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   INTRODUCTION

The transition to chemically defined (CD) media has increased biopharma industry awareness of 
how certain raw material (RM) variations can profoundly affect cell culture performance and critical  
quality attributes (CQAs). Even at high purity, trace element impurities can vary from lot to lot and 
vendor to vendor. This work addresses the critical need for a systematic Raw Material Characterization  
Program (RMCP) aligned with USP <1023> to secure repeatable performance from research to 
full-scale production. Through a service, FUJIFILM Biosciences offers the Raw Material Characterization 
Service (RMCS) to address some of the critical raw material assessments for biomanufacturing processes.

A multi-layered RMCP was established to monitor elements of interest. A strategic risk assessment 
matrix categorizes materials based on its source (animal versus chemical), supplier, use (component  
criticality), and product revenue. Our analytical approach leverages ultra-high performance liquid 
chromatography-high resolution mass spectrometry (UHPLC-HRMS) for impurity profiling and In-
ductively Coupled Plasma Mass Spectrometry (ICP-MS) for multi-element analysis at parts-per-
billion levels, enabling precise characterization of complex media matrices and physical property 
assessments including solubility and particle distribution.

   MATERIALS AND METHODS

Materials:

• Agilent 7900 ICP-MS instrument

• Stock solutions for Calibration and Internal
solutions.

• PerkinElmer Pure IV
(Mixture of common/trace elements)

• 2% Nitric Acid solution
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SUMMARY

The RMCP effectively reduces risks associated with raw material  
variability, ensuring a consistent supply of high-quality cell culture 
products. By combining USP <1023> strategies with robust analytical 
capabilities and AI-driven insights, we are able to achieve complete  
characterization of individual lots. This proactive framework, offered  
as a service, mitigates impact on monoclonal antibody CQAs,  
securing stable bioprocess performance and supporting success in 
biopharmaceutical production.

Intra-Supplier Lot-to-lot Variation of Mn in Ferrous Sulfate and Ferric Ammonium Citrate 

Figures 5 and 6 show how Mn can vary from lot-to-lot within a supplier. Ferrous sulfate has more consistency while FAC 
shows higher variation. However the levels of Mn in ferrous sulfate are higher than in FAC.

Scan to Download

Iron (Fe) is vital for cellular respiration and efficient ATP synthesis (energy production). Fe salts potentially contain elemental  
impurities from the chemical process which can impact the Finished Product known elemental content balance. Four  
different iron salts were analyzed by ICP-MS for trace element impurities and the results are seen in Figures 1–4.  
Ferric salts (nitrate and chloride) are at risk of forming insoluble ferric hydroxide in the hydrated media and therefore the 
industry is shifting away from these, with the exception of ferric ammonium citrate (FAC). Ferrous sulfate is notorious for 
having significant levels of manganese impurities, meaning impurity levels could be unpredictable. FAC is favored due to its 
stability but contains more trace element (TE) impurities than ferrous sulfate with more variety. Impurity levels could also 
be unpredictable. 

Most Common Trace Elements of Interest

Manganese (Mn)

Affects the glycosylation profile which is a CQA of monoclonal antibodies (mAbs) that must remain consistent to meet  
regulatory approval and ensure consistent safety and efficacy. Too much Mn will result in increased galactosylation and 
sialylation. This variability will result in product inconsistency.

Copper (Cu)

Essential for energy and lactate metabolism. Too little Cu leads to lactate accumulation and low titer. Too much Cu leads to cell 
toxicity and cysteine depletion.

Method:

Sample preparation: 

• Sample powder is weighed into a 50 mL
metal free tube and dissolved in 2% Nitric
Acid solution

• Sample solution is agitated until clear in
appearance with no visible particulates
or precipitate

• Liquid sample is transferred to test tube

• Test tubes are loaded onto sample rack
location for autosampling and analysis

Figure 9. A robust RMCP allows FUJIFILM Biosciences to provide our customers the understanding of trace element 
variability and manufacture chemically defined media that meets consistent bioprocess performance.

RMCP to RMCS: Process Flow to Address Customer Requests

Figure 5. Intra-supplier lot variability of Mn in ferrous 
sulfate.

Figure 6. Intra-supplier lot variability of Mn in ferric 
ammonium citrate.

Intra-Supplier Lot-to-lot Variation of Cu in Ferrous Sulfate and Ferric Ammonium Citrate

Figure 7 and 8 show how Cu can vary from lot to lot within a supplier. Ferrous sulfate has more consistency while FAC 
shows higher variation, as well as significantly higher levels of Cu impurities. 

Figure 7. Intra-supplier lot variability of Cu in ferrous 
sulfate.

Figure 8. Intra-supplier lot variability of Cu in ferric 
ammonium citrate.

Customer RMC Request

RM Risk Assessment

RM TE Assessment

Identification of Critical RMs 
and TE Specifications

Control Critical RMs 
in Final Product

1. Source for lots
within selected

specification range

2. Adjust the Me salt to
meet the TE specifications 

in final product
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Figure 1. Ferric Nitrate. Trace element impurities are  
relatively high (~ 200 ppm) most of which are Al and Cr.

Figure 2. Ferric Chloride. Trace element impurities are 
relatively low < 40 ppm total.

Figure 3. Ferrous Sulfate. Trace element impurities are 
less varied but notorious for significant levels of manganese.

Figure 4. Ferric Ammonium Citrate. Trace element  
impurities are high variety and in total usually higher 
(~ 300 ppm) than ferrous sulfate.
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