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In this research, suitable imaging methods were used for acquiring single compound images of
biology samples of chicken pectorales tissue section, tobacco dry leaf, fresh leaf and plant
glandular hair, respectively. The adverse e®ects caused by the high water content and the
thermal e®ect of near infrared (NIR) light were e®ectively solved during the experiment pro-
cedures and the data processing. PCA algorithm was applied to the NIR micro-image of chicken
pectorales tissue. Comparing the loading vector of PC3 with the NIR spectrum of dry albumen,
the information of PC3 was con¯rmed to be provided mainly by protein, i.e., the 3rd score image
represents the distribution trend of protein mainly. PCA algorithm was applied to the NIR micro-
image of tobacco dry leaf. The information of PC2 was con¯rmed to be provided by carbohydrate
including starch mainly. Compared to the 2nd score image of tobacco dry leaf, the compared
correlation image with the reference spectrum of starch had the same distribution trend as the
2nd score image. The comparative correlation images with the reference spectra of protein,
glucose, fructose and the total plant alkaloid were acquired to con¯rm the distribution trend of
these compounds in tobacco dry leaf respectively. Comparative correlation images of fresh leaf
with the reference spectra of protein, starch, fructose, glucose and water were acquired to con¯rm
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the distribution trend of these compounds in fresh leaf. Chemimap imaging of plant glandular
hair was acquired to show the tubular structure clearly.

Keywords: Near-infrared spectra micro-image; principal component analysis; compound distri-
bution; tobacco leaf; plant glandular hair.

1. Introduction

In recent years, the chemical imaging (CI) analysis
of biology sample has become a new focus in the
¯eld of analytical chemistry. However, problems,
such as high water content, irregular shape, inter-
ferences, exist in imaging analysis of biology
samples. Furthermore, the in situ analysis is also
di±cult in the CI analysis of biology samples.

Near-infrared spectra micro-imaging (abbre-
viated NIR micro-imaging) is one kind of CI,1 which
is a new kind of technology in recent years with a lot
of advantages. Being composed of the total absor-
bance values of the pixels in it, traditional IR ima-
ging would only, to some extent, provide the
comprehensive information of the analyzed object.
However, it is unable to analyze the object from
spectroscopic perspective. Being di®erent from the
traditional IR imaging, each pixel in the NIR
spectra micro-image is a whole NIR spectrum. Not
only can NIR spectra micro-imaging provide the
spatial distribution information but also the spec-
troscopy information. As NIR beam has strong
penetration ability, the samples whose thickness is
nearly hundreds of micrometers can be scanned.
Furthermore, NIR micro-imaging is one kind of
nondestructive analysis method, which is suitable
for the in situ analysis of fresh samples directly. In
addition, quartz or glass can be used in the NIR
micro-imaging experiment, which is relatively cheap
and convenient to be cleaned. All these features
mentioned above are superior to MIR micro-ima-
ging technology. Meanwhile, NIR micro-imaging is
free of strong °orescence interferes. The imaging
area can be as large as several square centimeters.
Rough surface is also allowed to collect NIR micro-
image. All these features mentioned above are su-
perior to Raman imaging. The NIR microscope can
focus the NIR beam to several micrometers, which
can enhance SNR e±ciently. It is easy for NIR
microscope to select tissue area; therefore, isolation
for tissue cells is unnecessary, i.e., the in situ anal-
ysis would come true. The imaging quality would
not be decreased even when ordinary objective lens

are used in NIR band in the experiment of NIR
micro-imaging.

Therefore, NIR micro-imaging would be a new
method in the research of iconology and compounds
distribution of fresh tissue and so forth, which
would provide new information. NIR micro-imaging
technology is fairly new in recent years.2 However,
being di®erent from MIR micro-imaging, for
instance, imaging under a single wavelength
(or peak) absorption, which is commonly used in
MIR micro-imaging analysis, cannot be used in NIR
micro-imaging in general for the reason of serious
overlap of NIR spectrum. It is reported that NIR
microscope has been applied to the spectra collec-
tion,3 the morphologic observation of microorgan-
ism or tissue,4,5 quantity tracking study6 and the
morphology research of inorganic chemicals.7,8

However, all the applications mentioned above are
not the single compound imaging strictly. Deriving
the frequency doubling and combination band of
molecular vibration of hydric groups, NIR spectra
are usually overlapped seriously. Thus, it can be
seen that the acquirement of single compound
imaging from NIR micro-image is very di±cult.
There are few reports on the spectra separation al-
gorithm applied in the analysis of NIR micro-ima-
ging. There is hardly any report on the imaging
analysis of biology samples by spectra separation
algorithm.

In particular, there are mainly two di±culties in
the analysis of NIR micro-image. In the ¯rst place,
the high water content in the fresh biology samples
would bring about strong absorption in NIR spec-
tra, which would in°uence the analysis result
seriously. In addition, fresh biology samples under
the NIR light would dehydrate seriously in a short
time, therefore, the samples would move out of
focus. In other words, the images would become
indistinct.

Therefore, the acquirement of both high-quality
NIR micro-images and single compound imaging
would be regarded as the objective in the ¯eld of
NIR micro-imaging analysis. In this research, NIR
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micro-images of chicken pectorales tissue section
and plant samples were collected. The originalities
of this research would be re°ected in the following
two aspects: during the collection procedure, poly-
styrene ¯lm was used for preventing the dehy-
dration or crispation caused by the thermal e®ect of
NIR light; chemometrics algorithms having been
applied to the information extraction from NIR
micro-images of biology samples. Single compound
chemical images were acquired by spectra separ-
ation algorithm e®ectively. This research would, to
some extent, provide reference to the spatial dis-
tribution analysis of chemical compounds in biology
samples.

2. Research Methodology

2.1. Samples

(1) Chicken pectorales tissue section. In order to
make the chicken pectorales tissue hard to make
section, the chicken pectorales tissue was
embedded by the embedding medium of paraf-
¯ns. The section would be suitable for obser-
vation by optical microscope. Hematoxylin-
eosin staining method, which is the basic and
frequently used method in histology, embryol-
ogy, pathology and so forth, was applied to
stain the pectorales tissue in the section. After
the pectorales tissue was stained, the cytoplasm
with the main compound of protein was stained
red.

(2) Tobacco dry leaf sample. A small piece of °at
area of the °ue-cured tobacco leaf was cut o® to
stick on the quartz glass slide with a very thin
piece of polystyrene ¯lm in order to prevent the
crispation and out of focus caused by the ther-
mal e®ect of the NIR light. The main chemical
compounds of tobacco dry leaf are carbohydrate
and plant alkaloid (nicotine in major).

(3) Fresh leaf sample. A piece of fresh leaf from the
broad leaf pot plant was acquired, a small piece
was cut to stick on the quartz glass slide with a
very thin piece of polystyrene ¯lm in order to
prevent the dehydration and out of focus caused
by the thermal e®ect of NIR light. The main
chemical compounds of fresh leaf are water and
carbohydrate.

(4) Plant glandular hair sample. A fresh leaf of
pumpkin with glandular hair was acquired, the
leaf tissue with glandular hair was cut o® to

stick on the quartz glass slide with a very thin
piece of polystyrene ¯lm in order to prevent
the dehydration and out of focus caused by
the thermal e®ect of NIR light. The main
chemical compounds of fresh leaf are water and
carbohydrate with carbon–hydrogen skeleton
structure.

2.2. Instrument

In this research, theNIRmicro-images were collected
by FT-NIRMicro-Image System (Version: Spotlight
350, Perkin Elmer, US) with the optical souse of
halogen–tungsten lamp and the liquid nitrogen
cooledmercury–cadmium–telluride (MCT)detector.

The NIR micro-images were collected as follows.
The area on the slide without sample was regarded
as the reference so as to deduct the background
e®ect, the micro-images of samples were collected
under the transmission mode. Taking the tobacco
dry leaf sample for example, the reference is selected
at the quartz glass slide with polystyrene ¯lm but
without tobacco dry leaf.

Instrument parameters are described as follows.
Wavenumber range for collection: 7800–4000 cm�1,
while the wavenumber for imaging analysis would
be selected according to the di®erent characteristics
of the samples. Spectral resolution and spatial res-
olution would be selected according to the physi-
cochemical property and the complexity of chemical
compounds. The high spectral resolution is suitable
for samples with simple chemical compounds which
would have relatively sharp absorption peaks, while
the high spatial resolution is suitable for samples
with microscopic spatial structures. In this research,
the spectral resolution of 16 cm�1 is suitable for
chicken pectorals tissue section sample, 64 cm�1 for
tobacco dry leaf sample and fresh leaf sample,
32 cm�1 for plant glandular hair sample; while the
spatial resolution of 6:25�m� 6:25�m is suitable
for chicken pectorales tissue section sample and
plant glandular hair sample, 25�m� 25�m for
tobacco dry leaf sample and fresh leaf sample.

2.3. Imaging methods

The frequently used imaging algorithm in the anal-
ysis of NIR micro-imaging are compared with corre-
lation imaging, chemimap imaging, principal
component analysis score imaging (PCA-score ima-
ging) and so forth. Comparative correlation imaging
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is reconstructed according to NIR micro-image data
structure by the correlation coe±cients between the
spectra in NIR micro-image and the reference spec-
trum. For the comparative correlation imaging, the
highlight pixels represent higher similarity between
these pixels' spectra and the reference spectrum,
while the lowlight ones represent lower similarity.
Chemimap imaging is composed by the integral
values of the feature peaks or bands of target com-
pound. For the CI, the highlighted pixels represent
that the spectra of these pixels have stronger chemi-
cal feature, while the lowlight ones represent weaker
chemical feature.

Principal component analysis (PCA) score ima-
ging would be able to separate the spectra by the
extraction of the eigen vectors of the NIR micro-
image data by PCA algorithm, which would
decompose the raw data matrix into several or-
thogonal eigen vectors (loadings) with score matrix
in which the vectors are the linear combination of the
raw data. However, the reconstructed data matrix
by these loadings and scores would be able to
characterize the original data feature and structure
without eliminating the useful information. PCA-
score imaging is composed of the score values of
PCA according to spatial structure of NIR micro-
image data, the meaning of which could be inter-
preted by the corresponding eigen vector, i.e., the
loading.

3. Result and Discussion

3.1. Analysis of NIR micro-image of

chicken pectorals tissue section

The chicken pectorales tissue section was regarded
as the research object to acquire NIR micro-image.
The wavenumber range for imaging analysis is
5500–4000 cm�1, which is the combined frequency
absorption area of protein mainly. The visible image
of chicken pectorales tissue is shown in Fig. 1(a),
while the NIR total absorption micro-image is
shown in Fig. 1(b). Since the section was stained by
HE staining method, the residual on the section is
mainly the protein in the cytoplasm.

The chicken dry albumen was regarded as pro-
tein mainly in this research. In order to extract the
main compound information of chicken pectorales
tissue and acquire the single compound imaging,
PCA algorithm was applied to the analysis of NIR
micro-image of chicken pectorales tissue. A total of

20 principal components were extracted after PCA.
It could be seen from Fig. 2(a) that similar data
features exist at 5157 cm�1 (P1), 4866 cm�1 (P2)
and 4600 cm�1 (P3) between the loading vector of
PC3 [see Figs. 2(a)–2(II)] and the NIR spectrum of
dry albumen [see Figs. 2(a)–2(I)], which is also the
NIR features of protein. However, it is di®erent
between the two data groups during the wave-
number range of 4500–4000 cm�1, which derives
from the fat in chicken dry albumen for the NIR
spectrum of dry albumen [see Figs. 2(a)–2(I)]. This
result indicated that the information of PC3 is
mainly provided by protein, but not other com-
pounds. Score image of PC3 [see Fig. 2(b)] rep-
resented the distribution trend of protein mainly,
which had the same distribution trend as the visible
image of chicken pectorales tissue [see Fig. 1(a)].

(a)

(b)

Fig. 1. Visible image (a) and NIR total absorption micro-
image (b) of chicken pectorales tissue.
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The analysis indicated that PCA would extract
single compound feature of protein in chicken pec-
torals tissue from NIR micro-image. In this
research, PC3 loading vector and NIR spectrum of
dry albumen that mainly characterizes protein was
compared, it could be determined that the infor-
mation of PC3 derives from protein mainly, i.e.,
score imaging of PC3 represents the distribution
trend of protein mainly, which is consistent with the
practical situation.

3.2. Analysis of NIR micro-image

of plant tissues

3.2.1. Analysis of NIR micro-image
of tobacco dry leaf

A piece of tobacco dry leaf was put on a clean object
slide, which was regarded as the research object to
acquire NIR micro-image. The wavenumber range

for analysis is 7680–4000 cm�1, which is as wide as
the imaging system could collect. Therefore, the
whole spectral information would be used. The
visible image is shown in Fig. 3(a), while the NIR
total absorption micro-image is shown in Fig. 3(b).

PCA algorithm was applied to the analysis of
NIR micro-image of tobacco dry leaf in order to
extract the single compound information. As is
shown in Fig. 4, similar data features exist between
the two data groups of PC2 eigen vector [see
Fig. 4(a)] and NIR spectrum of starch [see Fig. 4(b)],
while the correlation coe±cient between the two
data groups is 0.9779. Therefore, it could be con-
¯rmed that the information of PC2 is provided
by carbohydrate including starch mainly and the
2nd score image [see Fig. 4(c)] would represent the
distribution trend of carbohydrate (saccharides)
including starch mainly.

5500.0 5000 4500 4000.0
cm-1

A
 

P1 P2
P3

(a)

(b)

Fig. 2. NIR spectrum of dry albumen (a)–(I), PC3 eigen
vector (a)–(II) and the 3rd score image (b).

(a)

(b)

Fig. 3. Visible image (a) and NIR total absorption image (b)
of tobacco dry leaf.
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Comparative correlation imaging is an intuitio-
nistic imaging algorithm with relative simple cal-
culation process, which is also suitable for the
imaging analysis of the complicated samples. For
the tobacco dry leaf sample, comparative corre-
lation imaging with the reference spectrum of starch
was acquired. Comparative correlation imaging
was applied to the analysis of NIR micro-image
of tobacco dry leaf with the reference spectrum
of starch, which is shown in Fig. 5(b). Upon com-
parison, Figs. 4(c) and 5(b) had the same distri-
bution trend. This result indicated that
comparative correlation imaging would be able to
acquire the single compound imaging of tobacco dry
leaf. According to that, the compare correlation
images with the reference spectra of protein, starch,
fructose, glucose and the total plant alkaloid (nic-
otine in major) were acquired respectively, which is
shown in Fig. 5. It could be seen from Fig. 5 that the
¯ve compounds in the tobacco dry leaf are con-
centrated in leaf veins mainly. The reason is that
leaf veins have the tubular structure, which is

relatively hard than tobacco leaf cells. The leaf veins
operate on skeletons and the carriage of chemical
compounds. The tobacco leaf cells would dehydrate
during the °ue-cured procedures. Therefore, the
compounds in leaf cells would be transferred into
leaf veins whose interspaces are relatively larger.

The analysis result of Fig. 5 indicated that
comparative correlation imaging is a convenient
method to show the distribution trends of protein,
carbohydrate (saccharides), the total plant alkaloid
and so forth on NIR micro-image of tobacco dry
leaf.

3.2.2. Analysis of NIR micro-image

of fresh leaf

A piece of fresh leaf was put on a clean object slide,
which was regarded as the research object to acquire
NIR micro-image. In order to avoid the adverse
e®ect of water in fresh leaf, the wavenumber range
for analysis is 6000–4000 cm�1, which is mainly the
combined frequency band with stronger spectral

7680.0 6000 4000.0

-0.068

0.00

0.05

0.10

0.149

cm-1

A
  

(a)

7680.0 6000 4000.0

0.20

0.4

0.6

0.8

0.94

cm-1

A
 

(b)

(c)

Fig. 4. PC2 eigen vector (a), NIR spectrum of starch (b) and the 2nd score image (c).
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information. The visible image is shown in Fig. 6(a),
while the NIR total absorption micro-image is
shown in Fig. 6(b). The distribution trend of leaf
veins in fresh leaf can be seen from Figs. 6(a) and
6(b) directly.

Comparative correlation images of tobacco dry
leaf having been regarded as reference, comparative
correlation images of fresh leaf were acquired with
the reference spectra of protein, starch, fructose,
glucose and water, respectively, which are shown in

(a) (b)

(c) (d)

(e)

Fig. 5. Comparative correlation images of tobacco dry leaf: (a) protein, (b) starch, (c) fructose, (d) glucose and (e) the total plant
alkaloid.
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Fig. 7. It could be seen that the ¯ve compounds are
concentrated mainly in leaf cells. The reason is that
the compounds in fresh leaf come from leaf cells
mainly. As shown in Fig. 7(e), the distribution
trend of water in either leaf cells or leaf veins is
nearly the same.

3.2.3. Analysis of the NIR micro-image
of plant glandular hair

The plant (pumpkin leaf) glandular hair was
regarded as a research object to acquire NIR micro-
image. Visible image and NIR total absorption
micro-image are shown in Figs. 8(a) and 8(b), re-
spectively. Due to the tubular structure of plant

glandular hair, being observed from side face, both
sides of the glandular hair with more organic com-
pound, i.e., carbohydrate with carbon–hydrogen
skeleton structure, are relatively thicker than the
middle part of it, which could be proved by NIR
total absorption micro-image approximately. There
is high absorption in the two sides of the glandular
hair while there is low absorption in the middle part
of it.

For further proof of the viewpoint mentioned
above, chemimap imaging with the wavenumber
range of 4200–4000 cm�1 was applied to this ex-
ample, of which the wavenumber range was the
combined tone of C–H group mainly. The chemi-
map imaging of plant glandular hair is shown in

(a) (b)

Fig. 6. Visible image (a) and NIR total absorption image and (b) of fresh leaf.

(a) (b)

Fig. 7. Comparative correlation images of fresh leaf: (a) protein, (b) starch, (c) fructose, (d) glucose, (e) water.
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(c) (d)

(e)

Fig. 7. (Continued)

(a) (b)

Fig. 8. Visible image (a) and NIR micro-image (b) of the plant glandular hair.
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Fig. 9. It could be seen from Fig. 9 that chemimap
imaging is able to show the tubular structure of
plant glandular hair more clearly.

4. Conclusion

In this research, the biology samples of chicken
pectorales tissue section, tobacco dry leaf, fresh leaf
and plant glandular hair were regarded as research
objects, of which the NIR micro-images were col-
lected. During the experiment procedure, poly-
styrene ¯lm was used for preventing the
deformation caused by dehydration under thermal
e®ect of NIR light. Chemometrics algorithms, such
as principal component analysis, comparative cor-
relation imaging and chemimap imaging, were
applied in extracting the single compound infor-
mation from NIR micro-images, single compound
images were acquired successfully. The result indi-
cated that NIR micro-imaging technology would be
widely applied in the ¯eld of biology research with
the advantages of nondestruction and in situ anal-
ysis, especially the con¯rmation of the spatial dis-
tribution of chemical compounds simultaneously.
However, superior imaging methods applied in the
analysis of NIR micro-image to acquire the spatial
distribution trends of more compounds more e±-
ciently are still being researched.
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Fig. 9. Chemimap imaging of the plant glandular hair.
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