



DIFFERENTIAL LACTOFERRIN CONCENTRATION AFFECTS BACTERIAL COLONY DIAMETER
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ABSTRACT

	Aims:
We aimed to evaluate the effects of bovine lactoferrin on bacterial growth and determine whether the effect varies among species.

Study design:
We conducted a factorial experimental laboratory study using a comparative growth assay, with agar media plates surface-treated with three varying concentrations of lactoferrin and a control. 

Place and Duration of Study:
We performed this study in the Department of Biology at Eastern University over a single academic semester.

Methodology:
We cultured four bacterial species (Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, and S. epidermidis) on agar media containing increasing concentrations of bovine lactoferrin. We measured colony diameter and compared treatments and the control plates to assess relative colony diameter differences across species.

Results:
We found that colony diameter decreased with increasing lactoferrin concentration across all species. Baseline colony size differed among species, following the pattern: P. aeruginosa > E. coli > S. aureus > S. epidermidis. 

Conclusion:
We conclude that bovine lactoferrin treatment inhibited bacterial growth in a concentration-dependent manner, but its effectiveness varied across species. Our findings suggest that antimicrobial properties of lactoferrin may be context-dependent, with variation in susceptibility likely influenced by intrinsic bacterial characteristics. Further research is needed to identify the mechanisms underlying these species-specific responses.
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1. INTRODUCTION

Bacterial growth is affected by a variety of environmental factors, such as temperature, moisture, and resource availability (Hamad, 2012; Gomez et al., 2020). Each of these variables can influence both the rate and extent of microbial spread (Yates et al., 1988). However, these environmental effects are not the same across all environments; instead, they can depend on the substrate on which the bacteria are growing (Deng & Wang, 2016). For example, nutrient-rich environments may support rapid population expansion, but a deficit of resources in an environment or the presence of physical inhibitors can limit spatial growth (Mitri et al., 2016). Examining how these factors interact is critical for interpreting patterns of bacterial colonization and development.

On solid substrates, such as agar media, bacterial growth occurs in a spatially structured manner that is different from growth in liquid culture (Warren et al., 2019; Pipe & Grimson, 2008). Instead of uniform dispersal, bacteria divide and spread outward from an initial inoculation point, forming visible colonies. These colonies emerge as cells multiply and extend into surrounding media, which can be visible as circular or irregular growth depending on the species and environmental conditions. Agar provides both a physical surface for attachment and a controlled nutrient environment, making it a standard medium for observing colony morphology and measuring growth features such as colony diameter.

Several factors can influence the diameter of bacterial colonies growing on agar. Nutrient concentration in the media plays a key role as higher resource availability can promote faster radial expansion (Kannan et al., 2025). Moisture levels within the agar can also affect the diffusion of nutrients and waste products, which can influence growth rates (Cooper et al., 1968). In addition, temperature can affect metabolic activity, with optimal temperatures leading to more rapid colony expansion (Munshi, 2013). Other factors, such as bacterial species traits (e.g., motility) and competition with neighbor colonies, can further modify growth patterns (Harshey, 2003; Porter et al., 2025). Altogether, these variables determine the final size and structure of bacterial colonies that can be observed on solid laboratory media. Here, we present results from a brief study on growth response of bacterial colonies on lactoferrin-treated agar media.

Lactoferrin, a glycoprotein that is most commonly found in mammalian milk, saliva, tears, and other exocrine secretions, can exhibit antimicrobial properties (Ramenzoni et al., 2021; Valenti et al., 1988). This is because lactoferrin can limit free iron on a surface or matrix via wrapping around free iron cations (chelation), and this process can affect organisms, including bacteria, that use iron as a resource (Orsi, 2004; Krewulak & Vogel, 2007). Conversely, lactoferrin in a surface or matrix can also serve as a nutrient pool that can be consumed by bacteria (Arnold et al., 1980; Vega-Bautista et al., 2019). Therefore, because lactoferrin can either limit iron or be a nutrient in some bacteria, it may affect the growth of some species (González-Chávez et al., 2008; Vega-Bautista et al., 2019).
We conducted this experiment to determine how bacteria would behave in an agar environment treated with lactoferrin. Specifically, we tested the potential effect of bovine lactoferrin on bacterial colony size on LB agar treatments, and focused on non-pathogenic subcultures of Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, and Staphylococcus epidermidis (LaBauve & Wargo, 2012; Missiakas & Schneewind, 2013; Skovdal et al., 2022; Tuttle et al., 2021). We tested for differences in colony diameter in three lactoferrin treatments (low, medium, and high concentrations) that were applied to agar plates, and compared them to the control. We also tested whether colony diameters would differ between species under lactoferrin treatment. Finally, we wanted to test whether the effect of lactoferrin treatment differed among bacterial species.

To frame our study, we posited these following hypotheses. First, we hypothesized that lactoferrin treatment will affect colony diameter in general, such that the diameter of bacterial colonies will increase with increasing lactoferrin concentration on the media surface (Hypothesis 1). We posited this prediction because some bacteria can consume lactoferrin as a nutrient (Arnold et al., 1980; Dionysius, 2010). However, lactoferrin also functions as an antimicrobial agent by sequestering free iron, so its effect may not be uniform across species (Orsi, 2004; Valenti et al., 1988). This is because physiology, iron acquisition strategies, or sensitivity to iron limitation can be different across species of bacteria (Krewulak & Vogel, 2007; Vega-Bautista et al., 2019). We therefore hypothesized that colony size will vary among bacterial species (Hypothesis 2).

2. material and methods 

We selected E. coli, P. aeruginosa, S. aureus, and S. epidermidis as our study species for the experiment. We chose these four species because we knew from previous tests that they can grow in coexistence on a plate with very distinct colonies and very little to no swarming, which allowed us to measure individual colony diameter without overlapping colonies (LaBauve & Wargo, 2012; Missiakas & Schneewind, 2013; Skovdal et al., 2022; Tuttle et al., 2021). We grew our colonies from existing subcultures from non-pathogenic strains derived from commercially available cultures from Carolina Biological Supply (Burlington, NC, USA).

To grow bacterial cultures, we made LB agar plates by mixing 30 g of LB agar per liter of distilled water. We delineated 4 × 4 grids on the bottom of the Petri dish using a permanent marker, so that we have four grid lanes and 16 sub-grids. In order to standardize the placement of bacterial inoculations, we assigned each bacterium species a grid lane. We prepared lactoferrin treatments by applying three serial dilutions to agar plates. We first diluted a stock solution of bovine lactoferrin powder (lactoferrin.co). Then, we mixed 0.5 g of lactoferrin powder with 25 ml of 70% PBS buffer to make a stock solution (20 mg/ml). We chose this stock concentration based on Chilton et al. (2016), which we used as the high lactoferrin concentration treatment for our experiment (High). We took 25 ml of the High solution and added 25 ml of fresh 70% PBS buffer to make the medium lactoferrin concentration treatment, with a concentration of 10 mg/ml (Medium). We repeated this step again to dilute a solution with a concentration of 5 mg/ml (Low). This gave us three levels of lactoferrin concentration: 20 mg/ml (High), 10 mg/ml (Medium), and 5 mg/ml (Low). For the Control, we used only 70% PBS buffer without any lactoferrin.

For each plate, we pipetted and spread 1 ml of treatment or control solutions on the agar media under sterile conditions. To ensure that the lactoferrin and control solutions absorbed onto the agar surface, and to make sure that there is no excess moisture on the agar media, we let the treatment solutions cure for at least 30 min. on the surface of the media. Further, after 30 minutes of curing, we inverted the media plates on a sterile desiccator for 24 hours to remove any excess moisture that can affect inoculation and/or colony growth. We inoculated bacteria on the treated agar Petri dishes by using a 10 μl pipette tip to scrape bacterial inoculant from the subculture plate and lightly dotting them into their sub-grid. The Petri dishes were then placed back into the desiccator, and covered by a dark plastic bag to emulate a dark environment at room temperature for growth. We incubated the plates in a desiccator to minimize condensation. We measured bacterial colony diameter after a four-day incubation period. For each species, we inoculated one colony per sub-grid and four replicate colonies per grid lane. We inoculated and successfully cultured a total of 16 plates and measured 256 colonies for all four species. To measure each colony’s diameter, we used digital micrometers and measured colony diameter to the nearest 0.01 mm.

We used analysis of covariance (ANCOVA) to analyze the effect of lactoferrin on bacterial colony size. In addition to lactoferrin treatment, we also included species as a factor in our analysis, we included plate and grid position to account for colony size variation that is potentially due to spatial variation within the desiccator environment, and position of colony on the plate. We used the following ANCOVA model: colony diameter = treatment + plate + grid position + species + treatment × species. We ran this ANCOVA model using the base function in R, and visualized the results via box plots in the ggplot2 package (Wickham, 2016; R Core Team, 2024).

3. results and discussion

Our findings suggest that lactoferrin may act as a nutrient source for some bacterial species (Skovdal et al., 2022). In this study, we tested this by measuring colony size across treatments and among four species. Lactoferrin affected colony size (Hypothesis 1), and species identity also affected colony size (Hypothesis 2). However, previous work has also shown that lactoferrin often inhibits bacterial growth by binding iron (Orsi, 2004; Valenti et al., 1988; Vega-Bautista et al., 2019).

Colony diameter was significantly affected by bovine lactoferrin (P < .001; Fig. 1a). Colonies were largest in the control treatment, and smaller in all lactoferrin treatments. This pattern suggests that lactoferrin reduces colony growth, which does not support our hypothesis of nutrient provisioning. A possible explanation is iron sequestration in the medium, although this was not directly tested. Species also differed in colony size (P < .001; Fig. 1b). E. coli and P. aeruginosa showed the largest colonies overall, followed by S. aureus and S. epidermidis. In E. coli and P. aeruginosa, colonies were smaller on lactoferrin plates than on control plates (Fig. 1c). In contrast, S. epidermidis showed consistently small colonies, with its largest colonies occurring at higher lactoferrin levels.

These results indicate that lactoferrin affects bacterial growth, but the response depends on species. Differences in traits such as cell structure or iron uptake may explain this variation (Krewulak & Vogel, 2007; Vega-Bautista et al., 2019). However, colony diameter is a limited measure of growth because it reflects both growth rate and total biomass (Cooper et al., 1968; Atolia et al., 2020). As a result, it is not possible to separate whether differences reflect faster division, greater biomass production, or both.

Lactoferrin likely acts through multiple mechanisms. In addition to iron sequestration, it may also interact directly with bacterial membranes and increase permeability, especially in Gram-negative bacteria (Ellison et al., 1988; Arnold et al., 1980; Drago-Serrano et al., 2017). Because these mechanisms may act together and vary among species, the observed effects likely reflect a combination of processes rather than a single cause. Future work should use direct biomass measurements and mechanistic assays to better resolve how lactoferrin influences bacterial growth.
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Figure 1. Effects of lactoferrin on bacterial colony growth. a) Colony diameters of  across increasing concentrations of bovine lactoferrin b) Colony size variation among species (Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, and Staphylococcus epidermidis). c) Box plots showing colony diameter variation within each of the four bacteria species interaction with treatments. 
Gray diamonds in a) and c) indicate colony diameter means. Letters denote statistically distinct groups via pairwise Tukey HSD. (P ≤ 0.1†, P ≤ 0.05*, P ≤ 0.01**, P ≤ 0.001***, P ≤ 0.0001****)

4. Conclusion

Lactoferrin affected bacterial colony size, but its effects varied among species. Overall, the results suggest that bacterial responses to lactoferrin depend on intrinsic species traits rather than a single uniform mechanism. Future work should use direct growth and mechanistic assays to better distinguish between iron limitation, membrane effects, and other possible processes.
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