
Advancing Biopharmaceutical Outcomes 
With Control of Biological Buffers
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Biological buffers play a crucial role in stabilizing pH levels in biochemical, biological, 
and environmental studies. Such buffers are essential for facilitating specific reactions 
and ensuring optimal conditions for various processes. The demand for biological 
therapeutics in the rapidly growing biotechnology sector necessitates efficient 
bioprocess manufacturing, including in scaling up buffer systems. This application 
note discusses the importance of maintaining pH, conductivity, and temperature during 
buffer preparation, as variations in these parameters can significantly impact enzyme 
activity, protein stability, and product quality.   
 
Background  
Biological buffers are organic substances that stabilize pH by neutralizing hydrogen ions, making them vital 
in biochemical, biological, and environmental studies for controlling acidity within desired physiological 
ranges and facilitating specific reactions. The pH of solutions significantly influences the rate and efficiency 
of chemical reactions, as well as the recovery and purity of products, affecting protein structure, enzymatic 
activity, and cellular metabolism. Buffers are crucial across various biological, chemical, and industrial 
processes, and are commonly employed in research to support enzyme reactions and cell cultures, in 
pharmaceuticals to ensure drug formulation stability, and in bioprocessing for maintaining consistent 
conditions during protein purification and fermentation.
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Mixers are important equipment in buffer preparation  
and are available in designs from stirred-tank mixers  
for large-scale applications to single-use mixers that  
minimize contamination risks. Single-use mixers  
enhance productivity by reducing cleaning needs and  
are versatile for applications like buffer preparation  
and media mixing [1].

Production demands 

The biotechnology sector is experiencing rapid growth, 
leading to a rising demand for biological therapeutics 
such as antibodies. To fulfill production requirements,  
facilities must enhance protein expression or increase  
bioreactor capacities. This makes scaling up buffer  
systems crucial for maintaining operational efficiency.  
In bioprocess manufacturing, utilizing highly concentrated 
buffer solutions reduces storage needs and allows for  
in-line dilution with water during various processing steps, 
thereby optimizing performance conditions.

In-line dilution involves combining concentrated solutions 
with a diluent to achieve the desired concentrations;  
however, it poses challenges in upholding strict  
specifications for pH, conductivity, and temperature. 
Accurate mixing with minimal variability is vital to ensure 
effective operations and consistent outcomes in processes 
like chromatography and tangential flow filtration  
(TFF) [2].

Additionally, single-use technologies enhance flexibility 
by enabling quicker changeovers between products. This 
adaptability not only streamlines operations but also  
facilitates easier scaling according to varying demand,  
ensuring that production processes remain efficient and  
responsive. Furthermore, these systems streamline  
operations by being pre-sterilized and ready for use,  
often require less physical space, and can enhance  
process control through built-in sensors and monitoring 
capabilities. Combined, these benefits contribute to a  
faster time to market and a more agile response to  
evolving market demands.

Critical factors

Maintaining pH, conductivity, and temperature during  
buffer preparation is crucial for several reasons that  

directly impact the efficacy and safety of biological 
processes.

pH control: Buffers are specifically designed to stabilize 
pH within a defined range, which is essential for optimal 
performance in biochemical reactions. Many enzymes, 
for instance, have specific pH ranges in which they 
function best. Deviations from this optimal pH can 
lead to decreased enzyme activity or, in severe cases, 
denaturation, rendering the enzyme inactive. Therefore, 
precise pH control is necessary to ensure that biological 
reactions occur as intended.

Conductivity: Conductivity measures the presence 
of ions in a solution, which is critical for maintaining 
consistent ionic strength in buffers. This consistency is 
important for the stability and activity of proteins and 
other biomolecules, as fluctuations can lead to variable 
performance during different manufacturing stages. 
Maintaining conductivity in the ideal range ensures that 
buffers behave predictably, contributing to reproducible 
results and maintaining the quality of final products.

Temperature control: Temperature significantly affects 
the stability of buffer components. Consistent temperature 
prevents degradation and denaturation of sensitive 
proteins and biomolecules.  

In summary, strict control of pH, conductivity, and 
temperature is vital for biopharmaceutical buffer quality. 
By ensuring that buffer preparations are consistent and 
effective, manufacturers can safeguard the safety and 
quality of their final products. 
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Capable of measuring conductivity within a range of 0.1 
to 100 mS/cm and temperatures from 2°C to 50°C, these 
sensors can significantly improve the efficiency and  
productivity of bioprocess operations.

Temperature sensor

METTLER TOLEDO Pendotech Single Use Temperature 
Sensors provide precise temperature measurements for 
processes that require single-use applications to avoid 
cross-contamination, while also being durable enough  
for multiple cleanings. Specifically designed for in-line  
use, these sensors are highly suited for filtration,  
chromatography, TFF, filling operations, and general  
monitoring. They are compatible with various monitors, 
including the TEMP-340 handheld unit, PDKT-TT monitors 
for up to four temperature readings and other  
pre-qualified third-party devices, and come equipped  
with reusable cables for easy connectivity. Available with 
hose-barb fittings, a 1-inch sanitary flange, or a luer  
fitting, they ensure that the fluid path remains 
unobstructed. 

The sensors do not require calibration due to the clearly 
defined temperature versus resistance characteristics of 
the thermistor element. With high sensitivity and accuracy 
of better than ±0.2°C (typically exceeding ±0.1°C) within 
the 0-70°C range, these sensors are made from  
polysulfone for hose-barb and flange types, and  
polycarbonate for luer fittings. They comply with USP 
Class VI requirements and are manufactured in an FDA 
Registered, ISO 9001 certified facility and are supplied 
with a certificate of quality.

METTLER TOLEDO Pendotech Application Note

METTLER TOLEDO Pendotech Solutions 

pH sensor

METTLER TOLEDO Pendotech Single-Use In-line pH 
Sensors employ cutting-edge InSUS 307 pH probe  
technology, delivering precise and reliable pH  
measurements for downstream bioprocessing  
applications. These sensors are designed for high  
performance in the pH range of 3 to 10, providing an  
accuracy of ± 0.10 pH within ± 1.50 pH units of a  
single-point process calibration. They feature a rapid  
response time of under 20 seconds between pH 4 and 7, 
allowing them to quickly detect pH fluctuations resulting 
from process changes. 

Additionally, the InSUS 307 pH sensors are designed to 
operate at temperatures between 5 and 60°C and can 
withstand pressures of 4 bar at 25°C, 2 bar at 40°C, and 
1 bar at 60°C, making them a versatile and efficient  
option for bioprocessing operations.

Conductivity sensor

METTLER TOLEDO Pendotech Single-Use Conductivity 
Sensors and Conductivity Monitor offer a reliable solution 
for accurately measuring conductivity and temperature 
without the need for sensor calibration. These  
conductivity sensors come equipped with automatic  
temperature compensation, ensuring that conductivity 
readings are adjusted to a standard of 25°C. The  
conductivity monitor provides 4-20mA outputs for both 
conductivity and temperature, enabling easy integration 
with higher-level control systems like PLCs or DCS. An 
RS-232 output allows for straightforward data collection 
on a PC. 
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Conclusion

Effective management of pH, conductivity, and  
temperature in buffer preparation is vital for the success 
of biopharmaceutical manufacturing and research  
initiatives. These parameters directly influence the  
efficacy and safety of biological processes, making 
their strict control essential. The integration of METTLER 
TOLEDO Pendotech’s advanced single-use sensors offers 
a robust solution for achieving accurate measurements 
and maintaining optimal conditions in bioprocessing  
applications. By utilizing these technologies,  
manufacturers can enhance operational efficiency,  
reduce contamination risks, and ultimately improve  
product quality and consistency. This meticulous  
approach to buffer management not only supports the 
growing demand for biological therapeutics but also  
ensures reliable and reproducible outcomes in critical  
biopharmaceutical processes.
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