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Abstract
Polysorbates are essential surfactants in biotherapeutic formulations, crucial for 
maintaining protein stability and drug efficacy. However, polysorbate degradation 
through hydrolysis and oxidation poses significant risks, including particle 
formation and protein instability. The current regulatory landscape for polysorbates 
varies across regions, and future regulations regarding polysorbate degradation 
are anticipated. This white paper emphasizes the need for innovative analytical 
methods to detect and mitigate polysorbate degradation early in the development 
process. The Agilent AdvanceBio Surfactant Profiling HPLC column is introduced 
as a promising solution for facilitating rapid and more comprehensive analysis of 
polysorbate degradation products. 
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Introduction
Polysorbates are crucial surfactants in the biotherapeutics 
industry, playing a vital role in stabilizing biotherapeutic 
proteins for the maintenance of drug product safety and 
efficacy. However, polysorbate degradation can lead to 
adverse effects, including the production of proteinaceous or 
free fatty acid particles through hydrolysis or the oxidation of 
formulation components. 

Although there is widespread awareness of the risks and 
effects of polysorbate degradation, the regulatory landscape 
for polysorbates in biologics varies significantly across 
compounds and countries. Furthermore, future regulations to 
address polysorbate degradation are anticipated.

Given the known risks and anticipated regulatory changes, 
there is a need for innovation in polysorbate degradation 
analysis. By adopting robust analytical methods and proactive 
strategies, manufacturers can help to ensure biologic 
compliance and quality. This white paper explores the current 
regulations imposed on polysorbates as well as methods of 
polysorbate analysis. New methods of analysis, although not 
yet widely adopted, are able to provide more comprehensive 
information than the current gold standard using mixed-mode 
liquid chromatography (LC). Notably, the Agilent AdvanceBio 
Surfactant profiling HPLC column has an alternate bonded 
phase selectivity, which allows for high resolution in a short 
analysis time. 

Current regulatory status of polysorbates 
in biotherapeutics
Polysorbates, particularly polysorbates 20 and 80, are 
widely used as surfactants in biotherapeutic formulations. 
These surfactants stabilize the biotherapeutic protein by 
preventing aggregation and denaturation, which is essential 
for maintaining the efficacy and safety of the drug product. 
Polysorbates are highly biocompatible and have low toxicity, 
further demonstrating their versatility and effectiveness.

Current regulations regarding surfactants in biologics vary 
by compound and country. The Chinese Pharmacopoeia1 
imposes the strictest regulations on the fatty acid 
composition of polysorbate 80:

	– Oleic acid composition is required to be at least 98%.

	– The remaining fatty acids – linoleic, palmitic, palmitoleic, 
stearic, myristic, and linolenic acid – must be no more 
than 0.5% each. 

The European2, Japanese3, and U.S. Pharmacopeias4 have 
aligned their regulations:

	– Oleic acid must be at least 58% of the composition. 

	– The remaining fatty acids – linoleic, palmitic, palmitoleic, 
stearic, myristic, and linolenic acid – must be less than or 
equal to 18, 16, 8, 6, 5, and 4%, respectively. 

Polysorbate 20 fatty acid composition regulations exhibit 
even greater variability among countries. The Japanese 
Pharmacopeia does not have a specific monograph for 
polysorbate 20.3 

The European and Chinese Pharmacopeias have 
identical regulations: 

	– Lauric acid composition should range between 
40 and 60%, myristic acid between 14 and 25%, and 
palmitic acid between 7 and 15%.

	– The remaining fatty acids must be within the following 
limits: oleic acid ≤ 11%, capric and caprylic acids 
≤ 10%, stearic acid ≤ 7%, linoleic acid ≤ 3%, and 
caproic acid ≤ 1%.1,2

The U.S. Pharmacopoeia (USP) has similar regulations to the 
European and Chinese Pharmacopoeias but allow a higher 
stearic acid content of ≤ 11%.4,5

The U.S. Food and Drug Administration's (FDA) guidance for 
industry regarding Investigational New Drugs recommends 
listing all components used in the drug product.6 This includes 
specifically calling out compendial excipients as well as 
referencing quality standards from the USP or the National 
Formulary. While updates on the degradation profile of the 
drug product are required, this does not extend to excipients 
or surfactants. However, data are requested for particle size 
distribution, an attribute that can directly be affected by 
polysorbate hydrolysis.6

The European Medicines Agency (EMA) guidance mandates 
constituents of any excipients used, including quantitative 
information, the nature of the excipient, and an explanation 
covering the function and choice of composition.7 The EMA 
also requires an identification test, and more recent guidance 
also includes warnings and risks on the package leaflet.8

Although the USP, FDA, and EMA acknowledge the 
adverse effects of polysorbate degradation, there are no 
formal statements or regulations that require polysorbate 
degradation testing to date. Because lipases are known to 
hydrolyze polysorbates, the USP has started offering stable 
isotope-labeled peptides for lipoprotein lipase to aid in host 
cell protein analysis.9 At the 2023 FDA Science Forum, 
the FDA featured a poster on the hydrolytic degradation 
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of polysorbate 20 and later published a journal on the 
same topic.10,11 These publications noted that polysorbate 
hydrolysis can form subvisible proteinaceous or free fatty acid 
particles, which can negatively impact the biologic and are 
considered critical quality attributes. The EMA references the 
tendency of polysorbates to auto-oxidize, which may cause 
protein instability.8 With regulatory agencies aware of the risks 
and effects of polysorbate degradation, future regulations are 
anticipated by the biopharmaceutical community. 

Accelerate innovation: the critical need 
for polysorbate degradation analysis
The gold standard method for meeting current regulatory 
requirements is a widely adopted surfactant quantitation 
method, which uses a mixed-mode LC column and 
evaporative light scattering detection (ELSD) or charged 
aerosol detection (CAD).12 This method is usually quick, 
requiring less than 10 minutes, and straightforward 
to quantify, as surfactants elute as a single peak. 
Degradation products elute in the void and do not interfere 
with quantitation.

A growing number of scientists are aware of polysorbate 
degradation through hydrolysis or oxidation and have 
adopted a second surfactant assay. This secondary assay is 
a reversed-phase method, which, although longer, provides 
more comprehensive information than the mixed-mode 
method by retaining and separating polysorbate degradation 
products. Hydrolysis is detected by resolving the free fatty 
acid from the polysorbate monoester peak using ELSD, CAD, 
or mass spectrometry (MS). Oxidation is detected through 
various means, including identifying esters, epoxy esters, 
formic acid, aldehydes such as formaldehyde, acetic acid, and 
peroxyl radicals, among others. However, because oxidation 
can occur at the polyoxyethylene (POE) moieties and 
unsaturated sites of fatty acids on surfactants, MS detection 
is often preferred for clearer identification. 

Determining the degradation pathway of polysorbates is 
crucial to the development of an effective mitigation strategy. 
If hydrolysis is occurring, the risk of particle formation is 
significant and the mitigation strategy will likely involve 
improved purification to remove host cell proteins, particularly 
lipases or esterases. Oxidation may result from residual 
peroxides, transition metals, or light exposure and can also 
oxidize the biologic. Both forms of degradation will also 
reduce the effectiveness of the polysorbate itself. 

An extensive study of polysorbate degradation was 
conducted with 16 major biopharmaceutical companies. In 
this study, both hydrolysis (69%) and oxidation (63%) were 
observed by approximately two-thirds of the companies in 
at least one of their drug products.13,14 Approximately 90% 
of companies reported hydrolysis, indicating that this is a 
prevalent issue. However, although oxidation is less frequent, 
this degradation process can still cause significant problems.

Given the potential negative effects of polysorbate 
degradation, it is important to adopt a polysorbate 
degradation characterization assay during earlier stages 
of the development pipeline to detect and mitigate issues 
promptly. The reversed-phase method, typically using a 
C8 or C18 column, is effective but time-consuming, often 
taking 40 to 60 minutes to resolve impurities from the full 
product peaks. 

The Agilent AdvanceBio Surfactant Profiling column 
specifically addresses surfactant degradation. This 
LC column, designed for robustness, has an alternate 
bonded‑phase selectivity, allowing for high resolution of 
impurities with shorter columns in less time. 
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The risks and potential consequences 
of neglecting polysorbate 
degradation analysis 
Although it may be tempting to defer the implementation 
of this more comprehensive assay until it is mandated by 
regulatory bodies, doing so only saves time and money in 
the short term. Strategically, for any therapeutics containing 
surfactants, establishing this assay in a development or 
formulation laboratory as early as possible is more prudent.  

Neglecting polysorbate degradation can lead to compromised 
product quality, safety risks, regulatory noncompliance, 
increased costs, and reduced therapeutic efficacy. Therefore, 
it is essential for manufacturers to implement robust 
monitoring and control strategies to ensure the integrity 
and safety of their biologic products. Although this white 
paper has focused on polysorbates, it is important to note 
that other surfactants, such as poloxamer, can also degrade 
through oxidation.

Addressing a simple quality issue can cost approximately 
$10,000 USD, whereas more complex issues can escalate 
to $100,000 USD or even millions if product recalls are 
involved.15 By proactively adopting these assays, laboratories 
will not only be prepared for future regulatory requirements 
but will also be able to address quality issues early in their 
development process.

Conclusion
Polysorbate degradation poses risks to the stability, 
safety, and efficacy of biotherapeutic products. Current 
regulations across compounds and countries are variable, 
and future regulations to address polysorbate degradation 
are anticipated. Robust and innovative analytical 
methods for polysorbate analysis are needed to help 
develop proper, effective mitigation strategies and ensure 
product compliance. 

The widely adopted surfactant quantitation method using 
mixed-mode LC meets current regulatory requirements but 
does not offer comprehensive information on polysorbate 
degradation products formed by hydrolysis or oxidation. 
To obtain more detailed polysorbate data, some labs have 
adopted a reversed-phase LC method. This method is 
effective at retaining and separating polysorbate degradation 
products but is longer, taking 40 to 60 minutes. 

The Agilent AdvanceBio Surfactant Profiling column is 
an innovative and effective solution, offering a promising 
approach to achieving high-resolution polysorbate 
degradation analysis in less time. By implementing these 
solutions sooner, laboratories and manufacturers can address 
potential quality issues earlier in their development process, 
ultimately helping to safeguard the integrity of their products. 

To learn more about the AdvanceBio Surfactant Profiling 
HPLC column and how it can help your lab, visit the 
product page.

Figure 1. Traditional reversed-phase methods are longer, requiring up to 60 minutes, as shown in this example. The Agilent AdvanceBio Surfactant Profiling 
column requires only 10 minutes and produces higher resolution. 
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