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ABSTRACT 

Objective: The purpose of this study was to develop and validate Fourier Transform Infra-Red (FTIR) method for a non-chromophore antibiotic, 
kanamycin sulfate. Afterward, it was compared to other quantitative methods, namely colorimetry using ninhydrin. 

Methods: FTIR was used to determine the level of kanamycin sulfate. Firstly, the absorbance spectra were measured. To increase the specificity, it 
used mathematical derivation, which would separate the active compound's spectrum clearer from the other component of the dosage form. The 
clearest absorbance spectra was found at 1540-1480 cm-1

Results: The results showed that FTIR for kanamycin sulfate lavel determination gave linearity within the range 0.12–1.5% w/w, with the r = 
0.99975. Meanwhile, the LOD and LOQ were 0.04% and 0.12% w/w. There were no significant differences between the results of content 
determination of the antibiotic from the two methods. However, FTIR shows more advantages on time reducing, more straightforward preparation, 
solvents reducing, less costly, and more convenient.  

, as the N-H bending, which then was used as the base for the quantitative analysis. This 
method was then applied to determine the kanamycin sulfate content in the commercial reconstitution-injection dosage form. Afterward, the 
analysis performance compared to another method which had established, namely colorimetry. The counterpart method was using ninhydrin as the 
chemical reagent to produce a chromophore, which able to be measured by visible spectrophotometry. Validation test checked the parameters such 
as linearity, LOD, LOQ, range, accuracy, and precision, continuing to evaluate and to compare the time and material involved  with the colorimetry 
as the counterpart. 

Conclusion: FTIR is suitable to be an alternative method for quantifying kanamycin sulfate in a dosage form accurately, sensitive, and economist. 
This method is superior in its accuracy, precision, and simplicity compared to the colorimetry method using UV spectrometer as the counterpart. 
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INTRODUCTION 

Kanamycin sulfate is an aminoglycoside class antibiotic obtained from 
Streptomyces kanamyceticus culture, working as a broad spectrum 
bactericidal agent. Kanamycin works to inhibit protein synthesis by 
binding irreversibly to the 30S ribosome subunit [1]. This antibiotic, in 
its sulfate form, is used to treat various infections, especially 
tuberculosis [2-4]. Its preparations on the market are available in 
capsule and injection form [1, 5]. The raw substance is a white crystal 
powder that is odorless, hygroscopic, ease soluble in water, insoluble 
in acetone, ethyl acetate, and benzene [6-9].  

Quantitative determination of kanamycin sulfate in compendia was 
performed using the antibiotic potential test method and high-
performance liquid chromatography (HPLC) method [6, 9]. Besides, It 
also mentioned the ninhydrin reaction for the qualitative purpose, in 
the substance identification procedure [8]. In practice, microbiological 
test methods have limitations, including quite a lot of work steps and 
the longer time. Meanwhile, HPLC method has a high sensitivity but 
requires a complicated maintenance, and need the expensive column 
and mobile phase [10].  

On the other hand, generally, the FTIR method is for identification and 
determination of functional groups qualitatively [11-13]. Quantitative 
determination of levels using this method is still rare and not widely 
done. Whereas, the vibration method has several advantages, 
including more straightforward sample preparation, minimal solvent 
use, comfortable, rapid, and non-destructive. Besides, it consumes 
relatively more economist in costs and environmentally friendlier.  

So far, another non-chromatographic spectrophotometry technique 
for kanamycin sulfate is an un-direct visible-light 
spectrophotometry or colorimetry, which has been reported before 
[14, 15]. However, as known, the pre-treatment by chemical reaction 
requires some checks to ensure the stability and entirely of the 
product. The purpose of this study was to develop and validate FTIR 

method as a new-rapid way to determine the content of kanamycin 
sulfate in its solid form, directly. The method then was compared to 
the colorimetry supported by UV spectrometer. 

Kanamycin sulfate determination used the infra-red absorption of 
the specific chemical bonds in its molecule [11, 16]. This compound 
was expected to produce a typical spectrum formed by absorption of 
infrared wave numbers by the amine (N-H) and ether (C-O) groups, 
as shown in fig. 1.  

 

 

Fig. 1: Kanamycin sulfate chemical structure [8]. No 
chromophore can be found 

 

As known, FTIR spectrophotometer is the development of an IR 
spectrophotometer, which is one tool that can be used to analyze a 
compound based on the infrared spectrum produced [17-21].  

Visible spectrophotometry is a measurement method based upon 
the measurement of absorbance (A) or transmittance (T) of an 
analyte solution in a transparent cell with a thickness of b 
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centimeters at the wavelength. Generally, the concentration of 
analytes will be proportional to absorbance [22, 23]. It is indicated 
by the Lambert-Beer equation as follows:  

A =-log T = Σ bc 

The highlighted innovation in this manuscript is the specific 
spectrum of kanamycin sulfate for assay using FTIR, supported by 
mathematical derivation to increase its selectivity. Moreover, it 
proofs that the method is valid and more efficient compared to the 
solution spectrophotometry. Finally, this report expected to enrich 
the analytical methods for pharmaceutical and the dosage form, 
which will be useful in some conditions with the limit resources. By 
the rapid and straightforward steps, the vibrational spectroscopy, 
which is still rarely used in quantitative measurement, should be 
considered as an adequate alternative method.  

MATERIALS AND METHODS 

Materials 

Kanamycin sulfate (Drug and Food Monitoring Institution, 
Indonesia) comparison, KBr crystal spectra grade (Merck, Germany), 
acetone (PT. Smart Lab Indonesia), ninhydrin (Merck, Germany), 
aquadest, and kanamycin sulfate reconstitution for the injection 
dosage form.  

Apparatus 

We used: milligram electronic scales, pestles, mortars, FTIR plates, 
pellet presses, ovens, volumetric flasks, micro-pipettes, electric 
heaters, FTIR (Jasco-4200 type A), and Hewlett Packard 8453 
Spectrophotometer Diode Arrays.  

Methods 

The research was conducted by developing the FTIR method on the 
determination of kanamycin sulfate levels. The validation of the FTIR 
method was carried out by measuring the raw mixture of kanamycin 
sulfate and potassium bromide in several series of concentrations 
(% w/w) using FTIR. The spectrum obtained was next converted 
into absorbance and derivatized. The spectrums that produced the 
best linearity and specificity were chosen to determine the AUC 
value, then the linearity, accuracy, precision, range, detection limit, 
and quantification limits were determined. The method was next 
used to determine the levels in its injection preparation samples.  

Determination of antibiotic levels of kanamycin sulfate using 
colorimetry was carried out by doing pretreatment by reacting of 
kanamycin sulfate using ninhydrin. This method recently has been 
established by Das et al., which generated from the qualitative 
method stated by compendium [14]. The purple yielded, can absorb 
the wavelength range of visible light 564 nm [14, 15]. Next, the 
maximum wavelength was selected and tested by the verification 
method. The verification parameters tested included linearity, 
accuracy, precision, range, detection limit, and quantification limits. 
The verified method is then used to determine the levels of 
kanamycin sulfate in the injection preparation sample. Both 
methods are compared based on sensitivity parameters, test time, 
cost estimation, and simplicity of the method. The results of the 
assay with the two methods were compared the unpaired t-test data 
statistically with a 95% confidence level.  

Development of the FTIR method 

Measurement of raw FTIR spectrum of kanamycin sulfate 

A mixture of kanamycin sulfate in KBr crystals with a concentration 
of 0.25-1.5% w/w were prepared. Each mixture was weighed as 
much as 10 mg then compressed with a pellet press. Plates were 
measured at 4000-400 cm-1

Derivatization of raw FTIR spectrum of kanamycin sulfate 

 wave number using FTIR, and each was 
done three times.  

The FTIR spectrum obtained was corrected by baseline and 
derivated using the program which is available on the Jasco-4200 
FTIR type A (Japan). The second area under the curve (AUC) was 
calculated with axis = 0 in several ranges of wave numbers.  

Determination of the range of raw FTIR wave numbers of 
kanamycin sulfate  

Selection of the wave number range to determine the AUC was 
carried out at wave numbers 1720-1610 cm-1 (C=O stretching), 
1540-1480 cm-1 (N-H bending) and 1190-1120 cm-1

Validation of the FTIR method 

 (alcohol) [15, 
19]. Furthermore, a graph of the relationship between the standard 
concentrations of kanamycin sulfate in KBr crystals to the AUC in the 
two wave number ranges was selected and a wave number range 
that shows the best linearity is chosen.  

Validation test included parameters of specificity, linearity, 
determination of the range, limit of detection and quantitation, 
accuracy and precision inter-and intraday. All were done to the 
standard of kanamycin sulfate and its mixture with the matrices. 

Determination of the reconstituted injection sample content of 
kanamycin sulfate using FTIR 

Determination of the concentration of kanamycin sulfate injection was 
carried out by weighing each of 6 kanamycin sulfate vials of a brand 
powder-reconstitution for injection preparation, next calculating the 
average. All reconstituted for injection were grounded homogeneously. 
Afterward, it was sampled with 1.0% kanamycin sulfate concentration 
and mixed into KBr crystals up to 100 mg. From the mixture weighed 10 
mg then measured and determined using FTIR.  

Determination of kanamycin sulfate injection sample by visible 
spectrophotometry method [14, 15] 

Preparation of ninhydrin reagent solutions 

The ninhydrin solution was made by dissolving 0.2 g ninhydrin in 94 
ml of distilled water and 6 ml of acetone until a clear solution was 
formed. The solution was stored in a tightly closed container and 
protected from heat or light [13].  

Preparation of standard stocks of kanamycin sulfate 

The stock solution was made by dissolving 250 mg kanamycin 
sulfate standard in 2 ml of distilled water and 20 ml of ninhydrin. 
The solution was then heated for 5 min at 80-100 °C to form purple. 
After cooling, the solution was put into a 25 ml volumetric flask and 
next filled with distilled water to the limit mark (10 mg/ml).  

Determination of the maximum wavelength of compound results 

2.5 ml of standard solution in a 10 ml volumetric flask added 
distilled water to the boundary mark (2.5 mg/ml). The solution was 
then measured using a UV-Vis spectrophotometer in a wavelength 
range of 200-800 nm and determined wavelengths, which gave 
maximum absorbance.  

Analysis method verification 

Method verification is done by testing linearity, accuracy, precision, 
range, detection limit, and quantification parameters. In linearity 
testing, six test solutions were made with concentration variations 
of 2; 2.25; 2.5; 2.75; 3; and 3.25 mg/ml was then measured using a 
UV-Vis spectrophotometer at the maximum wavelength. Each was 
made three times. After that, the relationship between absorbance 
and the standard concentration of kanamycin sulfate was graphed, 
and its linearity was determined.  

Determination of injection samples of kanamycin sulfate levels 
using colorimetry 

Determination of the concentration of kanamycin sulfate injection 
was carried out by weighing each 6 of kanamycin sulfate vial and 
after that calculating the average. All injection samples were ground 
homogeneously and later was made a test solution equivalent to 2.5 
mg/ml. The test solution was measured and determined using UV-
Vis spectrophotometer.  

Comparative study of FTIR methods and colorimetry 

The validated FTIR method then was compared to the fixed 
colorimetry. The parameters evaluated were: test time, cost 
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estimation, and simplicity based on the steps involved. The results of 
the assay with the two methods were compared statistically using 
the unpaired t-test. The value of t count is determined and compared 
to the value of t two-way table with a degree of confidence or 95% 
confidence interval (CI). 

RESULTS AND DISCUSSION 

Compounds that can absorb energy are that have a chromophore 
group, which is a group within a molecule plays a role in absorbing 
the molecule at a specific wavelength. The moieties are the 
conjugated double bonds, carbonyl groups or inorganic groups. 
Compounds that do not have it still can be measured using the 
spectrophotometric method using a reaction, namely chemical 

derivation. In this method, the compounds analyzed will absorb 
energy in the form of rays from the radiation source at the 
wavelength of the visible light (400-800 nm). On the other hand, for 
FTIR, the derivation also is performed as a mathematical 
manipulation terminology. The most advantages of this vibrational 
method are its simplicity, green and cost-efficient, due to no solvent 
needed for the solid direct analysis. 

Development of FTIR to determine the level of kanamycin sulfate 
was carried out by selecting the spectrum, derivation, and 
determining wavenumbers. Firstly, it measured the mixture of 
kanamycin sulfate in KBr crystals with a concentration range of 
0.25-1.5% w/w. The results revealed in fig. 2: 

  

 

Fig. 2: Spectrums of %T of kanamycin sulfate at 4000-400 cm-1

 

 from the concentrations of 0.25% w/w (black line)–1.50% w/w (purple line) 

 

Fig. 3: Spectrums of the first derivate of kanamycin sulfate at 2000-1000 cm-1 in the percentages (w/w): 0.25 (black line), 0.50 (dark 
blue), 0.75 (green), 1.00 (sea blue), 1.25 (red), and 1.5 (purple) 
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After obtaining the spectrums, then derived it by first correcting the 
baseline spectrum and using the program which has consisted in 
FTIR Jasco-4200 type A. From the spectrum derivatives, the area 
under the curve (AUC) was determined. Then, the clearest peak and 
un-influenced by others was selected as shown in fig. 3. 

The selected peaks were from the wave number ranges of 1720-1610 
cm-1, 1540-1480 cm-1, and 1190-1120 cm-1. Those spectra represent 
the carbonyl stretching, amine bending, and alcohol, respectively [15, 

19], which can be confirmed in the structure in fig. 1. Next, they were 
converted to absorbance value. A mathematical derivation was then 
conducted to increase its selectivity. Furthermore, the AUC of each 
concentration was measured and next determined by linearity. The 
results revealed that the most linear peak, as shown in table 1, was at 
1540-1480 cm-1

  

. This spectrum represented the absorption by the N-H 
bond of the primary amine from the antibiotic. Further, it was the 
selected spectrum for determining the levels of kanamycin sulfate in 
injection preparations. 

Table 1: Concentration of kanamycin sulfate and average AUC of derivate absorbance 

Concentration (% w/w) Average AUC from each range of wavelength (cm-1)±SD 
1720-1610 1540-1480  1190-1120 

0.25 0.61314±0.03037 0.57675±0.00172 0.88814±0.05247 
0.5 0.82659±0.02152 0.84675±0.01813 1.47298±0.03209 
0.75 1.06916±0.07976 1.10811±0.06438 1.95621±0.09889 
1.0 1.29953±0.02920 1.35776±0.03579 2.40671±0.05861 
1.25 1.57683±0.27431 1.65887±0.08517 2.94970±0.20666 
1.5 1.84575±0.05110 1.90323±0.07298 3.42056±0.37723 
Linearity (r) 0.99895±0.01050 0.99975±0.00672 0.99940±0.02169 

Note: AUC: area under the curve; n=3. 

 

The FTIR method afterward was validated against parameters, 
namely specificity, linearity, accuracy, precision, range, LOD and 
LOQ. Specificity test compared the spectrum derivative of 
kanamycin sulfate against injection sample. The results showed that 
there was no difference between the standard with kanamycin 

sulfate injection samples as shown in fig. 4, especially in the selected 
area of quantification. It means that all matrices do not produce the–
NH primary stretching. Hence, it can state that the method of 
analysis of kanamycin sulfate using FTIR was not affected by the 
matrix contained in the sample. 

  

 

 

Fig. 4: Kanamycin sulfate 1% w/w (c) overlaid spectrum (a) and (b) 
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Linearity was determined by plotting the relationship between the 
standard concentrations of kanamycin sulfate in KBr with the AUC 
spectrum derivative obtained from the measurement results. The six 

variations of concentration (% w/w) were measured three times. 
Linearity was expressed in the correlation coefficient (r) in the curve 
regression equation y = bx+an as shown in table 2 and fig. 5. 

  

Table 2: Calibration data of kanamycin sulfate using FTIR method 

The concentration of kanamycin sulfate (% w/w)
 Average of AUC derivated absorbance±SD 
0.25 0.57675±0.00172 
0.50 0.84675±0.01813 
0.75 1.10811±0.06438 
1.00 1.35776±0.03579 
1.25 1.65887±0.08517 
1.50 1.90323±0.07298 

Note AUC: area under the curve; n=3. 

 

 

Fig. 5: Standard calibration curve of kanamycin sulfate standard, (note: AUC= area under the curve) 

 

From the curve above obtained a linear regression equation y = 
1.065x+0.3101 in the concentration range over 0.25-1.5% w/w with 
the correlation coefficient (r) = 0.9998 and Vx0 = 0.014. The value of 
r ≥ 0.999 and Vx0 ≤ 2.0% indicated that the FTIR method fulfilled the 
acceptability requirements for linearity. The highest concentration is 
1.5% w/w due to the technical problem if it more than this value. 
Too much compound will need much KBr and yields the opaque 
pellet, which is not good for measurement.  

Accuracy test determined the standard of kanamycin sulfate at 
concentrations equivalent to 80%, 100%, and 120% w/w. 
Measurement of each concentration replicated three times. The 
percentage of recovery from the test results as shown in table 3 are 
100.23%; 99.18%; and 100.27% w/w. These three values fulfill the 

acceptability requirements' accuracy because they are in the range 
of 98-102% w/w. 

Precision is a measure that shows the degree of conformity between 
individual test results, calculated based on the average. Precision 
based on the standard deviation or relative standard deviation 
(coefficient of variation) value. It was determined by measuring the 
standard of kanamycin sulfate with an equivalent concentration of 
100% and repeated six times in the day and carried out on three 
different days of analysis for intraday and inter-day precision.  

Intraday precision was performed to determine precision on one test 
day or in a close time. The variance coefficient value obtained from each 
testing day as shown in table 4 was 1.14%; 0.69%; and 0.76%. All values 
were ≤ 2% so that they met the precision acceptance requirements. 

 

Table 3: Accuracy of kanamycin sulfate from the FTIR method 

Concentration (w/w) AUC Average of AUC  
±SD 

Theoretical AUC
 Recovery (%) 

80% 1.17716 1.16481±0.01183 1.1621 100.23% 
1.15357 
1.16371 

100% 1.36783 1.36382±0.00388 1.3751 99.18% 
1.36009 
1.36353 

120% 1.58209 1.59246±0.02527 1.5881 100.27% 
1.62127 
1.57402 

AUC: area under the curve. Note: n=3 
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Table 4: Intraday precision data of kanamycin sulfate standard from FTIR method 

No. AUC of the day- 
1 2 3 

1 1.36783 1.36583 1.36475 
2 1.36009 1.38528 1.36809 
3 1.36353 1.37838 1.37420 
4 1.39379 1.37993 1.35890 
5 1.38797 1.37315 1.38691 
6 1.39384 1.35997 1.36047 
Average of AUC 1.37784 1.37376 1.36889 
SD 0.0157 0.0094 0.0104 
RSD (%) 1.14% 0.69% 0.76% 
 

Inter-day precision was done to determine the precision produced 
when testing variations were carried out. Variations resulted were 
precision measurements on three different days of analysis. 

Variance coefficient value obtained from three days of testing was 
0.33%. This value as shown in table 5 was ≤ 2% so that it met the 
precision acceptance requirements. 

  

Table 5: Interday Precision Data of Kanamycin sulfate standard using FTIR method 

Day- AUC derivate 
1 1.37784 
2 1.37376 
3 1.36889 
Average AUC 1.37350 
SD 0.0045 
RSD (%) 0.33% 
 

LOD is the smallest concentration of analyte that still provides a 
significant response compared to the blank. Meanwhile, the LOQ is 
the lowest content of sample, which has been met the criteria of 
accuracy and precision. The limit of detection and quantification can 
be derived from the calibration curve through the following 
mathematical equations [24]:  

Sy/x = = 0.0127 

LOD =  w/w 

LOQ =  

From the calculation result, it shown that FTIR can detect the 
compound until the lowest concentration or LOD of 0.04% w/w. 
Then, it met the criteria of accuracy and precision at a concentration 
of 0.12% w/w.  

Afterwards, the range of analysis can be stated from the LOQ until 
the highest concentration, which is able to measured and linear to 
the response. So, the range is 0.12%w/w–1.5% w/w.  

The validated FTIR method was then used to determine the levels of 
kanamycin sulfate in the dosage form. The sample was reconstituted 
injection preparations from the market with a dose of 1g. The six 
vials of the sample were weighed and calculated for their averages 
after these were homogenized, sampled, and mixed with KBr with a 
concentration of 1% w/w. 

  

Table 6: Determination of kanamycin sulfate levels in injection preparations using FTIR 

Weight average of injection AUC (n = 3) Average of AUC Level (mg) Level (% w/w) 
1.4237 mg 1.060307 

1.060905 
1.048506 

1.05657±0.00699 0.99789 99.79% 

 

The levels of kanamycin sulfate in the injection dosage obtained as 
shown in table 6 were 99.79%. This value shows that the samples 
tested to meet the requirements of the levels in Indonesian 
Pharmacopoeia, which are not less than 90.0% and no more than 
115.0% of the amount stated in etiquette [6]. The results were 
compared with the determination of the level by colorimetry.  

Quantitative analysis of visible spectrophotometry method is based 
on the absorption of light at specific wavelengths by compounds that 
have chromophore groups. Kanamycin sulfate does not have the 
group in its structure, so it needs to be derivatized first. The 

compound used for derivatization is ninhydrin. Ninhydrin will react 
with amine groups contained in various compounds, in this method 
ninhydrin will react with a primary amine in kanamycin to form a 
bright purple complex (Ruhemann's purple) after being heated at a 
temperature of 80-100ْ C for 5 min, as shown in fig. 6 [13]. The 
resulting color gives an absorbance value at the wavelength of 
visible light. 

Level of kanamycin sulfate was determined using the wavelength in 
the range 400-800 nm. The measurement results as shown in fig. 7 
shows maximum absorbance at a wavelength of 564 nm. 

  

 

Fig. 6: The reaction of the formation of a ninhydrin complex with the primary amine (14) 



Nugrahani et al. 
Int J App Pharm, Vol 11, Issue 4, 2019, 426-435 

432 

 

Fig. 7: Spectrum of absorbance of kanamycin sulfate derivatives 

 

Visible spectrophotometry or colorimetry was verified by measuring 
the absorbance of kanamycin sulfate derivatives at six different 
concentrations ranging from 2-3.25 mg/ml. Measurements performed 

at a maximum wavelength of 564 nm, and each concentration was 
measured three times. The measurement results are then plotted 
between concentration and absorbance as shown in table 7. 

  

Table 7: Kanamycin sulfate calibration curve data from colorimetry 

Concentration (mg/ml) Absorbance±SD 
2.00 0.28330±0.00049 
2.25 0.31942±0.00044 
2.50 0.36314±0.00004 
2.75 0.40534±0.00126 
3.00 0.43600±0.00058 
3.25 0.47904±0.00113 

Note: n = 3, A calibration curve is generated from the data in table 7 as depicted in fig. 8. 

 

 

Fig. 8: Standard calibration curve of kanamycin sulfate by visible spectrophotometry method 

 

From the curve above, we obtain a linear regression equation y = 
0.1566x-0.0302 in the concentration range 2-3.25 mg/ ml with a 
correlation coefficient (r) = 0.9991 and Vx0 = 0.0084. The values of r 
≥ 0.999 and Vx0 ≤ 2.0% indicate that this method satisfied the terms 
of acceptance of linearity. The concentration range in the linearity 
test shows good results so that it can conclude that the range used in 
this method is 2-3.25 mg/ml.  

Accuracy test was done to determine the degree of closeness 
between the test results with actual value. Tests carried on by 
measuring the standard absorbance of kanamycin sulfate with 
concentrations equal to 80, 100, and 120% each carried out three 
times. Percentage of recovery obtained as shown in table 8 was 
99.15%; 100.51%; then 101.2%. These three values were in the 
range of 98%-102% so that they met the acceptability of accuracy. 
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Table 8: Accuracy test data of kanamycin sulfate by visible spectrophotometry method 

Concentration Absorbance Average of absorbance±SD Theoretical absorbance  Recovery (%) 
80% 0.31959 0.31942±0.00044 0.32215 99.15% 

0.31974 
0.31892 

100% 0.36309 0.36314±0.00005 0.36130 100.51% 
0.36318 
0.36316 

120% 0.40677 0.40534±0.00125 0.40045 101.22% 
0.40441 
0.40484 

Note: n=3 

 

Intraday precision was conducted to determine precision on the 
same test day or in a close time. Variance coefficient values obtained 
from each testing day as shown in table 9 were 0.37%; 0.40%; next 
0.51%. The three values were ≤ 2% so that they meet the precisi on 
acceptance requirements. 

Interday precision was done to determine the precision produced 
when testing variations are carried out. The variations were from 
three different days of analysis. Variance coefficient value obtained 
as shown in table 10 was 0.63% because it is ≤ 2%. It met the 
precision acceptance requirements. 

  

Table 9: Intraday precision data of kanamycin sulfate standard using colorimetry 

No. Absorbance day- 
1 2 3 

1 0.36309 0.36107 0.36669 
2 0.36318 0.35845 0.36793 
3 0.36441 0.35935 0.36607 
4 0.36185 0.36181 0.36552 
5 0.36053 0.36250 0.36394 
6 0.36316 0.36273 0.36285 
Average of absorbance 0.36270 0.36098 0.36550 
SD 0.0013 0.0015 0.0018 
RSD (%) 0.37% 0.40% 0.51% 

Note: n=6 

 

Table 10: Interday precision test data of kanamycin sulfate using colorimetry 

Day Absorbance 
1 0.36270 
2 0.36098 
3 0.36550 
Average of absorbance 0.36306 
SD 0.0023 
RSD (%) 0.63% 

Note: n=3 

 

The calculation results showed that the colorimetry as an un-direct 
UV-Vis spectrophotometer method could detect samples with the 
lowest concentration of 0.066 mg/ml. Then, it met the criteria of 
accuracy and precision at a concentration of 0.221 mg/ml.  

The colorimetry then was used to determine the levels of kanamycin 
sulfate in injection preparations from the market with a dose of 1 g. 
Samples of six vials were balanced for each weight and calculated for 

their averages. After that, it was sampled, derivatized and then 
measured the absorbance at a maximum wavelength of 564 nm with 
a concentration of 2.5 mg/ml. The kanamycin sulfate level obtained as 
shown in table 11 was 101.58% so that it can state that the tested 
sample met the requirements of the levels. Indonesian Pharmacopoeia 
states that the preparation should not less than 90.0% and no more 
than 115.0% of the amount stated in etiquette [6]. 

  
Table 11: Data on determination of kanamycin sulfate in injection preparation by colorimetry 

Average of weight (mg) Absorbance Average of absorbance±SD Level (mg) Level (%) 
1.4237 0.25075 

0.24740 
0.24921 

0.24912±0.00168 1.0158 101.58% 

The comparison parameters in table 12 are sensitivity, time of testing, which starts from weighing to measuring samples, estimating costs, and the 
simplicity of the method. 
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Table 12: Data comparison of FTIR methods with colorimetry 

Parameter Method Interpretation 
FTIR Colorimetry 

Linearity (correlation 
coefficient) 

0.99975 0.9991 FTIR is more linear  

Accuracy (% recovery) 99.18%-100.27% 99.15%-100.51% FTIR is more 
accurate 

Intraday precision 
(SBR) 

1.14%; 0.69%; 0.76% 0.37%; 0.40%; 
0.51% 

Colorimetry is 
preciser 

Interday precision 
(SBR) 

0.33% 0.63% FTIR is preciser 

Limit of detection 
(ppm) 

400 660 FTIR is more 
sensitive 

Limit of quantitation 
(ppm) 

1200 2210 FTIR is more 
sensitive 

Time 10 min 30 min FTIR is faster 
Cost estimation KBr 2g = Rp 45,000,00 [25] 

Acetone (as presser cleaner): 50 ml = Rp 
10,000,00 [26] 
Total = Rp 55,000,00 

Aquadest: 500 ml = Rp 5.000,00 
Ninhydrine 0.5g = Rp 99,000,00 [27] 
Acetone 20 ml = Rp 4,000,00 [26] 
Total = Rp 108,000,00  

FTIR is less costly 

Simplicity Easier and simpler since the sample was only 
dispersed and compacted in its solid form 
directly. 

Needs reaction step involved heating and 
dissolving 

FTIR is simpler 

 

The table shows that the FTIR method gives better linearity, 
accuracy, and precision results compared to the colorimetry in the 
concentration range used. Also, it has advantages in terms of 
sensitivity, testing time, cost estimation, and simplicity of analysis 
compared to the opponent method. For the precision inter-day, 
colorimetry is higher, due to its selectivity of ninhydrin reaction 
which is not influenced by another component. However, FTIR has 
higher intra-day precision. This phenomenon indicates the direct-
solid measurement is suitable for assay besides for qualitative 
purpose. In the past, this instrument is commonly for identification, 
only [18]. Time by time in the last decade, FTIR developed for assay. 
Attenuated Total Reflectance–Fourier Transform Infrared (ATR–
FTIR) combined with chemometrics for mapping and to predict the 
level of some compounds in the complicated matrix [29]. The levels 
of kanamycin sulfate in injection preparations obtained by the FTIR 
method compared with the levels obtained by the counterpart, using 
unpaired data t-test. The null hypothesis fixed; namely, there was no 
significant difference in the level-determination result from both 
methods. The null hypothesis accepted if the value of the t-student count 
is smaller than the value of t table [30]. The calculated t value is 
determined by the mathematical equation as follows:  

Sp 2 =  = 0.621325 

SD =  = 0.6436 

t calculation =  = 2.7657 (t table =2.77645) 

Based on the t-student value, here proven that both methods 
obtained similar content determination yields [31]. As known, many 
compounds which have no chromophore then must be reacted with 
ninhydrin for UV-analysis, such as some antibiotics, namely 
cefepime, cefazolin sodium and cephalothin sodium [32]. Based on 
this experiment, it can be suggested to be measured by FTIR on the 
similar wavenumber.  

CONCLUSION 

The developed FTIR method for determining the levels of kanamycin 
sulfate has met the validation criteria which include specificity, 
linearity, accuracy, precision, range, detection limit, and quantification 
limits. Kanamycin sulfate has a specific spectrum at wave numbers 
1540-1480 cm-1

There were no significant differences between the FTIR and 
colorimetry method, statistically. Both methods proof suitability as the 
alternative procedures in determining levels of kanamycin sulfate in 
injection preparations. However, FTIR method possesses double times 
of sensitivity, one-third time needed, a half cost, and a more 
straightforward due to not needing any solvents and extraction steps.  

 and provides a linear correlation within the range of 
0.25-1.5%. LOD and LOQ is 0.04% and 0.12% w/w, respectively. The 

method also has been checked to be applied for measuring the content 
of the antibiotic in its reconstitution-injection dosage form succesfully. 
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