
POSTER PRESENTATION Open Access

Insights into monitoring changes in the viable
cell density and cell physiology using scanning,
multi-frequency dielectric spectroscopy
John Carvell1*, Lisa Graham2, Brandon Downey2

From 23rd European Society for Animal Cell Technology (ESACT) Meeting: Better Cells for Better Health
Lille, France. 23-26 June 2013

Background
Real-time bioprocess monitoring is fundamental for
maximizing yield, improving efficiency and process
reproducibility, minimizing costs, optimizing product
quality, and full understanding of how a system works.
The FDA’s Process Analytical Technology initiative
(PAT) encourages bioprocess workflows to operate
under systems that provide timely, in-process results. At
the same time the demand for ever increasing supplies
of biological pharmaceuticals, such as antibodies and
recombinant proteins, has fueled interest in streamlined
manufacturing solutions. Bioreactors that are monitored
continuously and in real-time offer the advantage of
meeting current and future supply demands with bio-
logical product of the utmost quality and safety, achieved
at the lowest overall cost and with least risk. This paper
will focus on how one research groups in has used scan-
ning multi-frequency dielectric spectroscopy to compara-
tively profile multiple bioreactor runs and elucidate fine
details concerning cell viability and mechanism of cell
death. The cellular information observed has not been
available through other technologies. The presentation
will also focus on how the technology can also be applied
to Single use Bioreactors in a cGMP environment and on
samples down to 1 ml volume.

Introduction
• Dielectric spectroscopy (DS) is now the most
common method for estimating the in situ live cell
concentration in animal cell culture.
• DS and traditional offline methods for cell counting
based on Trypan Blue correlate well during the

growth phases but with some cell lines, deviations
are observed during the late growth phase.
• Scanning multi-frequency DS can detect the physio-
logical changes of the cells during the death phase of
the culture including changes in cell size, membrane
capacitance and internal conductivity [1-3].
• The concept of using the Area Ratio Algorithm
(ARA) looks to be a relatively simple and promising
method for providing on-line cell counts that correlate
well with traditional methods for the complete cell
growth cycle.

Background of DS and the Futura Biomass Monitor
• DS measures the passive electrical properties of cells
in suspension through the cells’ interaction with RF
excitations.
• Viable cells are composed of a conducting cytoplasm
surrounded by a non-conducting membrane sus-
pended in a conducting medium. When an alternating
current is applied to the suspension, each cell becomes
polarised and behaves electrically as a tiny spherical
capacitor.
• The suspensions reaction to the current is expressed
as its permittivity can be measured by its capacitance
and conductivity as a function of frequency. Viable
cells possess intact membranes which prevent the free
flow of ions and allow the cells to polarise. Dead,
porous cells and debris lack an enclosing membrane
and are unable to build up charge separation. Hence,
DS measures only viable cells.
• The Futura Biomass Monitor (Aber Instruments Ltd,
UK) measures the capacitance created directly from
the cells. The capacitance signature of cells is mea-
sured between 50 KHz and 20 MHz with readings
every 30 seconds.
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• At low excitation frequencies the cells can fully
polarise and the capacitance of the suspension is
maximised. As the excitation increases, the cells lose
their ability to fully polarize and the measured capaci-
tance drops eventually measuring no polarisation at
high frequencies.

Concept of the Area Ratio algorithm
• A novel method for obtaining an enhanced predic-
tion of viable cell volume fraction (VCV) compared
to currently employed methods has been developed,
wherein changes in cell health are quantified using
frequency scanning data. In the novel method, cell
health is measured by using an area ratio (AR) to
quantify the shape of the measured dielectric spec-
trum using the following algorithm:

AR =

fH∫

fQ

C(f )df

fH∫

fL

C(f )df

fH < fQ < fL

(1)

Where:
AR = area ratio for a given scan
fH = highest frequency of the scan
fL = lowest frequency of the scan
fQ = semi arbitrary chosen frequency between fH and fL
C(f) = capacitance as a function of frequency

• The AR is used as a correction factor to correct for
the death phase divergence in the following manner:

VCV(t) = A × (C(t) − B × AR(t) − k2) + k1 (2)

Where:
VCV = predicted viable cell volume fraction
A and B = fit constants of proportionality relating
dielectric measurements to offline cell measurements
k1 and k2 = constant offset values
• Changes in cell health are quantified using fre-
quency scanning data. When the ARA is applied to
the uncorrected VCV derived from the capacitance
data, there is a good match with the off-line derived
VCV (Figure 1).

Applying multi-frequency scanning DS to single
use bioreactors and samples off-line

• A single use sensor has been developed by Aber
Instruments and the early versions utilized stainless
steel electrodes. This sensor was suitable for single
or dual frequency DS and the performance has been
compared with traditional probes that are used on
reusable bioreactors [4].
• Samples as low as 100 microlitre can be with-
drawn from a bioreactor and scanning DS can be
applied using existing DS probes. An example of
this is shown in the full version of the poster with
distinctly different frequency scans for healthy and
unhealthy cells. The unhealthy cells were generated
by treatment with 1 uM staurosporine to induce
apoptosis.

Figure 1 Implementation of the Area Ratio Algorithm (ARA) yields enhanced prediction of viable cell volume fraction compared with
uncorrected methods.
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Discussions and conclusions
The work presented here shows the utility of frequency
scanning data to obtain enhanced measurement of VCV
using non-invasive capacitance sensors in reusable and
single use bioreactors. The information-rich nature of
dielectric frequency scanning allows interrogation of
biophysical properties of cells. The concept can be
extended to samples off-line.

Authors’ details
1Aber Instruments Ltd, Abersytwyth, UK. 2Bend Research Inc., Oregon, USA.

Published: 4 December 2013

References
1. Asami K: Characterization of heterogeneous systems by dielectric

spectroscopy. Prog Polymer Sci 2002, 27:1617-1659.
2. Cannizzaro C, Gügerli R, Marison I, Von Stockar U: On-line biomass

monitoring of CHO perfusion culture with scanning dielectric
spectroscopy. Biotechnol Bioeng 2003, 84:597-610.

3. Ron A, Singh RR, Fishelson N, Shur I, Socher R, Benayahu D, Shacham-
Diamand Y: Cell-based screening for membranal and cytoplasmatic
markers using dielectric spectroscopy. Biophys Chem 2008, 135:59-68.

4. Carvell JP, Williams J, Lee M, Logan D: On-Line Monitoring of the Live Cell
Concentration in Disposable Bioreactors (poster). European Society for
Animal Cell Technology biennial conference, Dublin, Ireland 2009.

doi:10.1186/1753-6561-7-S6-P4
Cite this article as: Carvell et al.: Insights into monitoring changes in the
viable cell density and cell physiology using scanning, multi-frequency
dielectric spectroscopy. BMC Proceedings 2013 7(Suppl 6):P4.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Carvell et al. BMC Proceedings 2013, 7(Suppl 6):P4
http://www.biomedcentral.com/1753-6561/7/S6/P4

Page 3 of 3


	Background
	Introduction
	Background of DS and the Futura Biomass Monitor
	Concept of the Area Ratio algorithm
	Applying multi-frequency scanning DS to single use bioreactors and samples off-line
	Discussions and conclusions
	Authors' details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


