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Accurate inoculum standardisation is fundamental for reliable outcomes in anti-infective studies, 

including antimicrobial susceptibility testing (AST). McFarland turbidity standards, particularly the 0.5 

McFarland standard (approximating 1.5 x 10⁸ CFU/mL for bacteria), are widely employed for this purpose. 

These standards are prepared by reacting barium chloride with sulphuric acid to produce a barium 

sulphate precipitate of defined turbidity. This text details their preparation, including quality control via 

spectrophotometry, proper usage involving visual comparison against a Wickerham card, and critical 

storage conditions (room temperature or refrigerated, protected from light) to maintain their integrity 

and typical 6-month shelf-life for laboratory-prepared versions. Furthermore, it touches upon alternative 

standardisation methods, such as spectrophotometry and automated systems, and discusses the 

limitations inherent to McFarland standards, including operator subjectivity and precipitate instability. 

Ultimately, meticulous inoculum standardisation ensures the generation of reproducible and comparable 

data, crucial for both clinical diagnostics and research in microbiology. 
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1. The Critical Role of Inoculum Standardisation 

In antimicrobial susceptibility testing (AST), such as determining the Minimum Inhibitory Concentration 

(MIC), or in other anti-infective studies (e.g., time-kill assays, synergy testing), the precise 

standardisation of the initial microbial inoculum is paramount. This step is not merely procedural; it is 

fundamental to the accuracy, reproducibility, and comparability of results, both within a single 

laboratory over time (repeatability) and between different laboratories (reproducibility). 

Failure to properly standardise the inoculum can lead to significant variations in results: 

 Too low inoculum may result in falsely low MICs (appearing more susceptible) or an 

underestimation of an antimicrobial's efficacy. 

 Too high inoculum can lead to falsely high MICs (appearing more resistant), overwhelm the 

antimicrobial agent, or mask subtle effects. This is particularly relevant due to the "inoculum 

effect," where the MIC of some antibiotics (especially beta-lactams) increases with higher 

bacterial densities. 
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Therefore, maintaining a consistent inoculum density, along with other parameters like the physiological 

state of the microorganisms (e.g., ensuring they are in the logarithmic phase of growth), is essential. 

Turbidity, as measured against McFarland standards, is the most common method for achieving this 

density consistency. 

2. McFarland Standards: The Gold Standard for Turbidity 

McFarland standards, typically ranging from 0.5 to 10, are indispensable tools for preparing bacterial or 

yeast suspensions to a specified turbidity, which correlates with a known approximate cell density 

(colony-forming units per millilitre, CFU/mL). 

 0.5 McFarland Standard: This is the most frequently used standard in clinical microbiology, 

especially for routine AST according to guidance like that from CLSI (Clinical and Laboratory 

Standards Institute) and EUCAST (European Committee on Antimicrobial Susceptibility Testing). 

It corresponds to approximately 1.5 x 10⁸ CFU/mL for bacteria like E. coli. 

 Other McFarland Standards: 

o 1.0 McFarland: Approx. 3.0 x 10⁸ CFU/mL 

o 2.0 McFarland: Approx. 6.0 x 10⁸ CFU/mL 

o Higher standards (e.g., up to 10) are used for specific assays or microorganisms that 

require denser inocula. 

It is crucial to note that the CFU/mL correlation can vary slightly depending on the size and optical 

properties of the specific microbial species. For yeasts like Candida spp., a 0.5 McFarland standard 

corresponds to a lower CFU/mL range (e.g., 1-5 x 10⁶ CFU/mL) due to their larger cell size. 

3. Preparation of McFarland Standards: A Detailed Guide 

McFarland standards are prepared by inducing a barium sulphate (BaSO₄) precipitate through the 

reaction of barium chloride (BaCl₂) and sulphuric acid (H₂SO₄). The fine, white precipitate remains in 

suspension, creating turbidity. 

Recipe for 0.5 McFarland Standard [9]: 

1. Reagent Preparation: 

o 1.175% w/v Barium Chloride Dihydrate (BaCl₂·2H₂O) Solution: Dissolve 1.175 g of 

BaCl₂·2H₂O in 100 mL of distilled or deionised water. (Note: The original text mentions 

1% BaCl₂, which usually refers to anhydrous. Using the dihydrate form at 1.175% is more 

common and accounts for the water of hydration, effectively yielding a 1% BaCl₂ 

solution). 

o 1% v/v Sulphuric Acid (H₂SO₄) Solution: Carefully add 1 mL of concentrated H₂SO₄ to 99 

mL of distilled or deionised water. Caution: Always add acid to water slowly whilst 

stirring, never the other way around, due to the exothermic reaction. Wear 

appropriate personal protective equipment (PPE), including gloves, laboratory coat, and 

eye protection. 
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2. Mixing for 0.5 McFarland Standard: 

o Combine 0.05 mL of the 1.175% BaCl₂·2H₂O solution with 9.95 mL of the 1% H₂SO₄ 

solution. (The original text's "parts" can be interpreted as mL for a 10 mL final volume, 

which is a common laboratory preparation volume). 

o Mix thoroughly and transfer to a screw-cap tube of the same size and type as those used 

for preparing bacterial suspensions. This ensures comparable light scattering. 

3. Quality Control & Verification: 

o The absorbance of the freshly prepared 0.5 McFarland standard should be measured 

using a spectrophotometer at a wavelength of 625 nm (600 nm is also acceptable, but 

625 nm is often preferred by CLSI). 

o The acceptable absorbance range for a 0.5 McFarland standard is typically 0.08 to 0.10 

(or 0.08 to 0.13 at 600 nm depending on specific guidelines). 

o If the absorbance is outside this range, the standard should be discarded and remade, 

checking the accuracy of reagent preparation and measurements. 

Table 1: Recipes for Various McFarland Standards (10 mL final volume) [10-12] 

McFarland 

Standard 

Volume of 1.175% 

BaCl₂·2H₂O (mL) 

Volume of 1% 

H₂SO₄ (mL) 

Approx. Bacterial 

CFU/mL 

0.5 0.05 9.95 1.5 x 10⁸ 

1.0 0.1 9.9 3.0 x 10⁸ 

2.0 0.2 9.8 6.0 x 10⁸ 

3.0 0.3 9.7 9.0 x 10⁸ 

4.0 0.4 9.6 1.2 x 10⁹ 

 

4. How to Use and Store McFarland Standards 

Usage: 

1. Vortex Mix: Always vortex mix the McFarland standard vigorously before use to ensure the 

barium sulphate precipitate is evenly suspended. 

2. Prepare Microbial Suspension: Select well-isolated colonies (typically 3-5 for bacteria) of the 

same morphological type from an 18-24 hour agar plate (non-selective medium). Suspend them 

in a suitable sterile broth (e.g., Mueller-Hinton Broth, 0.85% saline). 
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3. Compare Turbidity: 

o Hold the microbial suspension tube and the chosen McFarland standard tube side-by-

side against a Wickerham card (Figure 1). 

o The Wickerham card, with its contrasting black lines on a white background, aids in 

visualising and comparing the turbidity. Look through the suspensions at the lines. 

o Adjust the microbial suspension: 

 If too light (lines clearer than in the standard), add more microbial growth. 

 If too turbid (lines more obscured than in the standard), dilute with sterile broth 

or saline. 

4. Homogenise: Ensure the adjusted microbial suspension is well-mixed before proceeding with 

the assay. 

 

 

Figure 1. Wickerham card 

 

Storage: 

 McFarland standards should be stored in tightly sealed tubes to prevent evaporation. 

 Store them in an upright position at room temperature (20-25°C) or refrigerated (2-8°C). CLSI 

guidance often recommends room temperature. 

 Protect from light by storing them in a dark box or wrapping the tubes in foil (e.g., aluminium 

foil), as light can cause deterioration of the standards. 

 Shelf Life: 

o Commercially prepared standards often have a longer shelf life (e.g., 6-12 months) due 

to preservatives and stringent QC. 
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o Laboratory-prepared standards are typically stable for up to 6 months if stored correctly 

(the original text's 12 weeks is a more conservative and safe estimate, especially if QC is 

not routinely performed). 

 Quality Control during Storage: 

o Visually inspect before each use for clumping, discolouration, or excessive evaporation. 

o Periodically (e.g., monthly), their absorbance can be re-checked spectrophotometrically. 

Discard if absorbance values drift out of the acceptable range or if visual changes are 

noted. 

5. Alternatives to McFarland Standards 

Whilst McFarland standards are widely used due to their simplicity and low cost, alternatives exist: 

 Spectrophotometers/Turbidimeters: Directly measuring the optical density (OD) of the 

microbial suspension at a specific wavelength (e.g., 600 nm or 625 nm). This requires prior 

calibration to establish the correlation between OD and CFU/mL for the specific microorganisms 

being tested. It offers greater objectivity and precision. 

 Automated Inoculum Preparation Systems: Several commercial instruments can automatically 

prepare and standardise inocula to a target density, often using photometric measurements. 

These reduce manual labour and improve consistency, especially in high-throughput 

environments. 

 Latex Particle Standards: Commercially available latex particle suspensions can also serve as 

turbidity standards. They often offer longer stability and less lot-to-lot variability than BaSO₄ 

standards. 

6. Limitations and Considerations 

 Subjectivity: Visual comparison against McFarland standards can be subjective and vary 

between operators. Consistent training and good lighting are essential. 

 Instability: BaSO₄ precipitate can clump or settle unevenly over time, even with vortex mixing, 

especially in older or improperly stored standards. 

 Batch Variation: Laboratory-prepared standards can have batch-to-batch variability if reagents 

or preparation techniques are not strictly controlled. 

 Temperature Sensitivity: Whilst BaSO₄ solubility is not highly temperature-dependent within 

typical laboratory ranges, significant temperature fluctuations during preparation or storage 

could potentially affect the precipitate characteristics. 

 Microbial Variability: The relationship between turbidity and CFU/mL is an approximation and 

can differ between species (e.g., bacteria vs. yeast, cocci vs. bacilli) and even strains due to 

variations in cell size, shape, and clumping characteristics. 
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7. Conclusion 

Accurate inoculum standardisation using tools like McFarland standards is a cornerstone of reliable anti-

infective research and clinical diagnostics. Understanding their preparation, proper use, storage, and 

limitations, as well as being aware of alternative methods, empowers researchers and clinical scientists 

to generate data that is both accurate and reproducible, ultimately contributing to better understanding 

and management of infectious diseases. 

 

References 

[1] Barry, A. L., Craig, W. A., Nadler, H., Reller, L. B., Sanders, C. C., & Swenson, J. M. (1999). Methods for 

determining bactericidal activity of antimicrobial agents: approved guideline. NCCLS document M26-A, 

19(18). 

[2] Clinical and Laboratory Standards Institute. (2012). Methods for Dilution Antimicrobial Susceptibility 

Tests for Bacteria That Grow Aerobically; Approved Standard-Ninth Edition. CLSI document M07-A9 

(ISBN 1-56238-783-9). 

[3] Altuner, E. M., Canli, K., & Akata, I. (2014). Antimicrobial screening of Calliergonella cuspidata, 

Dicranum polysetum and Hypnum cupressiforme. Journal of Pure and Applied Microbiology, 8(1), 539-

545. 

[4] Altuner, E. M. (2008). Bazı karayosunu türlerinin antimikrobiyal aktivitesinin belirlenmesi. Ankara 

Üniversitesi Fen Bilimleri Enstitüsü Doktora Tezi, Ankara. (In Turkish) 

[5] Canli, K., Bozyel, M. E., & Altuner, E. M. (2017). In vitro antimicrobial activity screening of Maclura 

pomifera fruits against wide range of microorganisms. International Journal of Pharmaceutical Science 

Invention, 6(8), 19-22. 

[6] Canli, K., Akata, I., & Altuner, E. M. (2016). In vitro antimicrobial activity screening of Xylaria 

hypoxylon. African Journal of Traditional, Complementary and Alternative medicines, 13(4), 42-46. 

[7] Altuner, E. M., & Çetin, B. (2018). Antimicrobial activity of Isothecium alopecuroides and potential 

effect of some climate elements on the activity of this bryophyte sample. Kastamonu University Journal 

of Forestry Faculty, 18(2), 126-137. 

[8] Dalynn Biologicals. (2014, October). McFarland Standard. Retrieved from 

http://www.dalynn.com/dyn/ck_assets/files/tech/TM53.pdf 

[9] McFarland, J. (1907). The nephelometer: an instrument for estimating the number of bacteria in 

suspensions used for calculating the opsonic index and for vaccines. Journal of the American Medical 

Association, 49(14), 1176-1178. 

[10] McFarland, J. (1907). The nephelometer: an instrument for estimating the number of bacteria in 

suspensions used for calculating the opsonic index and for vaccines. Journal of the American Medical 

Association, 49(14), 1176-1178. 

[11] Carroll, K. C., & Pfaller, M. A. (Eds.). (2024). Manual of Clinical Microbiology, 4 Volume Set. John 

Wiley & Sons. 



 

7 
 

[12] Altuner, EM. (2019, December 25). Inoculum standardization. Retrieved from 

http://www.erginmurataltuner.com/index.php/2019/12/25/inoculum-standardization/. 


