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Abstract 
 

The natural reagents from Vigna unguiculata subsp. sesquipedalis were studied and applied in  

the determination of tetracycline by UV-Vis spectrophotometry. The method was based on a 

complexation formation between tetracycline and iron (III) derived from natural plant extract in 

acetate buffer at pH 5 to give a yellow complex with the optimum absorption at 430 nm. Parameters 

related to the extraction efficiency of the natural reagent and the factors that affected the 

determination of tetracycline were examined. Under optimum conditions, linearity was obtained 

over the range of 1.00 - 20.00 mg l-1. The limit of detection (LOD, 3σ) and limit of quantification 

(LOQ, 10σ), calculated following IUPAC, were 0.65 and 2.15 mg l-1, respectively. The repeatability 

and reproducibility for determining 10.00 mg l-1 of tetracycline (n=11) were 3.43%and 5.14%, 

respectively. The proposed method was successfully applied to the determination of tetracycline in 

pharmaceutical formulations. The results obtained by the proposed method were in good agreement 

with the label values verified by the student t-test at the 95% confidence level.  
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1. Introduction 
 

Tetracycline (TC) is an antibiotic that is used to treat various bacterial infections such as infections 

of the skin, intestines, respiratory tract and other body systems [1]. It is often used in treating severe 

acne, or sexually transmitted diseases such as syphilis, gonorrhea, and chlamydia. In some cases, 

tetracycline is used when penicillin or other antibiotics cannot be used to treat serious infections [2]. 

It can be seen that it is effective against a broad spectrum of bacteria, as well as other organisms, 

including some protozoan parasites. However, overdose with tetracycline can cause liver failure and 

even death [3].  
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 The literature review demonstrated that a wide range of analytical methods, including   

high-performance liquid chromatography (HPLC) [4-6], capillary electrophoresis [7, 8], 

electrochemistry [9, 10], spectrofluorometry [11], and chemiluminescence [12], have been used to 

detect tetracycline in pharmaceutical formulations and environmental samples. Although these 

methods provide high sensitivity, high selectivity and high precision, they do not provide 

sufficiently low determination ranges. Moreover, they can be very time consuming and have high 

operating costs. 
 UV-Vis spectrophotometry is one option of analytical methods because it is fast, simple, 

low cost, and offers a wide range of applications that are commonly available in all laboratories set 

up for quality control for drug analysis. Many researchers have presented the complexation of 

tetracycline by using various metal ions for tetracycline analysis by UV-Vis spectrophotometric 

method, and ions used included as lanthanide (III) [13], Manganese (III) and copper (II) [14], 

aluminium (III) [15], uranium (VI) [16], platinum (II) [17], iron (III) [18]. Moreover, iron (III) is 

one of the metal ions that strongly chelates tetracycline and it has been shown that the determination 

of tetracycline was influenced by the presence of iron (III) [19]. In 1988, Sultan et al. [18] developed 

a spectrophotometric method for determining tetracycline that depended on the reaction between 

iron (III) and tetracycline in H2SO4 medium. This method was used for tetracycline detection in 

drug formulations. In 2008, Palamy and Ruengsitagoon [20] presented an applied flow injection 

spectrophotometric method for tetracycline detection based on the reaction of tetracycline and iron 

(III) in acidic medium, and the product was detected at the maximum absorption of 423 nm. 

However, wastes that result from the use of iron (III) as a chelating agent can be harmful to people 

and the environment. 

 Recently, researchers have focused on the design and development of method based on 

‘green’ chemistry as processes that reduce or eliminate the generation of hazardous substances 

which are economically and environmentally friendly [21]. Natural reagent from plant extract is 

another alternative for green chemical analysis that is gaining attention. Therefore, plants that have 

high iron content are another option to develop as a natural extract for tetracycline analysis. 

 Vigna unguiculata subsp. sesquipedalis (Yard-long bean) is an important legume that is 

grown in tropical and subtropical areas [22]. It offers high nutritional value in both its leaves and 

seeds, and is resistant to drought and salinity [23]. Yardlong beans are mainly cultivated for their 

soft and long pods that can be eaten both fresh and cooked [24]. It is widely cultivated for its edible 

iron-protein-rich seeds, antioxidant capacity and tolerance to mild drought [25]. 

 In this research, we presented a spectrophotometric method for the determination of 

tetracycline in pharmaceutical formulations by using the natural reagent from Vigna unguiculata 

subsp. sesquipedalis. The proposed method depended on the complex reaction between iron (III) 

content in plant extract and tetracycline in acetate buffer pH 5.0 to form a yellow complex with an 

optimum absorption at 430 nm. The complexation reaction was shown in Figure 1. 

 

 
 

Figure 1. The possible reaction mechanism tetracycline reacts with iron (III) 
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2. Materials and Methods 

 

2.1 Reagents and chemicals 
 

All chemicals used in this study were of analytical reagent grade and were not further purified. 

Double-distilled deionized water (DI water) was used for diluting and adjusting volume of solution 

throughout the experiments. 

Tetracycline standard was purchased from Fluka (Switzerland). Nitric acid (HNO3) and 

hydrochloric acid (HCl) were purchased from Merck (Germany). A standard solution of tetracycline 

(10 mg l-1) was prepared by dissolving 0.01 g of tetracycline in DI water and adjusting volume to 

1000 ml.  

Acetate buffer solution (0.10 mol l−1 at pH 5.0) was prepared by dissolving 5.772 g of 

sodium acetate in 500 ml of DI water solution. Acetic acid, 1.70 ml, was then added. Finally,  

a 10 N HCl solution was gently dropped into the solution.   

  

2.2 Apparatus 
 

A spectrophotometer (model Shimadzu 2600, Japan) was used for scanning the spectra of the 

complex and employed during the investigation for colorimetric studies. A pH meter (Metrohm, 

Switzerland) was used for measuring the pH of the solutions. A Microwave Plasma Atomic 

Emission Spectrometer (MP-AES) instrument (Model: 4100, Agilent Inc., Santa Clara, CA, USA) 

was used for iron (III) determinations (wavelength at 259.94 nm). The sample introduction system 

consisted of solvent-resistant tubing, a double-pass cyclonic chamber, and an inert flow blurring 

nebulizer (OneNeb). The wavelength for iron (III) determinations used was at 259.94 nm. 

 

2.3 Plant extraction for iron (III) content 
 

Vigna unguiculata subsp. sesquipedalis (collected from Rayong Province, Thailand) was cleaned 

by washing with tap water and cut into small-sized pieces. The selected plant in the experiment was 

dried under the sun light for a day. After that, it was stored in a desiccator at room temperature until 

the weight was constant to be certain that the prepared plant was dried before use in the extraction 

process.  

 The parameters that related to the efficiency of preparation of plant extract such as type of 

acid, volume ratio of acid, acid concentration, Vigna unguiculata subsp. sesquipedalis concentration 

and time of digestion were studied (as shown in section 3.1). 
 The extraction process was as follows; 5.00 g of dry plant was dissolved with acid mixture 

solution of 1.00 M HNO3 and 1.00 M HCl at a ratio of 25:75, and heated for 1 h on a  hot plate [20]. 

The solution was cooled down to room temperature and filtered through a Whatman No. 42 filter 

paper. The extract as natural reagent was then collected and adjusted to the volume of 100 ml with 

DI water. The amount of iron (III) in Vigna unguiculata subsp. sesquipedalis extract was analyzed 

using Microwave Plasma Atomic Emission Spectroscopy (MP-AES 4100, Algilent Technologies). 

 

2.4 Procedure for tetracycline determination 
 

Aliquots (1.00-5.00 ml) of standard tetracycline solution (10 mg l-1) and 2.00 ml aliquots of plant 

extract were mixed together into 10 ml volumetric flasks. The contents of each flask were then 

adjusted to the mark with acetate buffer solution pH 5.0 to form a yellow color complex. The product 

solution was transferred into a cuvette and measured its absorption at 430 nm against a reagent blank 

using UV-Vis spectrophotometry. 
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2.5 Sample preparation  
 

Sample was purchased from pharmacies in Rayong, Thailand. Twenty drugs (capsules or tablets 

containing 250 and 500 mg per capsule or tablet of tetracycline) were mixed together and then 

ground into a fine powder. A sample was accurately weighed to contain 100 mg of tetracycline and 

dissolved in DI water and filtered through Whatman No. 42 paper. The filtered solution was 

transferred to 100 ml volumetric flask and made up to the mark volume by DI water. An aliquot of 

the sample solution was determined by the proposed method. 

 

 

3. Results and Discussion 
 

The experiment was divided into 2 sections, the first section was concerned with studying the 

optimum conditions for preparing the natural reagent. The second part was an investigation of the 

suitable conditions for determining tetracycline by the prepared reagent using the univariation 

method. The parameters that affected the accuracy and sensitivity of analysis of tetracycline were 

varied while the other were fix constant. The parameter that gave the highest signal with low 

standard deviation was selected. 

 

3.1 Studying the preparation of the plant extract  

 

The process for the preparation of plant extract containing high amount of iron (III) was a 

considerable purpose. The highest iron (III) content led to obtain the highest complex resulting in a 

highest sensitivity. The sensitivity of each studied parameter was examined by selecting the highest 

slope from the linear relation graph plotted between the absorbance of the iron (III)-complex against 

three concentrations of the standard tetracycline (1, 2 and 3 mg l-1). The parmeter that provided the 

highest sensitivity was selected as the optimum condition. 

 

3.1.1 Effect of acid type 

 

Using a suitable acid and/or acid mixture for extraction of plant led to obtain a high efficiency of 

iron(III) extraction for forming a complex with tetracycline resulting to high absorption signal and 

high sensitivity. Therefore, the effect of single acid and acid mixture on the plant extraction 

efficiency was investigated.  In this work, 1.00 mol l- 1 of HNO3, HCl, H2SO4 and acid mixture; 

HNO3-HCl were examined.  Figure 2 showed that the acid mixture of HNO3-HCl gave the highest 

sensitivity.  Therefore, the acid mixture between HNO3- HCl was selected for the plant extract 

preparation. 
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Figure 2. Effect of acid type on sensitivity (n=3) 

 

3.1.2 Effect of volume ratio between HNO3 and HCl 

 

The ratio of mixed acid between HNO3 and HCl affected the digestion of natural reagents that react 

with tetracycline to form complexes. Therefore, the ratio of mixed acid between HNO3 and HCl (at 

1.00 mol l-1 of each acid) in order to get the suitable acid ratio between HNO3 and HCl in the 

determination of tetracycline content was studied. From the experiment, the mixed ratio of HNO3 

and HCl at 25:75, gave the highest sensitivity as showed in Figure 3. However, when the ratio of 

HNO3 acid was more than 25, the sensitivity was decreased. Therefore, the mixture ratio of HNO3 

and HCl at 25:75 was chosen as the optimum condition. 

 

 
Figure 3. Effect of volume ratio between HNO3 and HCl on sensitivity (n=3) 
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3.1.3 Effect of acid mixture between HNO3 and HCl concentration  

 

The concentration of the acid mixture between HNO3 and HCl affected the digestion of natural 

reagents that reacted with tetracycline to form complexes. From Figure 4, the acid mixture 

concentration of HNO3 and HCl at 1.00 mol l-1 provided the highest sensitivity. It can be seen that, 

the sensitivity was increased at the acid concentration range of 0.50-1.00 mol l-1. However, the 

sensitivity was decreased at the acid concentration over 1.00 mol l-1. Therefore, the concentration 

of HNO3 and HCl at 1.00 mol l-1 was chosen as the optimum condition. 

 

 

Figure 4. Effect of acid mixture between HNO3 and HCl on sensitivity (n=3) 

 

 

 

3.1.4 Effect of Vigna unguiculata subsp. sesquipedalis concentration 

 

The study of the effect of Vigna unguiculata subsp. sesquipedalis concentration on sensitivity was 

studied by changing the weight of Vigna unguiculata subsp. sesquipedalis powder from 0.50-10.00 

g (in 100 ml of DI water). Figure 5 showed that sensitivity increased when the weight of Vigna 

unguiculata subsp. sesquipedalis powder was increased to 5.00 g which was almost higher than its 

constant value. Therefore, 5.00 g of Vigna unguiculata subsp. sesquipedalis were selected. 
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Figure 5. Effect of Vigna unguiculata subsp. sesquipedalis concentration on sensitivity (n=3) 

 

3.1.5 Effect of digestion time for plant extract 

  

The extraction time for the digestion of nature reagents, the type of acid, including the optimum 

conditions of the above acids affect the amount of iron (III) which is the main component of natural 

reagent extracts are digested. Therefore, the digestion time between 15-120 min was conducted. 

From the experimental results (Figure 6), it was found that the natural reagent digestion time at 60 

min gave the highest sensitivity. It can be seen that between 15-60 min the sensitivity increased and 

after 60-120 min the sensitivity decreased. Therefore, the digestion time of 60 min was selected.  

 

 
Figure 6. Effect of digestion time for plant extract on sensitivity (n=3) 
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Under the optimum condition, the amount of iron in Vigna unguiculata subsp. 

sesquipedalis extract were analyzed by using MP-AES. The results showed that the iron 

concentration in plant extracts used in the experiment was 49.56 mg l-1. 

 

3.2 Absorption spectra 
 

The optimum absorption wavelength of a yellow color complex forming between tetracycline and 

iron contents in natural reagent extracts, pure tetracycline solution and standard iron (III) solution 

were measured over the range of 300-700 nm against reagent blank (acetate buffer pH 5.0). It was 

found that the maximum absorption signal of the complex was 430 nm while pure tetracycline 

solution and standard iron (III) solution were absorbed at 275 and 355 nm, respectively. Therefore, 

the absorption wavelength of 430 nm was selected.  
 

3.3 Optimum conditions of reaction for tetracycline determination 
 

3.3.1 Effect of pH  
 

The stable yellow complex between tetracycline and iron (III) is pH dependent. Therefore, the 

acetate buffer pH range of 3.0-5.0 was studied. Figure 7 showed that, the sensitivity was increased 

at the pH range from 3.0-5.0, over of this pH the sensitivity was decreased. Therefore, the optimum 

pH of 5.0 was selected. 

 

 
Figure 7. Effect of pH on sensitivity (n=3) 

 

3.3.2 Effect of the volume of plant extract  
 

The volume of plant extract affects the reaction because it acts as a reagent, which affects the 

distribution of the substance and affects the measured signal. In addition, finding the optimum 

condition in this variable reduces unnecessary use of the natural reagents while maintaining the best 

sensitivity, accuracy and reproducibility of the procedure for the drug of interest. Therefore, it is 

important to use the right volume of plant extract for the system environment. Figure 8 showed that 

the sensitivity increased with increasing volume of plant extract ranging from 1.00-2.00 ml. Above 

this volume, there was no significant change in sensitivity.  So, the plant extract volume of 2.00 ml 

was selected for determining of tetracycline. 
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Figure 8. Effect of the volume of plant extract on sensitivity (n=3) 

 

3.3.3 Effect of reaction time 

 

The effect of reaction time on the sensitivity of the complex was investigated by studying the 

reaction time up to 60 min. Figure 9 showed that the reaction time did not affect the sensitivity of 

the complex. 

 

 

 
 

Figure 9. Effect of reaction time on sensitivity (n=3) 
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3.4 Validation method 
 

The validation of the proposed method was evaluated under the optimum conditions (Table 1) 

obtained from the previous section. The results showed that the linearity range was in the range of  

1.00-20.00 mg l-1 (Figure 10) with the regression equation: y = 0.061x + 0.004 (R2= 0.9890), where 

Y and X present absorbance and TC concentrations in mg l-1, respectively. The limit of detection 

(LOD, 3σ) and limit of quantification (LOQ, 10σ), calculated following IUPAC were 0.65 and 2.15 

mg l-1, respectively. The repeatability and reproducibility for 10.00 mg l-1 of tetracycline (n=11) was 

examined as the percentage relative standard deviation (%RSD), which was calculated using the 

equation ( SD X ) x 100, where SD is standard deviation and X̅ is an average of the measurement 

data. It was found that the percentage relative standard deviations were 3.43% and 5.14%, 

respectively. 

 

Table 1. Variable range studies and optimum conditions for tetracycline determination 

Parameter studied Range studied Optimum level 

- Effect of acid type HNO3, HCl,  

HNO3 + HCl, H2SO4 

HNO3 + HCl 

- Effect of volume ratio between HNO3 and  

  HCl (%v/v) 

100:0, 75:25, 50:50, 25:75, 

0:100 

25:75 

- Effect of acid mixture between HNO3 and  

  HCl concentration (mol l-1) 

0.50 – 2.00 1.00 

- Effect of Vigna unguiculata subsp.  

   sesquipedalis concentration (g) 

0.50-10.00 5.00 

- Effect of digestion time (min) 15-120 60 

Wavelength (nm) 350-700 430 

- Effect of pH 3.00-7.00 5.00 

- Effect of natural reagent volume (ml) 1.00-4.00 2.00 

- Effect of reaction time (min) 0-60 0 

 

 
Figure 10. The calibration curve of spectrophotometric method for determination of tetracycline  

 



 
Current Applied Science and Technology Vol. 21 No. 1 (January-March 2021) 

 

61 

 

3.5 Effects of interferences 
 

Under the conditions selected above, the effects of many substances are used as generic excipients 

in drug preparation for this test method of tetracycline. The tolerance ratio was taken as the 

maximum amount causing an error not greater than 5% for determining the analyte of interest. The 

mixture of 5.00 mg l-1 tetracycline solutions with excipients at different concentrations were filtered 

if necessary before analysis. The tolerance values of the investigated species were >500 mg l-1 for 

starch; 400 mg l-1 for glucose, sucrose and lactose; 250 mg l-1 for fructose, citric acid and sodium 

benzoate. So, it could be considered that there was no interference and there was a specificity in 

drug analysis by the proposed method. 
 

3.6 Application 
 

The proposed method was applied for determination of tetracycline in pharmaceutical formulations 

available doses of 250 and 500 mg per capsule/ tablet.  The results obtained were satisfactory while 

compared to the label values (Table 2). Statistical analysis of the results from both values using the 

t-test [26] at the 95% confidence level were not significant. Indicating that this method was accurate. 

 

Table 2. Accuracy of the proposed method compared with label value for determination of 

tetracycline in pharmaceutical sample 

Pharmaceutical sample Tetracycline found (mg) 

Label value Proposed methoda 

TC-1 250.00 242.11 ± 0.38 

TC-2 250.00 247.21 ± 0.46 

TC-3 250.00 241.09 ± 0.49 

TC-4 250.00 245.25 ± 0.31 

TC-5 500.00 496.02 ± 0.43 

a = Average from three determinations 

 

 Table 3 showed the comparison of the analytical characteristics of the proposed method for 

determining tetracycline with the previous reports.  The proposed method was provided a lower 

sensitivity than the previous report due to the limitation of the phototube detector in the UV-Vis 

spectrometer. Although this method was lower sensitivity than the previous reports, the advantages 

of this method was provided a wide linearity range, rapid and simple, using non-toxic natural reagent 

and environmentally friendly.  To improve the sensitivity for further studies, it should be replaced 

with a high sensitivity detector such as photomultiplier tube or photodiode array detector. 
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Table 3. Comparison of the analytical characteristics of the proposed method for determining 

tetracycline with the previous reports 

Analytical method Linear range LOD %RSD Reference 

HPLC 50-5000 μg kg-1 15.30 μg kg-1 4.90% [5] 

CE - 0.50 μg ml-1 4.37% [7] 

Electrochemistry 2.0×10-5-3.1×10-4 mol l-1 3.6×10-7 mol l-1 6.50% [10] 

Spectrofluorometry 0.05-100 μg ml-1 0.029 μg ml-1 3.53% [11] 

Chemiluminescence 5.0×10-5-5.0×10-4 mol l-1 2.0×10-6 mol l-1 3.70% [12] 

This work 1.00 – 20.00 mg l-1 0.65 mg l-1 3.43%  

 

 

4. Conclusions 
 

A simple, precise and green UV-Vis spectrophotometric method for tetracycline determination was 

demonstrated by the reaction between tetracycline and iron (III) contents in Vigna unguiculata 

subsp. sesquipedalis extraction as a natural reagent in an acetate buffer solution pH 5.0. The 

proposed method was successfully applied to the determination of tetracycline in pharmaceutical 

formulations. The results obtained by the proposed method were in good agreement with the 

assigned value from the label verified by student t-test at 95% confidence level. The benefit of the 

proposed method over the previous studies were used non-toxic/hazardous reagents, generates less 

waste, simple and cost-effective.  
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