Spectral Characteristics of Tobacce

In the Near-Infrared Region
From 0.6 to 2.6 Microns!
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Development of optical instru-
mentation for studying specific bio-
physical and biochemical properties
presupposes knowledge of the spec-
tral characteristics of the biological
specimen involved. For example, a
study of the spectral characteristics
of peanuts revealed a specific prop-
erty, namely, the differences between
light absorption at wavelengths of
approximately .480 u and 510 u was
proportional to maturity. From these
studies an instrument was developed
to rapidly measure this property
(4)2, By observing the vigible spectra
of whole tomatoes Birth et al. (2)
discovered that the transmittance
peak shifted to longer wavelengths
with increasing maturity. The same
observations were made for peaches
(3), and as a result an instrument
was constructed to monitor the
wavelength of peak transmittance
throughout. the.maturation phase.

Each biological material has its
own unique transmittance spectrum.
The absorption.bands vary accord-
ing to the physical and chemical
characteristics. of the material. The
time dependent.behavior of the spec-
trum will vary for different hiological
entities, and in:order to obtain use-
ful spectral information the char-
acteristic spectra must be carefully
analyzed for features related to the
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parameters under study. It is the
primary purpose of this paper to
present characteristic spectra of to-
hacco and to discuss them from a

classical spectrophotometric view-
point,
Experimental

Plant Material

Flue-cured tobacco (Nicotiana ta-
bacum I.) of several varieties was
used in thege experiments, All
samples were 1.5 by 4.5 em sections
of the leaf lamina cut in such a way
as to avoid the lateral veins of the
leaf. Since the top of the leaf re-
flects less light than the bottom, all
spectra were taken with the top of
the leaf toward the source side of
the optical path. The physical state
of the tobacco will be indicated in
the legend of the figure as the sepetra
are presented and discussed in the
following paragraphs.

Equipment

The near infrared (NIR) gpectra
of the samples were determined using
a Perkin-Elmer Model 450 spectro-
photometer (PE 450)., The instru-
ment wag designed to overcome many
of the problems associated with
measuring the transmittance spectra
of dense light scattering material,
such as intact tobacco. The use of
large end-on cathode photomultipliers
placed near the sample (approx. 4.0
cm) in a direct optical path collects
essentially all of the light after it
passes through the sample, minimiz-
ing losses from scaftering. Spectro-
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photometric scale expansion (up to
50X) permits the instrument to em-
phasize small peaks in the {rans-
mittance curves which otherwise
might be misged. The baseline of the
instrument may also be varied with-
out altering the relative response of =
the recorder. This permits the op-
erator to alter the base line in order
to compensate for scattering changes &
which may occur even during a scan.
The instrument also has a repetitive
gean accesgsory which permits peri-
odic monitoring of spectra over long =
periods of time.

The precise location of any absorp-
tion band ig dependent on the band-
pass of the monochromator in the
spectrophotometer. The bandpass of -
the monochromator in the PE 450
was 0115, .0249, 0378, and .0887 u -
at wavelengthe of 0.6, 1.43, 1.93 and
2.5 u respectively. Hence, the band-
pass was sufficiently narrow to define
any of the absorption peaks in any
of the spectra discussed in this paper.

Cured Tobacco

Typical spectra of three samples
of cured tobaecco are shown in Figure
1. Physical parameters of the three
gamples are given in Table 1. The &
thickness of the samples were 77.7,
92,7 and 111.0 microns (u) for
samples 1 through 3 respectively. The
moisture content of the samples also
varied as follows: sample 1, 12.36%
sample 2, 28.45%; and sample 3.
61.98%. :

The effects of both moisture al}d'
thickness are readily observed ¥
Figure 1. The spectra show tw




prominent water absorption bands at
1.43 and 1.93 u. Other water bands
are known to occur in the NIR spect-
rum at 0.77, 0.97, 1.17 and 2.7 u for
most materials. The band at 1.17 u
for tobacco (sample No. 3 in Figure
1) shows only a slight trace of ab-
sorption. The other bands are not
noticeable. The band at 2.7 u is not
well defined due to the low sensitiv-
ity of the lead sulfide detectors in
his region.

Absorption bands due to other con-
stituents appear at 1.7, 2.08 and
221 u with a shoulder at 2.47 u. The
gpectrum of the high meisture sam-
pie (No. 3) exhibits only a shoulder
at 2.08 and 2.21 u due to the overlap-
ping effects caused by water absorp-
tion. When the moisture content is
very high, such as in green and yel-
low uncured leaves, the band at 2.08
u does not appear (see Figure 2},

The relatively constant spacing be-
tween the three curves in Figure 1
is indicative of an apparent absorp-
tion which is proportional to sample
thickness, which was measured with
a wide face micrometer at the point
where the optical readings were
taken. Samples 1 and 2 (as well as
samples 2 and 3) differ by 20 u in
thickness. A cloger investigation of
the curves in the regions between
1.06-1.3 u, 1.6-1.8 u, and at 2.17 u
reveals a correlation between the
vertical digtance between the curves
and the difference in sample thick-
ness.

The absolute transmittance values
at the 1.43 or 1.983 u peaks show no
relationship to moisture content of
the sample due to light scattering.
However, since seattering is directly
proportional to thickness, choosing
a reference measurement at a point
in one of the regions between 1.0-1.3
u, 1.6-1.8 u or at 2.17 u will permit
the absolute readings to be corrected
for secattering. For example, a dif-
ference reading between transmit-
tance at 1.80 u (T, ;,) and transmit-
tance at 1.93 u (T,,,) serves as a
good index of moisture content (see
Table 1).

A noticeable deviation from the
equidistant spacing occurs in the 0.6
to 1.0 u region due to color differ-
ences. While samples 2 and 3 were
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Figure 1. Spectra of cured tobacco in the intact form. Physical parameters for the three samples

are given in Table 1.
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Figure 2. Near-infrared spectra of uncured green [curve 2] and yellow [curve |} fobacco

laaves after imbibition with water.

very similar in color (indicated by
the equidistant spacing between the
spectra in 0.6 to 1.0 u region) sam-
ple 1 was noticeably darker than
either 2 or 8 (resulting in a steeper
slope in the 0.6 to 1.0 u band).

Green and Yellow Tobacco

Figure 2 shows the near-infrared
spectra of green and yellow uncured
tobacco. The yellow leaves were pile-

yellowed until all traces of chloro-
phyll had completely disappeared.
Both green and yellow leaves were
imbibed with water prior to cutting
the samples and making the measure-
ments.

The high moisture level of the
samples made the water absorption
bands at 1.43 and 1.93 u much more
prominent. The bands at 0.97 and
1.17 u are much more noticeable in
Figure 2 than in Figure 1. However,

Table 1. Physical parameters of three cured tobacco samples.
Spectra of these samples are given in Figure 1.

Sample [nitial Dry Percent .
Number Weigh‘l‘ Weigh'l‘ Mois'l'ure [T1_30 - T1.4SJ (T1_3 - T1.93) Th]ckness [u)»
1 03564 .0315 12.88 .049 140 7.7
2 0447 L0348 28.45 080 .200 92.7
3 L0588 .0363 61,98 151 S04 111.0
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Figure 3. Spectra of green {curve 2] and yellow [curve 1) leaves quick dried and ordered

to approximately 307, moisture,

the 0.77 u-band still does not appear
due to the very small absorption co-
efficient at this wavelength.

Sample No. 2 has a strong chloro-
phyll absorpation peak at 0:67 u.
This band disappears during yellow-
ing and -is barely preceptible in the
spectrum of yellow leaves (Curve 1).
Comparing Figure 2 with Figure 1,
the abserption peak at 2.21 u was
slightly better defined in the spectra
of green and yellow uncured leaves
than the spectra of cured leaves.

The effects of rapid drying on the
spectra of the samples in Figure 2
are illustrated in Figure 3. After
quick drying in a forced air oven at
250°F for five minutes the samples
were ordered to approximately 30%
moisture~content (moisture contents
in this paper are calculated on a dry
basis). It appears that rapid drying
of green {(unyellowed) tobacco ac-
centuated by two absorption bands,
one at 1.37 u and the other at 2.21 u
(see Curve 1, Figure 3). The con-
gtituents ~causing these bands are
not known. However, they appar-
ently disappear during the yellow-
ing phase-for these peaks are barely
noticeable in the yellow-dried sam-
ple (Curve 1, Figure 3).

Brown vs. Yellow Tobacco

The effeets of brown pigmentation,
associated ~with extended yellowing
and with thermally induced -color
changes, on the spectra of tobaeco
can be seen-in Figure 4. The major
difference-between yellow and brown
leaves occurs in the region between
0.6 and 1.3 u. In this region the slope
of the spectrum of brown tobacco is
rreater than that of yellow tobacco.
Measurements of the slopes of curves
in this region were observed to be

good indicies of the concentration of
brown pigmentation. Work is pres-
ently being conducted to design an
ingtrument which will rapidly deter-
mine the slope. The instrument will
be used to investigate the extent of
browning due to thermal treatments.

NIR Spectra of Tobacco During
Yellowing

The sepctral response of tobacco
at various times during the yellow-
ing phase of curing is shown in Fig-
ure 5. The spectra represent repeti-
tive scanning of the same sample
under yellowiug conditions of 90°F
and 90% r.h. Curves 1 through 5
represent 0, 15, 23, 40 and 59 hours
of yellowing time respectively. Dur-
ing this time the moisture content
decreagsed from approximately 700%
to 400%. The chlorophyll concentra-
tion of this particular sample de-
creased from approximately 300

micrograms per gram of {y
weight (ug/gfw) to 10 ug/gfw.

It is of interest to note that
apparent absorption decreaseg
vellowing progresses. This shift %
lower absorption is illustrated i
Figure 5 by the shift of the curve
toward higher overall transmittane
as the sample progresses through
yellowing from 0 to 59 hours. Con
cerning the mechanisms which my
influence this pattern, there ig 4
doubt that light scattering take
place due to the interaction of ik
light with components which hay
structual dimensions of the sam
order of magnitude as the waye
length of transmitted energy. Tt i
unlikely that cells cause much seat
tering since their dimensions ap
generally too large. However, th
chloroplasts (5-10 u) and gran:
(0.2-1.0 u) are dimensgionally suit
able for scattering (5). Not with
standing the fact that there ig litf]
pigment selectivity in the NII
region (except for the region from
0.6 to 1.0 u) the decrease in appar
ent absorption is most probably as
sociated with the change in thi
refractive index of the grana =
chlorophyll disappears.

The results of this seection impl
a possible extension of the principl
for monitoring changes which ocen
in tobacco during growth as well a
curing. Changes in the chlorophyl
concentration and moisture conten
of the growing leaves were the mos
notable changes found to occur. How:
ever, in ordet to take data on the PE
450, samples had fo be cut and
brought to the instrument to be an
alyzed. Since determinations were ne
repeated on the same leaf it i
possible that other spectral changes
did oceur which could have been
masked by the between sample bi
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Figure 4. Influence of brown pigmentation on the nesr-infrared spectra of tobacce (curve
yellow cured tobacco; curve 2, brown cured tobacco).
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clogical variability. However, this
variability could be largely elimin-
ated if an instrument were designed
to make measurements in the field.

NIR Spectra of Cured Tobacco
Undergoing Desorption

Figure 6 shows NIR transmittance
cbtained from a single section of
cured tobacco undergoing desorption.
The sample was ordered to a mois-
ture content of approximately 75.3%
before determining the spectra.
Ambient conditions for desorption
were 75°F and 409 rh, the condi-
tions of the laboratory. Curve 1 in
Figure 6 was the initial plot at the
75.3% moisture level. Curves 2
through 6 were plotted at 45 minute
intervals vsing the PE 450 repetitive
gcan accessory. Curves 7 and 8 were
plotted after oven drying the sample
for 15 and 30 minutes respectively
(in 250°F forced air ocven).

Moisture removal was noted by de-
creagsing  absorption (increasing
transmittance) at 1.93 and 1.43 u.
The 1.98 u bands appear to be the
best index of moisture for samples
with moisture contents between O-
1009,. The band at 1.43 u appeared
to be more suited to moisture levels
between 100-2009%. Five isobestic
points (1) occur at 1.38, 1.58 1.83,
2.14, and 2.35 u. These reference
peints occurred in all samples that
underwent desorption tests.

The curves in Figure 6 show the
gsengitivity of the NIR technique for
measuring the moisture content of
tobacco leaves. The more intense
absorption band at 1.93 u is pres-
ently being investigated for measure-
ing the moisture content in cured
leaves. The results of these investiga-
tiens will be discussed in another
paper.

Summary

The near-infrared (NIR) trans-
nmittance spectra of flue cured to-
bacco (Nicotiana tabacum 1.) in
various physical states have been
obtained. The spectra have been dis-
cusged with reference to meisture
content, leaf thickness, brown pig-
mentation, and certain dynamic spec-
tral characteristics. Apparent absorp-
tion caused by light scattering was
found to be a function of leaf thick-
ness. Brown pigmentation influenced
the NIR spectra only in the short
wavelength region from 0.6 to 1.3 u.
The primary difference between
cured and yellowed tobacco was the
intengity of the water absorption
bands, with the yellowed leaf ex-
hibiting the strongest band due to
its higher moisture level. In addition
to strong water absorption bands,
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Figure 5. Spectral response of tobacco during the yellowing phase of curing (yellowing time
per curve was: curve (-0 hrs, 2-15 hrs, 3-23 hrs, 4-40 hrs, and 5-5% hrs).
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Figure 4. Spectral charactaristics of tobacco undergoing maisture desarption {curves (-6 plotted
at 45-minute desorption intervals; curves 7 and 8 plotted after guick drying at 250° F for 15

and 30 minutes respactively).

the spectra of green leaves have a
chlorophyll absorption band at .675
1. The time dependent behavior of
the spectra during curing was dis-
cussed with reference to developing
analytical instruments for monitor-
ing certain optical attributes of the
leaf.
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