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The evaluation of many bioclogical
products depends primarily on their
physical attributes. Tobacco, a classi-
cal example, has long been evaluated
by such sensory characteristics as
color, body, and texture, In recent
vears, however, tobacco authorities
have seen the inadeguacies of grad-
ing tobacco by a set of techniques
based on fallible human opinion.

That instrumentation is needed in
this area is further manifested by
the fact that certain of the higher
vielding, newer varieties appear ac-
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Figure 1.
spectra of intact tobacco samples.
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ceptable when purchased but are
later found to be deficient. Jones,
et al. (1960), attribute this to the
complexily of the germ plasm in the
newer varieties being developed by
tobacco breeding programs. If is ap-
parent, therefore, that subjective
methods are no longer capable of
defining trade preferences.

Some concentrated efforts have
been extended to the study of chemi-
cal aspects of the cured leaf with
the intent to determine in a relative
way the quality - of tobacco. The
technique involves the guantitative
determination of certain chemical
constituents in the leaf such as nico-
tine, mnornicotine, reducing sugars,
nitrogen, etc. Today this method is
used extensively throughout the to-
bacco industry. However, it has the
disadvantage of slowness, is very

The spectrofluorometer used o measure the fluoreseenca
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tedious, needs trained persommei s
_make the evaluation, requires elaho:
rate laboratory facilities, and i
necessarily a destructive procegg:
that is, the leaf must first be grousg
into a fine aggregate and then g
solved in proper chemicals in order
to determine the levels of the chenii
cal components of interest.
The development of simple, rapid,
reliable, and nondestructive metheds
for assaying leaf quality woi
greatly benefit the tobacco industi
For example, such methods wou
offer the possibility of measuring {
intrinsic quality of tobacco leave
harvested in the field at the so-called
mature state. Furthermore, with
careful instrumentation nondestru
tive analyses of leaf characferisti
related to guality could conceival
be determined at any stage
growth or of the curing cperatio
Fluorescence analysis has sh
great promise in investigation
biclogical interest (Duggan ¢t
1957). With improvements in/1
strumentation and an increast
knowledge of errors in measurem
(Hercules, 1957; Parker and Bar
1957; Sprince and Rowley, 19
fluorescence analysis has bec
even more adaptable as an analyt
tool. Spectrofluorometric analys:s
long been used to determine: .t
fluorescence spectra of phosphe!
(Plymale, 1947; Studer, 1948; K
et al., 1951). Many of the cempold
in tobacco leaves are each characte
ized by a particular - fluoresce
spectrum when exposed " to
violet radiation (Duggan ¢
1957). Earlier investigations:
hansen, 1953; Kiser, 1957; an
Clure, 1958) have shown tha
bacco leaves do have"jd?’ﬁm;
fluorescent properties. TheY:.-"fc.':
that the bottom side of ‘a'l7af
resces niore than the oD 5‘_m.1
fluorescence is p-ropol“@qﬂ_al-
treme levels of fertili:_z’at_w
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ies. of tobacco tissue up to
int-however, have been con-
: “the visual observation
reseence or with the measure-
_ ‘3 - representative portion
he fluorescent light emitted
m tobacco leaves. The present
dy:was: undertaken to determine
.comparative spectrofluoromet-
‘characteristics of intact tobacco.

erimental

trumentation. The spectrofluoro-
ter used to determine the fluor-
ence ‘spectra of the tobacco leaf
amples is shown in Figure 1. The
fimary :.components are numbered
n-the fipure as follows: (1) an ad-
ustable span recorder was used to
ecord the signal from the photo-
neter; (2) a specially designed
hotometer was used to measure the
w intensity fluorescence; (3) a
ypchronaus. motor was adapted to
I'ive the wavelength drum of the
eckman DU Monoehromator (4);
5) a high pressure mercury arc
mp was employed as the exciting
ource; (6) a black box was designed
hold the samples as well as facili-
te mounting of the photomultiplier
tetector.
~The signal from the photometer
Was fed into a Minneapolis-Honey-
well adjustable span recorder (0-1
v to 0-50 mv with a 50 mv supply).
A Special gear train provided a
_Chart speed of 12 in/min. An opera-
'-'?lon,al pen assembly was adapted to
Indicate wave length on the strip
hart every 25 mu from 400 to 600
MU, Tt was actuated electrically by a
Mierogwitch and cam assembly in

¢ wavelength drive of the mono-
thromator,

A Beckman DU monochromator
Was used to scan the fluorescenece
Spectra., A black box was designed

* BLACK BOX

Figure 3.

and positioned over the entrance
glit of the monochromator. The
samples were placed inside the box
at a 45° angle to the face of the
entrance slit, Since the sample was
positioned very near the entrance

slit enough light entered the slit,

withont the aid of extra optics other
than a silvered light reflector tube
(see Figure 2).

Figure 2 shows the arrangement
of the spectrofluorometer. The light
source used to excite fluorescence
in the tobacco samples was a GE
3-4 high pressure mereury-arc lamp.
This lamp was filtered with a Photo-
volt ¥g-1 primary filter to give a
gpectrum of ultraviolet light peak-
ing at 360 mu and having lower and
upper cut-off points at 310 mu and
390 mu respectively. However, due
to the characteristics of the 360 mu
mercury line of the high pressure
mercury are, the radiation on each
side of this line from 310 mu to
350 mu and from 370 mu and 390
mu was extremely small compared
to the total over the whole range
(less than 109). Hence, the light
striking the sample was esgentially
monochromatic at 360 mu.

By the nature of the fluorescence
process, most of the fluorescent
energy varied in intensity at wave-
lengths greater than 400 mu. This
total spectrum of energy was trans-
mitted through the monochromator
where it was dispersed by a quartz
prism. A synchronous mofor was
used to drive the wavelength drum of
the monochromator in such a man-
ner as to scan the spectrum from 400
to 600 mu,

The photometer was designed to
measure light flux levels as low as
3.0 x 10—% microlumen (McClure,
1957). An RCA 1P21 photomultiplier
tube was employed as the detecting
unit because of its high amplification
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Electronic circuitry in the spectrofluorometer.

factor and geometry. The circuit in-
corporating this photomultiplier tube
is shown in Figure 3. The photo-
multiplier tube was operated at es-
gentially constant anode eurrent. As
the fluorescence energy increased the
anode current increased with a si-
multaneous increase in the IR drop
across the anode resistor R,. This in-
crease in IR, drop caused the acceler-
ating voltage across the photomulti-
plier tube to decrease by increasing
the voltage drop across the triode.
This triode control permitted maxi-
mum sensitivity at low light levels,
and also prevented phototube damage
at high light levels. The response of
the system was approximately loga-
rithmic over the entire range of
accelerating voltages from 975 to
200 volts. However, since the accel-
erating voltage varied only from 975
to 900 volts for no light to maximum
light conditions vrespectively, the
change of voltage can be considered
linear with respect to light intensity.
The spectrofluorometer was al-
lowed to warm up for 24 hours prior
to all measurements to assure maxi-
mum stability of all circuit compo-
nents. The monochromator slit width
was .2 mm for the turgid material
and .16 mm for the desiccated and
cured samples. This adjustment was
made to offset the increase in fluores-
cence in the desiceated and cured
tissue. .
Measurements were made as fol-
lows. With no sample in the black
box and wavelength set at 395 mu,
the recorder and photometer were
zeroed. The recorder was then
brought to zerc after each sample
was placed in the box for testing.
After each twenty samples were run,
a spectrum was plotted from a fluo-
rescent glass standard fo check in-
strument response. The instrument
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Figure 4. Relative fluorescence spectra of intact fobacco [Hicks:

cured, desiccated, and turgid leaves).

was adjusted against the gtandard
to compensate for zero drift in the
DC amplifier. Since adjustments
were made on zero and span of the
instrument, there was no need for
adjustment of phototube sensitivity.

Methods., Tobacco leaves tested
were from the fourth and fifth gen-
erations of varieties as grown for
curability stndies at the Oxford Ex-
periment Station, Oxford, North
Carolina (MeClure and Weldon,
1959). Three varieties were tested:
Hicks Broadleaf (referred to as
Hicks hereafter), Coker 139 (C 189),
and Dixie Bright 101 Cherry Red
(101 CR).

In 1955 studies were begun on
these and eleven advanced breeding
lines to determine genetic influence
on curability. At the end of the first
growing season the individual plants
(50 per variety) were reassembled
for grading purposes. From these
plants the five “best” and the five
“poorest” plants were chosen on the
basis of how they had cured. Choices
were made by three qualified tobacco
men on the basis of color, body, and
texture within a particular variety.
The five best plants were designated
as A and the five poorest plants were
B. In subsequent years the A, ... A,,
and B, . . . B, selections were gener-
ated from the five best and five poor-
est plants of A and B respectively. It
was apparent from the three indices,
color, body, and texture, thaf this
procedure had produced best {A) se-
lections that were different from the
poor (B) selections. The difference
between these two selections was
greater in 101 CR than in Hicks and
C 139. For example, 101 CR-A, was

323 330 400

Figure 5,

void of almost all traces of cherry
red color while 101 CR-B, was ex-
tremely red in appearance. For the
other varieties the B selection gen-
erally possessed a greater amount
of “toady” tobacco than the A selec-
tion. Furthermore, it was presumed
that selection A was generally supe-
rior to selection B.

For this spectrofluorometric ex-
periment on intact leaf samples, the
three variefies were planted and
grown by conventional cultural prac-
tices. They were grown in two repli-
cations of more than 50 plants per
variety. At maturity fifty normal-
appearing plants were tagged,
twenty-five frem each replication,
Only ten of these plants were chosen
at random for testing purposes when
harvesting began.

Three different leaf conditions
were tested; namely, turgid, desic-
cated, and cured conditions. All sam-
ples were dises two inches in diame-
ter and were taken from between the
fourth and fifth lateral veins. A tur-
gid sample was taken from one side
of a representative mature leaf at
each of the five harvest stages. After
measurements were made on the tur-
gid samples they were quick-dried
{desiccated) in an oven at 160° F
for 24 hours. The samples were then
removed and allowed to come to
moisture equilibrium at 70° F and
70% R.H. (the ambient conditions
for all measurements). The cured
samples were taken from the same
relative position but on the opposgite
side of the test leaves after being
subjected to the conventional flue-
curing process.

The torgid leaf samples were
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Relative fluorescence specira of intact tobaccs
139: cured, desiccated, and turgid leaves).
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brought from the field in a high hy
midity chamber to preserve, as mue
as possible, the turgidity of the lea;
material. The desiceated and cure
samples were allowed to reach mois
ture equilibrium at ambient cond
tions (70° F and 70% R.H.) befor
their fluorescence spectra were n
corded. However, preliminary inves
tigations showed that ambient air:
changes of 10-20% R.H. had very
little influence on the fluorescence of
the leaf material. :
In all, there were three varieties:
tested, an A and B selection for each::
variety, ten plants in each selection
and five primings. This gave a fofal:
of 300 samples of intact leaves fo be:
subjected to spectrofluorometric anal
ysis. All measurements were mad
on the bottom side of the leaf sant
ples to reduce the effect foreign ma:
terial deposits (deposits which were
noted on the top of the leaves). -

Experimental Results

Fluorescence Spectra of Bright
Leaf Tobaceo, Figures 4, 5 and 6
illustrate the spectral respomse ¢f
intact bright-leaf tobacco to ulir2
violet light. The gpectral distribu:
tions are representative of all the
samples tested. It was found that E}H
fluorescent curves were similar 1M
shape but varied in height or 1
tensity. The curves are relative; tha::t
is, the ordinate values are not abs¢:
lute fluorometric units. Howevel
since leaf differences were of PIU
mary consideration a relative incic:
tion was sufficient. Therefore, oné
curve may be compared to another
and different points on the samé
curve may be compared.
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Figures 4, 5 and 6 indicate two
sminent-peaks in the fluorescence
ectra of intact bright-leaf tobacco.
e cured leaf had a major emission
ak at 525 mu with a minor peak
/480 'mu. This relationship held
e for all cured leaves fested. The
gid leaf, on the other hand, had
major emission at 465 mu. The

- the desiccated material, the

rominent band occurred at 430 mu
nd the minor band at 525 mu.
“The experimental evidence shows
wo distinet phenomena. First, it is
woted that the prominent peak of the
esiccated leaf had shifted toward
onger wavelengths as compared to
that of the turgid leaf. This shift
“could be due to the change din the
_bend relationship between chloroplast
‘pigments and other components of
he chloroplasts (Thomas, et al.,
3956, Second, the fluorescence spec-
-tra show that during the curing cyele
4 chemical or physical change takes
‘Place which causes the major and
Juiner peaks of the turgid leaves to
switch. This is, the 465 mu peak be-
tomes less prominent while the 525
MU peak increases to a maximum as
the turgid leaf is cured. This change
S marked due to the fact that the
-325. mu peak increases much more
rapidly than the 465 mu peak.

Maturity Determination of Turgid
Legues from Fluorescence spectra.
Measurements were also made to
Getermine whether fluorescence is a
function of maturity. Tests were
made on immature samples taken
from leaves which were almost fully
®xpanded but definitely immature,

o023 %50

.“R.é!é?rh;..a flucrescence spectra of intact fobacco {Dixie o Lo
CRiicured, desiccated, and turgid leaves}. 400 - Py

Figure 7.

mature samples taken from leaves
having an “optimum’” amount of
yellow-green color, and overmature
samples taken from leaves having a
very yellow but sound bedy.

Figare 7 shows the spectral dis-
tribution for the three maturity
levels of Hicks (139, and 101 CR
follow the same pattern). The fluo-
rescence peak which showed the
greatest difference between maturity
levels cccurred at 465 mu for all
varieties (the major fluorescence
emission band of turgid leaves). This
fluorescence-maturity relationship
existed for all croppings in all varie-
ties. Since these determinations were
made on gross maturity differences,
there remains a need for quantitative
verification.

Determination of Leaf Differences.
Fach leaf condition {turgid, desic-
caled, and cured) was treated sepa-
rately for determining leaf differ-
ences. Differences between varieties,
selections, and croppings were of
primary consideration.

A complete fluorescence spectrum,
from 400 mu to 60¢ mu, was plotted
automatically for each sample. Ex-
amination of the spectra indicated

Varisly » HICKS
Siit Width=22mm
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Fluorescence-maturity relationship of Hicks,

that the slope of the distribution in
the blue-violet region was the best
indication of leaf differences, The dif-
ference between twe predetermined
points on the relative fluorescence
curves (Af) was taken as the sta-
tistic for analyzing leaf differences
because this number was propor-
fiomal to the slope. For the turgid
samples, the statistic was the differ-
ence between the intensity at 465 mu
and at 420 mu. The Af of the cured
and desiccated tissue was the differ-
ence between the intensities at 450
mu and 400 mu,

Table 1 gives the mean Af values
for the three varieties tested. The
differences between varieties were
significant at the 0.01 confidence
level for all three sample conditions.
Note that Hicks and C 139 had aAf
values which were inereasingly larger
for the turgid, desiccated, and cured
leaves respectively, On the other
hand, 101 CR switched for the cured
leaf; that is, the cured leaf had a
lower AT value than the desiccated
leaf for this variety. The average AT
value for 101 CR-A was 40.8 and for
101 CR-B was 26.6 giving the aver-
age 33.7 shown in Table 1. Hence,

Table 1.
Variety Turgid*
Hicks 24.2
Coker 139 28.0
DB 101 17.1

i Fach entry is swean of 100 obsevvations.

* Differences significant at 0,01 confidence level,

Af Values® for Varieties

Desiccated*® Cured*
36.7 47.0
55.8 77.9
35.0 33.7

(Tobacco Science 18)



Table 2. Af Values for Varieties and Selections®
within a Variety
Yariety Turgid Desiceated Cured
A B A B A B
Hicks 23.8 248 29.8 48.5 46.4 47.6
C 139 24.3 218 48.4 63.2 V.8 78.1
101 CR 15.4 18.8 301 40.0 40.8 26.6
Selection
Average 211 25.1%* 3a.l 48.0% 4.9 B{.gR™*
T Bach selection entry within a varfety &5 fhe mean of 39 chiervadions.
* Diferences sgnificont of 0.07 corfidence level befeon selection averages.
=2 Diffevances sighifizant ab 0.08 confidence level between seleeMon overages.
*82 InFerences sipuificent at 814 confidence lavel between selection guerages,
Table 3. Af Yalues* for Croppings
Cropping
Number Turgid* Desiceated*® Cured*
1 27.9 40.6 46.2
2 191 26.8 70,9
3 21.1 58.2 G2.7
4 285 43.% 50.7
a 18.7 43.0 RN
i Eack entry 45 mean of 55 ebservcitiony,
* Differpnces significent af 0,01 confidence level

the switch was primarily due to the
predominance of cherry red color in
101 CR-B. I s noted also that C 139
had a2 af value higher than Hicks
and 101 CR. Hicks had a af walue
higher than 101 CR, hoewever, the
average difference between these two
{7.4) was not ps preat as the aver-
age difference between C 139 and
Hicks {17.9).

Table 2 is a hreakdown of the Af
values within each variety. Differ-
ences between selections were signifi-
cant, at the 0.05 level for the turgid
and desiccated gamples and at the
0.10 Jevel Tor the cured samples. In
general, it was noted that the A se-
lection had a Af value lower than the
B selection. The one exception was
101 CR cured where the B selection
had the lower AT, The largest signifi-
cant. difference oceurred in the desic-
cated material,

Table 3 gives the Af values for all
five croppings from lugs Lo the tips.
The highest Af values occurred in the
third priming for the desiccated and
cured samples but in the fourth Tor
the turgid material, In the cured
and desiccated leaf textures there is
4 drop in fuoregecence Trom the first
to the second priming while the
cured samples demonstrate an in-
creasa, There iz some support for the
thought that this occurs due to the
large amount of foraign material
present on the leaf surface of the
bottom leaves, Tf this fersign ma-

terial fluoreseed it could cause the
high readings for the first priming
of desiccated and turgid leaves. On
the other hand, since the cured sam-
ples had been handled numerous
times most of the foreign material
dropped off,

Summary of Findings and Conclusions

- The fluorescence spectra of hright-

jeaf tobaceo have very definitive
characteristics. The cured feaf had a
prominent fluorescence peak at 528
mii, The turpid and desiceated leaves
had major and miner fluorescence
peaks at 465 mu and 480 mu regpec-
tively. The AT values increased for
the turgid, desiccated, and cured
leaves in this sequence.

Measurements made on the im-
mature, mature, and overmature
leaves show definite differences in AT
values, The Af values increased as
the tobaceco leaves became more
mature,

The three varieties fested show
definite differences. 101 CR, Hicks,
and C 139 had higher AT values re-
speclively. The cured samples gave
the best index of variety differences.

There welt {wo very encouraging
differences in this experiment. First,
C 139, a discount variety, stoml out
from the other varieties according
to the At values. This variety had the
highest average AL value of all three,
Secand, the B selection of all three
varieties {with the one exception of

{Tobaceo Science 14)

101 CR-B-cured) had a highgr
valie than did aelection A
seemnd to indicate that tobaceo g7 |
“quality” has a high af vale; 4,
is, a low Af value is desirable ip
ture tohacco.

It must be pointed out, howey
thai the evidence presented hare5:
not conclusive by any means, Fypes :
studies are being made of the ffu
rescence excitation spectra of
fntact leaf. Intensive considerstiy
areg being given ito the Huoresesn
specire, and fluorescence exeityg,
spectra of the major individua) 1.3¢
corapounds in their pure atate, The
studiez will permit qualificatioy,
the optimum absorption band of §
tobaceo Jeaf. Other studies, syel:
spectrophetometric analysis in ¢
ultravialet, visihle, and infrared, of
fer promising results in evalugtin
noen-destuctively, tebacco leaf ppg
erties related to quality, Henee, t
final objective assay of leaf gulj
may depend on a combination i
measurements, of which spectrefluras
metric analysis could be one. -
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