
Introduction 

Food manufacturers are faced with 
the challenge of maximizing product 
quality, while processing large 
quantities of ingredients to maintain 
profitability. While many measures 

can be taken to reduce contamination of food products with foreign material, 
small particles will often make their way into the product. Optical microscopy 
provides a means for viewing the contaminant to assess color and morphology, 
but the identity of the contaminant material may not be confidently established 
with this technique. Without positive identification, it is difficult to identify  
the source of the contaminant. Infrared microscopy provides a means for 
characterizing the visual appearance of small particles and debris, together  
with compositional measurements, helping quality personnel to identify  
the possible source(s) of contamination in the manufacturing process.
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Figure 1. Visible image of the black fiber held in the diamond compression cell. 
The dotted box indicates the sample spectrum measurement position, aperture 
dimensions, and aperture rotation.

Figure 2. The measured spectrum of the black fiber (in black), shown above the 
best library search result (polyester fiber, shown in red).

Figure 3. Visible image of the blue fiber held in the diamond compression cell. The 
dotted box indicates the sample spectrum measurement position, aperture 
dimensions, and aperture rotation.

Figure 4. The measured spectrum of the blue fiber (in blue), shown above the best 
library search result (polyester fiber, shown in black).

Experimental

Foreign material was isolated from food ingredients during 
processing operations using a series of fine screens to capture 
fibrous material and large fragments. Debris samples were 
removed from the screens and washed with a solution of  
70 % isopropanol to remove food residues, then allowed  
to dry. Visible images and infrared spectra were acquired  
with PerkinElmer Spotlight™ 150i infrared microscope 
connected to a Spectrum™ Two FT-IR. Samples were held  
in a Specac DC-3 diamond compression cell for such 
measurement. Transmission measurements were performed  
in the 4000-550 cm-1 spectral range. Spectra were acquired  
with a spectral resolution of 4 cm-1, averaging two or four scans, 
depending on the size of the sample. For each set of aperture 
settings, a new background was acquired in a clean, clear 
portion of the compression cell, thus accounting for absorption 
features of the diamond windows. Visible images of the debris 
were captured within the Spectrum IR software, showing 
measurement position and aperture dimensions. Spectra were 
compared against several spectral libraries within the Spectrum 10 
software to identify the materials.

Results

Figure 1 shows the visible image of a black fiber pulled from the 
screen. Apertures were set to 100 x 100 μm with 9 degrees of 
rotation to fit the angle of the fiber at the selected measurement 
position. The measured spectrum is shown in Figure 2, along with 
the best library search result (0.990 correlation), which indicates the 
fiber is polyester. Some artifacts are also observed in the spectrum 
due to the use of the compression cell accessory in the form of a 
broad sinusoidal pattern along the spectral baseline. This artifact is 

A second fiber was tested, shown in Figure 3. Apertures were set 
to 19 x 100 μm with 358.78 degrees of rotation to fit the fiber. 
The measured spectrum is shown in Figure 4, along with the best 
library search result (0.938 correlation), which indicates this fiber is 

also polyester. The spacing of the fringe pattern is slightly different 
for this fiber due to a slight change in the thickness of the material.
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Figure 5. Visible image of the pale green fiber held in the diamond compression 
cell. The dotted box indicates the sample spectrum measurement position, 
aperture dimensions, and aperture rotation.

Figure 7. Visible image of the comb-like debris screened from the food ingredient 
material. The dotted box indicates the sample spectrum measurement position, 
aperture dimensions, and aperture rotation.

Figure 6. The measured spectrum of the pale green fiber (in green), shown above 
the best library search result (polypropylene/polyethylene fiber, shown in black).

Figure 8. The measured spectrum of the comb-like debris (in red), shown above 
the best library search result (Azlon [casein] fiber, shown in black).

A third and larger fiber was tested, shown in Figure 5. Apertures 
were set to 100 x 100 μm with no rotation due to the larger size 
of the fiber. The measured spectrum is shown in Figure 6, along 
with the best library search result (0.919 correlation), which 
indicates this fiber is a blend of polypropylene and polyethylene. 

A fourth piece of debris was tested, shown in Figure 7 which had a 
swept comb-like appearance. Apertures were set to 100 x 13 μm 
with 26.67 degrees of rotation. These parameters were chosen to 
permit measurements in a thinner part of the debris. The lower-
right portion of the visible image is significantly darker because the 
sample is situated near the edge of the open aperture of the 
compression cell. The measured spectrum is shown in Figure 8, 
along with the best library search result (0.959 correlation), which 
indicates this debris is comprised of protein. Together with its 
morphological appearance, there is high likelihood that this is a 
foreign fragment of a bird's feather. This information, along with 

the morphology of the sample suggests this debris is most likely a 
portion of a feather. 

Conclusion

The PerkinElmer Spotlight 150i infrared microscope provides a 
powerful and economical means for identifying foreign debris in 
food ingredients and products. A visible image of the contaminants 
will provide some insight into color and morphology of unknown 
materials. However, origin of contaminants is better-established 
when compositional analysis is available via infrared spectral 
measurement. Foreign material spectra may be searched against 
commercially-available spectral libraries, as well as those created by 
the user. Custom libraries may also be constructed from spectral 
data acquired with the Spotlight microscope, or the attached 
Spectrum Two or Frontier FT-IR, allowing added flexibility and 
reducing method development requirements.




