. = 30 ppm, R. C.L. 

(Reactioncoil length)= 20 cm, reagent volume= sample volume =78.57µl, alcohol volume=50ml, acid 

volume=100ml, reagent concentration=100ppm. 

Flow rate (ml.min-1) Peak height   (cm) Mean (cm) SD RSD % 

0.280 1.427 1.092 0.953 1.157 0.243 21.000 

1.240 1.902 1.569 1.517 1.662 0.208 12.51 

2.500 1.807 1.891 1.942 1.880 0.068 3.617 

3.600 2.135 2.109 1.884 2.042 0.138 6.758 

4.800 1.877 1.877 1.877 1.877 0.000 0.000 

 

 
Fig.3.Change of peak height with flow rate in FIA unit 

Effect of the reaction coil length: Reaction coil length was studied in the range of (10-80) cm. The best reaction 

coil length was 70 cm (Table 2 and Fig. 4), clearly it provided the highest sensitivity. 

Table.2.Effect of the reaction coil length (R.C.L.) on the peak height;protein conc. = 30 ppm, 

Flow rate = 3.6 ml.min-1, reagent volume =sample volume =78.5 µl,alcohol volume=50ml, acid 

volume=100ml, reagent concentration=100ppm 

Reaction coil length (cm) Peak  height (cm) Mean  (cm) SD RSD % 

10.00 1.871 2.014 2.028 1.971 0.086 4.363 

20.00 1.930 2.128 2.070 2.042 0.101 4.946 

30.00 2.540 2.330 2.546 2.472 0.123 4.975 

40.00 2.645 2.640 2.740 2.675 0.056 2.093 

50.00 2.804 3.000 2.951 2.918 0.102 3.495 

60.00 3.030 3.152 3.230 3.137 0.100 3.187 

70.00 3.710 3.550 4.000 3.753 0.228 6.075 

80.00 3.646 3.620 3.670 3.645 0.025 0.685 

 

 Fig.4.Change of peak height with reaction coil length in FIA unit 

Effect of the reagent volume: Reagent volume was studied in the range of (39.28-235.71)μl. Reagent volume that 

manifested the greater peak height was 117.85μl and it was selected to be the optimum volume because it shows 

highest sensitivity Table 3 and Fig. 5). 
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Table.3.Effect of the reagent volume on the peak height; protein conc. = 30 ppm, flow rate = 3.6 ml.min-1, R. 

C. L. = 70 cm, sample volume =78.57 µl, alcohol volume=50ml, acid volume=100ml, reagent 

concentration=100ppm 

Reagent volume  (μl) Peak height  (cm) Mean  (cm) SD RSD % 

39.28 3.594 3.215 3.535 3.448 0.203 5.887 

78.57 3.733 3.778 3.750 3.753 0.022 0.586 

117.85 3.778 3.836 3.836 3.816 0.033 0.864 

157.14 3.825 3.770 3.840 3.811 0.036 0.944 

235.71 3.725 3.685 3.680 3.696 0.024 0.649 

 

 
Fig.5.Change of peak height with reagent volume in FIA unit 

Effect of the sample volume: The effect of the sample volume on the peak height was studied in the range of (39.28-

157.14) μL. The highest Peak was at 117.85 μL and it was the selected volume. After this volume, there was 

decreasing in the height of the Peak (Table 4 and Fig. 6). 

Table.4.Effect of the sample volume on the peak height; protein conc. = 30 ppm, flow rate=3.6 ml.min-1, R. 

C. L. = 70 cm, reagent volume= 117.85µl, alcohol volume=50ml, acid volume=100ml, reagent 

concentration=100ppm 

Protein volume (μL) Peak  height   (cm) Mean (cm) SD RSD % 

39.28 2.530 2.450 2.380 2.453 0.075 3.057 

78.57 3.778 3.836 3.836 3.816 0.033 0.864 

117.85 3.900 3.850 3.860 3.870 0.026 0.671 

157.14 3.740 3.840 3.800 3.793 0.050 1.318 

 

 
Fig.6.Change of peak height with sample volume in FIA unit 

 

Chemical parameters: 

Effect of alcohol volume in the reagent composition: The stability of the reagent was studied in various volumes 

of ethanol (20-120) ml; the highest Peak was at 80 ml, before and after this volume, there was decreasing in the 

height of the peak. So this volume was taken to be the optimum volume of alcohol (Table 5. and Fig. 7). 

Table.5.Effect of alcohol volume in the reagent composition on the peak height;protein conc. = 30 ppm, flow 

rate =3.6 ml.min-1, R. C. L. = 70 cm, reagent volume = sample volume= 117.85µl, acid volume=100ml, 

reagent concentration=100ppm 

Alcohol volume (ml) Peak height    (cm) Mean  (cm) SD RSD % 

20.00 3.115 3.015 3.080 3.070 0.050 1.628 

50.00 3.900 3.850 3.860 3.870 0.026 0.671 

80.00 5.055 4.925 4.935 4.971 0.072 1.448 

120.0 4.910 4.890 4.935 4.911 0.022 0.447 
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Fig.7.Change of peak height with alcohol volume in FIA unit 

Effect of phosphoric acid volume in the reagent composition: The stability of the reagent was studied in various 

volumes of phosphoric acid (40-120)ml; the highest Peak was at 100 ml, before and after this volume, there was 

decreasing in the Peak height. So this volume was taken to be the optimum volume of the acid (Table 6. and Fig. 8). 

Table.6.Effect of phosphoric acid volume in the reagent composition on the peak height; protein conc. = 

30ppm, flow rate= 3.6ml.min-1, R. C. L. = 70cm, reagent volume = sample volume= 117.85µl, alcohol 

Volume=80ml, reagent concentration=100ppm 

Acid. volume  (ml) Peak height   (cm) Mean (cm) SD RSD % 

40.00 3.485 3.260 3.260 3.335 0.129 3.868 

60.00 4.410 4.340 4.397 4.382 0.037 0.844 

100.0 4.935 5.020 4.960 4.971 0.043 0.865 

120.0 3.650 3.600 3.624 3.624 0.025 0.689 

 

 
Fig.8.Change of peak height with acid volume in FIA unit 

Effect of the reagent concentration: The reagent concentration was studied in the range of (50-200) ppm; the 

highest peak was at 100 ppm, so it’s chosen to be the optimum volume of acid (Table 7 and Fig. 9). 

Table 7: Effect of reagent concentration on the peak height; protein conc. = 30 ppm, flow rate =3.6 ml.min-1, 

R. C. L. = 70 cm, reagent volume = sample volume= 117.85µl, alcohol volume=80ml, acid volume=100ml. 

Concentration  (ppm) Peak height  (cm) Mean (cm) SD RSD % 

50.00 2.575 2.680 2.680 2.645 0.060 2.268 

70.00 3.425 3.356 3.389 3.390 0.034 1.002 

100.0 4.935 5.020 4.960 4.971 0.043 0.865 

200.0 3.450 3.356 3.330 3.378 0.063 1.865 

 

 
Fig.9.Change of peak height with dye concentration in FIA unit 

Calibration curve: Calibration curve was prepared at the optimum conditions of complexation and change in the 

protein concentration (Table 8 and Fig. 10 and 11). The calibration curve is linear in the range of (1-50) mg.l-1and 

the detection limit was(0.326mg.ml-1)( A. Shrivastava and V. Gupta, 2011) 
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Table.8.Effect of the protein concentrationon the peak height at flow rate = 3.6 ml.min-1, R.C.L. =70cm, 

reagent volume = sample volume=117.85 µl, alcohol Volume=80ml, acid Volume=100ml, reagent 

concentration=100ppm 

Protein 

conc.(Ppm) 

Mean with 

reagent (cm) 

Peak height without reagent    

(cm) 

Mean 

without 

reagent (cm) 

SD RSD % 

1 3.583 0.044 0.044 0.054 0.047 0.005 10.63 

2 3.623 0.041 0.11 0.11 0.087 0.039 44.82 

4 3.709 0.124 0.104 0.292 0.173 0.103 59.53 

10 4.001 0.586 0.45 0.359 0.465 0.114 24.51 

20 4.442 0.812 0.999 0.909 0.906 0.093 10.26 

30 4.971 1.424 1.399 1.484 1.435 0.043 2.996 

40 5.412 1.979 2.036 1.614 1.876 0.228 12.15 

50 5.820 2.284 2.284 2.284 2.284 0.000 0.000 

 

 
Fig.10.Calibration curve of total protein with Coomassie brilliant blue in FIA method 

Repeatability: Repeatability was studied by re-injection of the same concentration of protein solution. The 

concentration of protein was 30 ppm. Fig. 8 shows the repeatability of protein complex. The competence of the 

designed FIA unit for the determination of protein was a result of the repeatability of the absorbance values, the value 

of standard deviation for (30 ppm) was n = 10 (0.041) and the value of relative standard deviation was 0.824 %,and 

the detection of limit was (0.326 mg.l-1)building on the repeatability results (Table 8 and Fig. 11). 

Table.9.Repeatabilityof protein(30 ppm) in FIA unit at optimum conditions. 
S.No. 1 2 3 4 5 6 7 8 9 10 mean SD RSD % 

Peak 

Height 

4.968 4.927 4.930 4.960 4.965 4.968 4.925 5.025 5.020 5.030 4.971 0.041 0.824 

 

 
Fig.11.Repeatability of protein complex in FIA unit 

Determination of dispersion: To measure the dispersion value in different sample concentrations of 30 ppm protein, 

two experiments were executed.In the first experiment, after mixing of reactants (Coomassie brilliant blue and 

protein) that across through Manifold unit gives continuous response; this indicates non-existence of dispersion effect 

by convection or Diffusion. This measurement represents (H°). The second experiment includes injecting different 

Concentration of protein (30 ppm). The obtained value from this experiment represents intensity response for sample 

injected (Hmax)( K.J.Ali and H.N. Raheem,2014, K. J. Ali and S. Z. Saleem,2015 and K. J. Ali and Z. N. Ubaid,2015). 

The equation that used to calculate the dispersion (D) is: D = H°/H max. These values fall in limit state of dispersion 

(Table 10). 
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Table 10: Determination of dispersion of protein in FIA method 

Protein concentration (ppm) Response (cm) Dispersion 

D= H°/Hmax H° Hmax 

30 5.096 4.971 1.025 

Effect of interfering ions: The effect of different materials for determination of total protein at wavelength 595 nm 

was investigated. The study include salts such as (Na2CO3, MgSO4), buffers (KH2PO4, Na2HPO4), Acids (acetic acid, 

steric acid), sugars (glucose, maltose, glycogen), and non-protein material (urea), the Concentration of total protein 

in the sample was (40 ppm), and the concentration of interfering materials were  40 and 100 ppm. These materials 

did not interfere in the formation of the protein complex in FIA system (S. C. Silverio and et al ,2012 and  S. P. 

Banik and et al. 2009). 

Applications: The suggested method was applied for determination of total protein in milk, meat products, drug 

sample, egg, and blood plasma samples. The recoveries of these samples were evaluated. Table 13 shows the 

results of the recovery. 

Table.11.Applications of determinate the total protein in different samples. 

Sample Taken value Found value Recovery % 

Full cream milk powder Made by Oman Foodstuff 

Factory LLC, Sultanateof Oman. 

40 37.33 93.32 

Children milk(guigoz) produced by Nestle France S.A. 40 39.42 98.55 

Low fat Liquid milk Produced from Powder Milk 

made by Al Rabie Saudi Foods Co.Ltd. 

40 42.64 106.6 

Full cream Yoghurt Made by Kalleh Dairy Co.(PJS.) 

Produced in Iran 

40 30.68 76.72 

Tuna Fish Produced in Barge-e-Sabz-e-Jonoub Co. 

made in Iran 

40 40.1 100.2 

Beef luncheon Meat Made by Al-Taghziah S.A.L. 

Beirut. Lebanon. 

40 34.9 87.26 

Chicken luncheon 

Made in Kingdom of Saudi Arabia by International 

Food and Consumable Goods CO. Limited Factory for 

Producing Foodstuffs. 

40 32.75 81.89 

Hansal ZINC plus drug Made in Germany 40 28.54 71.36 

Egg Whit Raw Fresh 40 40.77 101.92 

Blood plasma 1 40 39.81 99.5 

Blood plasma  2 40 40.18 100.46 

Blood plasma  3 40 40.08 100.21 

Blood plasma  4 40 38.77 96.94 

Blood plasma  5 40 41 102.5 

Blood plasma  6 40 40.38 100.96 

 

4. CONCLUSION 

1. Ability to design and manufacturing injection valves with different loading capacity using cheap and available 

materials, these designed valves match the expensive imported valves.  

2. Determination of proteins by using the designed flow system features by accuracy, extent of the linearity, 

decreasing limit of detection, and high speed in the analysis process.  

3. Ability to dispensing the UV-VIS spectroscopic method and other classical methods in different analysis, because 

these methods consuming to the chemical substances and exhausting, in the other hand, the flow injection method 

consume a little volumes of reactants, and this method considered economic, and operate automatic or 

semiautomatic.  

4. The designed system considered as friend to environment, because the carrier stream is water, and the waste 

solvent solutions was a little amounts. 
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