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Introduction and Background

Ricin, a protein toxin naturally present in the castor bean
(R. communis), is considered a potential bioterrorism agent
due to its toxicity, easy availability, simple and inexpensive
production, and past history of use. Also ricin is soluble in
water, stable under heat and a wide pH range. This means
that ricin could potentially be added to food or water. The
LD50 for ricin in humans is estimated to be approximately
1 to 20 milligrams per kilogram of body weight by ingestion;
this is about 8 castor beans. There is no known antidote
for ricin.

Due to its widespread and high consumption, along
with the vulnerability of the processing system, milk is
considered one of the most likely food targets for terrorists.
Many opportunities exist for the intentional contamination
of milk during its production, transfer, and processing.
Stopping a potential bioterrorism event is difficult due to
the lack of a routine or random method that is rapid, simple,
and economic when dealing with a complex matrix, such
as milk. Before a tanker truck is emptied into the raw
milk silo of the processing plant a Beta-Lactam test for
antibiotics is performed. The test takes approximately 
20 minutes, and would be an ideal time frame to also 
perform a test for ricin in milk or any other tests. The
milk in the tanker can be considered homogeneous at this
point, and it would be better to catch a contamination
before the tanker is emptied into the 40,000 gallon silo.

Current methods for detecting ricin are based on
immuno or toxicity based methods. The immuno based
methods rely on the immunocapture of the ricin from the
sample matrix, followed by different types of detection
which can include enzymatic, electrochemiluminescent,
fluorescent, and mass spectrometer. There are also 
commercially available enzyme-linked immunosorbent
assay (ELISA) plates. While sensitive to parts per billion
and parts per trillion, many of these techniques are either
time-consuming, labor intensive, unreliable, and/or expensive.
Based on the projected LD50 for ricin, and using the 
lowest dose of 1 milligram per kilogram of body weight, 
a 20 kilogram child would need to drink 250 milliliters 
of milk, which is approximately the 1 pint serving size,
containing ricin present at a concentration of 80 micrograms
per milliliter. This means that the detection limit needed
does not need to be in the parts per billion or trillion level.

This application note discusses the combination of
two techniques to develop a method for fast, reliable, 
and economic determination of ricin in milk. The two
techniques used are immunomagnetic separation (IMS)
and surface-enhanced Raman scattering (SERS) detection.
Immunomagnetic separation relies on the interaction of 
an antibody and an antigen, and is a rapid and efficient
means of capturing a target out of a complex matrix.
Nonspecific adsorption is eliminated by the use a specific
antibody and the magnetic separation. Once the specific
target has been captured and removed from the milk using
IMS then SERS can be used as the detection method. 

Surface-enhanced Raman scattering (SERS) is a 
technique that can be used to improve upon traditional
Raman analysis. SERS can be employed as a way to
potentially lower sample fluorescence and enhance Raman
scattering, both of these effects lead to a much improved
limit of detection. A nanostructured metal substrate is
used to enhance the signal from an analyte in contact 
with the substrate. The type of metal and the shape of the
features of the nanostructure play an important role in the
Raman signal enhancement. For more background and
information on SERS please see our Technical Note #51874
“Practical Applications of Surface-Enhanced Raman
Scattering (SERS)”. Our Thermo Scientific DXR Raman
microscope is the ideal instrument for this application, as
it combines powerful performance capabilities, such as
laser power control, alignment and calibration, with an
impressive array of software for data collection and analysis,
all together in an easy to use, accessible package.

Key Words

• Bioterrorism

• Immunomagnetic
Separation (IMS)

• Surface-Enhanced
Raman Scattering
(SERS)

Application
Note: 52087



Experimental and Instrumentation

Ricin Preparation

Ricin (as R. communis agglutinin II) was purchased from
Vector Laboratories, Inc. and whole milk fortified with
Vitamin D was purchased from a local grocery store. The
ricin samples were prepared by spiking the milk to get a
final concentration range of 1, 2, 4, 6, and 8 micrograms
per milliliter. Phosphate buffered saline (PBS) and milk
with no ricin were used as negative controls. The positive
control contained 10 micrograms per milliliter of ricin in
PBS. All work was done in a biosafety level II laboratory
due to the toxicity of ricin.

Immunomagnetic Separation

The ricin was captured from the milk using an immuno-
precipitation kit and an 8-tube magnetic separation rack.
Within the kit were super-paramagnetic beads (2.8 microns
in diameter) that were covalently coupled with recombinant
protein G. To prepare the beads 50 microliters of the bead
solution were mixed with 5 micrograms of antiR (a goat
polyclonal antibody to the R. communis agglutinin I and II)
in 200 microliters of antibody binding, washing buffer. The
solution was incubated for 10 minutes at room temperature,
while being rotated. Once the converted beads were washed
and separated they could be stored under refrigeration. At
the time of analysis 1 milliliter of a milk sample was mixed
with the antiR converted beads and incubated at room
temperature with rotation for 10 minutes. After incubation
the beads, now complexed with ricin, were washed 3 times
with washing buffer. To elute the antiR and ricin from 
the beads, 20 microliters of elution buffer was added. 
This final IMS eluate was then used for the SERS analysis.
See Figure 1 for an illustration of the process for preparing
the IMS beads, capturing the ricin, and removing it from
the beads.

Preparation of the SERS Substrates

The silver dendrites used as SERS substrates were prepared
through a simple replacement reaction. A piece of zinc
metal was suspended in a solution of 0.20 molar silver
nitrate for 1 minute, allowing the silver dendrites to form.
Once the dendrites had formed they were mechanically
removed from the zinc, rinsed with deionized water to
remove unwanted ions, and then stored under water. 

SERS Sample Preparation

Samples were prepared by gently mixing 20 microliters of IMS
eluate with 5 microliters (approximately 20 micrograms) of
the silver dendrites for 30 seconds. Afterwards 2 microliters
of the Ag solution was deposited onto a standard microscope
slide and allowed to dry at room temperature. Figure 2
illustrates the sample preparation.

Instrumentation

A DXR Raman Microscope was used; it was equipped
with a 780 nm laser, brightfield/darkfield illumination,
10× microscope objective, and a motorized microscope
stage. The DXR Microscope is particularly well suited as
it offers research level Raman performance in a point and
shoot design that sets up quickly and gives reliable results
without expert tuning. With SERS, signal enhancement is
such that fine laser power control is desirable to maximize
signal without saturation of the CCD detector. The DXR
Raman microscope features patented laser power control that
provides precise control of power at the sample, making it
an ideal choice for both SERS work and sensitive samples.

Samples were analyzed using 6 mW of laser power
and four 15 second scans with a 25 micron slit aperture
for each spectrum. Thermo Scientific OMNIC Array
Automation software was used for the automated collection
and processing of groups of samples. OMNIC™ Array
Automation controls the movement of the motorized stage
of a DXR Raman microscope and coordinates the stage
movement with the spectral data collection of the samples.
Array Automation includes templates for many common 
multi-sample platforms, such as a 96 well-plate, and new
templates can be easily created in the software. The manual
mode in Array was used to collect data from 8 spots per
sample, to help overcome any surface roughness. The 780 nm
laser was used to help minimize sample fluorescence,
which was expected due to the complex organic nature 
of the samples.

Figure 1: Illustration of the process for preparing the IMS beads

Figure 2: Depiction of the SERS sample preparation method



Data Analysis

Once collected the data was analyzed using our Thermo
Scientific TQ Analyst software, which is used for a range
of chemometric calculations. TQ Analyst™ can be used 
for complex data analysis, particularly large sets of data.
It can be used for quantitative analysis, qualitative analysis,
and large calibration sets. Before analysis the spectra
underwent second derivative transformation to remove
baseline shifts and to separate overlapping bands. The
variance of the spectral data was determined by using
principal component analysis (PCA). PCA was used to
analyze patterns or trends in the data, and to identify any
outliers. Partial least squares (PLS), which is a multivariate
statistical model, was used to predict the amounts of ricin
in a sample, by using known concentrations. Data for the
model was randomly split into calibration and validation
sets. The method was created using the calibration data and
then verified using the validation data. The root mean square
error of calibration (RMSEC) was also calculated using
the validation data; and the closer the RMSEC value is to
zero the more the calibration and validation data sets agree.

Results and Discussion

Specificity

The first thing to verify is whether or not the IMS-SERS
method shows specificity for ricin versus the numerous
other proteins found in milk. Figure 3 shows the spectra
of the elution buffer, milk, phosphate buffered saline
(PBS), and ricin in PBS. The IMS method uses an elution
buffer to remove the antibody and ricin from the beads;
this means that the elution buffer will be present in all of
the samples that were analyzed. Looking at the SERS
spectra of the negative controls (milk and PBS without
ricin) it can be seen that the spectra are very similar, this
indicates very low nonspecific binding of milk proteins
onto the antibody, otherwise the PBS spectrum would be
different from the milk spectrum. There were observable
differences when comparing the negative control spectra
to the ricin in PBS spectrum, particularly in the 850 to
920 cm-1 region, this change indicates the capture of the

ricin by the antibody. A clearer confirmation of the results
can be seen in the PCA plot in Figure 4, where there are
clear groupings of the elution buffer (EB), the negative
controls (milk and PBS), and most importantly the ricin.
The PCA results indicate clear and statistically significant
differences in the three groups – blank buffer, unbound
antibody, and antibody capturing ricin. This is quite
important as it demonstrates that the method is robust
and effective in discriminating against the myriad other
proteins found in milk.

Qualitative vs. Quantitative

To test the capabilities of the IMS-SERS technique a series
of spiked milk samples were tested. A range of ricin in
milk samples were made and tested, and the concentration
range was 1, 2, 4, 6, and 8 micrograms per milliliter. SERS
spectra were collected for the samples, including a milk
negative control and a positive control (10 µg/mL in PBS).
Figure 5 shows the second derivatives of the spectra for
the samples, the derivative transformation was performed
for ease of viewing the spectral changes. Comparing the
spectra, a peak located at 900 cm-1 in the milk blank
decreased as the ricin concentration increased, and a peak
at 915 cm-1 increased as the ricin concentration increased.
Based on these visible spectral changes PCA and PLS

Figure 3: SERS spectra of the negative controls (milk and PBS), the elution
buffer (EB), and a sample of ricin in PBS

Figure 4: PCA analysis results of the specificity data, showing clear separation
of the ricin containing samples from the negative controls (milk and PBS) and
from the elution buffer (EB)

Figure 5: Second derivative spectra for samples of ricin in milk, including a
milk blank, and a positive control of ricin in PBS



analysis was applied to the data. The plot of the PCA results
is shown in Figure 6. The plot shows that the results for
the 0, 1, and 2 µg/mL were mixed together, and that there
was separation starting with 4 µg/mL, and continued with
6, 8, and 10 µg/mL. With the clear separation from the
milk blank beginning at 4 µg/mL that concentration is
therefore defined as the limit of detection (LOD) for the
test. The low LOD means that the test will be more than
sensitive enough for the detection of ricin in milk.

To test the predictive capabilities of the method a PLS
analysis was performed on the data. As mentioned previously
the data was split into two groups, the calibration set and
the validation set. The results of the PLS analysis are shown
in Figure 7. The results show a strong linear response to
the concentration change of ricin, which is supported by
the correlation coefficient (0.98844) and the low RMSEC
value (0.53). These results point to a good predictive
capability for the IMS-SERS method.

The assay could potentially be improved by increasing
the sample volume or the incubation time, though the initial
incubation time was determined by the need to fit the test
within the 20 minute time frame of the pre-existing test
that is already performed at the processing plant.

Conclusion

In conclusion, the results shown here demonstrate that the
combination of immunomagnetic separation with surface-
enhanced Raman scattering can separate and detect the
presence of ricin in milk with a detection limit of at least 
4 micrograms per milliliter within a 20 minute time frame.
This method can be modified for the detection of other
proteins in a complex matrix if a specific capture agent is
available or could be obtained. The SERS measurement is
rapid, simple, and has good sensitivity, and when coupled
with the DXR Raman microscope, with its powerful
automation capabilities, multiple samples can be analyzed.
For more information about this application please see
Reference 1.
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We have several application and technical notes about
Surface-Enhanced Raman Scattering that may be of interest:

• Technical Note #51874 
“Practical Applications of 
Surface-Enhanced Raman 
Scattering (SERS)”

• Application Note #52082 
“Use of Antibody Modified 
SERS for Foreign Protein 
Detection in Milk”

• Application Note #52020 
“Application of Automated Data Collection to 
Surface-Enhanced Raman Scattering (SERS)”
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Figure 6: PCA analysis results of the various ricin concentrations in milk

Figure 7: PLS analysis results of the concentration data of ricin in milk


