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Certified Specialist Programme in Cell Culture Optimization

Data-Driven Process Monitoring

Absolute Cell Count — Related terms: viable cell density, total cell number. The total number of cellsin a
given sample, measured by hemocytometer or automated counter. Example: counting 5 x 10° cells in a

10 mL flask. Practical use: establishing baseline for growth curves. Challenge: distinguishing live from dead
cells without staining.

Acoustic Cell Imaging — Related terms: ultrasound bioreactor, non-invasive monitoring. Real-time
visualization of cell aggregates using high-frequency sound waves. Example: monitoring spheroid size in a
stirred-tank bioreactor. Practical use: detecting heterogeneity early. Challenge: limited resolution for small
aggregates.

Adaptive Control Algorithm — Related terms: model predictive control, feedback loop. A computational
method that updates control parameters based on incoming data to maintain optimal culture conditions.
Example: adjusting feed rate as dissolved oxygen changes. Practical use: reduces manual intervention.
Challenge: requires robust model and reliable sensor data.

Artificial Neural Network (ANN) — Related terms: machine learning, deep learning. A computational model
that mimics neuronal connections to predict outcomes from complex datasets. Example: predicting cell
viability from metabolite profiles. Practical use: handling nonlinear relationships. Challenge: risk of
over-fitting and need for large training sets.

Batch Culture — Related terms: closed system, fed-batch. A cultivation mode where nutrients are supplied at
the start and no additional feed is added. Example: producing a monoclonal antibody in a 2 L bioreactor for
7 days. Practical use: simple implementation. Challenge: nutrient depletion and waste accumulation limit
productivity.

Biomass Yield Coefficient (Y_X/S) — Related terms: specific growth rate, substrate conversion. Ratio of cell
mass produced per unit of substrate consumed, expressed as g cellg™" substrate. Example: Y_X/S=0.45gg™
for glucose. Practical use: benchmarking process efficiency. Challenge: accurate substrate measurement in
complex media.

Bioreactor Scale-Up Factor — Related terms: geometric similarity, power-per-volume. Numerical factor used
to translate parameters from lab-scale to production-scale reactors. Example: maintaining constant impeller
tip speed when moving from 1L to 100 L. Practical use: preserving mixing and shear. Challenge: nonlinear
effects of scale on oxygen transfer.

Cell Doubling Time — Related terms: generation time, growth kinetics. Time required for a cell population to
double in number under specific conditions. Example: doubling time of 24 h for CHO cells in exponential
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phase. Practical use: planning harvest windows. Challenge: varies with media composition and temperature.

Cell Line Authentication — Related terms: STR profiling, mycoplasma testing. Verification that the cultured
cells match the intended genotype and are free of contamination. Example: confirming CHO-K1 identity by
short-tandem repeat analysis. Practical use: ensuring reproducibility. Challenge: cost and time of routine
testing.

Cell Viability Assay — Related terms: trypan blue exclusion, flow cytometry. Method to determine the
proportion of live cells in a sample. Example: 92 % viable cells measured by propidium iodide staining.
Practical use: deciding when to passage or harvest. Challenge: assay interference by media components.

Closed-Loop Monitoring — Related terms: real-time control, feedback system. Integration of sensor data
directly into process actuators to maintain set points automatically. Example: adjusting pH via CO, sparging
based on continuous probe readings. Practical use: minimizes human error. Challenge: sensor drift and lag.

Computational Fluid Dynamics (CFD) — Related terms: mixing simulation, shear stress analysis. Numerical
modeling of fluid flow within bioreactors to predict mixing patterns and forces on cells. Example: CFD
showing dead zones in a 5L spinner flask. Practical use: optimizing impeller design. Challenge: high
computational cost and need for accurate geometry.

Control Chart — Related terms: Shewhart chart, process capability. Statistical tool that plots a monitored
variable over time to detect trends or out-of-control events. Example: pH control chart showing a shift
beyond +0.2 pH units. Practical use: early detection of process drift. Challenge: selecting appropriate control
limits for biological variability.

Correlation Matrix — Related terms: Pearson coefficient, multivariate analysis. Table displaying pairwise
correlation coefficients between variables such as metabolites, cell density, and product titer. Example: high
positive correlation (r=0.85) between lactate and cell death. Practical use: identifying leading indicators.
Challenge: confounding factors can mask true relationships.

Critical Process Parameter (CPP) — Related terms: critical quality attribute, risk assessment. Process variable
whose variation has a direct impact on the final product quality. Example: dissolved oxygen set at 40 % air
saturation for CHO culture. Practical use: focus monitoring resources. Challenge: defining acceptable ranges
based on limited data.

Data Normalization — Related terms: z-score, min-max scaling. Transforming raw data to a common scale to
enable comparison across variables. Example: scaling glucose concentration to a 0-1 range before
clustering. Practical use: improves algorithm performance. Challenge: handling outliers that skew scaling.

Design of Experiments (DoE) — Related terms: factorial design, response surface methodology. Structured
approach to systematically vary multiple factors and evaluate their effects on responses. Example: a 2* full
factorial testing temperature, pH, feed rate, and agitation. Practical use: reduces number of experiments

Read online: https://certificates.gsbf.co.uk/glossaries/5382945/ Greenwich School of Business and Finance - 28 Jun 2026
datadriven-process-monitoring



GSBF

Greenwich School of
Business and Finance

Change your life. Start from here

needed. Challenge: requires careful statistical planning.

Dimensional Analysis — Related terms: Pi theorem, similarity criteria. Method of reducing physical
phenomena to dimensionless groups to compare processes across scales. Example: using Reynolds and
Damkdohler numbers to match mixing and reaction rates. Practical use: guides scale-up decisions. Challenge:
complex biological reactions may not fit simple dimensionless groups.

Dissolved Oxygen (DO) Probe — Related terms: Clark electrode, optical sensor. Instrument that measures the
concentration of oxygen dissolved in the culture medium. Example: DO maintained at 30 % air saturation
using a polarographic probe. Practical use: prevents hypoxia-induced apoptosis. Challenge: probe fouling
and drift over long runs.

Dynamic Light Scattering (DLS) — Related terms: particle size analysis, zeta potential. Technique that
measures fluctuations in scattered light to infer size distribution of cells or aggregates. Example: DLS
indicating average CHO aggregate diameter of 150 um. Practical use: monitoring aggregation kinetics.
Challenge: sensitivity to debris and bubbles.

Enzyme-Linked Immunosorbent Assay (ELISA) — Related terms: quantitative assay, antibody detection.
Plate-based method for measuring specific proteins, such as therapeutic antibodies, in culture supernatant.
Example: ELISA reporting 1.2gL™" monoclonal antibody. Practical use: tracking product accumulation.
Challenge: assay variability and cross-reactivity.

Feed-Forward Control — Related terms: predictive control, open-loop. Control strategy that anticipates
disturbances based on measured trends and adjusts inputs before the effect manifests. Example: increasing
glucose feed pre-emptively when glycolytic rate rises. Practical use: smoother metabolite profiles.
Challenge: requires accurate predictive models.

Fluorescence-Based Metabolite Sensor — Related terms: optical biosensor, real-time monitoring. Sensor that
emits fluorescence proportional to concentration of a specific metabolite, such as glucose or lactate.
Example: on-line glucose sensor reporting 2gL™" with 5% error. Practical use: continuous feed adjustment.
Challenge: sensor calibration drift and interference from media color.

Growth Kinetics Model — Related terms: Monod equation, logistic model. Mathematical representation of
cell growth as a function of substrate, inhibitors, and environmental factors. Example: Monod parameters
u_max=0.035h"", K.S=0.2g L™ for glucose. Practical use: forecasting cell density. Challenge: parameter
estimation from noisy data.

High-Throughput Screening (HTS) — Related terms: micro-bioreactor, automated sampling. Rapid testing of
many culture conditions in parallel using miniaturized reactors. Example: 96-well plate evaluating five media
formulations. Practical use: accelerating media optimization. Challenge: scaling results to larger bioreactors.

Impedance Spectroscopy — Related terms: dielectric monitoring, cell concentration. Non-invasive technique
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measuring electrical properties of the culture to infer cell density and viability. Example: capacitance rise
indicating increased viable cell volume. Practical use: continuous biomass tracking without sampling.
Challenge: signal interference from salts and bubbles.

In-Process Control (IPC) — Related terms: process analytical technology, PAT. Set of actions taken during
manufacturing to keep the process within predefined limits. Example: adjusting agitation speed when foam
height exceeds threshold. Practical use: ensures consistent product quality. Challenge: defining appropriate
control strategies for highly variable biological systems.

Lag Phase — Related terms: adaptation period, early growth. Initial period after inoculation where cells
acclimate before exponential growth begins. Example: 12-hour lag observed after temperature shift.
Practical use: informs timing of feed initiation. Challenge: unpredictable length due to media changes.

Linear Regression Model — Related terms: least squares, predictive analytics. Statistical method that fits a
straight line to data points to predict a dependent variable from one or more independents. Example:
predicting final titer from early glucose uptake rates. Practical use: simple and interpretable. Challenge:
limited to linear relationships and may miss interactions.

Log-Phase Cell Density — Related terms: exponential growth, specific growth rate. Cell concentration
measured during the exponential phase when growth rate is constant. Example: 8 x 10°cells mL™ at 48 h.
Practical use: benchmark for comparing cultures. Challenge: accurate identification of log phase boundaries.

Mass Balance Equation — Related terms: material accounting, stoichiometry. Fundamental relationship that
accounts for all inputs, outputs, and accumulations of a component in the system. Example: substrate
consumption equals feed input minus residual concentration. Practical use: design of feeding strategies.
Challenge: requires precise measurement of all streams.

Metabolite Flux Analysis — Related terms: 13C labeling, pathway quantification. Determination of rates at
which metabolites flow through biochemical pathways. Example: high flux through lactate dehydrogenase
indicating glycolytic overflow. Practical use: targeting metabolic engineering. Challenge: complex data
acquisition and interpretation.

Micro-Bioreactor — Related terms: mini-reactor, parallel culture. Small-volume (<5 mL) bioreactor enabling
parallel experiments with controlled environment. Example: 24-well micro-bioreactor platform for CHO cells.
Practical use: reduces reagent use and speeds optimization. Challenge: scaling data to industrial volumes.

Mixed-Effects Model — Related terms: random effects, hierarchical modeling. Statistical approach that
accounts for both fixed effects (controlled variables) and random effects (batch-to-batch variation).
Example: modeling product titer across multiple runs with batch as random factor. Practical use: improves
prediction accuracy. Challenge: requires sufficient replication.

Multivariate Data Analysis (MVDA) — Related terms: PCA, PLS, chemometrics. Suite of techniques that
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analyze multiple correlated variables simultaneously. Example: principal component analysis separating
cultures based on metabolite fingerprints. Practical use: dimensionality reduction and pattern recognition.
Challenge: interpretation of latent variables.

Optical Density (OD) — Related terms: spectrophotometry, turbidity. Measurement of light attenuation by a
cell suspension, often at 600 nm, used as a rapid proxy for cell concentration. Example: ODggo = 0.8
correlating with 5 x 10° cells mL™. Practical use: quick monitoring without sampling. Challenge: non-linear
relationship at high densities.

Osmolality Sensor — Related terms: vapor pressure, cryoprotectant monitoring. Device that measures the
osmotic concentration of the culture medium. Example: maintaining osmolality at 300 mOsmkg™ during
feed. Practical use: prevents cell shrinkage or swelling. Challenge: sensor fouling and temperature
dependence.

Out-Of-Spec (O0S) Event — Related terms: deviation, corrective action. Occurrence when a measured
parameter falls outside its predefined acceptance range. Example: pH dropping to 6.5 when the limit is
7.0+ 0.2. Practical use: triggers investigation and remedial steps. Challenge: distinguishing true OOS from
sensor noise.

Patented Process Analytical Technology (PAT) — Related terms: real-time release, FDA guidance. Integrated
set of tools that analyze, monitor, and control manufacturing processes through timely measurements.
Example: Raman spectroscopy for on-line glucose monitoring. Practical use: supports continuous
manufacturing. Challenge: regulatory acceptance and validation.

Peristaltic Pump Calibration — Related terms: flow rate verification, volumetric accuracy. Procedure to ensure
that the pump delivers the intended volume of feed per unit time. Example: calibrating to +2 % flow
accuracy for media feed. Practical use: reliable dosing. Challenge: wear of tubing changes performance over
time.

pH Control Strategy — Related terms: CO, sparging, base addition. Planned method to keep culture pH
within target range, often using feedback from a probe. Example: automated addition of 0.5 M NaHCO;
when pH falls below 7.0. Practical use: stabilizes metabolic activity. Challenge: lag time between detection
and correction.

Process Capability Index (Cpk) — Related terms: statistical process control, tolerance. Metric that quantifies
how well a process meets its specification limits. Example: Cpk = 1.33 indicating good capability. Practical
use: assesses robustness of monitoring system. Challenge: biological variability can lower Cpk despite
acceptable performance.

Process Drift — Related terms: trend analysis, long-term stability. Gradual shift of a process parameter away
from its set point over time. Example: slow increase in lactate concentration across successive batches.
Practical use: early detection via control charts. Challenge: distinguishing drift from normal biological
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variation.

Process Optimization Loop — Related terms: PDCA cycle, continuous improvement. Iterative sequence of
planning, executing, analyzing, and adjusting process conditions based on data. Example: using DoE results
to refine feed strategy, then re-evaluating performance. Practical use: systematic enhancement. Challenge:
time and resource investment.

Process Variability — Related terms: noise, reproducibility. Inherent fluctuations in process outputs caused by
biological, equipment, or operator factors. Example: +10 % variation in final titer between runs. Practical use:
informs risk assessments. Challenge: reducing variability without over-constraining the system.

Quiality by Design (QbD) — Related terms: risk management, design space. Framework that builds quality
into the process from the outset by understanding how variables affect product attributes. Example:
defining a design space for temperature (35-37 °C) and pH (7.0-7.2). Practical use: regulatory flexibility.
Challenge: requires extensive data collection.

Real-Time PCR (qPCR) — Related terms: gene expression, quantification. Technique that amplifies DNA while
measuring fluorescence to quantify nucleic acid levels. Example: monitoring expression of anti-apoptotic
gene during stress. Practical use: early indicator of cell health. Challenge: requires careful sample handling
to avoid degradation.

Reference Standard Curve — Related terms: calibration, quantitation. Plot of known concentrations versus
instrument response used to convert raw data into meaningful units. Example: glucose standard curve with
R?=10.998. Practical use: accurate concentration determination. Challenge: drift in sensor response
necessitates frequent recalibration.

Recursive Feature Elimination (RFE) — Related terms: variable selection, machine learning. Algorithm that
iteratively removes less important predictors to improve model performance. Example: RFE selecting
glucose, lactate, and pH as key predictors for titer. Practical use: simplifies models. Challenge: may discard
variables that are important under specific conditions.

Regulatory Acceptance Criteria — Related terms: specifications, release testing. Set of limits defined by
authorities that a process must meet for product approval. Example: impurity level <0.1% for host-cell
proteins. Practical use: guides monitoring priorities. Challenge: evolving guidelines may require updates to
monitoring plans.

Remote Monitoring Dashboard — Related terms: cloud interface, data visualization. Web-based platform that
displays live process data and alerts to operators off-site. Example: dashboard showing DO, pH, and
temperature trends with color-coded warnings. Practical use: enhances oversight and rapid response.
Challenge: cybersecurity and data latency.

Response Surface Methodology (RSM) — Related terms: central composite design, optimization. Statistical
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technique that fits a quadratic model to experimental data to locate optimal conditions. Example: RSM
identifying optimum feed rate of 0.8 Lday™. Practical use: reduces number of experiments needed for fine
tuning. Challenge: model may be inaccurate if underlying relationships are highly non-linear.

Rheology Measurement — Related terms: viscosity, shear thinning. Assessment of fluid flow properties,
important for mixing and mass transfer in cell culture media. Example: viscosity of 1.2cP at 100s™" shear
rate. Practical use: selecting appropriate impeller speed. Challenge: measuring in complex, protein-rich
media.

Robustness Testing — Related terms: stress testing, design of experiments. Deliberate variation of process
parameters to evaluate system tolerance. Example: £10 % temperature shift to assess impact on product
quality. Practical use: defines acceptable operating window. Challenge: may identify failure modes that
require costly redesign.

Root-Cause Analysis (RCA) — Related terms: fishbone diagram, 5 Whys. Structured investigation to
determine underlying reasons for a deviation or failure. Example: RCA revealing sensor fouling as cause of
low DO readings. Practical use: prevents recurrence of issues. Challenge: requires accurate data and
cross-functional collaboration.

Sample Dilution Factor — Related terms: pre-analysis preparation, concentration correction. Ratio used to
adjust measured values back to original sample concentration after dilution. Example: 1:10 dilution applied
before glucose assay. Practical use: brings concentrations within assay range. Challenge: pipetting errors can
propagate to final result.

Scale-Down Model — Related terms: pilot run, mimicry. Small-scale representation of the full production
process used for troubleshooting and development. Example: 2 L reactor replicating 200 L conditions.
Practical use: rapid testing of changes. Challenge: ensuring fidelity of mixing, oxygen transfer, and heat
removal.

Sensor Fusion — Related terms: data integration, multi-modal monitoring. Combining data from multiple
sensors to create a more reliable estimate of a process variable. Example: merging DO probe and optical
sensor data to improve oxygen reading accuracy. Practical use: reduces impact of individual sensor failures.
Challenge: algorithm complexity and synchronization.

Signal-to-Noise Ratio (SNR) — Related terms: measurement quality, data fidelity. Metric that compares the
level of desired signal to the background noise. Example: SNR of 20dB for pH measurement. Practical use:
assessing sensor suitability. Challenge: low SNR can obscure subtle process changes.

Singular Value Decomposition (SVD) — Related terms: matrix factorization, dimensionality reduction. Linear
algebra technique that decomposes data matrices into orthogonal components. Example: SVD applied to
spectroscopic data to isolate baseline drift. Practical use: cleaning data before modeling. Challenge:
interpretation of singular vectors.
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Statistical Process Control (SPC) — Related terms: control limits, process capability. Set of statistical tools
used to monitor and control a process over time. Example: X-bar chart tracking cell density across batches.
Practical use: maintains consistency. Challenge: setting limits that accommodate biological variability.

Steady-State Operation — Related terms: continuous culture, chemostat. Condition where inputs, outputs,
and internal states remain constant over time. Example: constant cell density achieved in a perfusion
bioreactor after 48 h. Practical use: simplifies modeling and control. Challenge: achieving true steady state in
batch processes.

Standard Operating Procedure (SOP) — Related terms: protocol, compliance. Documented instructions that
describe how to perform a specific task consistently. Example: SOP for calibrating pH probes weekly.
Practical use: ensures reproducibility. Challenge: keeping SOPs up-to-date with evolving technology.

Statistical Significance — Related terms: p-value, confidence interval. Probability that an observed effect is
not due to random chance. Example: p = 0.03 indicating significant difference in titer between two media.
Practical use: guiding decision-making. Challenge: large datasets can yield statistically significant but
practically irrelevant results.

Stirred-Tank Bioreactor — Related terms: impeller, baffling. Common vessel equipped with a rotating impeller
to provide mixing and oxygen transfer. Example: 10L stainless-steel stirred-tank used for CHO culture.
Practical use: scalable and well-characterized. Challenge: shear stress may affect delicate cell lines.

Substrate Inhibition — Related terms: feedback inhibition, kinetic limitation. Phenomenon where excess
substrate reduces the rate of cell growth or product formation. Example: glucose concentrations > 10g L™
causing reduced specific growth rate. Practical use: informs feed concentration limits. Challenge: detecting
onset without frequent sampling.

Supervised Learning Model — Related terms: classification, regression. Machine-learning approach where the
algorithm is trained on labeled data to predict outcomes. Example: Random Forest model classifying runs as
"high-titer” or "low-titer”. Practical use: predictive process monitoring. Challenge: requires high-quality
labeled datasets.

Surrogate Model — Related terms: meta-model, approximation. Simplified model that emulates a more
complex simulation or experiment, used for rapid predictions. Example: Kriging model approximating CFD
results for mixing time. Practical use: accelerates optimization cycles. Challenge: surrogate may miss critical
nuances.

Synthetic Media — Related terms: defined formulation, animal-free. Culture medium composed of known
chemical components, eliminating variability from serum. Example: chemically defined medium supporting
1.5gL™" antibody production. Practical use: improves reproducibility and regulatory compliance. Challenge:
higher cost and need for extensive optimization.
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Target Product Profile (TPP) — Related terms: clinical specification, quality attributes. Document outlining
desired characteristics of the final biologic, guiding development and monitoring. Example: TPP requiring
Temperature Ramp — Related terms: heat shock, controlled cooling. Gradual increase or decrease of culture
temperature to influence cell metabolism. Example: lowering temperature from 37°C to 32°C after day 5 to
enhance product quality. Practical use: modulates post-translational modifications. Challenge: ensuring
uniform temperature across reactor.

Time-Series Analysis — Related terms: ARIMA, forecasting. Statistical techniques that analyze ordered data
points to detect trends, seasonality, and predict future values. Example: ARIMA model forecasting DO
trends for proactive control. Practical use: anticipates disturbances. Challenge: requires stationarity or
transformation.

Transient Phase — Related terms: non-steady state, dynamic response. Period where process variables are
changing rapidly, such as during feed start-up or temperature shift. Example: transient rise in lactate after
glucose bolus. Practical use: informs control strategy design. Challenge: high variability makes modeling
difficult.

Trigger Threshold — Related terms: alert level, set point. Predefined value of a monitored variable that, when
crossed, initiates an action or alarm. Example: DO dropping below 20 % triggers increased agitation.
Practical use: automates corrective measures. Challenge: setting thresholds that avoid false alarms.

Triphasic Growth Curve — Related terms: lag, exponential, stationary. Classic representation of cell growth
showing three distinct phases. Example: CHO cells exhibiting lag (0-12 h), exponential (12-72 h), stationary
(72-96 h). Practical use: planning feed and harvest timing. Challenge: overlapping phases can complicate
phase assignment.

Uncertainty Quantification — Related terms: Monte Carlo, confidence bounds. Process of estimating the
range of possible outcomes due to variability in inputs or model parameters. Example: Monte Carlo
simulation providing 95% confidence interval for final titer. Practical use: risk assessment. Challenge:
computational intensity and need for accurate input distributions.

Validation Set — Related terms: model testing, hold-out data. Subset of data not used during model training,
employed to evaluate performance. Example: 20 % of dataset reserved for validation of ANN predicting
viability. Practical use: prevents over-fitting. Challenge: ensuring representative sampling.

Variable Importance in Projection (VIP) — Related terms: PLS, feature ranking. Metric derived from partial
least squares models indicating the contribution of each predictor to the response. Example: VIP scores
highlighting pH and glucose as most influential on titer. Practical use: focusing monitoring resources.
Challenge: interpretation can be model-dependent.

Viable Cell Density (VCD) — Related terms: cell concentration, live cell count. Number of living cells per unit
volume, typically expressed as cellsmL™". Example: VCD reaching 1 x 10" cellsmL™ at peak. Practical use: key
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indicator for harvest decision. Challenge: accurate measurement in high-density cultures.

Weighted Moving Average (WMA) — Related terms: smoothing, filter. Statistical method that assigns greater
weight to recent data points when calculating an average. Example: WMA applied to pH data to reduce
noise while preserving trends. Practical use: improves control responsiveness. Challenge: selection of
weighting scheme affects lag.

Yield Optimization — Related terms: productivity, specific productivity. Strategies aimed at maximizing the
amount of product per unit of substrate or time. Example: adjusting feed composition to increase specific
productivity from 20 pg cell™ day™ to 30 pg cell™ day™. Practical use: reduces cost of goods. Challenge:
balancing yield with product quality attributes.

Zero-Order Kinetics — Related terms: constant rate, substrate depletion. Situation where the reaction rate is
independent of substrate concentration. Example: constant lactate production rate after glucose exhaustion.
Practical use: simplifies modeling of waste accumulation. Challenge: rarely sustained in dynamic cultures.
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