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INTRODUCTION
The implementation of innovative Alternative Microbiological 
Methods (AMMs) and Rapid Microbiological Methods (RMM) 
has been growing over the last decade, since they can offer bene-
fits in execution, monitoring, and automation while improving 
accuracy, specificity, sensitivity, and precision (Johnson PJ, 2023; 
Miller MJ, 2012; Denoya CD, et al., 2010; Prada-Ramírez HA, et 
al., 2023). Because these alternative methods are usually auto-
mated systems, they enable a more rapid and efficient response 
in case of adverse microbiological results (Johnson PJ, 2023; Mil-
ler MJ, 2012; Denoya CD, et al., 2010; Prada-Ramírez HA, et al., 
2023). Furthermore, implementation of innovative technologies 
significantly reduces the microbiological process time, leading to 
more rapid release of the pharmaceutical products into the mar-
ket, allowing a significant reduction of company warehousing 
costs as well as an improvement in efficiency in inventory control 
(Prada-Ramírez HA, et al., 2023). Additionally, these methods 
exhibit high performance and the ability to analyze a large num-
ber of simultaneous samples, with automated results, allowing 
real-time analysis and the possibility of early detection of contam-
ination (Prada-Ramírez HA, et al., 2023). However, their use in 
the pharmaceutical industry has tended to be delayed, because 
these new technologies used to be expensive and time consuming, 
these issues being the primary obstacles for their adoption (Prada-
Ramírez HA, et al., 2023). Moreover, pharmaceutical regulators 
used to be overly cautious in endorsing these alternative methods 
as an integral part of routine product release (Prada-Ramírez HA, 
et al., 2023).
Therefore, there is a need to perform a robust validation of an al-
ternative microbiological method for the detection and quantifi-
cation of yeasts and molds using a pharmaceutical and personal 
care matrix in which essential validation parameters are tested, 
such as equivalence of results, linearity, operative range, precision, 
accuracy, robustness, ruggedness, specificity, limit of detection, 

and limit of quantification (Prada-Ramírez HA, et al., 2023; USP, 
2020; USP, 2023; PDA, 2013). 

LITERATURE REVIEW
It is widely known that the drug product matrix is an important 
factor for validation results because it has an impact on the kin-
etics of recovery (Prada-Ramírez HA, et al., 2023). These specific 
product impacts have led to differences in the correlation curve 
models between the tested product types. So before performing 
the validation of AMM, first of all the suitability of the method 
should be proven. This means that the preservative of any anti-
microbial substance needs to be neutralized in order to under-
take an optimal microorganism recovery. In the present review, 
a widely-used pharmaceutical product and several personal care 
products have been used to show the performance of the AMM 
in quantifying yeasts and molds (Prada-Ramírez HA, et al., 2023).
The validation method described in this review is used to reduce 
the microbiological process time for yeast and mold counts from 
5-7 days, as the Plate-Count Method (PCM) which usually takes 
72 hours using the AMM (Prada-Ramírez HA, et al., 2023). So 
the microbiological assessment for the pharmaceutical products is 
intended to be done in 3 days for the total aerobic microbial count 
and analysis of pathogens such as E. coli (using the conventional 
method), and three days for the total yeast and mold count (using 
the Soleris® system).
Briefly, the Soleris® Technology (ST) used as an AMM is an auto-
mated growth system based on the microbial metabolism as the 
yeasts and molds grow and spread into the Soleris® DYM-109C 
vial and produce Carbon Dioxide (CO2), which diffuses from the 
growth medium through a gas-permeable layer into the indica-
tor portion of the Soleris® vial (Prada-Ramírez HA, et al., 2023; 
Pereault M, et al., 2014; Foti D, et al., 2012; McCormick PJ, et al., 
2013; Alles S, et al., 2015; Montei C, et al., 2014; Miller MJ, et al., 
2010; Mozola M, et al., 2013; Alles S, et al., 2009). Because of the 
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titative equivalence of results, correlation curves for yeasts and molds 
were derived by plotting DT values with their respective equivalents on 
log CFU (Figure 1). Linear regression analysis yielded the relationship 
between DTs and log CFU values (USP, 2020; USP, 2023; Limberg BJ, et 
al., 2016). The linearity observed in the regression line must be consistent 
with USP requirements (R2 ≥ 0.9025) (Table 1). Taking into account that 
the data modeled in the linear regression has a Poisson distribution, an χ² 
goodness-of-fit was performed (Prada-Ramírez HA, et al., 2023). Thus the 
χ² goodness-of-fit test demonstrated a statistical association between the 
microbial concentration and Colony-Forming Units (CFUs) and the DT 
values for all the PCP tested (p ≤ 0.05) (Table 1) (Prada-Ramírez HA, et al., 
2023). Quantification ranges were established from the correlation curves 
for each pharmaceutical product tested (Figure 1).
According to chapters-1223 and 1225, the ability of the alternative method 
to produce signals that depend on the microbial threshold is a key param-
eter for successfully achieving the AMM’s validation (USP, 2020; USP, 2023; 
Limberg BJ, et al., 2016). As has previously been shown by Prada-Ramírez 
HA, et al., 2023, in several validation procedures performed on pharma-
ceutical and personal care products, DT data from the Soleris® equipment’s 
software for microbiological assessment will automatically allow, through 
a direct comparison with the calibration curve, translating Detection Time 
(DT) into its CFU enumeration equivalence (Prada-Ramírez HA, et al., 
2023). In this way, the alternative method has the same regulatory implica-
tions as the traditional method for microbiological specifications, because 
all the Soleris® results will be represented in CFUs (Prada-Ramírez HA, et 
al., 2023).
Similarly, according to the Personal Care Product Council (PCPC) and the 
Scientific Committee on Consumer Safety (SCCS), there is a need to de-
velop an innovative alternative method that exhibits the same performance 
as that observed for the standard method, in order to safely release the 
product more quickly into the market (Prada-Ramírez HA, et al., 2023). 
For instance, the PCPC and SCCS have established that cosmetic prod-
ucts should be classified into two large groups (category 1 and category 
2). Products classified as category 1, which includes all cosmetics applied 
around the eyes, those of mucosal contact, and products specifically in-
tended for infants, must have a total viable aerobic microorganism count 
<102 CFU/ml or g. Category 2 includes the remaining cosmetic products, 
which must have a total viable count of aerobic microorganisms <103 
CFU/mL or g (Prada-Ramírez HA, et al., 2023). So the enforcement of an 
innovative method that allows precise quantification of colony-forming 
units, according to the category, will have a huge impact on the cosmetic 
industry (Prada-Ramírez HA, et al., 2023).

Accuracy 
As was previously reported by Prada-Ramírez et al. 2023, the accuracy was 
measured through the percent of recovery (USP, 2020; USP, 2023; Limberg 
BJ, et al., 2016). Thus using the equation derived from linear regression, 
detection time (DT) values were used to determine log CFU (Limberg 
BJ, et al., 2016). The mean accuracy log CFU derived from the alterna-
tive method DT was ≥ 70% of the parallel plate count. At the same time, 
the Pearson goodness-of-fit test was chosen to assess the proximity of the 
results obtained by the AMM and those observed for PCM for each micro-
organism (Table 1). In this way, the automated system was able to predict 
CFUs from DT values using a 95% confidence interval (p ≥ 0.05) (Prada-
Ramírez HA, et al., 2023). Supporting these results, yeast and mold correla-
tion curves each showed a coefficient of correlation (CC>0.95), fulfilling 
USP requirements (CC>0.95). So a high correlation coefficient is a reliable 
indication of the accuracy that the quantifiable data acquired via the PCM 
(in CFUs) and can be calibrated to DT units generated by the alternative 
method (PDA, 2013). The percent of recovery of the AMM was more than 
70% using different pharmaceutical and cosmetic products, showing the 
reliability and robustness of the method. 

presence of antibiotics such as chloramphenicol, the Soleris vial exclusively 
allows the growth of yeasts and molds, preventing the proliferation of bac-
teria. It is important to mention that only gasses can enter into the reading 
zone; microorganisms, the medium, and particulates are blocked. Dis-
solved CO2 leads to the formation of carbonic acid, reducing the pH and 
resulting in a change in color of the chemical indicator (thymolphthalein) 
over time (Pereault M, et al., 2014; Foti D, et al., 2012; McCormick PJ, et 
al., 2013; Alles S, et al., 2015; Montei C, et al., 2014; Miller MJ, et al., 2010; 
Mozola M, et al., 2013; Alles S, et al., 2009). This colorimetric change is 
detected and recorded by the equipment’s software and corresponds to the 
Detection Time (DT), indicative of a positive test result (Prada-Ramírez 
HA, et al., 2023; Pereault M, et al., 2014; Foti D, et al., 2012; McCormick PJ, 
et al., 2013; Alles S, et al., 2015; Montei C, et al., 2014; Miller MJ, et al., 2010; 
Mozola M, et al., 2013; Alles S, et al., 2009).
As demonstrated by Prada-Ramírez HA, et al., 2023 this automated 
growth-based system could be an alternative quantitative method for the 
detection of yeasts and molds through the construction of calibration 
curves that allow the establishment of numerically equivalent results be-
tween enumeration data from the standard reference method and the al-
ternative method. Correlation curves (log CFU vs. DT) should fulfill USP 
chapter-1223 demands, such as the determination coefficient (R2 ≥ 0.9025) 
and correlation coefficients (CC ≥ 0.95) (USP, 2020; USP, 2023). DT data 
from Soleris® equipment software for the automatic routine assessment of 
pharmaceutical articles for yeasts and molds through a direct comparison 
with the correlation curve, which ought to be specific for each product, will 
allow converting Detection Time (DT) into its CFU enumeration equiva-
lent at a 95% confidence level (Prada-Ramírez HA, et al., 2023). Therefore, 
the AMM will have the same regulatory implications as the traditional 
method for microbiological specifications, because all the Soleris® results 
will be represented in CFUs.
The main purpose of this study is to summarize several research studies 
that have proven that the AMM’s entire performance is not inferior to the 
conventional PCM. Therefore, this innovative technology could replace 
the reference standard method, leading to a reduction in process time 
while maintaining good laboratory practices.
So taking into account that PCM and AMM yield quantifiable values of 
different kinds (CFU vs. DT), an equivalence of results must be performed 
through the construction of correlation curves. Therefore, essential valid-
ation criteria such as linearity, operative range, equivalence of results, ac-
curacy, Limit of Detection (LOD) and Limit of Quantification (LOQ), pre-
cision, ruggedness, and specificity were established in accordance with the 
United States Pharmacopeia guideline (USP, 2020; USP, 2023).

Validation of the alternative microbiological method 
Suitability of the method: In order to guarantee a successful microbiologic-
al recovery from different pharmaceutical products, the suitability of the 
method should be shown (Prada-Ramírez HA, et al., 2023). Thus suppres-
sion of antimicrobial activity needs to be done for all the pharmaceutical 
and cosmetic articles tested (Figure 1). Generally, polysorbate 80 can be 
used as a neutralizer agent that chemically deactivates the preservative in-
cluded in the formulation. Once the suitability of the method has been 
proven, it is possible to go on to the quantitative validation process (Prada-
Ramírez HA, et al., 2023).

DISCUSSION
Linearity, operative range, and equivalence of results
As is outlined in the USP guidelines, it is usually observed that the PCM 
and the AMM yield quantifiable values of different magnitudes (CFUs vs. 
DT); therefore, an equivalence of results must be carried out through the 
construction of correlation curves (Prada-Ramírez HA, et al., 2023; USP, 
2020; USP, 2023; Limberg BJ, et al., 2016). In order to establish a quan-
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Figure 1: Suitability of the method recovery was performance in parallel and simultaneous manner between the AMM and PCM for the correla-
tion curves construction
Note: The pharmaceutical and personal care product’s preservatives were neutralized in order to obtain a successful microbiological determina-
tion (Prada-Ramírez HA, et al., 2023).

Table 1: Summarized quantitative validation parameters for AMM (Prada-Ramírez HA, et al., 2023)

Pharmaceutical and cosmetic 
products

R2 CC χ2 (p ≤ 
0.05)

LDD 
(UFC)

Upper 
range 
(UFC)

% Re-
covery

Goodness 
of fit test 
(p ≥ 0.05)

Fisher test Stan-
dard 

devia-
tion

Coeffi-
cient of 

variation 
AMM

ANOVA 
(p ≥ 0.05)

Antacid oral suspension Ab 0.93 0.95 p ≤ 0.05 1 2.0 × 103 117 p ≥ 0.05 p ≥ 0.05 4 13.1 p ≥ 0.05

Antacid oral suspension Ca 0.92 0.96 p ≤ 0.05 1 1.9 × 103 106 p ≥ 0.05 p ≥ 0.05 4 17.5 p ≥ 0.05

Sunscreen Zahara® 0.91 0.96 p ≤ 0.05 1 2.0 × 103 100 p ≥ 0.05 p ≥ 0.05 1.3 3.9 p ≥ 0.05

Mouthwash zero alcohol® 0.94 0.97 p ≤ 0.05 1 2.0 × 103 100 p ≥ 0.05 p ≥ 0.05 1.8 5.4 p ≥ 0.05

Dermoprotective cream® 0.95 0.97 p ≤ 0.05 1 2.0 × 103 117 p ≥ 0.05 p ≥ 0.05 1.6 5.4 p ≥ 0.05

Intimate female bathroom® 0.95 0.95 p ≤ 0.05 1 2.0 × 103 106 p ≥ 0.05 p ≥ 0.05 2.9 9.5 p ≥ 0.05

Rollon deodorant T24 for men® 0.97 0.97 p ≤ 0.05 1 1.8 × 103 100 p ≥ 0.05 p ≥ 0.05 0.6 2 p ≥ 0.05

Colonia lotion Tersura® 0.95 0.98 p ≤ 0.05 1 2.0 × 103 100 p ≥ 0.05 p ≥ 0.05 1.5 5.4 p ≥ 0.05

Honey shampoo Pequitas® 0.97 0.98 p ≤ 0.05 1 1.9 × 103 100 p ≥ 0.05 p ≥ 0.05 1 3.5 p ≥ 0.05

Chamomile shampoo Pequitas® 0.96 0.98 p ≤ 0.05 1 2.0 × 103 100 p ≥ 0.05 p ≥ 0.05 2.8 9 p ≥ 0.05

Sunscreen Dermavive® 0.96 0.98 p ≤ 0.05 1 1.9 × 103 100 p ≥ 0.05 p ≥ 0.05 1.1 3.9 p ≥ 0.05
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Toothpaste prodent® 0.94 0.97 p ≤ 0.05 1 1.4 × 103 100 p ≥ 0.05 p ≥ 0.05 1.3 4.7 p ≥ 0.05

Moisturizing gel Zahara® 0.97 0.99 p ≤ 0.05 1 2.0 × 103 115 p ≥ 0.05 p ≥ 0.05 0.7 2.2 p ≥ 0.05

Sabila cream fascination® 0.93 0.97 p ≤ 0.05 1 1.9 × 103 100 p ≥ 0.05 p ≥ 0.05 1.1 3.3 p ≥ 0.05

Sunscreen Tacoa® 0.98 0.99 p ≤ 0.05 1 1.9 × 103 100 p ≥ 0.05 p ≥ 0.05 2.2 7 p ≥ 0.05

Extra-moisturizing cream® 0.91 0.95 p ≤ 0.05 1 1.5 × 103 100 p ≥ 0.05 p ≥ 0.05 1.1 3.8 p ≥ 0.05

Mouthwash original® 0.97 0.98 p ≤ 0.05 1 2.0 × 103 100 p ≥ 0.05 p ≥ 0.05 1.8 5.9 p ≥ 0.05

Rinse Pequitas® 0.93 0.97 p ≤ 0.05 1 2.0 × 103 100 p ≥ 0.05 p ≥ 0.05 1.1 3.6 p ≥ 0.05

Insect repellent Repeblanc® 0.97 0.98 p ≤ 0.05 1 2.0 × 103 100 p ≥ 0.05 p ≥ 0.05 2.6 8.8 p ≥ 0.05

Mouthwash cool mint® 0.92 0.95 p ≤ 0.05 1 2.0 × 103 99 p ≥ 0.05 p ≥ 0.05 0.9 3.2 p ≥ 0.05

Mouthwash calculus control® 0.95 0.97 p ≤ 0.05 1 2.0 × 103 100 p ≥ 0.05 p ≥ 0.05 0.4 1.9 p ≥ 0.05

Moisturizing cream Crelim® 0.93 0.97 p ≤ 0.05 1 2.0 × 103 100 p ≥ 0.05 p ≥ 0.05 0.9 3.5 p ≥ 0.05

Intimate female bathroom® 0.94 0.99 p ≤ 0.05 1 2.0 × 103 100 p ≥ 0.05 p ≥ 0.05 1.2 4.6 p ≥ 0.05

Talcum powder T4® 0.99 0.99 p ≤ 0.05 1 1.8 × 103 100 p ≥ 0.05 p ≥ 0.05 1.2 3.9 p ≥ 0.05

Tersura oil® 0.94 0.97 p ≤ 0.05 1 2.0 × 103 100 p ≥ 0.05 p ≥ 0.05 0.8 3.5 p ≥ 0.05

OVY shampoo® 0.98 0.99 p ≤ 0.05 1 2.0 × 103 100 p ≥ 0.05 p ≥ 0.05 2.5 7.7 p ≥ 0.05

Talcum powder Pequitas® 0.92 0.97 p ≤ 0.05 1 2.0 × 103 100 p ≥ 0.05 p ≥ 0.05 1.9 5.8 p ≥ 0.05

Soothing gel Oxitrex® 0.96 0.97 p ≤ 0.05 1 2.0 × 103 100 p ≥ 0.05 p ≥ 0.05 0.3 1.3 p ≥ 0.05

Rollon deodorant T24® 0.95 0.97 p ≤ 0.05 1 2.0 × 103 100 p ≥ 0.05 p ≥ 0.05 2.7 9.7 p ≥ 0.05

Ultrapure tersure shampoo® 0.91 0.95 p ≤ 0.05 1 2.0 × 103 93 p ≥ 0.05 p ≥ 0.05 0.4 1.3 p ≥ 0.05

Talcum for women® 0.94 0.96 p ≤ 0.05 1 2.0 × 103 100 p ≥ 0.05 p ≥ 0.05 7.3 14.7 p ≥ 0.05

Talcum for men® 0.95 0.97 p ≤ 0.05 1 2.0 × 103 100 p ≥ 0.05 p ≥ 0.05 1.4 6.8 p ≥ 0.05
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of yeasts and molds.
Table 2: Results for specificity testing for the Soleris® yeasts and molds 

method (Prada-Ramírez HA, et al., 2023)

Microorganisms Soleris® vial DT/ND Plate count (CFU)

Pseudomonas aeruginosa ND 0

Escherichia coli ND 0

Staphylococcus aureus ND 0

Salmonella typhimurium ND 0

Bacillus subtilis ND 0

Candida albicans 30.4 89

Aspergillus brasiliensis 26.1 96

Note: ND: Not Detected within 72 hours

CONCLUSION
As has been shown in various research studies, the construction of cor-
relation curves enables carrying out a quantitative equivalence of results 
between quantifiable values from the PCM and AMM, which allows 
demonstrating that the Soleris® automated growth system can be used as 
a replacement for the standard reference method for the quantification of 
yeasts and molds in finished products. This method reduced the assess-
ment time from 5-7 days, as is usual for the reference method, to a max-
imum of 72 hours or less, because the limits of detection (1 CFU) for both 
microorganisms could be reached in maximum incubation times of three 
days for microbiological assessment of yeasts and molds. These results 
show the good performance of the AMM in detecting the lowest microbio-
logical contamination, ensuring an accurate microbiological assessment 
of finished pharmaceutical products. Moreover, the LOD and LOQ were 
not statistically different between the alternative and the standard method 
(Fisher’s test p>0.05), showing that the AMM’s performance is not inferior 
to that of the PCM. All these results show that AMMs are an important 
tool for more quickly manufacturing pharmaceutical products. The evi-
dence demonstrates that this alternative automated method yields accurate 
quantitative results equivalent to those of the PCM (R2>0.9025, CC>0.95, 
and % recovery >70%). The AMM shows a high repeatability and reprodu-
cibility in all the pharmaceutical and personal care products tested. Indeed, 
its ability to remain unaffected by different operational variables such as 
different lots and users is evidence of its reliability and stability. At the same 
time, the method has good specificity in detecting target organisms such as 
yeasts and molds and excluding non-target bacteria such E. coli, S. aureus, 
and P. aeruginosa.
The enforcement of such alternative innovative methodologies results in 
a reduction of company warehousing costs, improved efficiency in inven-
tory control, and the ability to respond more quickly to adverse micro-
biological results. Likewise, this proposed alternative method is potentially 
more sensitive and specific than PCM for assessing yeasts and molds in 
several pharmaceutical and cosmetics products.

Limit of Detection (LOD) and Limit of Quantification (LOQ) 
As outlined in the International Council of Harmonization (ICH) Q2A 
validation of analytical procedures, the LOD and LOQ were calculated 
using the standard deviation of data obtained for the fewest number of re-
coverable microorganisms (<10 CFUs) and the slope of the corresponding 
standard curve(s) (Limberg BJ, et al., 2016). As has been shown in several 
research studies using pharmaceutical products and personal care prod-
ucts, the LOQ for the AMM is <10 CFUs. The LOD for the AMM was 
1 CFU/sample (Table 1). According to USP chapter-1111 requirements’ 
acceptance criteria for the microbiological quality of nonsterile dosage for 
all aqueous preparations for oral use, there should be an absence of Esche-
richia coli (1 g or 1 mL) and a total count for yeasts and molds of less than 
20 CFUs in order to fall under the microbiological specification before the 
product’s release for sale (USP, 2016; USP, 2016). In this way, the AMM was 
shown to have the ability to detect 1 CFU during the assay time (72 hours), 
thus ensuring the microbiological assessment quality for yeast and mold 
analysis as specified by the USP.

Intermediate precision robustness and ruggedness
In order to proceed with the AMM validation, the intermediate precision 
was estimated. As is outlined in the USP guidelines, the precision of the 
alternative quantitative microbiological method is the degree of agreement 
among individual test outcomes when the experimental design is applied 
repeatedly to several samples across the range of the test (USP, 2020; USP, 
2023). The repeatability and the intermediate precision were estimated 
independently for yeasts and molds. Ruggedness could be interpreted as 
a type of intra-laboratory precision involving the effect of different lots 
and operators on the test result variability, as well as repeatability. In order 
to observe the effect of these operational variables on the average DT for 
each bioburden level, a multifactorial Analysis of Variance was performed 
(ANOVA) (Prada-Ramírez HA, et al., 2023). 
It can be seen that for all the pharmaceutical and cosmetic products tested, 
different lots and operators do not have a significant effect on the mean 
of the DTs (ANOVA, p>0.05) (Table 1) (Prada-Ramírez HA, et al., 2023). 
So the AMM has shown its ability to be unaffected by the effect of differ-
ent variables such as different lots and users (ANOVA, p>0.05) (Table 1). 
Similarly, the values from the AMM have been shown to exhibit a high 
degree of concordance at the microbial threshold that recovered 10-100 
CFU (SD<5) (Table 1). It may be useful to note that the correlation curves 
constructed for yeasts and molds during the validation process included all 
these variations for routine assessment of yeasts and molds in pharmaceut-
ical and cosmetic products (χ² square p ≤ 0.05) (Table 1).
The robustness parameter was assessed by the manufacturer. According to 
the Neogen supplier’s information, the detection of yeasts and molds for 
the Soleris® equipment has demonstrated its capacity to remain unaffected 
by small but deliberate variations in the method’s parameters, such as tem-
perature variation (28°C +/-0.5°C), the algorithm detection parameter (10 
optical units +/-2 optical units), and different Soleris® equipment.

Specificity
As has been shown in previous research, all the pathogenic bacteria test-
ed (E. coli, S. thyphimurium, S, aureus, P. aeruginosa, and B. subtilis) were 
unable to grow in the Soleris® DYM 109C vials, whereas C. albicans and 
A. brasiliensis were able to grow as expected (Table 2). The DYM Soleris® 
vials inhibited bacterial growth such as E. coli, P. aeruginosa, Bacillus cer-
eus, and Staphylococcus aureus because of the presence of chloramphenicol 
and oxytetracyclin, thus ensuring that the growth observed inside the vials 
corresponded exclusively to yeast and mold growth. These results show the 
high specificity of the alternative method to exclusively detect the growth 
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