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Abstract
High-quality media is essential to the success of any cell culture operation. This white paper presents a novel approach  
to assess the quality of cell culture media using high-resolution mass spectrometry (UHPLC-Orbitrap-MS) coupled with 
advanced multivariate data analysis techniques (SIMCA®). By analyzing seven samples of a specific medium — three from 
a successful batch, three from a batch exhibiting delayed cell growth, and one unknown sample — we demonstrate the 
capability to predict the quality of the unknown sample based on its molecular profile.
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Cell culture media are essential components in biological 
research, biotechnology, and pharmaceutical development, 
serving as the nutrient-rich environments that support the 
growth and maintenance of cells in vitro. The quality of these 
media directly influences cellular behavior, experimental 
outcomes, and ultimately, the success of research and 
production processes. As such, ensuring the reliability and 
efficacy of cell culture media is critical. However, traditional 
methods for assessing media quality often rely on time-
consuming and labor-intensive cell-based assays, which  
may not provide a comprehensive understanding of the 
media’s composition.

In recent years, advancements in analytical techniques, 
particularly high-resolution mass spectrometry (HRMS), have 
revolutionized the field of metabolomics — the study of small 
molecules (metabolites) within biological samples. HRMS, 
such as ultra-high-performance liquid chromatography 
coupled with Orbitrap mass spectrometry (UHPLC-Orbitrap-
MS), offers high sensitivity and specificity, enabling researchers 
to obtain detailed metabolite profiles from complex mixtures. 
This capability is also advantageous in the context of cell 
culture media quality testing, as it allows for the rapid 
identification and quantification of nutrients that may 
influence cell growth and behavior.

The integration of metabolomics approaches with advanced 
mass spectrometry provides a powerful tool for quality 
assessment. By analyzing the molecular composition of  
cell culture media, researchers can gain insights into the 
nutritional adequacy and potential stressors present in the 
media. This approach not only enhances the understanding 
of how specific components affect cell growth but also 
facilitates the identification of batches that may exhibit 
suboptimal performance. Furthermore, the ability to conduct 
these analyses without the need for live cells significantly 
reduces the time and resources required for quality testing, 
making it a more efficient alternative to traditional methods.

Moreover, the application of multivariate data analysis 
techniques, such as principal component analysis (PCA), 
allows for the visualization and interpretation of complex data 
sets. By clustering samples based on their metabolite or 
nutrient profiles, researchers can quickly discern patterns and 
relationships that may not be apparent through conventional 
testing methods. This capability is particularly valuable when 
evaluating unknown samples, as it enables the prediction of 
their quality based on established profiles from known good 
and delayed growth batches.

In this study, we aimed to demonstrate the effectiveness of 
using advanced mass spectrometry and metabolomics in 
assessing the quality of cell culture media through nutrient 
and by-product analysis. By analyzing seven samples — three 
from a successful batch, three from a batch exhibiting delayed 
cell growth, and one unknown sample — we show how these 
innovative techniques can predict the quality of the unknown 
sample based on its molecular profile. Through this approach, 
we hope to highlight the transformative potential of 
advanced analytical tools in the field of cell culture media 
quality testing, paving the way for more reliable and efficient 
bioprocessing strategies.

Materials and Methods
Sample Collection and High-Resolution Mass Spectrometry
The seven samples were prepared according to our established 
protocol, ensuring that all variables were controlled to maintain 
the integrity of the results. A few microliters were sufficient for 
the analysis, compared to much higher resource needs for,  
e.g. cell culture growth tests.

We performed HRMS with our proprietary UHPLC-
Orbitrap-MS method, enabling the detailed analysis of the 
metabolic profiles of each sample. This technique permits  
us to gather unbiased, untargeted data, instead of analyzing 
solely known molecules. 

Data Analysis
The metabolite data were processed using SIMCA® software 
(Umetrics, Sartorius), which employs multivariate data analysis 
techniques. PCA was used to analyze the metabolite profiles 
of cell culture media and visualize the relationships between 
samples. This approach enables the rapid identification of 
similarities and differences among the known and unknown 
samples, which is crucial for assessing media quality. PCA is  
a multivariate data analysis method used to reduce the 
dimensionality of complex datasets and identify patterns.  
The variables were the measured compounds from the 
Orbitrap-MS run, which were also used to create a loadings 
plot, a fundamental aspect of PCA that illustrates the 
contribution of each measured compound to the principal 
components. In this study, the loadings plot served as the 
foundation for determining the placement of the “Good”, 
“Delayed”, and ”Unknown” samples in the PCA, providing 
valuable insights into the key metabolites responsible for 
distinguishing between these groups.
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The data analysis of the cell culture media samples began with 
the consideration of the loadings plot, which illustrated the 
contribution of each of the 107 measured compounds to the 
principal components (Figure 1). These compounds were 
identified through an untargeted UHPLC-Orbitrap-MS 
method followed by careful data curation, providing a detailed 
metabolite profile for each sample. The loadings plot was 
essential in determining the placement of the samples in the 
PCA score plot by highlighting which specific compounds 
were driving the separation between the groups.

Using PCA, we revealed distinct profiles that effectively 
differentiate between the “Good” and “Delayed” samples 
(Figure 2). In the first PCA scores plot, which included only 
the known samples, the “Good” samples clustered closely 
together, indicating a consistent and favorable compound 
profile conducive to optimal cell growth. In contrast, the 
“Delayed” samples formed a separate cluster, demonstrating 
significant differences in their composition. The proximity  
of the duplicate measurements within each group further 
validated the reliability of the results, confirming that the 
observed patterns were robust.

Importantly, one of the delayed samples, despite being 
categorized as “Delayed”, was not closely grouped with the 

other delayed samples. This sample was later identified as the 
worst of all, indicating that the severity of the delay in cell 
growth is measurable through metabolite or nutrient profiling. 
This finding underscores the capability of PCA to not only 
differentiate between good and delayed samples but also to 
assess the extent of delays in cell growth.

The second PCA scores plot incorporated the unknown 
sample alongside the known “Good” and “Delayed” samples 
(Figure 3). The positioning of the unknown sample relative  
to these groups provided critical insights into its quality.  
Since the unknown sample appears in close proximity to the 
“Delayed” samples, it suggested a similar quality profile, hence 
indicating a “Delayed” profile for this sample as well. Indeed, 
the subsequent growth promotion test of the unknown 
sample showed a growth profile that was fitting to the samples 
previously tested as “Delayed”.

Overall, the results demonstrate the effectiveness of using 
advanced mass spectrometry and multivariate data analysis to 
evaluate the quality of cell culture media. The ability to predict 
the quality of unknown samples and even analyze the severity 
of delays in growth represents a significant advancement in 
quality assessment methodologies, supporting more efficient 
and reliable practices in bioprocesses.

Results

Figure 1: PCA Loadings Plot

Note. Each displayed variable is one measured compound. In total 107 compounds were used to create the PCA model. The distribution of variables 
is responsible for the placement of samples in the PCA scores plot. Data processed and visualized with SIMCA® software (Umetrics, Sartorius).
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Figure 2: PCA Scores Plot of Three Delayed Samples (Green) and Three Good Samples (Blue)

Note. Each sample is represented 
by two replicates. The position  
on the grid of each sample is 
calculated taking all measured 
molecules into account. Good and 
delayed samples are well separated 
through t[1]. Furthermore, a 
difference in the severity of the 
delayed samples is made visible 
through separation on t[2]. The 
lower two replicates of one delayed 
sample show the worst delay.  
Data processed and visualized  
with SIMCA® software (Umetrics, 
Sartorius).
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Figure 3: PCA Scores Plot of Three Delayed Samples (Green), Three Good Samples (Blue), and One Unknown Sample (Red). 

Note. Each sample is represented 
by two replicates. The position  
on the grid of each sample is 
calculated taking all measured 
molecules into account. Good  
and delayed samples are well 
separated through t[1]. The lower 
two replicates of one delayed 
sample show the worst delay. 
Replicates of the unknown sample 
group together with the delayed 
samples, indicating a delayed 
growth profile. Data processed and 
visualized with SIMCA® software 
(Umetrics, Sartorius).
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The results of our study underscore the significant 
advantages of employing advanced mass spectrometry and 
multivariate data analysis in predicting the quality of cell 
culture media. The ability to discern distinct metabolite and 
nutrient profiles between known good and delayed growth 
batches illustrates the power of HRMS in providing insights 
that traditional methods may overlook. By utilizing UHPLC-
Orbitrap-MS, we achieved a level of sensitivity and specificity 
that allowed us to identify subtle differences in compound 
composition, which are critical for understanding how these 
media influence cellular behavior.

One of the most compelling aspects of this analytical 
approach is its efficiency. Traditional cell-based assays for 
assessing media quality often require substantial volumes of 
media and involve lengthy incubation periods to observe cell 
growth and behavior. In contrast, our proprietary method 
only requires a few microliters of sample, significantly 
reducing the amount of media needed for testing. This not 
only conserves valuable resources but also minimizes waste, 
making it a more sustainable option for laboratories that 
frequently analyze multiple batches of media. The ability to 
conduct analyses with such small sample sizes is particularly 
advantageous in scenarios where media availability is limited 
or when working with expensive formulations.

Furthermore, the rapid turnaround time associated with 
mass spectrometry and metabolomics allows researchers to 
make timely decisions regarding media quality. In fast-paced 
research environments, the ability to quickly assess and 
validate the quality of cell culture media can lead to more 
efficient experimental workflows and improved outcomes. 
This speed is especially crucial in biopharmaceutical 
production, where delays in cell growth can have significant 
financial implications and affect the overall timeline of  
drug development.

The integration of multivariate data analysis techniques, such 
as PCA, further enhances the interpretability of the results. 
By visualizing the relationships between samples based on 
their metabolite profiles, researchers can quickly identify 
outliers and make informed decisions about the quality of 
unknown samples. This capability is invaluable in quality 
control settings, where rapid identification of suboptimal 
batches can prevent costly errors and ensure that only the 
highest-quality media are used in critical experiments.

Predicting the quality of cell culture media using PCA offers 
significant advantages, particularly during critical phases 
such as site changes or technology transfers. In these 
scenarios, maintaining consistent product quality is 
paramount, and PCA provides a robust analytical framework 
to ensure this consistency. By analyzing metabolite profiles, 
PCA can quickly identify deviations from established quality 
standards. This predictive capability minimizes the risk of 
costly errors and ensures seamless transitions, safeguarding 
both product integrity and operational efficiency. 

The implications of this analytical approach extend beyond 
cell culture media quality testing. The methodologies 
developed in this study can be adapted for various 
applications in the life sciences, including the assessment  
of other quality attributes from media, to spent media and 
process samples with various cellular backgrounds and even 
food products. The principles of metabolomics and 
advanced mass spectrometry can be applied to monitor 
quality, detect contaminants, and evaluate the efficacy of 
formulations across diverse fields.

Conclusion
In conclusion, our findings highlight the transformative 
potential of advanced analytical techniques in cell culture 
media quality assessment. By leveraging the capabilities  
of HRMS and multivariate data analysis, researchers can 
achieve a level of precision and efficiency that was 
previously unattainable. As the field continues to evolve,  
we anticipate that these methodologies will play a crucial 
role in the development of robust, innovative, and predictive 
approaches in quality testing.

Discussion
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