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Analysis of a Proprietary Culture Media Sample using the H2Optx 
mPAT™ Imaging System 

A Brief Study of Off-the-Shelf Media 

 

 

Executive Digest 

H2Optx obtained two lots of culture media samples from a manufacturer, with the goal of 
interrogating those samples using the H2Optx mPAT technology. The results of the interrogations 
are presented in this report. Twenty-four (24) components were positively identified from the 
data based on the contents of the H2Optx standard library. Most notably, no dextrose was found 
and the bulk of the sample appeared to be salts. The other components were various amino 
acids, nutrients, minerals and vitamins common to culture media samples examined by H2Optx 
in the past. Some were present in very small amounts showing the detailed information that this 
analysis can provide. In one case, a component was found that had intentionally been “spiked” 
into the media. While the samples analyzed may have been too small to be representative of the 
entire batch, they provide a good demonstration of the capability of the H2Optx technology for 
culture media analysis. Some items found were not in the H2Optx library. 

 

 

Objective and Scope 

The purpose of this brief study was to demonstrate the applicability of the H2Optx mPAT™ 
equipped with a Platerator™ accessory for the analysis of culture media samples. These analyses 
are intended as a demonstration of the capabilities of the technology. No attempt was made to 
determine the requirements for representative sampling. Sample contents were analyzed against 
the existing H2Optx library. This application is an area of emphasis for H2Optx with their built-
for-purpose technology. 
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Samples 

Three samples from two lots of culture media were procured specifically for this demonstration. 
One of the samples was intentionally spiked with an ingredient known not to be in the media 
formulation. One sample was run at a site in Massachusetts, the other samples were run on an 
instrument located at the H2Optx headquarters in San Jose, California. All data from all samples 
of material were analyzed using the H2Optx MetaCloud cloud-based data retrieval and analysis 
package. 

 

 

Instrumentation 

The H2Optx mPAT™ device (Figure 1) is an inverted imaging instrument that facilitates the use of 
Raman spectroscopy, white light microscopy and/or UV-Vis fluorescence microscopy as 
appropriate for the analysis of interest. These capabilities present a flexible tool with wide-
ranging opportunities to analyze a variety of samples. In this case, the Raman feature was 
employed for the analysis of the culture media sample. The mPAT™ scan head is designed with 
x-, y- and z-axis translation to allow a high-resolution scan with each analysis. The information 
produced by this suite of capabilities provides chemical and physical microstructural details that 
are difficult to obtain by other analytical means. This is the user-centric value proposition unique 
to the H2Optx instrumentation. 

The mPAT™ was equipped with a Platerator™ accessory for this work (see Figure 1). This 
accessory facilitates chemical imaging of samples with automated x- and y-translation, such that 
large-area 2D images can be constructed. It was designed specifically for the analysis of complex 
powders though it has also been used for different purposes with other types of samples, such 
as well-to-well analysis of 96 microwell wellplates, analysis of whole tablet surfaces, detailed 
examination of “pure” raw materials, etc. The mPAT™ scan head allows up to 4 mm x 4 mm areas 
(tiles) to be imaged. The Platerator™ allows stitching of multiple tiles together to present a 
detailed analysis of sample areas up to 32 x 32 mm. The MetaScan™ software allows precise 
control of the process.  
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Figure 1. H2Optx, Inc. mPAT™ equipped with a Platerator™ 

 

 

Measurement 

The analysis performed on the culture media sample utilized the Raman mode of the mPAT™ 
device, though UV-Vis-fluorescence and white light are also useful for this type of sample 
analysis. The instrument was equipped with a 785-nm laser and a CCD detector. The incident 
laser was delivered through an Olympus 50x LWD objective integrated with the instrument. The 
detection sensitivity combined with the patented high-resolution scanning capabilities of the 
mPAT™ facilitate Raman imaging with a spatial resolution of 10 µm. The resolution can also be 
adjusted to be as fine as 3 - 4 µm. 

The culture media samples were analyzed by the conventional manner established for powder 
analyses on the Platerator™. The materials were analyzed as is with no sample preparation. Each 
sample was transferred to the powder cassette designed for the Platerator (Figure 2). The 
samples were placed in the cup as shown (dimensions presented) for one button, automated 
analysis. 
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Figure 2. Filled powder cassette for the Platerator™ with an expanded view of the sample 
placement. The cassette dimensions are also shown. 

 

References were used from the H2Optx library. This methodology has been performed several 
times making available a large library of culture media constituents for these types of 
measurements. This library can be augmented and customized by individual users through the 
addition of additional standard materials to match customer proprietary needs. The data were 
normalized using the H2Optx proprietary algorithms via services made available in MetaCloud™. 
This procedure allowed the standards to be used effectively for the data collected in this study. 

Because the scope of this work was limited due to time constraints, only a limited number of tiles 
16 mm2 in area (as per above) were imaged per sample. Sample 1 Lot 1 was imaged over 4 such 
tiles, while Sample 1 Lot 2 and Sample 2 Lot 2 were imaged over a single tile and three tiles, 
respectively. No attempt was made to assess what would be required to achieve representative 
sampling and it is likely that this area was not adequate in this regard. Hence, the results should 
be interpreted accordingly. However, because the scope of the study was only to demonstrate 
the capabilities of the instrument, the data presented were deemed sufficient for the task. Scans 
were performed every 100 msec at 10 µm intervals generating 160,000 spectra for each tile 
collected. This pixel-by-pixel approach is critical to providing the necessary detail in a reasonable 
amount of time. The total time required for the resulting Raman image to be collected was 

45mm 

~6mm Sample volume ~ 10ml ~ 5g of powder 
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approximately 4.75 hours under the conditions stated. It is probable that a routine analysis with 
representative sampling could be accomplished in 24 hours or less. 

Analysis of the data was achieved using H2Optx proprietary MetaSuite™ software. The data were 
pre-processed using a rolling ball algorithm. For the Raman analysis, a proprietary algorithm 
developed specifically for culture media samples was employed. The constituents present were 
positively identified. Quantitative estimates were achieved by determining the number of pixels 
associated with each component and calculating a ratio of that found for each to the total 
number of pixels in the analysis. This procedure is automated within the software. Spectral 
representations for each component can be spot checked for validity with the MetaClipper™ 
feature in the MetaSuite™ software.  

 

Results 

H2Optx has measured numerous culture media samples in the past. The approach taken with this 
sample was similar to past procedures. From the quality of the data collected, these analyses 
were deemed to be successful. 

The analysis performed allows the detection of individual components and the determination of 
chemical distribution with metrics calculable for relative abundance and chemically specific 
particle size. The elucidation of more subtle information such as component interactions is also 
possible. 

The table below shows the contents that were tested for and identified from the culture media 
samples. The column labeled “theoretical” lists the published formulation by weight percentages. 
There were also components that were notably absent. Two significant figures are reported since 
that is the confidence level for the lowest level materials found. 

There were 38 components that were tested for and, of those 38, 21 were known to be in the 
formulation, while 17 were intended not to be in the formulation. One ingredient was spiked in 
one of the samples. We detected all 21 known ingredients, as well as three additional ingredients 
for a total of 24 that could be identified from this analysis. The percentages were estimated based 
on the number of pixels found attributable to each. Several components from the H2Optx library 
were confirmed as not found.  

There were a number of materials that were tested for, despite their not being in the 
manufacturer’s formulation. When none was found, in such cases, the “Recovery” column is 
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labeled “good.” There were a couple occasions where a component was not theoretically 
supposed to be in the mixture but was detected anyway. In the case of the spiked sample it is 
because that ingredient (taurine) was spiked into the sample. These were collectively labeled 
“detected” in the “Recovery” column. 

With respect to the sample contents, the most notable findings were the fact that the bulk of the 
contents (about 88%) were salts not detectable with Raman, and that there was no detectable 
dextrose. Both observations are in accordance with the known media formulation. Otherwise, 
the constituents detected and the relative abundance of those components were not atypical of 
results seen in the past.  

Figures 3 – 7 show examples of the Raman spectral data obtained from the analysis of the sample. 
Black and white component distribution maps are also shown along with their associated spectral 
data in Figures 3 – 7. 

Zinc is not an expected component in the formulation. Nevertheless, zinc sulfate, or a compound 
very similar to zinc sulfate, was detected in all samples. Many sulfates can have similar signatures 
and it is possible that we detected a different metal sulfate than zinc. Whether zinc or another 
metal, be that as it may, the presence of sulfates most likely indicates trace metal contamination. 

Another component, labeled “m498_668” was detected in lot 2, but not in lot 1. This component 
is an unknown that does not match any compound in the extensive H2Optx database. It is 
commonly seen in culture media lots of different provenances and formulations. The most likely 
explanation seems to be that this is a metabolite or chemical reaction product of an intended 
ingredient that is commonly formed in culture media. How else to explain how this unknown 
compound appears in lots of culture media from multiple vendors and with such a wide variety 
of nominal ingredients? 

Finally, taurine is an ingredient that is not in the formulation and is not detected in sample 1 from 
both lot 1 and lot 2. However, lot 2 sample 2 was spiked with an admixture of taurine and it is 
clearly visible in the chemical maps. The recovered spectra are a clear match for taurine. It is also 
worth noting that the particles appear to be large and needle formed habit. The particles are 
large enough that we would expect demixing to be an issue if this were a legitimate ingredient in 
the mix.  

 

The examples shown were chosen to highlight specific aspects of interest for this analysis. 
Arginine and phenylalanine are both components that were present at percent levels and their 
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abundance is evident from the distribution map. Riboflavin, on the other hand, was present at 
only about 50 ppm in sample 1 lot 1 but the spectral quality as well as the assurance of accurate 
detection is evident from the illustration shown. The spectral quality of the detection leaves no 
doubt concerning the accuracy of the identification. This demonstrates the sensitivity of the 
method which can detect and quantitate components which are in a relative abundance of less 
than 10 ppm. 
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Table 1. Summary of the analysis of the contents of the culture media samples using the 
H2Optx mPAT™ with a proprietary algorithm. The components identified are shown with 
their estimated percentage. Some components are listed as ‘none detected’ in cases where a 
component was not detected although it is in the formulation, or as ‘detected’ when not in 
the formulation. Note that taurine, which was ‘spiked’ into sample 2 lot 2 shows up as a red 
square and is easily detected. 

 
 
* An unknown was found with chemical composition resembling riboflavin. In addition, 
riboflavin was detected. 

Component Theoretical H2Optx Recovery H2Optx Recovery H2Optx Recovery
Adenosine 0.00% 0.00% good 0.00% good 0.00% good

CholineChloride 0.05% 0.00% none detected 0.16% 343% 0.13% 262%

Cytidine 0.00% 0.00% good 0.00% good 0.00% good

DextroseAnhydrous.norm.scope0.00% 0.00% good 0.00% good 0.00% good

FolicAcid 0.05% 0.00% none detected 0.03% 66% 0.03% 66%

Glycine 0.36% 0.35% 97% 0.29% 80% 0.17% 47%

Guanosine 0.00% 0.00% good 0.00% good 0.00% good

HEPES 0.00% 0.00% good 0.00% good 0.00% good

I-Inositol 0.09% 0.02% 26% 0.07% 75% 0.04% 47%

L-Alanine 0.00% 0.00% good 0.00% good 0.00% good

L-ArginineHCl 1.02% 1.16% 114% 0.90% 88% 1.02% 100%

L-CysteineHClH2O 0.00% 0.00% good 0.00% good 0.00% good

L-Cystine2HCl 0.76% 1.49% 195% 0.65% 86% 0.35% 46%

L-Glutamine.norm.scope 0.00% 0.00% good 0.00% good 0.00% good

L-HistidineHClH2O 0.51% 0.11% 21% 0.24% 48% 0.18% 36%

L-Leucine 1.27% 0.79% 62% 0.39% 31% 0.27% 21%

L-LysineHCl 1.77% 3.29% 186% 1.05% 60% 0.68% 38%

L-Methionine 0.36% 0.40% 109% 0.79% 217% 0.54% 150%

L-Phenylalanine 0.80% 1.59% 199% 0.86% 108% 1.55% 194%

L-Proline 0.00% 0.00% good 0.00% good 0.00% good

L-Serine 0.51% 0.47% 92% 0.31% 61% 0.15% 29%

L-ThiamineHCL 0.05% 0.06% 134% 0.01% 25% 0.01% 26%

L-Threonine.norm.scope 1.15% 2.16% 188% 1.15% 100% 1.12% 97%

L-Tryptophan 0.19% 0.35% 178% 0.25% 130% 0.26% 133%

L-Tyrosine2Na2H2O 1.26% 4.40% 350% 2.21% 175% 1.27% 101%

L-Valine 1.14% 0.61% 53% 0.14% 12% 0.19% 16%

MagnesiumSulfate.norm.scope1.18% 1.01% 85% 0.25% 21% 0.32% 27%

Niacinamide 0.05% 0.03% 58% 0.01% 18% 0.01% 17%

Putrescine2HCl 0.00% 0.00% good 0.00% good 0.00% good

PyridoxalHCl 0.05% 0.06% 120% 0.03% 52% 0.02% 43%

PyridoxineHCl 0.00% 0.00% good 0.00% good 0.00% good

Riboflavin* 0.01% 0.01% 154% 0.07% 1450% 0.03% 538%

SodiumSelenite 0.00% 0.00% good 0.00% good 0.00% good

Taurine 0.00% 0.00% good 0.00% good 1.13% detected

Thymidine 0.00% 0.00% good 0.00% good 0.00% good

Uridine 0.00% 0.00% good 0.00% good 0.00% good

ZincSulfate7H2O 0.00% 0.00% detected 0.05% detected 0.07% detected

m498_668 0.00% 0.00% good 0.97% detected 0.92% detected

Sample 1 Lot 1 Sample 1 Lot 2 Sample 2 Lot 2 (spiked)



                                                           
 

9 
 

6830 Via Del Oro, Ste 200 

San Jose, CA 95119 

(760) 877-0010 

 

 
 

 
 
 

Figure 3. Representative spectral data and the distribution map are shown for L-Arginine. The 
gold spectrum is the library reference, the blue spectrum is the average spectrum for all 
pixels where L-Arginine was found (1.16%) and the others are overlaid spectra from the 
complete set of pixels representative of L-Arginine. 
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 Figure 4. Representative spectral data and the distribution map are shown for L-
Phenylalanine. The gold spectrum is the library reference, the blue spectrum is the average 

spectrum for all pixels where L-Phenylalanine was found and the others are overlaid spectra 
from the complete set of pixels representative of L-Phenylalanine. 
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Figure 5. Representative spectral data are shown for Riboflavin in lot 1 (top) and lot 2 
(bottom). In each case, the gold spectrum is the library reference, the blue spectrum is the 
average spectrum for all pixels where riboflavin was found and the others are overlaid 
spectra from the complete set of pixels representative of riboflavin. Lot 2 riboflavin is clearly 
a modification and does not match the reference even though It shares the characteristic 
peak near 1345cm-1. Interestingly, both modified and unmodified riboflavin were discovered 
in lot 2. 
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Figure 6. Representative spectral data and chemical map for zinc sulfate*7H2O. The gold 
spectrum is the library reference, the blue spectrum is the average spectrum for all pixels 
where zinc sulfate, or possibly a related sulfate  was found, and the others are overlaid spectra 
from the complete set of pixels representative of zinc sulfate*7H2O. 
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Figure 7. Representative spectral data and chemical map for taurine. The gold spectrum is the 
library reference, the blue spectrum is the average spectrum for all pixels where taurine  was 
found, and the others are overlaid spectra from the complete set of pixels representative of 
taurine. 
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Conclusions 

The results shown in this report demonstrate the capabilities of the H2Optx equipment with 
respect to the value it brings to the analysis of culture media samples. The results are typical of, 
and consistent with, those found in other situations. The analyses performed with the H2Optx 
instrumentation allow detection of individual chemical components as well as the determination 
of their distribution. The metrics calculable from these analyses include relative abundance along 
with chemically specific particle sizes. The detection of more subtle information such as 
component interactions is also possible. These analyses can be used for QC of incoming media 
but can also be used to elucidate the critical factors that should be monitored with respect to 
performance of culture media raw materials. These factors are currently poorly understood in 
most situations making this effort a seminal contribution to the control of bioprocesses. 

In the bigger picture, the data that are produced allow comparisons of various lots from an 
individual supplier as well as batches of similar materials from different vendors. Not only can 
effective quality control be achieved, these analyses over time can facilitate crucial process 
understanding leading to the maximization of yields and the minimization of production failures. 
While each organization must calculate the payback such a foray into successful process 
understanding can bring, one industry insider close to H2Optx estimates the savings could exceed 
$100 million per plant per year. This is striking and certainly worthy of consideration. 


