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SUMMARY

The manual extraction approach of Cocamidopropyl betaine (CAPB) for amphoteric analysis
is simple; however, due to the volatile nature of the solvents used, solution stability is limited,
often necessitating repeat analysis. This paper explores the benefits of transitioning from
traditional manual extraction to an automated sample extraction process using the ePrep ONE
Sample Extraction Workstation and sealed vials. The aim is to streamline the quantification
of amphoteric acid in amphoteric surfactants such as CAPB, enhancing efficiency and
reducing variability.

Cocamidopropyl betaine (CAPB) is an amphoteric surfactant, meaning it contains both
positive and negative charges and can function as either an anionic or cationic surfactant
based on the solution's pH. The term "amphoteric acid" highlights its dual behaviour: acting
as an acid (anion) in alkaline conditions and as a base (cation) in acidic conditions. This
versatility makes CAPB a valuable ingredient in personal care products, known for its
cleansing, foaming, and mildness-enhancing properties.

Key Objectives:

e Validate the automated workflow against manual extraction methods.
e Demonstrate the solution stability of samples extracted into a sealed vial.
e Enhance efficiency by reducing time, solvent usage, and labour.



The automated method uses acetone and methanol for extraction and is analysed by
Alcoholic Hydrochloric Acid titration. Several critical parameters, such as precision, linearity,
and limit of detection, were evaluated. The results showed that the automated method
performed as well as or better than manual methods. Additionally, the automated process
reduces the use of hazardous chemicals and minimizes human exposure to potentially
harmful solvents, while lowering operational costs through automation.

The document concludes that switching to an automated extraction workflow with the ePrep
ONE offers significant benefits, including time, solvent, and cost savings, improved precision
and accuracy, and reduced environmental impact, all while providing a 21 CFR Part 11
compliant validated workflow.

EPREP ONE - VIAL-SEPTA INTERACTION

The ePrep ONE Sample Preparation system
utilizes a specially designed high-speed solvent
probe to dispense, transfer, and mix samples
efficiently during the extraction process.
Samples are extracted in sealed glass vials,
which are capped with a septa-fitted closure.
This design allows the solvent dispenser needle
to penetrate the vial for solvent delivery and
reseal securely after the process is complete.

The vial septa physically cleans the needle
during aspiration and assists in removing
residual droplets from the needle tip. The septa
also acts as a barrier to potential cross-
contamination during tool arm movement, as
well as preventing sample loss through
evaporation - making them critical for sample
reproducibility.

ePrep ONE Septa can be used multiple times as
provided they have been accepted and met the
laboratory’s criteria for reuse, which helps to
achieve Sustainable Development Goals.

Figure 1 Sample Extraction using ePrep ONE



MATERIALS AND INSTRUMENTATION

All samples and standards were weighed as shown in Table 1, using an analytical balance
(XSR104 - Mettler Toledo). They were then prepared using the fully automated sample
extraction instrument, ePrep ONE. The equipment needed for performing amphoteric acid
extraction on ePrep ONE is listed in Table 2.

Table 1 Reagents and Solvents required for Amphoteric Acid extraction

Name Grade Brand Mass

Acetone ASC/HPLC Honeywell Burdick & Jackson Not Applicable
Methanol ASC/HPLC Honeywell Burdick & Jackson Not Applicable
0.1M Alcoholic Hydrochloric Acid Not Applicable In-House Not Applicable
Water Not Applicable In-House Not Applicable
Sample Under Examination Not Applicable Various 0.4500 £ 0.0450

Table 2 Equipment required for ePrep to perform Amphoteric Acid extraction

Glassware Syringes/Tools Decks
40 mL Glass Vials 5 mL Probe Dispenser Magnetic Stirrer
100 mL Titration Cups DG141-SC Electrode

10 mL Burette

Following extraction of all Samples, analysed by Alcoholic Hydrochloric Acid titration.

The deck setup required for the ePrep ONE workflow, and the defined groups are shown in
Figure 2. The exact workflow conditions used to complete the ePrep ONE extraction is given
in Figure 3.
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Figure 2 Screen capture of the ePrep ONE deck for 6 Samples
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Figure 3 Screen capture of the ePrep ONE workflow

Vial and Solvent Delivery Choice

This study uses 40 mL Enviro glass vials for sample extractions, the vial selection ensures the
required sample volume for titration while ensuring consistent results and supporting efficient
extraction. The ePrep ONE 5000pL probe dispenser was chosen for solvent delivery due to the
volume of solvent required and availability, however the development team acknowledge that
the workflow could easily be achieved using a standard ePrep ONE 10 mL syringe.

Aspiration and Dispense

Speed and Pause Time: In the extraction process, an aspiration speed of 2500 yL/sec was
chosen as the diluents are not viscous. A two-second pause after aspiration allows the liquid
to align with the plunger, enhancing process reliability.

For diluent dispensing, parameters were deliberately slowed. The dispense speed was set to
250 pL/sec, with a three-second pause to ensure droplets fully dispense rather than sticking
to the septum. The application is configured to deliver methanol followed by acetone to each
vial before continuing to the next sample, this creates a more efficient workflow.

Waste

The ePrep ONE wash station was set up for needle cleaning, and to manage the resulting
waste.

Table 3 Settings for 5000 pL Dispenser
Settings for 5000 pL Dispenser

Aspirate Flow Rate (uL/sec) 2500
Aspirate Pause (Sec) 2
Dispense Flow Rate (uL/sec) 250
Dispense Pause (Sec) 3
Purge Settings

Purge to Waste
Purge Volume (pL) 2500

Aspirate Flow Rate (uL/sec) 2500




Aspirate Pause (Sec) 2

Dispense Flow Rate (uL/sec) 750

Dispense Pause (Sec) 3

Purge Cycles 3
Magnetic Stirring

After the addition of extraction solvent is added to all samples, magnetic stirring is used to
ensure sample homogeneity. Immediately prior to titration the vial is manually shaken, the cap
removed, a magnetic stirring bead place on the outside of the vial to hold the immersed bead
then the sample is transferred for analysis.

RESULTS AND DISCUSSION

The workflow validation compared the ePrep ONE automated sample preparation method
with an in-house validated approach using manual sample preparation. Two replicates of
batches were prepared using the ePrep ONE and analysed by Alcoholic Hydrochloric Acid
titration. The primary parameter is verifying that the amphoteric acid assay result falls within
the specification. Additional parameters were also used to assess the transfer of manual
extraction to an automated extraction using ePrep ONE including solution stability.

For the purposes of this discussion the results of the comparison between the manual and
automated extraction as well as the solution stability will be discussed.

The comparison between manual and automated extraction methods revealed that all results
were within specification. Additionally, the results from both methods overlapped, confirming
that the automated sample extraction process is equivalent to the manual approach in terms
of accuracy and reliability. The results are given in Table 4.

Table 4 Comparison of Amphoteric Acid content using manual extraction and ePrep ONE

Manual Extraction ePrep ONE

Result % Result % % RSD Specification Pass/Fail
Cocamidopropyl Betaine 30.6 30.9 1.3 291031 % PASS

The solution stability study for the automated extraction method involved simultaneous
extraction of samples using the ePrep ONE workflow. The extracted samples were then
analysed by Alcoholic Hydrochloric Acid titration with a 15 minute delay between each sample
resulting in 1.5 hours between the titration of sample T1 and sample T6. The study
demonstrated that the solution stability of the automated extraction method was robust, with
all results remaining within specification.

The solution stability results are significant as they highlight a key advantage of the
automated extraction process using the ePrep ONE system. Unlike the manual method, where
samples are extracted sequentially in a fume hood, with the potential for evaporation, the
ePrep ONE system allows for simultaneous extraction in sealed vials. This eliminates the need
for a fume hood and reduces the risk of solvent loss. The robust stability demonstrated by the



automated method ensures that extracted samples remain consistent and reliable over time,
allowing for titration to be performed at leisure without compromising accuracy. This flexibility
enhances workflow efficiency and reduces time-sensitive constraints in the analysis process.

The results are given in Table 5.

Table 5 Solution Stability of Amphoteric Acid content using ePrep ONE

ePrep ONE
Sample Result % % RSD Specification Pass/Fail
T1-T6 31.0 1.1 291031 % PASS

CONCLUSION

Automation in sample extraction offers significant financial, environmental, and human
benefits. The ePrep ONE system, with its 21 CFR Part 11 software, ensures compliance by
providing a validated workflow equivalent to the manual process, meeting strict quality and
regulatory requirements. By automating the extraction process, the ePrep ONE reduces
human intervention, minimizing errors while delivering exceptional precision and accuracy.
The sealed vial system further enhances reliability by eliminating variation caused by sample
loss, ensuring consistent and reproducible results.

The ePrep ONE system transforms laboratory practices by optimizing reagent use, minimizing
waste, and reducing hazardous chemical disposal, helping laboratories achieve sustainability
goals and lower their ecological footprint. By enabling simultaneous sample preparation, the
system significantly enhances efficiency, reducing total sample extraction time by 92 %.
Additionally, analyst hands-on time is cut dramatically by 96 %. For analysts, it eliminates
repetitive tasks, improving job satisfaction and allowing them to focus on more complex
scientific work. The system also enhances safety by reducing exposure to hazardous
substances and minimizing lost time due to repetitive stress injuries.

Table 6 Potential Benefits of ePrep ONE
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Comparison extraction ePrep extraction Improvement
Duration 240 Minutes 20 Minutes 92 %
Hands on Time 250 Minutes 10 Minutes 96 %
Solution Stability < 5 minutes 1.5 Hours 95 %
Solvent Reduction 312mL 187.2 mL 60 %

In summary, automated sample extraction with the ePrep ONE system boosts efficiency,
sustainability, and workplace safety. By removing variability due to sample loss and delivering
consistent quality, it ensures laboratories meet the highest standards while benefiting both
the environment and professionals. Delivering Quality to Customers first time, every time.



APPENDIX 1

Part numbers of the ePrep, accessories and spares used in this workflow

ePrep ONE Sample Preparation Workstation Kit 01-01000
ePrep Probe Dispenser 01-04300
Adapter Plate/Rack 50mL Reagent Jars 01-03085
ePrep Magnetic Stirrer, 30 vial 01-04504
Adapter Plate, 30 x 20-40mL vials 01-04515
Magnetic Stirring Beads (Pk 10) 01-04521
40mL Enviro Vials and Septa Caps (Pk 100) — See ALWSCI C0000334
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