
HOW CLEAN IS YOUR BSA?
WHAT ENDOTOXIN LEVELS MEAN FOR PERFORMANCE

Bovine serum albumin (BSA) is a critical component of many biotechnology and biochemistry systems. BSA is 
used in a variety of applications, including diagnostics, veterinary medical products, vaccine manufacturing, 
mammalian cell growth for biopharmaceutical production, and topical and ex vivo medical device applications. 
The impact of BSA on the performance of these systems is often overlooked and is identified as a possible root 
cause of variability only after extensive testing and elimination of other system components.

The purpose of this white paper is to present data comparing differences in endotoxin contamination of BSA 
from a number of manufacturers to highlight differences in manufacturing consistency and contaminant levels. 
Endotoxin (lipopolysaccharide, LPS) is the primary component of the outer cell membrane of most gram-negative
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There are many different functions of BSA 
within the spectrum of biopharmaceutical 
applications. Diagnostic tests for both animal 
and human health industries use BSA as a 
protein carrier to stabilize low-abundance 
high-value proteins (e.g., monoclonal 
antibodies). BSA is used as an assay 
standard given the reproducible properties 
of a pure protein fraction and as a blocking 
agent to prevent nonspecific interactions 
with the functional components of the 
assay. BSA is also used as an inert surface 
coating to prevent nonspecific interactions 
on diagnostic devices and used extensively 
in enzyme-linked immunosorbent assays 
(ELISAs) (1, 2). For example, BSA coating the 
surface of a solid nanoparticle will improve 
circulating halflife by preventing opsonization 
and clearance through the renal system (3, 
4). Finally, BSA is also a critical component in 
defined media formulations for the production 
of biopharmaceutical compounds. BSA 

Table 1: Standard Grade—Fraction V BSA, pH 7.0

Endotoxin Contamination
(EU/mg)

Samples 
Tested

PHB Standard 7.0 0.01 ± 0.02 3

Manufacturer A 12.7 ± 10.6 4

Manufacturer B 25.9 1

Manufacturer C 25.8 ± 26.6 6

Manufacturer D 0.71 1

Table 2: Reagent Grade—Fatty Acid Free V BSA

Endotoxin Contamination
(EU/mg)

Samples 
Tested

PHB Reagent Grade 0.008 ± 0.002 3

Manufacturer A 1.0 ± 1.2 3

Manufacturer B 0.2 1

Manufacturer C 1.6 ± 1.9 3

Manufacturer D 0.27 1

supports the growth of both mammalian and bacterial organisms through the binding and transport of key 
nutrients, growth factors, and hormones as well as the binding of toxic compounds (e.g., excess iron) (5). 
BSA plays a role in those applications, and consistent BSA product ensures reproducible diagnostic assay 
performance and cell growth. 

Endotoxins, proteases, immunoglobulins, and other plasma proteins can contaminate BSA and affect consistent 
performance in downstream biotechnology uses. Immunoglobulin and protease contamination can lead to 
variability in diagnostic performance and sensitivity, and endotoxin contamination can affect mammalian cell 
growth, protein production, and in vitro cell-based assay performance.
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bacteria. Bacteria release varying amounts of LPS throughout their normal cell lifecycle. During normal proliferation, 
small amounts of LPS are released as the cells divide. However, bacteria disintegration following death or 
injury have the potential to release substantial amounts of LPS into the surrounding environment. Endotoxin 
contamination of final products is of primary concern for medical device and injectable drug manufacturers 
because it can induce pyrogenic responses that include fever, chills, and septic shock (6). When considering 
any biotechnology application for BSA, it is important to limit the introduction of endotoxin to the process, rather 
than rely on removal of endotoxin as a final production step.

BSA samples from various manufacturers were submitted for endotoxin testing at Associates of Cape Cod Inc. 
using the kinetic turbidimetric test method. The Limulus amebocyte lysate (LAL) test is performed by addition 
and mixing of the Pyrotell-T LAL reagent with samples prepared at various dilutions. The mixture is incubated 
at 37° C. Samples with higher endotoxin concentrations will develop turbidity faster. Endotoxin is quantified 
in samples by comparison with a standard curve. The limit of detection for the assays used in this study was 
0.001 EU/mg.

Test results quantifying endotoxin contamination in major manufacturers’ standard grade BSA and reagent 
grade BSA (fatty-acid–free BSA) are shown in Table 1 and Table 2, respectively. Where multiple samples are 
analyzed, results are listed as average plus or minus one standard deviation. BSA manufacturers are indicated 
with letters A–D. Manufacturers are consistently labeled in both tables.

Endotoxin contamination has the potential to significantly affect the usefulness and consistency of BSA in
biopharmaceutical applications, and particularly in cell-based applications. Results of this analysis show a wide 
range of endotoxin contamination in BSA products with varying results depending on manufacturer and grade 
of BSA (standard grade and reagent grade).

The first noticeable trend is the difference between standard grade and reagent grade BSA products. Across 
major manufacturers of BSA, the trend is for reagent grade BSA to have 10–100X less endotoxin contamination 
than standard grade BSA from the same manufacturer. It is not entirely surprising that reagent grade BSA has less 
endotoxin contamination than standard grade because of the additional processing involved in manufacturing 
of the fatty-acid–free BSA. The industry standard for the manufacturing of reagent grade BSA is exposure of 
a final BSA solution to activated carbon for extended periods of time. The activated carbon scavenges fatty 
acids bound to BSA with the potential to remove up to 99% of the endogenous fatty acids (7). The same 
activated carbon responsible for binding fatty acids also binds endotoxin (8). Therefore, the processing step 
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METHODS FOR ENDOTOXIN QUANTIFICATION

RESULTS & DISCUSSION

Table 3: Outline of the quality systems and characteristics of different BSA manufacturers

PHB Manufacturer A Manufacturer B Manufacturer C Manufacturer D

Manufacturer • • • • •
Dedicated Manufacturing Facility •

Closed-Loop Manufacturing •
Traceability Certified • •
Edible-Grade Product •

US & NZ Manufactured •
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using activated carbon in the production of reagent grade BSA aides in removal of 
endotoxin, resulting in a “cleaner” product as evidenced by results in Table 1 and 
Table 2.

Equally noticeable is the disparity in endotoxin contamination among manufacturers 
of either the standard grade or reagent grade BSA. Endotoxin levels in standard grade 
BSA range from ultralow 0.010 EU/mg (Proliant Health & Biologicals) to contaminant 
levels that are 2,500X higher from other manufacturers. Similarly, reagent grade BSA 
manufactured by Proliant Health & Biologicals (PHB) contains only trace amounts 
of endotoxin (0.008 EU/mg), whereas reagent grade BSA from other manufacturers 
can be up to 200X higher. Endotoxin contamination can be extremely harmful in 
many different biopharmaceutical applications, making it critical to identify potential 
sources and develop strategies to mitigate endotoxin inclusion. PHB’s manufacturing 
process yields BSA that is nearly endotoxin free and orders of magnitude cleaner 
than BSA produced by all other manufacturers.

CONCLUSION
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BSA is a critical component to many different biotechnology applications, from 
supporting cell growth in biopharmaceutical production to controlling nonspecific 
protein interactions in various diagnostic assays. Although the role of BSA in 
biological products often goes unnoticed, BSA could be a major source of endotoxin. 
Endotoxin contamination has the potential to compromise the performance of 
cell-based therapeutic production and negatively affect assay reproducibility and 
consistency over time. Results of this study demonstrate that standard and reagent 
grade BSA produced by PHB contains at least 25X less endotoxin than its nearest 
competitor. PHB’s unique plasma collection methods, closed-loop processing, and 
robust quality systems enable the consistent production of BSA with only the trace 
contaminant levels as detailed in this report.


