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Abstract

Background: Marbofloxacin (MAR) is an antimicrobial belonging to the fluoroquinolone class and is marketed in the form of
tablets. There is no microbiological monograph in official compendia to evaluate the potency of the final product.
Furthermore, the literature is scarce in this context.
Objective: The objective is to develop and validate a microbiological method by turbidimetry to evaluate the potency of
MAR-based tablets, based on the principles of green analytical chemistry.
Methods: Purified water–ethanol (9 þ 1, v/v) was used as diluent to prepare the MAR solutions at concentrations of 0.25, 0.8,
and 2.56mg/mL, brain heart infusion (BHI) broth as culture media, E. coli American Type Culture Collection (ATCC) 25922 at
10% and incubation in a shaker at 37�C for 4 h were used in the method.
Results: The method was: linear in the range of 0.25 to 2.56mg/mL; selective against the sample adjuvants; precise (intra-day
RSD 2.26%, inter-day RSD 3.49%, and inter-analyst RSD 3.59%); accurate with a recovery of 100.20%; and robust against
changes in culture medium volume in the tube, shaker rotation, and incubation temperature in the shaker. The potency of
MAR tablets was 96.98% using the proposed method.
Conclusion: The turbidimetric method developed is a new, fast, and optimized option to the routine QC of MAR in tablets,
since it allows the evaluation of the drug’s potency in the final product and can be used to complement the results of the
physicochemical analysis, in addition to being a green and sustainable alternative.
Highlights: The work shows an ecological and green alternative to the routine microbiological pharmaceutical analysis of
MAR tablets.

Marbofloxacin (MAR, Figure 1) is a fluoroquinolone marketed in
the form of tablets. It can be found in preparations for human
use; however, the technical literature bases its use on veterinary
medicine. This drug was first listed by Vetoquinol in 1995 in the
United Kingdon, and later listed in the United States and Europe
as an animal medicine (1, 2).

The literature shows physicochemical methods for analyz-
ing MAR tablets by UV (3) and HPLC (4–7). However, the litera-
ture does not show microbiological methods for evaluating the

potency of MAR tablets. In the official compendia (8–10) MAR
does not have a monograph described. Thus, the lack of micro-
biological methods that are also environmentally friendly is a
gap that drives scientists and researchers alike. The use of
methods considered green makes the remediation of environ-
mental impacts unnecessary.

The analytical Eco-Scale was proposed by Galuska and col-
laborators (11) to carry out a quantitative assessment of the
green character of analytical processes, similar to the Eco-Scale
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proposed by Van Aken and collaborators (12). This scale also
assumes an ideal procedure, characterized by the elimination
or minimization of reagents, energy consumption, and waste
generation. The physical, environmental, and health risk as-
sessment was based on the Globally Harmonized System of
Classification and Labeling of Chemicals (GHS).

This scale takes into account the assessment of risks attrib-
uted to the reagents used, the amount used, the risk words at-
tributed to them, the energy used (13), the occupational risks,
and waste generation (Figure 2). Penalty points are assigned to
these parameters and are included in the Eco-Scale calculation,
according to the formula below:

Analytical Eco–Scale ¼ 100� total penalty points ðPPÞ

Thus, the objective is to develop and validate a microbiological
method by turbidimetry to evaluate the potency of MAR-based
tablets, based on the principles of Green Analytical Chemistry
(GAC).

Experimental
Materials

Marbofloxacin (MAR) reference (declared content of 99.2%,
Wisdom Pharmaceuticals) and samples of MAR in tablets (de-
clared content of 27.5 mg, CEVA) were used.

Brain heart infusion (BHI) broth (Himedia) and agar (Kasvi)
were used for microorganism growth.

Equipment

MAR reference and samples were weighed on an analytical bal-
ance AUW220D model (Shimadzu). Culture media were weighed
on a semi-analytical balance AL-500 model (Marte). Incubation
of microorganisms was performed using a shaker incubator,
model TE-420 (Tecnal). A model 216/2 oven (Fabbe-Primar) and
vertical autoclave, model AV-50 (Phoenix Luferco) were also
used. The standardization of the inoculums and absorbance
readings were performed using a SP-220 spectrophotometer
(Biospectro). An ultrasound bath, USC-2800 (Unique), and water
purification system, Milli Q water (Direct-QVR ) were also used.

Preparation of MAR Solutions (Reference and Sample)

(a) Reference solution.—The equivalent of 5 mg MAR reference
was weighed and transferred to a 250 mL volumetric flask,
and diluted to volume with purified water–ethanol (90 þ
10, v/v) in order to obtain a stock solution of 20 mg/mL of
MAR reference. Aliquots of this solution were transferred

to 10 mL volumetric flasks and diluted with purified water–
ethanol (90 þ 10, v/v) to obtain concentrations of 0.25, 0.8,
and 2.56 mg/mL of MAR reference (concentrations of the sol-
utions followed a geometric progression).

(b) Sample solution.—Twenty tablets of MAR were crushed and
homogenized (average weight 149.08 mg) and the equiva-
lent of 5 mg was weighed and transferred to a 250 mL volu-
metric flask and diluted to volume with purified water–
ethanol (90 þ 10, v/v) ) in order to obtain a stock solution of
20 mg/mL MAR sample. Aliquots of this solution were trans-
ferred to 10 mL volumetric flasks and diluted with purified
water–ethanol (90 þ 10, v/v) to obtain concentrations of
0.25, 0.8, and 2.56 mg/mL MAR sample (concentrations of
the solutions followed a geometric progression), which
were tested against MAR reference solutions.

Strain and Inoculum

(a) Strain.—E.coli American Type Culture Collection (ATCC)
25922 samples were transferred with sterile plastic handles
to tubes with inclined BHI agar and incubated in an oven
for 24 h at 37 6 2�C. Subsequently, verification of the E. coli
strain was performed using triple sugar iron agar (TM
Media) and eosine methylene blue agar (Biolog), which are
selective media for this microorganism (10).

(b) Inoculum.—A loop of E. coli from the prepared strain was
transferred to BHI broth and incubated in an oven for 20 h
at 35 6 2�C. After this time, standardization of the broth
was performed in a spectrophotometer at 580 nm for trans-
mittance of 25 6 2% to obtain the inoculums (10).

Turbidimetric Method Conditions

A 3 � 3 parallel line assay design was used. Replicate tubes were
prepared for each of the three concentrations of MAR reference
and sample, one positive control tube, and one negative control
tube (10).

To the tubes containing 10 mL BHI broth were added, sepa-
rately, 200 lL of each MAR solution (reference and sample) at
concentrations of 0.25, 0.8, and 2.56 mg/mL and 1 mL standard-
ized inoculum. The negative control contained only 10 mL BHI
broth and the positive control contained 10 mL BHI broth with
1 mL standardized inoculum. The tubes were incubated at
35 6 2�C for 4 h. The turbidity of the culture media after this
time was measured by spectrophotometry.

Method Validation

Microbiological method validation was carried out according to
the literature recommendation (8–10, 14–26) for linearity, selec-
tivity, precision, accuracy, and robustness parameters.

(a) Linearity and selectivity.—Linearity and selectivity parameters
were evaluated by construction of three calibration curves,
for reference and sample, performed on three different days
in triplicate. The concentrations used were 0.25, 0.8, and
2.56mg/mL. The results were analyzed by the least-squares
method and the linearity deviation and parallelism were
evaluated by analysis of variance (ANOVA).

(b) Precision.—The precision parameter was evaluated at three
levels, intra-day, inter-day, and inter-analyst. The intra-
day level was carried using six analyses of MAR reference
solution at 0.8 mg/mL on the same day, with the same ana-
lyst using the same working conditions. The RSD (%) of the
six absorbances were calculated. The inter-day level was

Figure 1. Chemical structure of marbofloxacin.

Ferreira et al.: Journal of AOAC INTERNATIONAL Vol. 106, No. 3, 2023 | 691

D
ow

nloaded from
 https://academ

ic.oup.com
/jaoac/article/106/3/690/6794998 by O

U
P site access, R

aissa G
abrielle Lim

a Ferreira on 07 N
ovem

ber 2023



carried out using 12 analyses of MAR reference solution at
0.8 mg/mL, six analyses each day, with the same analyst
using the same working conditions. The RSD (%) of the
12 absorbances were calculated. The inter-analyst level
was carried out using 12 analyses of MAR reference
solution at 0.8 mg/mL, six analyses by each analyst, using
the same working conditions. The RSD (%) of the 12 absor-
bances were calculated.

(c) Accuracy.—The accuracy parameter was proved by the recov-
ery test, to which was added a known amount of reference in
a known quantity of sample. The method was performed at
three different levels, 80% (R1), 100% (R2), and 120% (R3), in
triplicate on three different days, as shown in Table 1.

(d) Robustness.—The robustness parameter was evaluated by
modifying some conditions of the method and later evalu-
ating the results with the results of an analysis with nor-
mal conditions (without modifications) using an F-test
(Snedecor) and t-test (Student). The modified conditions
were: culture medium volume in tube: 9.5 (modified) and
10 mL (normal); shaker rotation: 50 (modified) and 52 revo-
lutions per minute (normal); and incubation temperature
in the shaker: 36 6 2�C (modified) and 37 6 2�C (normal).

Results and Discussion
Development

In developing the turbidimetric method for determining the po-
tency of MAR to establish appropriate conditions, different con-
centrations of MAR, inoculum and different culture media and
microorganisms were tested in order to find a satisfactory
combination.

Based on the response of absorbance values, RSDs, least-
squares and ANOVA of the conditions tested, the best combina-
tion was: microorganism: E. coli ATCC 25922; MAR concentra-
tions: 0.25, 0.8, and 2.56 mg/mL; culture medium: BHI broth; and
inoculum volume: 1 mL.

Linearity and Selectivity

In the validation of microbiological methods for evaluating the
potency of antimicrobials, analytical curves for the sample and
for the reference are made simultaneously and linearity is eval-
uated at a confidence level of 95% generally.

The method was linear in the range between 0.25 and
2.56 mg/mL, as shown in Figure 3. The representative equation
and correlation coefficients (r) for reference and sample

were, respectively, y¼�0.3198 ln(x) þ 0.5271, r¼ 0.9996 and
y¼�0.3188 ln(x) þ 0.5332, r¼ 0.9992. ANOVA of data from the
curves is shown in Table 2.

ANOVA results indicate non-linearity deviation, with Fcal <
Ftab (cal ¼ calculated; tab ¼ tabulated) in the quadratic
(0.07< 4.96) and quadratic difference (1.96< 4.96). Furthermore,
the preparation and between-tube (same dose) sources was also
non-significant (0.18< 4.96, 3.52< 4.10, respectively) and the re-
gression and between-dose sources were significant
(1919.11> 4.96, 384.27> 3.33, respectively). Therefore, the
method developed was considered linear.

Precision

Absorbance and RSD (%) values for the MAR reference solution
obtained for the precision parameter are shown in Table 3. The
results show RSDs for intra-day, inter-day, and inter-analyst
precision levels less than 5%, with a maximum limit allowed of
15% (14), which proves the precision of the method.

Accuracy

The values obtained through the standard recovery test are de-
scribed in Table 4. The average recovery was 100.20%, which
confirms the ability of the method to accurately determine the
MAR content (16, 17).

Robustness

The results of the method’s robustness are presented in Table 5.
They were statistically evaluated by the F-test and the t-test and

Figure 2. Example of the calculation for classifying an analysis according to its greenness: excellent green analysis, acceptable green analysis, or inadequate green

analysis.

Table 1. Preparation of the MAR solutions for the recovery test of the
turbidimetric method

20 lg/mL MAR
sample, mL

20 lg/mL MAR
reference, mL

Final theoretical
concentration,

lg/mLa,b

Sample 125 —c 0.25
R1 (80 %) 125 725 1.70
R2 (100 %) 125 937.5 2.125
R3 (120 %) 125 1125 2.50
Reference — 125 0.25

a Volumetric flask of 10 mL.
b Concentration levels prepared in triplicate.
c

— ¼ Not applicable.
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the changes in culture medium volume in the tube (tcal 0.54< 2.78
tcrit (crit ¼ critical)), shaker rotation (tcal 0.50< 2.78 tcrit), and incu-
bation temperature in the shaker (tcal 0.22< 4.30 tcrit) do not inter-
fere with the method, which is robust in the face of these
changes.

Potency of MAR in Tablets

The potency of MAR in tablets, 96.98%, was determined using the
developed and validated method. This value was compared with
other trials for evaluating MAR in tablets (ref. 3, Table 6). The
comparison was not ideal, since the literature does not show

Table 2. ANOVA of absorbance values obtained from the analytical curve of MAR by the turbidimetric method

Variation sources Degrees of freedom Sum of quadratic Mean quadratic Fcal Ftab

Preparation 1 0.0002 0.0002 0.18 4.96
Regression 1 1.6554 1.6554 1919.11a 4.96
Parallelism 1 0.0000 0.0000 0.00 4.96
Quadratic 1 0.0001 0.0001 0.07 4.96
Quadratic difference 1 0.0017 0.0017 1.96 4.96
Between-doses 5 1.66 0.33 384.27a 3.33
Between-tubes 2 0.01 0.00 3.52 4.10
Within (error) 10 0.01 0.00 —b —
Total 17 1.67 — — —

a Significant for P< 5%.
b

— ¼ Not applicable.

Bold values indicates the significant values.

Figure 3. Analytical curve of reference and sample at concentrations of 0.25, 0.8, and 2.56mg/mL, obtained by the turbidimetric method.

Table 3. Results of the evaluation of the precision parameter by the turbidimetric method

Precision level

Absorbance

Average RSD, %1 2 3 4 5 6

Intra-day 0.537 0.550 0.543 0.530 0.522 0.519 0.534 2.26
Inter-day 0.537 0.550 0.543 0.530 0.522 0.519 0.545 3.49

0.537 0.571 0.561 0.536 0.582 0.546
Inter-analyst 0.581 0.520 0.531 0.547 0.521 0.564 0.539 3.59

0.537 0.571 0.561 0.536 0.582 0.546

Table 4. Results of the evaluation of the accuracy parameter by the turbidimetric method

Level MAR reference added, lg/mL MAR reference founda, lg/mL Recovery, % RSD, % Average recovery, %

R1 1.45 1.46 101.03 0.26
R2 1.875 1.864 99.41 0.72 100.20
R3 2.25 2.25 100.17 0.35

a Average of three determinations.
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microbiological methods for evaluating the potency of MAR tab-
lets for the proposed method to be compared (which shows the
relevance and importance of the developed method). Thus, the
comparison was made with a physicochemical method and the
results between them showed non-significant RSD (%).

According to Eco-Scale, the proposed method is considered
an excellent green analysis, since the greenness of the analyti-
cal process was 91 (>75 represents excellent green analysis,
Figure 2; 11–13, 27).

Conclusions

The developed and validated turbidimetric method is able to as-
sess the potency of MAR tablets reliably, safely, quickly, and
within the principles of GAC. It is an excellent alternative, as
the official compendia do not provide the option of evaluating
the potency of the final product for MAR.

Acknowledgments

We acknowledge CAPES (Bras�ılia, Brazil) and FUNAPE—UFG,
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Table 5. Results of the evaluation of the robustness parameter by turbidimetric method

Parameters Normal condition Modified conditiona F-Test t-Test Robustness

Culture medium
volume

10 mL 9.5 mL Fcal 4.38<19.0 Fcrit tcal 0.54< 2.78 tcrit Robust

Shaker rotation 52 rpm 50 rpm Fcal 15.71< 19.0 Fcrit tcal 0.50< 2.78 tcrit Robust
Incubation tempera-

ture in the shaker
(62�C)

37�C 36�C Fcal 56.29< 19.0 Fcrit tcal 0.22< 4.30 tcrit Robust

a Each modification was analyzed in triplicate; Fcal ¼ Fcalculated; Fcrit ¼ Fcritical; tcal ¼ tcalculated; tcrit ¼ tcritical.

Table 6. Results of MAR potency in tablets and comparison with
another method in the literature

Method Potency, % Average, % RSD, %

Presenta 98.97 96.60 95.37 96.98

Content, % 4.41

(3)b 104.43 103.67 101.59 103.67

a Microbiological method.
b Physicochemical method.
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