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SUMMARY

This publicstion consists of the chemical analysis of representative U.8.
grades of Flue-cured tobaceo, the chemical methods used for the analysis of
the tobacco, and comments in some instances on the relationship of the
chemical analysis to grade characteristics,

The sampies used for analysis were taken from the 1952 and 1954 crops.
Total monthly rainfall data for the 1952 and 1954 growing seasons for the
area in which the tobacco was grown are tabulated and graphicalty shown.
The difference in rainfall distribution for the two crops, as well as the differ-
ence in amount of rainfall, is evident as an influence in the composition of
the tobaceo in some of the constituents determined.

Chesmical analysis of the two crops was accomplished through the coopera-
tion of our collaborators, who are listed and are shown with the method each
used for the determination. Data tables on each of the chemical constituents
give comparisons in content for the respective crop years. The tables give
also the averages for the different groups of grades, the yearly average, high,
low, ratio of high to low, standard deviation, and coefficient of variation for
each crop.

A correlation study shows some of the most significant components as
related to physical characteristics to be alpha-amino nitrogen, proteins, total
reducing sugars, total volatile bases, and nicotine. In the same study some
of the components found to be relatively less significant to physical char-
acteristics are pectic acid and pectates, waxes, lignin, petroleum ether extract,
and alkalinity of ash. Some other constituents found to be of doubtful varia-
tion in content according to grade are starch, sulfur, methoxyl in lignin,
total volatile acids, and formic acid.

The meisture content at equilibricm under different conditions of relative
humidity for this series of grades are tabulated and are also shown
graphically.
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‘the CHEMICAL COMPOSITION of
REPRESENTATIVE GRADES of the 1952
and 1954 CROPS of FLUE-CURED TOBACCO
including chemical methods

Aubyrey M. Bacot, Standards Branch, Tebacco Division, Agricuitural Marketing Service.

INTRODUCTION

The purpose in. undertaking chemical analysis of representative grades of
Flue-cured tobacco was to determine more closely the differences among the
grades from the standpoint of grading practices, to determine the relationship
of chemical compesition to physical characteristics, and to indicate possible
modifications of the U.S. grade specifications.

Twenty-four representative grades of Flue-cured tobacco, grown in the Old
and Middie Belts of Virginia and North Carolina, were selected for analysis
from each of the 1952 and 1954 crops. The samples of each crop were ob-
tained from the sales floors of 26 tobacco markets representating a cross
section of the Flue.cured tobacco area.

One of the most important factors in this study is the care and judgment
used in the selection of samples. The classification of the samples according
to the grade specifications of the T1.S. Department of Agriculture represents
the combined opinion of several experienced judges of tobacco.

Due mostly to weather conditions, all of the grades selected for apalysis
were not equally available in both crop years. For this reason, U.S. grades
C2F and B2F are not represented in the 1952 crop but are represented in the
1954 crop, and grades B2R and B6S are not represented in the 1954 crop
but are represented in the 1952 crop. Since these grades are not included
in both crops, the results of the chemical analysis of these grades are not
used in celculating group averages or yearly averages for either crop.

Each data table gives the amount of the chemical component in each grade
analyzed for each of the two crops, and also shows the difference between the
two crops. Averages for each of the groups are also given. Accompanying
each table is & summary giving the high, low, range, average, ratio of high
to low, standard deviation, and coefficient of variation for each crop. This
provides an outline of the limits and variations in content of the component.
(The number of the analytical method by which the data were determined
appears at the head of each data table.)

1
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Moisture and sand are variable ingredients of tobaeco as it is grown and
marketed. Tobacco is variable in moisture content because its hygroscopic
nature responds to changes in relative humidity, It is variable in sand due
to cultivation practices, handling, and rainfall. Moisture and sand are not
considered constituent parts of the tobacco plant for the purpose of judging
the chemical composition, and for this reason, the chemical components
are reported on & moisture-free and sand-free hasis. (The term “moisture-
#ree and sand-free” is abbreviated as “M-§5:F”.)

A brief on the U.S. system of grading Flue-cured tobacco is appended for
the information of those unfamiliar with the grades. The X group con-
sists of tobacco from the lower part of the plant, Above the X group, the
C group is next in order, then the H or the B group, depending upon the ripe-
ness of the tobacco. The B group becomes H-group tobacco if allowed to
attain a sufficient degree of ripeness on the stalk before hervesting.

The two Nondescript grades, N1L and N1D, are composed of leaves which
do not meet the minimum specifications of any other group. The N1L grade
is placed in the tables before the X group because it is composed of tobacco
from the lower part of the stalk. The NID group is placed after the B group
because it is composed of tobacco from the upper part of the stalk. Since
each Nondescript grade is treated as a group in this case, neither is used in
calculating any group average, but both are included in calculating the
respective crop averages. In chemieal composition, the Nondescript grades
indicate in general the trend of some constituents in the tebacco plant and
show the effect of the comparatively high proportion of waste which is
characteristic of the Nondescript grades.

The chemical analysis of these two crops of Flue-cured tohaceo is a con-
tinuation of the collaborative work initiated with the anzlysis of the 1951
and 1952 crops of Burley tobacco. Results of the previous collaborative
study were reported by Phillips and Bacot {22) 3

The analyses and determinations for both studies were made by a group of
collaborators from the tobacco industry, colleges, agricultural experiment
stations, and the U.S. Department of Agriculture. The determinations were
in some cases exploratory since it was not known in the beginning which
might prove to be the most useful to those interested in the cultivation gnd
technology of tobacco.

A list of the collahorating laboratories follows:

American Samatra Tobsces Corp,
The American Tobacco Co.

Brown & Willismson Tobacco Corp.
General Cigar Co,, Inc?

* Italic numbers in parenthesss refer to Literature Cited, p. 124.
*The name of the General Cigar Co., Inc. was inadvertently omiited from the list of
the collaborators in a similar bulletin published on Busley tobacco {22,
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The Imperial Tobaceo Co., Ltd.

Liggett & Myers Tobaceco Co.

P. Lorillard Co., Inc.

Piiilip Moris Inc.

North Carolina State College

The Pennsylvania State Pniversity

R. J. Reynolds Tobacco Co.

U.5. Department of Agriculture, ARS, Eastern Utilization Research and Develop-
ment Division

U.S. Department of Agriculture, ARS, Crops Research Division, Tobacco and
Sugar Crops Research Branch

United States Tobacco Co.

SAMPLE PREPARATION

Samples were collected from 26 auction markets and sent to Washington,
D.C., to be appraised by several judges of tobacco for conformity to grade
specifications. These samples were sorted and any leaves not conforming
to grade specifications were discarded. At this point in sample preparation,
collaborating members of the tobacco trade were invited to review the
samples and were asked for their evaluation, suggestions, and comments

After the leaves were allowed to dry sufficiently at room temperature, the
web portion was stripped from the midrib by hand and granulated by rub-
bing through a 1-inch-square mesh wire screen. Only the web portior: was
used for analysis. The granulated web was sieved in a 1.mm. square mesh
wire rotary sieve to remove excess sand. Then it was placed in paper bags
and allowed to dry further at room temperature until the moisture content
reached approximately 5 percent in order to minimize the likelihood of
chemical change during the time necessary to complete the series of analyses.

The samples were passed several times through a Jones riffle sampler until
they were thoroughly mixed, after which they were ground in a Wiley mill
fitted with a standard 1-mm. sieve. ‘Then they were blended in a tumbler-
type diamond-shaped mixer and transferred to screw-top glass bottles to
preserve them for chemical analysis.

RAINFALL DATA

Areas frora which the 1952 and 1954 Flue-cured samples were collected
had considerable differences in total rainfall between the time the seedlings
were transplanted in the field and the time the tobacco was harvested. Rain-
£all data are limited to the reporis of the 13 weather bureau stations nearest
the auction markets from which the samples were obtained, and are given
only for the months during which the plants were set, cultivated, and har-
vested. The data for the iwo growing seasons were taken from the Clima-
tological Data of the U.S. Department of Commerce Weather Bureau (25, 26,
27,28) and are as follows:
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Average rainfall Departure from
normal
Month

1952 1954 1952 1054

Inches fnches Inches Inches
May 4. R7 5. 64 —0.03 0. 93
June . ____ 3. 29 3. 85 -~1. 75 -, 92
Jayo . B. 52 4. 43 —. 34 —1.27
Avgust.___._______ .. ______ 8. 10 3.7 | 3. 34 —2.06
Beptember_____ . _____________ 7. 85 1.24 .35 -2, 16
Total. e oo 29. 63 18, 90 1. 57 —5.47

A study was made at the Oxford, N.C., Experiment Station in 1936 by
Darkis et al. (14). This study showed the variations in several chemical
components under known conditions of fertilization and rainfall and demon-
strated the influence of rainfall difference on the quantity and character of
Fine-cured tobacco.

Our collaborative results parallel the findings of the Darkis investigation
for the 11 chemical components common to both analyses. The present
study, however, covers some 50 additiona! determinations on commercially

MONTHLY RAINFALL

1952 Hl 1954
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grown Flue-cured tobacco, and it covers a wider and more diversified area of
cultivation. Most of the determinations made in this study revealed that the
content of the various components differed between the two crops. In some
instances, quite a marked difference is shown.

In the Darkis study the whole leaf was used for analysis, while in the
analyses reported here only the portion of the leaf exclusive of the midrib was
used. A further difference between the two studies is in the criteria used in
grading the tobacco analyzed. In the Darkis publication the range of stalk
position was graded into eight divisions according to the harvesting or
priming of the tobacco. For this series of anelyses, the tobacco was graded
into the 24 applicable U.S. standard grades.

DISCUSSION OF RESULTS
Total Ash

The most noticeable varistion in total ash content (table 51, p- 67) was
found in group comparison. The comparison showed a decrease in the
amount of ash from the lowest part of the plant to the top. Calcium (tables
7, 8, and 9, pp. 22, 23, and 24} constituted slightly more than 20 percent
of the total ash and followed a trend similar to that of total ash. Potas-
sium {tables 39 and 40, pp. 55 and 56) compared generally with calciumn: in
distribution.

Copper (table 15, p. 30) was limited in quantity and was localized mainly
in the top leaves, In grades of the same group and quality, it was con-
sistently higher in the darker colored leaves.

The amount of manganese {tables 22 and 23, pp. 37 and 38} increased
with the darkness of color in the same group and quality, but magnesium
(table 21, p. 36}, except for being slightly higher in content in the X jzroup,
appeared to be evenly distributed through the rest of the grades.

The excessive amount of aluminum (table 5, p. 20} in the X group prob-
ably was due to the nearness of this group to the soil where the leaves were
most exposed to soil particles disturbed by cultivatior rain, and wind.
These leaves received less direct rainfall since they were protected from it by
the higher leaves. The X group of leaves consistently contained consider-
ably more sand than the leaves of higher statk positions, also because of the
proximity of this group to the soil.

Water-soluble and water-insoluble ash and the respective alkalinities of
water-soluble and water-insoluble ash (tables 62, 61, 3, and 2, pp. 78, 77, 18,
and 17) did not appear to vary significantly between grades.

Cellulose, Crude Fiber, Lignin, and Methoxyl in Lignin

The determination of cellulose, erude fiber, and lignin were empirical.
Determination of the methoxyl group in lignin was made on the assumption
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that it might provide an indication of grade distinction. The methoxy-group
content of lignin (table 24, p. 39) was apparently different in the various
tobacco groups but was not significantly different for grades that are sub-
divisions of the groups. Lignin {table 20, p. 35) did not appear to vary
with differences in grade.

Cellulose and crude fiber are closely related determinations showing the
distribution of the structural material of the leaves of the plant. In the 1952
orop, which was produced during a comparatively wet season, the cellulose
content (table 11, p. 26} was consistently higher than the crude fiber (table
16, p. 31); but in the 1954 crop, which was produced during a dry season,

the cellulose content was consistently lower than the crude fiber.

Pectic Substances and Pentosans

The range of protopectin content {table 42, p. 58) was greater in the 1954
crop than in the 1952 crop, and the variation in the amount between grades
aiso was greater in the 1954 crop. A progressive increase in the amount of
protopectin from the X group to the H group was evident in a group com-
parison. The B group was lower in protopectin content than the H group,

As the plant matures, the protopectin decreases and the pectic acid and
pectates increase. This transition can be observed by noting the varia-
tion in the amount .of pectic acid and pectates (table 32, p. 48) in a com-
parison of the X group with the B group. In this compariscn, the most
mature group (the X group} contained the greatest amount of pectic acid
and pectates, and the most immature group {the B group) contained the
least amount. This trend was more evident in the 1954 crop than in the
1952 crop.

There does not appear to be sufficient difference in the data on pentesans
{table 33, p. 49} to make a significant grade distinction.

Total Reducing Sugars, Sucrose, Starch, and Polyphenols

The determination of total reducing sugars is one of the measures of grade
appraisal most helpful to the tobacco technologist. The table of data on
this determination {table 56, p. 72) shows consistent variations in content
according to group and quality. In the same group and quality, guantity of
sugar also varies consistently with color, the lighter colored grades almost
invariably containing & somewhat higher amount of sugar.

The 1954 crop had a consistently higher sucrose content (table 47, p. 68)
than the 1952 crop when corresponding groups were compared. The second
quality of both erops was generally higher in sucrose than the corresponding
fourth guality in the same group. The L grades were usually higher than
the F grades in the same group and quality. The starch content (table 46, p-
62} from a grade standpoint did not appear to be significant.
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The data on polyphenols (table 38, p. 54) did not show a significant rela-
tionship to grades. The reference to polyphenols is mentioned in this car.
bohydrate discussion becavse polyphenol data are calculated from data on
the determinations of total reducing substances and total reducing sugars.

Total Nitrogen, Protein Nitrogen, Water-Soluble Nitrogen,
Nitrogenous Fractions, and Alpha Amino Nitrogen

Differences in total nitrogen content in the 1952 and 1954 tobaccos of
corresponding grades from the upper stalk position again demonstrated the
gecond growth effect due to the later rainfall in the crop year (I14). The
upper stalk position grades of the 1952 crop were consistently lower in total
nitrogen content than the corresponding grades of the 1954 crop. As shown
in the tabulation of rainfail data (p. &), the greatest amount of rain during
the two growing seasons {ell In the months of August and September of 1952.

The total nitrogen content (table 54, p. 70} was greatest in the darker
colored grades of the same group and quality in both tobacco erops.

Protein nitrogen and water-soluble nitrogen content {tables 41 and 63, pp.
57 and 79} was not significantly different among the grades,

The nitrogenous fractions (tables 28 and 29, pp. 44 and 45} were deter-
mined on two grades, N1L and B4R, of the two crops. These two grades
represent the approximate extremes of chemical composition for most of the
gther constituents determined. The definitions and methods of determina-
tion of the various nitrogenous fractions are described by Frenkenburg and
others {I5}, but they are too lengthy to be included in this bulletin.

The amount of aipha amino nitrogen (table 4, p. 19} was higher in the
lower quality grades when grades of the same group and color in each of the
two crops were compered. The 1954 crop, whieh received the lesser amount
of rainfall, was consistently higher in alpha amino nitrogen than the 1652
crop in comparisons of the same grades,

Nicotine, Total Alkaloids (as Nicotine), and Total Volatile
Bases (as Ammonia)

Content of nicotine, total alkaloids, and total volatile bases (tables 26, 27,
50, and 58, pp. 42, 43, 66, and 74) paralleled one another very closely in
the variations with grade and, therefore, are discussed collectively. The 1654
crop consistently contained more of these components than the 1952 crop in
grade comparisons.

The darker colored grades contained more of these constituents than the
Lighter colored grades of the same group and quality. Comparing the sec-
ond and fourth gqualities, with color acting as a constant factor, in almost
all the groups the fourth quality contained = larger amount of these con-
stituents than the second quelity.
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Plastid Pigments
Total Chlorophyll, Chlorophyll {a), and Chlorophyli (b}

From the top stalk position to the bottom stalk position, there is a general
decrease in the amount of tota! chlorophyll in leaves of the plant. A similar
conclusion was published by Weybrew (30). The total chlorophyll content
{table 53, p. 69) of the Fiue-cured grades from these comparative stalk posi-
tions differs further according to variations in color and quality.

The total chlorophyll content was generzlly higher in the darker colored
grades of the same group and quality above the C Group in stalk position.
In grades of the same group and color, the lower quality grades were con-
sistently higher in total chlorophyll content than the higher quality grades,

The 1954 crop, which was produced during a comparatively dry season,
had a consistently higher total chlorophyll content than the 1952 crop.

The ratio of chlorophyll (a) {iable 13, p. 28) to total chlorophyll varied
from approximately 0.7 to almost L0 in the series of samples analyzed.
The distribution of chlorophyll (¢} paralleled the distribution of total
chlorophyll in the plant.

The chlorophyll {b} determination (table 14, p. 29} is less useful for
grade differentiation than either the total chlorophyll or chlorophyll ()
values. This chlorophyll {b) determination is probably sufficient to account
for the difference between the total chlorophyll and chlorophyll (@) within
experimental error.

Total Carotencid, Carotene, and Xanthophyll

Comparisons of the difference in amount of total carotenoid (table 52, p.
63} between grades showed that the amount was greater in the darker colored
grades of the same group and quality.

In the same group and color, the total carotenoid content was generally
greater in the fourth quality thar in the second quality. The total content
was also greater in the sixth quality than in the fourth quality, except for the
B group, in which it was greater in the fourth quality than in the sixth quality
in the F, R, and S colors.

The greatest variation in total carotenoid content was that displayed in
comparisons of the 1954 and 1952 crops. The comparative amount was
indicated by the ratio of the content of total carotenoid for the respective
group averages of these two crops. The ratios of the 1954 amount to the
1952 amount for the groups were: X group, 2.3; C group, 2.7; H group, 2.5;
and B group, 2.6. Therefore, the amount of total carotenoid in Fiue-cured
tobacco was in inverse proportion to the amount of rainfall during the crop
year, the 1954 crop year being relatively dry as compared with the 1952
¢rop year.

The difference in the amount of carotene and xanthophyll {tables 10 and
65, pp. 25 and 81} between grades was less significant than the total
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carotenoid content, However, the proportion of carotene to xanthophyll for
each of the two crops was consistently different on a group comparison basis.
The ratios of carotene to xanthophyll in the 1952 crop in the X, C, H, and
B groups were respectively: 1.86, 1.73, 1.30, and 1.70. The ratios in the
1954 crop for the same groups were respectively: 0.96, 0.88, 0.90, and 0.98.
Thus, the ameunt of rainfall apparently influenced not only the total
carotenoid content but also the proportion of carctene to xanthophyll in
Flue-cured tobacco.

Aleohol, Hot-water, and Petroleum Fther Extracts, Waxes,
and Resins and Waxes

The purpose of using the 95 percent alcohol extraction was to determine
whether this procedare would be a more direct method of ascertaining grade
differences than some of the more involved procedures, or to what extent it
conld serve this purpose.

In both crops, grades of the same group and color showed a greater con-
tent of alcohol extract {table 1, p. 16) in the secand quality than in the fourth
quality, and a greater content in the fourth quality than in the sixth quality.
In grades of the same group and quality, almost without exception, the L-
colored grades had a higher content of alcohol extract than the F-colored
grades, and the F-colored grades had more than the comparable R-colored
grades.

The hot-water extraction was a preliminary step or procedure in the de-
termination of tannin. The object of tabulating the data separately was to
determine whether or not this procedure had any advantages over the 95
percent alcohol extraction for the determination of grade differences. Com-
parison of the two extraction procedures showed that, although the amount
of hot-water extract {table 18, p. 33) was consistently higher in a grade
comparison, each of the two determinations showed the same grade differ-
ences and was of practically equal value for this purpose.

The comparatively dry 1954 crop year produced tobacco which consistently
had more petroleum ether extract than the 1952 crop. However, the differ-
ence in the content of this constituent between grades did not appear to
show a significant relationship to grade in either crop.

The amount of both petroleum ether extract and waxes (tables 34 and 64,
pp- 50 and 80) tends to decrease from the grades in the lower stalk position
to the grades in the upper stalk position. Neither the content of waxes nor
the amount of petroleum ether extract varied significantly with differences in
grade characteristics.

The anaiytical procedure used for the determination of resins and waxes
gives the total amount of both these constituents, whereas the petroleum
ether extract and the waxes are reperted separately. As in the case of
petroleum ether extract and waxes, the amount of resins and waxes (table 43,
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p- 59) was higher in the 1954 crop than in the 1952 crop. Also, no signié-
cant relationship to grade was apparent.

Tannin and Nontannin

The tannin content (table 49, p. 65) of the 1954 crop was only slightly
higher than that of the 1952 crop. However, the content of the 1954 crop
was somewhat more evenly distributed through the range of grades. The
majority of comparisons In the same group and quality revealed that the
darker colored grades contained more tannin than the lighter colored grades.

Grades of the same group end color had a nontannin content (table 30,
p- 46) which was higher in the second quality than in the fourth quality, and
higher in the fourth quality than in the sixth quality. In grades of the same
group and quality, the lemon-colored grades were higher in nontannin con-
tent than the orange-colored grades, the orange-colored grades were higher
than the red-colored grades, and the red-colored grades were higher than
the mahogany grades.

pH

The hydrogen ion concentration (table 35, p. 51) in the overall range of
grades increased gradually from the X group through the B group, with con-
siderable variation between some grades within the same group, The varia-
tion of pH with quality in the same group and color was, for the majority
of comparisons, probably not sufficiently consistent to establish a definite
grade relationship, However, in the same group and guality, for both
crops, the hydrogen jon concentration usually increased with an increase in
the darkness of the color. The only exceptions were the B4L, B4l, B4R,
and B4S grades of the 1952 crap.

Water-soluble Aecids

The amount of water-soluble acids (table 60, p- 76) increased gradually
from grades in the lower stalk position to grades in the higher stalk position,
The relative amount of these components switched from a predominance in
the lower stalk grades of the 1952 crop to a predominance in the upper stalk
-grades of the 1954 crop.

The water-soluble acids content followed the same relationship to grade
as the hydrogen ion concentration with respect to color. As a rule, the
darker the color, the greater the quantity of these acids.

Uronie Acids (as Anhydrides)

Uronic acids content (table 59, P- 75} was, in most instances, in inverse
propoziion to quality. Eighty percent or more of the comparisons of quali-
ties in the same group and color showed that the urcnic scids content was
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greater in the fourth quality than in the second quality, and greater in the
sixth quality thar in the fourth quality.

The relationship of uronic acids content to color showed the most con-
sistency in the B group of grades in which uronic acids were proportional to
the darkness of color in the grades of the sane quality.

Moisture Eguilibrium

The variations in moisture content under different conditions of reiative
humidity were studied (table 25, p. 40 and figures 2, 3, 4, and 5). The
greatest differences in moisture content ameng the grades were found among
the different conditions of relative humidity.

Some differences in moisture content were consistent with differences in
grade, When diflerences in moisture content were compared with differ-
ences in quality, in grades of the same group and color, the second quality
was found to contain more moisture than the fourth quality in 28 of the 40
comparable instances, or 70 percent. The fourth quality was found to con-
tain more moisture than the sixth quality in 27 of the 32 comparable in-
stances, or 84 percent. These comparisons of differences in guality include
both crop years under all four conditions of relative humidity.

In the same group and quality of both crops, the L-colored grades were
more hygroscopic than the corresponding F-colored grades in seven of the
eight comparisons. The F-colored grades were likewise more hygroscopic
than the corresponding R-colored grades in the same group and quality in six
of the eight comparisons.

Differences between the two crops in the same group and in grades of the
same quality and color, showed the 1954 crop to be consistent!y more hygro-
scopic than the 1952 crop, except in the B group. The B6F and B6R grades
in the 1952 crop showed considerably higher moisture content than the same
grades in the 1954 crop. This difference in hygroscopic property coincided
with the late rainfall difference {August and September of the two crop
years as shown under Rainfall Data, p. 3), and was evidently an effect of
the rainfall difference.

Insignificant Components

From a grade differentiation standpoint, some of the components which
were determined in this series of analyses proved to be more significant than
others. Those which appear to show a comparatively insignificant relation-
ship to grade are: Boron (table 6, p. 24, chlorine (table 12, p. 27), formic
acid (table 17, p. 32), iron (table 19, p. 34), nornicoline (table 31, p. 47),
phesphorus (tables 36 and 37, pp. 52 and 53), sodium (tables 44 and 45,
pp. 60 and 61}, sulfur (table 48, p. 64), and tota! volatile acids (table 57,
p. 73). The data on these components, as on the test of the components,
are shown alphabetically. -

558471—60——2
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DETERMINATIONS AND DATA
Table 1.—Alcohol Extract (Method 1)

[AH results caleulated on a moisture-free and sand-free basis}

Group

U.8.
grade

Percent

1052 crop

1454 crop

Difference
between
1952 and
1854

Average

Emoking Leaf

Average

Nondeseript

1. 62

55. 68
49, 93
£6. 20

b6, 04

39. 52

1852 orop

1954 crop

61, 62
38 91
271
53, 51
1 b8
B. &
4,61

62. 39
37, 20
25. 10
53. 59
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Table 2.—Alkalinity of Water-Insoluble Ash (Method 32)
[Alkalinity in ml. of N/10 HC) per gram of moisture-free and esnd-free tobacco]

17

‘Milliliters

U.8
grade

Difference
between
1952 pnd
1954

= ta | oo ||

Average

Bmoking Leaf . oo -

e | o | Smmmtn oo | o] = | DS -

AvVOrage. oo oo

Nondeseript

High/low ratio. .
Coofficient of variation (percent)
Standard deviation__ __ .- e mmmm———m——m—m e

e e D
PSRN PR
o = O O e b
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Table 3.—Alkalinity of Water-Soluble Ash (Method 32)

TAlkalinity in ml. of N/10 ECl per geam of moisture-free and aand-free tobreco]

Milliliters
U.8.
Group grade Difference
1952 1054 between
erop crop 1862 and
1954
Nondeseript__________ ... . __ NiL 2.5 1.6 0.8
Lues. ... memem X2L 7 1.4 .7
X2F 1.2 1.5 .3
XN4L 2.3 1.3 1.0
X4 2.2 1.6 .6
Averago_ ______ . . .. __{ooo____._. 1.6 1.4 .2
Cutters__ ____ . _ C2L .8 1.8 1.2
C2F | ______ b I 3N I
CdL 1.7 1.3 .4
C4F 1.2 1.4 .2
Average. . o oanonos oo 1.2 15 .3
Bmoking Teaf_ ______ . ___._.___ H2L 3.0 1.8 1.2
H4L 2.5 1.7 .8
H4F .7 1.7 10
H4R 31 1.3 1.8
HEF 4.3 1.4 29
HGR 4 4 1.3 3.1
Average_ ______________ | _________ 3.0 1.5 15
Teal e BT, 2.4 1.3 1.1
B2ZF | L8 [
B2R A N (P P
BA4L 2.2 1.3 .9
BAF 1.9 L2 .7
B4R 12 1.¢ .2
B4S 1.0 LO |
B6F 1.4 .8 .6
BSR 14 .8 .6
B6S )¢ 2 U S
Average. ..o oo 1.6 1.1 .5
Nondeseript___ ... N1D 1.1 .7 .4
Anaslysis of data 1852 orop 1954 crop
171 S 44 1.8
oW e .6 .7
Range e 3.8 1.1
Avernge_ . . _ L 2.0 1.3
High/low ratio___________ e —————— e 7.3 2.6
Coefficient of variation {porcent) ... .. __________ 55. 0 23.1
Btandard deviatien_. . __. . ______________________ L1 .3

. LI
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Table 4.—Alpha Amino Nitrogen (Method 2)

[ANl resulte caloulated on n moisturesfree and sand-free basis]

U.8.
grade

Percent

1952 crop | 1954 crop

Difference

hetween

1952 and
1864

Nondesoripb._ oo o oo

Average

Cutters

Avernge

Bmoking Leal

0 012

. 066
. 007
037
. 042

1952 crop

0. 331
. 096
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‘Table S.——Aluminum (Method 28)

{All-results caleuisted -on & meisture-free and sand-free bagis]

Group

T.8. grade

Parts per million

1952 erop | 1954 otup

Difference
between
1852 and

1964

Average

Bmoking Leaf

AVEEBEe. . oo ____

XNondescript..

>1,071

996
>1, 015
S1 050
S1) 068

1,032

1952 erop

>1,071
197

>1,090
343

718

251

2> Amount present is greater than amount shown; andiyais exceeded the calibra-

‘tion range.
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“Table 6.—Boron {Method 28)

[All results caloulated ow a moisture:free -and sand-free basdis]

Parts per million

1952 crop

1954 crop

Difference
hetween
1952 and

1954

Average

Smoking Leaf

AVETBES .. - e m
‘Mondesoripd

oflw| wacs |l &

B =t

|-

e

—
| e | D OCIbd W

: .4

'nghflow ratio

‘Coefficient of wariation (percent)..
Btandard deviation_ .. oo caacan—--
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Table 7—Calcium (Method 3)

Al resuits caleulated on a moisture-free and sand.free bagis)

Group

U.8.
grade

Percent

1952 erop

1854 crop

Difference

tween
1952 and
1954

Average
Smokiog Yeaf ___________. ——_———

Average

‘Nondeseript

210

1. 89

2 79

1952 erop

1954 crop

BZO ..

Highflow ratio
Coefficient of variation (percent)
Standard deviation
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Table 8.—Calcium (Method 4)

FAIl remilts calculated on a moisture-iree and sand-free basis)

U.s.
grude

Percent

1952 crop .1954 crap

Differenece
between
1952 and

1954

Average

Cutters

Average

Smoking Leal

Average. - oo

Average

Nondeseript

0. 48

0| i e | oo | woer

Bl o= | PR NN

1952 crop

1954 erop

Average._ . ..-- tmmmm o —————
‘Highflow ratio. - - —ocorono--
Coeflicient of variation (percent)
Standard deviation

CWHWDWE=Y

-t
. PP

Of o G2 02 e TR QD

=3




24 ‘TECHNICAL BULLETIN 1225, U.S. DEFT. OF AGRICULTURE

Table 9.—Calcinm (Method 5)

[AlL results calculsted on a moisture-free and sand-free basis]

Group

U.s.
grade

FPereent

1954 crop

Difference
between
1952 and

1954

Nondeseript

H

1,82

. 64
.70
. 88
. 88

.78

2 53

2. 40

3. 52

Analysis of data

1952 erop

RSP

by OO Gad
-
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Table 10.~Carotene (Method 22)

Al results calculnted on a moisture-free ontt aand-free basis)

U.8.

Micrograms per gram

1952 crop | 1954 crop

Difference

between

1952 end
1954

Average
Nondescript

1952 crop
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Table 11.—Cellulose (Method 6)

ALl resuits valculated on o moisture-free and sand-free basis]

Percent

.8,
Group grade Difference
1952 erop 1’1954 crop | hetween
1952 and
1954

1. 16

L 45
1. 65
1.61
2. 12

Average
Bmoking Leaf
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Table 12.—Chlorine (Method 7)

[All resuits caleulnted on a moisture-free and sand-{ree basis]

U.S.
grade

Percent

1952 crop

1954 crop

Difference
between
1952 and

1954

Nondeseript

Averape
Bmoking Leaf

Average

J Y S

Neondegeripb_._. -~ i mmmm—e——

0. 28

. 34
.28
.25

Analysis of data

High

Low

Range., .

Average

High/iow ratio

Cocflicient of varintion {percent}
Standard deviation

553471—60—-38
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Table 13.—ChlorophyH (a) (Method 22)

[All results ealeulsted on a moisture-free nud sand-free basis]

Migrograms per grun

U.8. grade Differonce

1952 cron | 1954 crop [ bubween

1932 and
1654

NLL

N2l
X2F
Nitl,
AR

Average

Bmoking Lenf

Average

Nondeseript

1954 crop
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Table 14.—Chlorophyll (b) (Method 22)

[All resuits calouinied on @ mioisture-free and sand-free basis)

Micrograms per gram

Difference

1952 erop § 1954 crop { between

1952 und
1454

ot
e

Nondeseripb..___ e mm——

Latgs. oam e m e

Average

L0 IR I = R

Cublers ., e

Average

Smoking Leaf

Average

Nondescript

1952 crop 1954 crap

18

B
10
Average 13
Highflow ratic X
Coeflisient of varistion {percent} 20,
Standard doviation '
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Table 15.—Copyer (Method 28)

[All results calculsted on a moisture-free and arnd-free basis]

Parts per million

1852 crop

1954 erap

Differance

bubwoen

1952 and

1954

Average

Bmoking Teaf_________..._ a———

Average_ ..

Average_ .. __.________

Nondeseript,

N1L

X2L
X2F
X4l
Xd4TF

-

=]

wlo|nagale
[+ e [ R T

@) Obtain || on

ek
Foa O || o | pogo

Tt ek 3
BHOMOO | | 20wt | ik || &

Collo]| o || @ | wrmS ] O o | o

Higli /low ratio
Coeflicient of varittion (pereent)
Standaerd devintion

[

O = T2
o B = R g B
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Table 16.—Crude Fiber (Method 8)

1A1l results caleniated on a moigture-free and sand-free basia)

Percent

1952 erop | 1954 orop

Difference
between
1952 and
1954

Noudesoript. - —cocoeeeea
Lugs e

Avernge_ ..o

Cutters

Avernge

Bmoking Leaf

Average
Teof o oo

Average

Nondeseript

1.26

.16

8. 32

19562 crop

Standard deviation_ __ - _-coon-

R =

< ]

=N e L=t Rl ]
[ S W -
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Table 17.«—Formic Acid (Method 9)

TAll results caloulated on & moisture-free and sand-frec brajg)

Group

U8,
groade

Pereent

1952 crap

1954 crop

Difference
belween
1652 and

1954

Average

Cutters

Average

Smoking Lenf_

G. 002

. 409
. 007
. 025
. 087
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Table 18.—Hot-Water Extract (Method 10)

[All resulés ealeuinied on a moisture-free and sund-free basis]

U.B.
grode

Percout

1952 crop { 1854 crop

Piference

between

1952 and
10564

Average

Cutlers

Averuge

Smoking Lenf

Avernge

Wondeseript

1952 crep

14654 erop

Average

Highfiow ratio

Cosflivient of variafion {percent}
Stantard deviation

62, 69
47. 01
15. 88
56, 40
1.34
6.3
3. 55

64 98
43. 96
21 02
55. 38
i 48
B &
4. 74
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‘Table 19.—Iron (Method 28)
TAN results caloulated on n moisture-free and sand-free basis]
Parts per million
Group U.S. grade Differenca
1862 crop | 1954 orop | between
1952 and
1954
Nondeseript_______ ... _____.__ NiL 595 | 1,013 418
Tugs_ ___.._ ——amm—— e X2L 453 491 38
Xep 464 630 166
X4L 508 635 126
X4F 569 818 246
Avernge . .o - 459 643 144
Catters. ... ——emenm——— C2L 141 245 104-
C2F | ____ 248 5 .
C4L 195 402 207
C4F 287 418 131
Average_ ... .| ____.. 208 355 147
Bmoking Leaf_ oo .. H2L 170 231 61
H4L 276 251 25
H4F i 261 285 24
H4R 216 248 3z
HbF 208 357 149
H6R 247 344 97
AvVernge. e ——- 230 286 56
Yool oo B2L 132 153 21
B2F . 189 | .
B2R 185 e oo
B4L 146 166 200
B4F 190 197
B4R 153 239 86
B48 136 264 128
B§F im 258 87
B6R 160 255 95
B6S 191 | e
Average_ ____. ____.. U 158 219 61
Nondesoript._____ .. NI1D 260 335 75
Areglyais of dats 1952 crop 1954 ¢rop
High . e 505 >1,013
LW e 132 153
Range. DL 463 860
Average .. 271 374
Highflow ratio _ .. 4. 5 8.6
Coeflicient of variation (pereent). . .. __________ 53.1 32 4
Btandard deviation . _________ . ________ " 144 121

>Aﬁ30unt present is grenter thac amount shown;
‘bration range.

analysis exceeded the eali-
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Table 20.—Lignin (Method 11)

[All reaulis ealoulated on an ash-free and crude-protein-free basia]

U.B.
grade

Percent

1652 crop | 1854 crop

Difference
between
1952 and

1954

Bmoking Teaf o meaern ———

2 54

1,86

3. 50

1962 crop

1954 erop

AVErEO. oo e mrrmmm—mmmmae
Highflow ratic <
Coefficient of variation (percent)
Biandard devintion

W

S

2N 60 = o it
& -3 e R OO

.

—

3. 19
1. 40
1.79
2 14
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Table 21.-—Magnesium (Method 5)

[All resuits edleulated on o moisture-free and sand-free basis)]

TECHNICAL BULLETIN 1225, U.S. DEPT, .OF AGRICULTURE

Percent
' 11.8.

Group grade Difference

1952 crop | 1954 crop | between

1952 and

1054

Noodeseript. . .. _______ NiL G. 745 0. 558 0. 187
Tugs el X2L . 519 .- 358 . 161
Xar . 550 . 303 . 166
X4, . 607 . 4G7 . 140
X4ar . 806 . 471 . 035
Avernge  __ . ____________|_______.___ . 548 . 422 . 126
Cuatders_.__ . __________.__ C2L . 368 . 317 . 051
ey 329 | ___.
4L . 348 . 336 . 007
C4F 436 . 331 . 105
Average. .. ___ oo _______ . 382 . 328 . 054
Smoking Leaf. .. ___________._ HaL L41G 333 086
H4lL, 426 346 080
H4P . 468 327 141
4R 163 330 133
H6F 442 353 . 089
H6R . 436 . 420 016
Averape_ _._____________|._._______ . 442 352 . 090
Leaf, o o ___ B2, . 345 . 288 . 057
B2}y L _ 205 | ___.__.
B2R 426 || .
B4l 277 305 . 028
B4 354 286 . 068
B4R, . 382 . 346 . 036
B4S . 405 . 336 . 06O
B . 336 . 329 . 007
BGLR 419 . o874 . 045
B6S CABS .
Average. o ___ .. __ ... ___. . 360 . 323 -037
Nondeseript. .. _._.__._____ N1D . 532 - 411 .121

Analysis of data 1952 crop 1954 crop
High 0. 745 0. 558
Low._ . L 297 . 286
Range . ___.__ e e e . 468 . 272
Averago. . . . . 445 . 364
Highflow ratio. _ . __ ... __ 2. 69 1. 95

Coeflicient of variation (pereent) . ._____._ _______ R34 18. 1
Standard deviation. . _________._______ . 104 . 066

b
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Table 22.—Manganese (Method 12)

{All results calenlated on & moisture-free and sand-free basis]

Percant

Dilference

1052 erop i 1954 crop | bebween

1852 and
14954

0 012

. 002
- 016
. Qo

Average

Cutters.

Aversps

Smoking Leal

Average

Nondeseript

1952 crop 1554 erop

0. 058 0. G70
. 018
Range ) X 040
Average . 035
Highllow ratio 3.22
Cocfficient of variation {percent) 28. 6
Standard deviation . 010
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Table 23.—Manganese (Method 28)

[All resuilts caleulated on o woisture-free and sand-iree basis]

Parts per million
Group U.8. grade Difference
1952 crop | 1954 crop { between
1952 and
1954
Nondescript . cce oo N1L____. 466 559 93
Logs oo S X2L 344 260 84
X2F 457 288 169
X4L 408 280 119
X4F 469 362 107
Average_ o liaemian 420 300 120
Cutters..___________________.. C2L 257 196 61
C2F | 283 oo
C4L 249 255 6
C4F 429 273 156
Average_ ____ | 312 241 71
Bmoking Teaf . o ___ H2L 252 237 15
H4L 399 319 80
H4F 328 351 23
H4R 207 304 97
H&F 386 337 49
H&6R 389 372 17
Avernge_ _ ______________|.aa_.____ az7 320 7
Yoeaf _ B2L 182 145 37
B2F | _____ 3 % N
B2R 340 | e
B4L 219 188 31
B4F 286 261 25
B4R 334 32¢ 5
B4S 311 369 68
BR6F 281 289 8
BGR 306 345 4l
BGB b1t T: N N N
Average_ _______________|. e 287 275 12
Nondesoripb oco oo caeeeaeo e N1D 383 538 155
Analysis of data 1952 erop 1954 crop
3 173 1 S 469 559
Low, . . e 182 145
Range e m 287 414
Average_ .. ... e e 338 312
Highjiow ratio_ . e 2,6 3.9
Coeflicient of variation {pereent) . . . _______ 251 30. 4
Standard deviation . . oo ios 85 95




.CHEMICAL COMPOSITION OF FLUE-CURED TOBACCO

Table 24.—~Methoxyl in Lignin (Methed 13)

[AL results caleulated on an ash-free and crude-protein-free basis)

u.s.
grade

Percent:

1952 erop | 1854 crop

Difference

between }

1952 and
1954

131

. 38

4. 27

4. 65

1952 crop

High/low ratio
Coeflicient of variation (percent)
Standard deviation

! Insufficient sample.




Table 25.—-Moisture Equilibrium (Method 15)

U.s. gradq

40 percent relative
humidity

60 percent relative
humidity

70 percent relative
humidity

80 pereent relative
humidity

1952 crop | 1934 crop

1952-crop | 1954 crop

1952 crop | 1954 crop

1952 erop

1954 crép

Average
Cutters

Average

Smoking Leaf

Average

Perc%né Percent

Percent Percent
. 0

Percent Percent
12.

Percent
15. 1

Percent
6
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Table 26.—Nicotine (Method 16)

[All reaults caloulated on a moisture-free and sand-free basis)

U.8.
grade

Percent,

1952 crop

1954 crop

Dijfference
bhetween
1952 and

1954

‘Nondedoript

Average
Leaf .

1952 erop

1954 crop

0
5
4
6
0

3.

18
2.0
2.4
2.1
0. 3

2
. 50
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CHEMICAL COMPOSITION OF FLUE-CURED TOBACCO

Table 27.—Niectine (Method 31)

[Al results caleulated on o moisture-free and sand-free basis]

Percent

T.8. grade Difference:

1952 crop | 1954 crop | between

1952 and
1954

AVerage- oo

Cutters

Average. - veoa o

Smoking Leafl . __ oo

peonore !l v [ rorarore o | serosore f 0

Average_ . _____.

Nondeseript 3 4, 78

1952 crop 1954 crop

4.24 6, 16
1. 98 .
2, 26
2. 66
Highfiow ratic 2. 14
Coefficient of varintion {percent)__ _ 18. 8
Btondard deviation . 60

6034T1—60—4
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Table 28.—Nitrogen and Nitrogenous Fractions *
U.S. GRADE NilL®

Poreent

Witrogenous conslibuonis Difference
1954 Debween
Crog 1952 and
1854

Total nitrogen 2331 0. 144
Insoluble nitrogen .12 . 070
Soluble nitrogen 1. 448 017

Identified niirogen subfraclions:
Ammonin N (reference notation A) . 058 . 004
Glutomine smmide N (reference notation B, . 056 . 004
Asparagine amide N {reference notations B

antd sl) . 137 L0
Nieotine N (reference notation (). 153 087
Alpha minino W (reference uctation P) . 159 .G13
Seeondary alkmloid N {reference notelion

Kb, . 034 .014

044 L 004
. 841 . 060

Unidentified nitrogen sublrpetions:
Acid precipitate N (reference nolation 1) _ . . . 048 . 041
Decomnposition NH; N (reference notation

M . 021 016
Volatile base I {reference noinlion (O { .08 . D18

Magnesium oxide N (reference nobation 1)___ L3117 .18

Bilicobungstic eeid N (reference notulion I . 140 0L

Devarda mud N (reference natakion €) . 039 .04

Rest N (reference notation 1) . . D18

Total unidentified ¥ . . . 00

Total of all subfractions___._______._____ . . D54

Other determinations:
Van Slyke N obirined nfter 6N hydrolysis.__§ . . 302 . 052
Soluble solids X 50. L4

. 37 .03

t The methods used in determining the above data are deseribed by Franken-
burg, Gobtscho, Kissinger, and olhers {15).

’%I‘hc data shown on this page were based upon the {ollowing drying method:
The powdered sumple wag spread in & layer 2 to 4 mm. thick and dried for i hour
at 68° C. in n forced-draf oven.

3 Nepative.
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Table 29.—Nitrogen and Nitrogenous Fractions *
U.S. GRADE B4R?

Perecut
Nitrogenous constituents DijMerence
1952 1954 bobwean
crop crop 1932 and
195k
Tolal ntrogen o oo oo 2. 557 2, 077 0. 420
Insolable Mbroge M e g e r e m et e . 737 . Bl4 077
Soluble Milrogeil . c oo e eea e e 1, 781 2, 144 . 363
Tdentified nitrogen subfractions:
Ammonia N {reference notation Adoo oo . . 025 , 10 .15
Cliutamine nmide N {reforanee notation By .. . Dl L0487 .04
Asparagine siwide I (reference solations 1
gl DY e ————— . 085 . 106 . 021
Nicoting N {referonve nolation Gooo oeooo L5801 . 855 . 264
Alpha nmino N {reference nolatien Py .. . 119 e . QUS
Sevondary asiknloin N {referenve notilion
[ ) J . e mm e mm e m——— . 032 . Qa6 L 024
Nitrate N {reference notation O)cceeaa——. .- . 002 . 003 .01
Totel identified X oo 018 1. 2384 . 319
T nidentified nitrogen subiruclions:
Acid preeipitate N (reference notolion I o i . DBS . 008
Decomposition X1z X (refercnee nobalion
T T , 0569 L Q07 . 052
Volutile base ¥ {referonce notalion Go ... Q! (©] nonc
Magnesium oxide N_{reference notation I..p . 101 S 202 . 011
Silicotungstic acid ¥ (reference notation K)_[ . 225 . 257 . 032
Devardn mud X {refereuce nolution Q). . 038 L 094 L 0ld
Mest N (reference notation Plo. oo oo . 317 . 304 .013
Total vnidentified N _ e 907 . 8§70 . 028
Total of o suiraclions o cee e 1. 822 2,113 , 201
Other determinations:
Van Slyke N obtained after 6N hydrolysis._.} . 380 . 380 - 006
Soluble soltlg . o e GO 8§ 62. 6 4, 2
pTL of agueous exbracb_ ..o 5. 02 5. 08 . 0G

' The methods nsed in determining the above data nre deseribed by Franken-
burg. Gottscho, Kissinger, and cbhers (15).

5 The dita shown on this page were based npon the following drving method
The powdered snnple was sprendt in alayer 2 to 4 mnw thick and dried for 24 hour
nt 68° C. in a forced-dralt oven.

3 Negntive,
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Table 30.—Nontannin (Method 30)

[AIl results caleulated on & moisture-free and sand-free basis.]

U.8.

Group grade Difference

1852 crop between

1852 and

1054
Nondeseript oo oo Ni1L 43. 88 0

Luga e XL 55, 41 2. 57
X2r 54. 46 lLos
X4L 80, 75 1. 89
X4F 48. 71 1. 90
Average. oo |eemmeo 62 33 1. 86-
Cubters ___ . _ U2L 54. 05 .01
C2F  eeeo| 5944 | ____. .
C4L 57. 76 i
C4T 56. 87 .32
Avernge_ | b7, 89 .34
Smeoking Leaf . ________ H2T, 57. 02 1 55
H4L 54. 99 . 16
H4F 53. 56 .10
H4iR 5115 3. 56
H6F 49. 07 3. 40
HR 45. 66 2. 58
Average. oo 51. 81 1. 84
Leaf .. B2L 59. 58 2.7
B2F .. 5995 | ________

R2R 54, 08 |oooi oo
B4L 868. 13 2,15

B4F 56. 08 1L71
B4R 56. 06 6. 97
B43 51. 48 L 96
B&T 55. 87 8. 05

BHR 48. 8% 3. 09

BoS 80.23 |\ |l ..
Avernge_ _____ . _{ ___.____. 35. 30 2. 67
Nendeseripbo oo NI1D 43. 80 4, RY

Analysis of data 1952 erop 1954 crop

High_ e 2. 30
LW e 349. 08
Range L 23. 22
Average e 51, 96
Highflow ratio______ . ____ . . ___ 1 59

Coeflicient of variation {pereent)_ . ______________ 7. 10. 2
Standurd deviation. __ .. ______________________. 3. 5. 30




-CHEMICAL COMPOSITION OF FLUE-CURED TOBACCO

Table 31.—Nornicotine (Method 31)

1Al results ealculated on a moisture-free nnd sand-free basis]

Percent

.8,
gride Diffcrence
1052 crop | 1964 crop | between
1952 and
1954

Avernge

SBmoking Leal - eaoo ————

Avernge

Noundeseript

1952 orop

0. 23
.07
. lg

L1 —— e e —mmmmmmmmam——mmmm————mmm .1

High/low ratio 3.3

Coefficient of variation (pereent). o -emvom-- ———— 385

Standard deviation. - - e —— mmmm—————m—— .05
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“Table 32.~Pectic Acid and Pectates .(Method 17)

[All results galculated on o moisture-free and sand-free busis]

Group

Percent

1952 crop

1854 grop

Difleronce
between
1952 and

1954

Avernge

Cutters

Average

Smoking Leaf

Avernge

Nondeseript

1o oo | ereerons || m

e oz || e

(X

IS IEIE P

s
t

L

834 oo

PIRIEE = RN B

1

o

1954 erop

09
H6
23
43
20
8

1

EICIEICI

—




CHEMICAL COMPOSITION OF FLUE-CURED TOBACCO

‘Table 33.~Pentosans {Method 18)

[All results ealeuinted on a moisture-ire and sand-free Dasis)

.5
grade

Percent

1952 crop

Difference

18564 erop | belween

1952 and
1954

Average

Cutters

Average

Smoking Leaf

Average

Nondeseriph

0.7

=Y ECARTICICICY B

e

RO | RPN

= Ll Enladul st atwlnle

1954 crop

=
High/low ratic
Coeflicient of variation (pereent) - .
Standard devintion

2. 45
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Table 34.—Petroleum Ether Extract (Method 19)

[AIL results calculated on a moisture-free and sand-free basis]

Group

Percent

1952 crop

1954 crop

Difference
between
1952 and

1954

Average
‘Bmoking Leaf

Average

WNondeseript

7.85

1952 erop

1954 crop

10. 28
6, 61
3. 67
8. 31
1. 56
8.6

. B0

1123
7.72
3. 51
9. 41
1. 45

10. 6
1L0%




CHEMICAL COMPUSITION OF FLUE-CURED TODACCO

Table 35.—~—pH (Method 20)

U.s.
grade

pH

1952 crop

1954 crop

Difference
between
1952 and

1954

Average

Smoking Leaf

Average

Leaf oooao-—- mmmmm———————

Avernge

Nondescript

0. 09

. 10

4. 87

4 89

5. 07

1952 crop

1954 erop

Range
Average !
Highflow ratio

521
4 73

.48
4 93
3.00

5. 30
4 71

. 89
4. 94
3. 90

1 The pH values were caleulated to grams of Hydrogen ions per liter before

averaging.
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Table 36.~~Phosphorus (Method 21)

[All results cateulated on a moisture-free and sand-free basis]

Percent
.8,

Group grade Difference

1952 crop | 1954 crop | between

1452 and

1054

Nondeseripb.__________________ NIL 0. 184 0. 149 (. 035
Tugs o ___ XaL 148 L1981 O8I
N2k 1450 . 187 . 003
Nad. 193 175 . 018
X477 . 184 148 . 036
Average. - .o e . 190 . 175 L0314
Cubters__________ . ___ C2L . 202 . 186 .10
L65: (N T CIFG |
C4L . 213 . 171 . 042
CdF . 190 161 029
Average. | . . 202 173 . 020
F-ooking Leaf . _______________. 2L . 213 . 180 033
H4lL, 207 . 181 026
Haw 195 . 181 014
H4k . 182 171 [1}3]
HGR 223 , 183 . 040
HGR 234 175 058
Avernge. .| .__._. . 209 178 L 031
Leaf. . 2L . 226 154 . 032
Rey 18 oL
H2R 615 N A AP
B4L N7 189 028
B4F . 202 185 a17
B4R L 201 185 016
B48 . 1490 182 008
B . 233 . 207 026
BsR . 208 . 188 . 020
BGS 2208 e
Average_ ... |eememmnl L2131 . 190 . 021
Nondeseripb__ .. _________.__ NiD . 226 . 189 L0537

Anslysis of data 1352 crop 1954 crop
5§ 0, 234 0. 207
oW . . 182 . 148
Range e . 52 . 059
Average . 205 . 180
Highflow ratio_ __________ - _TTmTTmTmmmTT i. 29 1. 40

Coeflicient of varialion {percent)_ __ .. ______ 7.3 7.2
Standard devirtion__ . ____ ... . 015 . 013




CHEMICAL COMPQSITION OF FLUE-CORED TOBACCO

Table 37.—Phosphorus (Method 5)

[All resuits ealculated on a moisture-iree and sand-frec Dasis]

U.8.
grade

Percent

1952 erop | 1954 crop

Difference
betweon
1952 and

1954

Average
Cutters

Averape. o e

Smoking Leaf

Avernge

Nondeseript

N1iL

X2L
Xy
};‘;: 4
N4F

0. 018

. 006
. 010
. 005

1932 crop

1954 crap

Average

Highflow ratio

Coeflicient of variation (percent}
Standard deviation

0. 223
. 180
053
. 203

1.29

7.9
. 106

0.218
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Table 38.—Polyphenols (Method 34)

[ALl results calculated on a moisture-free and sand-free basis]

U.Ss.
grade

Percent

1252 crop

1954 crop

Difference
between
1952 und

1954

Average

Bmoking Leaf_

Average

Nondescript

1. 14

1.31

LR IS g R

1852 crop

1954 crop

High
Low

Average

High/low ratio e
Coefficient of varintion (pereent).
Btandard deviation_

1
G
5
3
4

3.
L0
1.9
2.1
28
25.1

.62
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Table 39.——Potassium { Method 5)

1All results caleulnted on a moisture-free and sand-free basisl

Percent
U.8.

Group grade Difference

1952 crop | 1854 crop | between

1952 and

1954

Nondeseripte—coecccmamammanee= N1iL 2. 81 2. 42 0, 39
TGS e mmmrmmmmmmmmmmm e xoL 2.27 2. Q0 .27
Xar 2.33 2. 01 .32
N4L 2, 20 2,04 . 16
X4F 2. b4 1L a6 . b8
AVEIAEE oo | 2. 34 2 00 34
OIS o e m e G2L 2. 27 2.18 . 09
C2T7 |eememmme 2.04 oo
C4aL 2. 19 214 .05
Car 2. 42 2. 08 .34
AVETAEZE. oo mcrecmmmmm | = m o 229 213 .16
Smoking Leal cae e eameem - HiL 2. 41 2.18 .23
HA4L 2, 47 2,03 .44
H4F 2. 50 2. 08 .42
H4R 2. 62 1. 97 . G5
oY 2. 43 1. 85 . B8
HOR 2 32 1. 84 . 48
AVETABR . oo o m e m o [ar o oo 3, 46 1. 99 .47
7.0, 1 SRS BaL 2. 07 1. 74 33
1132 T [N— L9G jo oo
R2R F.T A  F
B4L 1. 92 173 19
B4F 2,14 L 76 38
B4R 2. 05 1. 85 . 20
B4S 2.12 2. 00 .03
BeF 1, 07 1. 52 .45
B 1. 83 1. 49 .43
BG5S 212 focnccmmeen e -
AVETAEL o oooomcmmmmmfmemmm o m 2.01 1. 74 27
Wondeseripb. ..ecoemmme e ce o N1D 2. 15 1. 54 61

Annalysis of data 1952 erop 1954 crop
33 111 WSS RES R e 2. 81 2. 42
T OW e o e e e ammmmmmmmm—m—mmammm o 1. 83 1. 44
RaNgE_ccaeemmmm- e mmmem—mmmmmmmm e amm=an .8 .03
AVEIEE e mceemmme e mmmmmm—em o mmm s 2. 27 193
High/low ratio. - oo e —mm i m—— 1. 54 1. 62

Cocflicient of variation (percent) . oo ocaaeovumomm- 10. 1 11. 9
Standard devintion. oo e oo e e .23 .23
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Table 40.-—Potassium (Method 23)

[Al results ealculated on a moisture-frea and sand-f rce basis]

Pereent
u.s.

Group grade Difference

1952 grop | 1954 crop | hebween

1952 and

1954

Nondescripb__._.______________ NIL 3.33 2. 14 1. 19
Tgs oo .. X2L 2. 45 1. 6% .76
xar 247 168 .79
XL 2, 46 1. 78 . 68
NuT? 2, 82 1. 73 1. 09
Avernge______ _________|.________ 2. 55 1.72 . B3
Cubters ... czy, 2. 63 1. 88 .75
C2F e . 1,75 oo __.
CilL 2. 45 1.92 . 63
car 2. 53 1. 82 .71
Average. e __. 2 51 1. 87 .67
Bmoking Leal . _______.____ .. .__ H2T, 267 104 .73
AL 2. 61 175 .86
41 2. 59 1.78 .8t
I4R 277 1. 74 L. 03
HGF 2. 51 1. 81 .90
HGR 2. 50 1. 52 1, 04
Avernge.._.____________l._______ . 2,462 1. 72 .90
Leaf . oo BaL 2, 23 1. 80 .73
B2F . Lad . __
B2R AN ;I R AR
B4L 1. 99 1, 44 .8
B4 213 1. 44 . 6%
B4R 2. 03 1, 52 .51
B43 2.03 1.73 .30
Bi™ 1. 93 1. 29 . b4
BiR 2. 60 1. 20 . 80
BGS 208 ||
Average. ___.____.______{.____.. __. 2. 05 145 . 60
Nondeseripb____.________.____ N1D 2.26 1. 29 .97

Analysis of date 1952 erop 1954 erop
Migh 3. 33 2,14
OW oo e —mme e I, 93 1. 20
Range ... I 1. 40 04
Average_____________._______ ______ _""""t7r 2,43 1. 65
High/fow ratio_____________ T Tmmmmmmmmmmmms 1. 75 1.78

Coeffivient of variation (percent) ______ """ 7.0 12. 1
Standard deviation______________TTTTTTTTTmmm .17 .20




CHEMICAL COMPOSITION OF FLUE-CURED TOBACCO

Table 41.—Protein Nitrogen (Method 24)

1Al results enlewdnled on

& moisture-free and sand-free basis

Group

T.8.
gende

Percent

1952 erop § 1951 erop

DifTerence
between
1052 and

1954

AVerngl. o e oo

Cubters. e -

Avernge

Smoking Leal

AVErAEe . e oo

Aversge

Nondescript

N1

Xatl,
xXar
Xl
NdAF

H4T
IR
HOR

.25

. 06
.03

14952 crop

Range

AVErige e mm e mmmnmmemam——n P . 88

High/iow ratic
CoefBeient of variation (pereent)
Standard doviation

1. 23
. BT
. 56

1. 84

12,5
.11
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Table 42.—Protopectin (Method 17)

[All results calculated on a moisture-free and sand-free basia)

C‘;roup

U.s.
grade

Percent

1952 crop | 1954 crop

Difference
between
1962 nnd

1854

Average

Bmokitg Leal

G. 60

.27
.34
.20

ole| ocon|a

s oo

o 1| meoemam
eollew|oopaafo| onee || o enasl s

Bl e NNGNNaom

1652 crop

1954 ¢rop

. (10
LTT
. 76
. 30
L 1

. 68

9. 40
6. 03
3. 37
7. B2
1. 56
3.0
.98
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Table 43.—Resins and Waxes (Method 25)

[All results caleulated on a moisture-free and sand-free basia]

o9

Percent
U.5.

Group grade Diffetence

1952 crop | 1954 crop | between

1952 and

1954
Nondeseriphoae oo ccc e NiL 10. 33 10. 81 0. 48
Lugs. oo mm e XL 0. 20 9, 43 .23
X2y B. 02 10. 01 1,49
XN4L 8. 40 11. 04 2. 04
X4F 10. 3t 10. 10 .21
Average_ oo |ereee o 9 21 10. 34 .03
Cutlers. . oo iiaaeo C2L 8. 68 8.78 . 10
C2F | 054 | e
CuL 8. 49 9. 56 1. 47
Ci¥ 5.38 9. 84 L 48
Avernge e 8. 52 5. 53 .01
Smoking Leafl . o H2L 8. 60 9. 55 . 86
HAL 1. 62 10, 37 .75
4R 9. 28 10. 68 1, 40
H4ilk 8.25 11. 77 3. 52
H6F 8. 63 12, 21 3. a8
H6R 8.27 12, 88 4. 61
Average. o Jemmmmemaan 8.79 11, 24 2.45
i 77N B2L 8 19 8 97 . 78
B2F e B Y3 [
B2k 1 1 R, [
B4L 8. 28 G, 42 1. 14
B4R 8 064 9 91 127
BAR T. 76 1L 20 3. 44
B4§ 7. 37 11,16 3.79
B&I° 7. 80 1151 3. 71
B6R 849 11, 93 3. 34
Ra8 B 0T | e fem e
Average_ e 8 09 10, 59 2, 50
Nondeseripto oo aan NiD 9 14 12, 43 3.20
Analysis of data 1952 crop 1954 arop

High o e 10. 33 12. 88
oW o e o mi i amm s - 7.37 8. 78
Range . oo 296 4. 10
Average_ oo - b mm—m e mmmmm——— oo 2. 09 10. 64
High/low ratio. oo m e 1. 40 1.47

Coeflicient of variation {pereent) - - .ccooooooo B.2 10. 8
Standarad deviation. .. - N .71 115

563471 —00——5

[y T—
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Table 44.—Sedium (Method 28)

[All results caleulnted on a moisture-free and sand-free basig]

Puris per million
Group .8, grade Difference
1052 erop 1 1934 crop | hetween
1952 and
1954
Nondeseripto oo oo . Wil 304 393 1
Lugs e X2L 314G 208 116
N2p 238 228 GO
N 3649 424 60
X4 333 359 26
Average __ oo 327 205 22
Cubters oo C2L. 28 185 63
C2F | 202 L ______
CAL 240 203 37
Chr 342 199 143
Average .. oo | o 277 106 81
Bmoking Leaf . _________ H2L, 190 188 2
HLL 243 184 59
HAF 195 153 42
H4Rl 1606 127 38
HGF 178 191 13
HGR 187 166 21
Average _ ______ ool 193 168 25
Teaf . B2ZL 140 124 16
B2F 4 __ 1,1 L S
B2R 107 oL
B4L 131 109 22
B4F 137 130 7
B4R 142 107 35
B8 122 129 7
B6F 157 132 25
Lok 130 123 7
13458 128 oo oo
Avernge. oo 137 122 15
Nondeseripbo oo _____ NiD 135 115 [_ 20
Analysis of data 1062 erap 1954 crop
Mgl e e 304 393
L OW o o o e 107 107
Range e 287 286
Average. . L 218 190
Highflow ratio. o .. _ . 3.7 3.7
Ceeflicient of variation (percent) ________________. 26. 6 25 8
Standard devintion________ .. ___________________ o8 41




CHEMICAL COMPIOSITION OF FLUE-CURED TOBACCO

Table 45.—Sodium (Method 27)

[AN resuits caleulated on a moisture-free and sand:free basis)

Vs
gride

Puereent

1652 crop | 1654 erop

Ditference
bhetween
19562 and

1954

Avernge

Cutters

ANOIEe . o oo

Smoking Leal

AVErfEe . o e

Nondescript

G 012

. 018
012
. 004
L8012

0%
. 025

. 023

023

Anglysis of datn

1952 crop

1954 orop

High o oo e e ——— 0. 053
oW L N mmmmmmmmmmmmmmmn . 020

Range
Avernge
High/iow ratio

Coaefficient of variation {pereent) . __ ... memmmm o 27.3

Standard deviation

L{aa
- 033
2. 65

- 009

0. 042
. 016
. 026
-024
2. 62
250
. 606
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Table 46.—Starch (Method 34)

[All results caieulated on a moisture-{ree and sand-free Lasis]

TECHNICAL BULLETIN 1225, 1.8, DEPT. OF AGRICULTURE

Percent
.S,

Group grade Differcnce

LO52 crop | 1954 crop | bebwecn

1052 und

19564
Nondesotipto oo oo N1iL 2. 58 2.12 0. 80
LS e X2L 4 09 5. 82 1. 73
xar 393 5, 37 1. 44
N4L 4. 50 4, 26 76
X4 3. 43 3.97 34
Average_ o feonans 374 4, B0 1. 06
Cutters. . C2L 6, 37 3. 45 2,92
C2F oo 3.4 | .o
C4L 5. 36 3.20 2. 16
C4F 4. 91 3. 36 1. 55
v S K 5. B9 3. 54 2,21
Bmoking Leaf____._. pmmmmmnnnne] H2L a. 93 2.73 1. 20
H41, 3. 61 2. 58 1.03
Har 3.17 232 . 85
H4R 3. 69 2 44 1. 25
HGF 3. 63 2. 66 .07
B6R 4 15 2. 43 1,72
Avernge_ . o mim|cmeoee oo 3. 70 2. 53 1. 17
Tenf__ oo e o B2L 7.83 1. 73 3.10
B2F |- 4,17
B2R 4 37 |acme e oo
B4L 7. 81 4, 10 4. 71
BdF 3. 77 3.07 .70
B4R 4. 78 219 2. 59
B48 4, 47 2,18 2. 29
B6F 6. 17 2. 3. 24
B6R 4, 84 2. 28 2. 56
BGS 439 1o
Averhge | oo 5. 67 3.07 2 60
Mondeseriph. o oo oo | N1D 3. 56 2.10 1. 46
!

Analysis of dnta 1952 crop 1954 crop
Higho e 7. 83 5. 82
Low o e e e 2. 58 2. 10
Range. e 5. 25 3.72
AVOLREe . i e mm— i ————— 4 53 3. 19
Highflow ratio. oo o o oo 3.03 2. 77

Coeflicient of varintion {pereent) . - . oo 28 9 3z.9
Stendard deviation_ _ . e 1. 3b 1. 06




{CHEMICAL «COMPOSITION ‘OF FLUE-CURED TOBACCO

‘Table 47.=-Sucrose (Method 34)

[All results ecaleulated on a moisture-free and sand-free basis]

U.5.
grade

Percent

1952 crop

1954 crop

Difference
between
1952 pr

1954

Average

Smoking Leaf

Average

XNondeseript

RIS

-

fl Rl

. e

g | ©, ooy e

1952 crop

1954 erop

3. 35
0
3. 35
. 96
3.35
98.0
.04
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Table 48.—Sultfur (Method 29)

[AH results caleulated on a moisture-free and sand-free basis)

Percent

U.8.
grade Difference
1952 erap | 1954 erop | between
1952 and
1954

Average

Smoking Leaf

Average

Nondescript

1052 crop

0. 63
.31
Range L32
Average .51
High/low ratio 2.03
Coeflicient of variation (percent) 11. 8
Standard deviation .06




CHEMICAL COMPOSITION OF FLUE-CURED TOBACCO

Table 49.—Tannin (Method 30)

[AN results cniculated on A moisture-free and sand-free basis]

.8.
grade

Pereent

1952 crop

1954 crop

Difference
beltween
1052 and
1954

Average

LT 0 - P

Averuge

Smoking Leal

Average

MNondeseriptace e ormmcm e

TN

prerope i b0 | e ll

=

=

nl il S

19| POPO LD

gr i w

4. 30

Annlysis of data

1952 erop

Range

Average

High/low ratio

Coefticient of variation {percent)
Standard deviation

. 22
. 38
. 84
. 25
. 78
. G

. 06
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Table 50.—~Total Alkaloids (as Nicotine) (Method 31)

[All results caleulated on 8 moisture-free and sand-free basis]

Percent
U.8.

Group gride Diflerence

1952 erop | 1954 crop | between

1952 and

1954

Nondeseripto o oo oo N1L, 2. 86 3.18 0.32
Lugs. e X2L 2. 43 2,61 .18
X2F 2. 89 3. 25 .36
X4L 2. 060 290 .30
X4F 3.07 3. 65 . 58
Average .o |oaoo___. 2. 75 3.10 .35
Cutters. .. o ____. (2L 2. 05 2.35 )]
car .. 303 J. .o
4L 2 24 2 55 .31
C4F 2. 47 2. 81 .34
Average._ ... _____.. U S 2 25 2 57 32
Bmoking Leaf . .. ___...___ a1, 2 50 2. 60 .10
H4L 2. 56 292 .36
H4T 3.03 3. 63 . G0
H4R 3. 20 514 1.93
HeF 278 3. 87 1. 09
HER 2. 55 4.72 2.17
Average_ . ______________| . ._.___. 297 3. 81 1. 04
Leaf ol B2L 2. 37 2. 51 14
B2F | e._. B30T oo
RB2R A A SR FR
B4L 2. 30 2 92 .§2
B4T 2. 85 4. 08 1. 11
B4R 3.90 5. 76 1. 86
B4 4, 26 £ 50 2 24
B6F 2. 43 4. 11 1. 68
BeR 3.18 5. 37 2.19
168 295 | L.
Average________ S 3. 06 4. 46 40
Nondeseripto- oo oo N1D 3.02 510 2. 08

Analysis of data 1952 crop 1954 erop
High oo e 4. 47 6. 50
Low e 205 235
Range. .o .. T 2, 42 4,15
AVEIIEE | | o e 2. 80 3.76
Highflaw rabio . . o . _._. 2. 18 2.77

Coeflicient of variation (percent) .. ______ _______ 18. 2 16. 3
Btandard deviation_ . ___________ ... . ___ . 5l .61




CHEMICAL COMPOSITION OF FLUE-CURED TOBACCO

Table 51.—~Total Ash (Method 32)

[All resuits calcuiated on a moisture-free and sand-free basis]

U8
grade

Percent

1952 erop

1854 crop

Difference
hefween
1952 and

1954

Average

Cutters

Average

Smoking Leaf

Average

Nondescript.

5]

|l D | BD e S

ek oons | ve ] oo || e | eS| e

1952 crop

1984 erop

High{

Coeflicient of variation (percent). . .._...--_
Standard deviation _ _ . oo

-

-
WO NNO oD

WO Y

oy

A
b M

MO CGTD e
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Table 52.—~Total Carotenoid (Method 22)

TAll results enjeuinted on a moisture-free and sand-free hasis)

Micrograms per grivm

1952 crop

1954 erop

Diffgrence
boetween
1952 and
1954

Average

Smoking Leaf

Average

Nondeseript

1952 crop

1554 crop

Average

Highfiow ratio

Coeflicient of variation (pereent)
Standard devintion

148
82
G6

11&

1.8

14 8
17.2




CHEMICAL COMPOSITION OF FLUE-CURED TOBACCO

Table 53.—Total Chlorophyll (Method 22)

[Al resulta ealeulated on a moisture-free and sand-free bnsis}

Miecrogrims per gram

Difference

1652 crop | 1854 crop { belween

1952 and
1554

Averagy

Cutters

Average

Smoking Leaf

Avernge

Nondescript

1952 crop

80
3
49
Avernge 53
Highflow ratio X
Coeflicient of variation {percent) 14.
Standard deviation
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Table 54.—Total Nitrogen (Method 33)

[All resulis caleulated on & moisture-free and sand-free basis}

TECHENICAL BULLETIN 1220, V.5, DEPT. OF AGRICULTURE

Pereent
Us.

Group grade Differenice

1952 crop { 1954 crop | between

| 1052 and

1954
Nondeseriph.o— oo oo ____ NIiL 2.63 2. 58 0. 06
Lugs s X2L 2. 00 1. B8 .12
X2r 2,15 2. 09 . 06
X4L 2. 11 2.13 .02
X4F 2,32 2. 35 .03
Avernge. oo PRSI JU 2. 15 2. 11 .04
Cubters . oo C2L 1. 87 1. 52 05
L 61 N U BT |eooo
C4L 1. 81 1. 81 0

C4F 1. 96 1. 680 .06
Average . eccmeaeoo- i. 81 1. 78 .03
Smoking Leaf _______________. H2L 1. 93 1. 84 . 09
4L 1, 88 2. 05 i
H4F 2. 26 2. 28 .02
H4R 2, 51 3.02 .51
HEGF 2. 60 2. 66 .16
HGR 272 317 . 45
Average__ . |eoooo___ 2,32 2. 50 . i8
Leaf . o ... B2L 1. 75 1. 64 .11
B2y® . 189 Jummaeeo o
B2R p AT ] R
B4L 1. 76 1.93 .17
B4R 2. 10 2. 32 .22
B4R 2. 69 3.17 .48
B4S 3.05 3. 77 .72
BT 2. 14 2. 68 . 54
Bel 2. 67 3. 39 .72
B6S 802 |o oo
Average. ). 2. 31 2. 70 .38
Nondeserips. - oo oL .. NiD 2, 87 3. 87 .70

Analysis of datn 1952 crop 1554 crop
3.08 3.77
167 1. 62
1.38 2,15
2.25 2. 45
1. 83 2,33

Coeflicient of varintion {pereent) . ____._.._._ 16. 4 24 9
Stundard deviation. _ . ... .37 . 61




CHEMICAL COMPOSITION OF FLUE-CUREDR TOBACCO

Table 55.—Total Pectic Substances (Method 17)

[All results esloulated on a moisture-free and sand-free baais]

U8,
grade

Percent.

14562 crop

1054 crop

Difference
batween
1952 and

1654

Averngo

Cutters

Avernge

Smoking Leaf

Average

Nondeseript

o
—

012

.80
. 16
.57

Grple e || o) eome

1952 erop

1954 erop

12,16
813
4. 03
9. 83
1 50
4.5

.93

11. 98
8 31
3. 67
9, 94
1. 44
B. 5

.84
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Table 56.—Total Reducing Sugars (Method 34)

[All resuits caleniated on o moisture-free and sand-free basis]

Percent
U.8.

Group grade DifTerenca

1052 crop | 1954 crop | between

1852 and

1954

Nondeseript. - __________ N1L 4, 69 271 2. 28
g e .l X2L 18. 54 10, 64 1L 10
X2F 18. 11 18. 60 . 49
X4L 13, 11 12,19 .92
XAT 12, 40 12,41 .08
Average__ .. . o |oooo_____ 15. b6 15. 71 .15
Cutters_ .. C3L 25, G0 22. 82 2. 78
C2F | .. 22,08 | oo
41, 24, 40 20. 90 3. 50
C4F 2140 21. 64 .24
Average_ o o |eeoe. 23, 80 21. 79 201
Smoking Teaf_ ________________ H2L, 20, 59 20. 63 . 04
HaL, 200 07 17. 08 2.0
H4T 19, 6 15. 83 3. 83
H4R 15, 61 10. 66 5. 26
HGF 13. 52 10. 60 2,92
HGR 10. 68 0. 28 4, 40
Average. . ___ | _________ 16. 74 14. 96 1. 78
Leaf oL B2L, 25, 40 23. 14 2. 26
B2F | ___. 2310 | ____
B2R 17,81 | e
BdL 24, 28 21. 14 314
B4F 21. 82 17. 79 4. 03
BaR. 18. 02 12, 61 5. 41
BB 15. 42 10. 87 4. 55
BGF 22, 87 13. 18 9. 69
BGR 15. 1% 8. 08 G. 51
B63 18,21 |e oo
Averape_______ .. _|.____.____ 20, 43 15. 34 5. 09
Nondeseripb_ .- ... .____ N1D 7. 75 3. 64 4 11

Analysis of data 1952 erop 1954 crop
D £ ) 25, 60 22, 82
oW e e ————— e 4. 09 271
Rnge e 20. 61 20,11
AVOIAEe e 17,72 14. 68
Highflow ratio_ o _ . . 5. 13 8 42
Coeflicient of varintion (percent) __ __ __________._. 24 9 34. 2
Standard deviation_ . _ o ___ 4. 41 5. 02




CHEMICAL COMPOSITION OF FLUE-CURED TOBACCCG

Table 57.—Teotal Velatile Acids (as Acetic Acid)
(Method 35)

[Al) results caleuinted on s moisture-free and sand-free basis]

U8,
grade

Perecnt

1652 crop

1954 crop

Difference
between
1952 and

1954

Average

Cutters

Avernge. . _____L___

Bmoking Leaf

Average

Nondeseript

il

[l B ool ol S Ml Bl el i (N

et el ol onll

e

MR PN ON

1082 crop

1954 crop

Range

Average

Hightlow ratic

Coeflicient of varintion {percent)
Standard doviabion

3. 08
1. %0
1, 18
2. 54
1. 62
13.8
.35

2.03
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Table 58.—Total Volatile Bases (8s Ammonia)
(Method 36)

[All rosults enloulated on o moisture-free and sand-free basis)

Pereent

Group U.8. Difference

gracle 1952 crop | 1954 erop | between

1952 and
1954

0. 038

. 002
. 039
. 043
. D72

Average

Smoking Leaf

Average

Nondoesceript

1952 crop 1954 ¢crop

0. 671 0. D42
. 301 , 348
. 370 . 503
. b7 . 571
2, 23 270
19. 7 29. 8
. 09 .17




‘CHEMICAL CDMPOSITION OF FLUE-CURED TOBACCO

15

Table 59.—Uronic Acids (as Anhydrides) (Method 37)

* AJl vesults caleulnted on a moigture-free and sand-free basis]

.8,
grade

Percont

1952 crop | 1954 erop

Difference
hetween
1052 and

1954

Nondeseriph
Tugs - o ————

Average

Cutters

Average
Smoking Leaf o o —oeomn

Average

Nondeseript

12, 76

1952 crop

1954 crop

13. 48
8. 72
4. 70

10. 41
1. 55
8.1

. 84

12, 86
8 05
4, 80

10. 41

553471 —80——0
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Table 60.—Water-Soluble Acids (Method 38)

[ML of 0.1N NaOH per grum of moisture-free and sand-free tobaceo]

DEPT. OF AGRICULTURE

Mililiters
U8,

Group grade Difference

1952 19564 between

crop arop 1852 snd

1054
Nondeseripb... . ._______ NiL 3. 86 3.33 0 53«

b 1. S X2L 4. 26 3. 61 . 65
X2 4, 46 4. 09 .37
N4AL, 4. 26 3.900 36
X4F 4. 48 419 . 29
Avernge________________|._________ 4, 36 395 .41
Cutters . _________.__ 2L 4. 21 3. 34 87
C2F e TR e
C4T, 4, 52 . 48 1. 04
Car 4. 32 3. 74 . 38
Average_____________ | _____ 4 35 3. 52 . B3
Smoking Leaf. ________________ H2L 4. 20 3. 69 .B1
41, 4. 09 3.98 L1
H4p 4 51 4. 43 . 08
H4R 4. 92 5 50 . B8
HGRF 4 50 4, 48 .02
Her 4 28 4. 9% .71
Avernge. ..ol ___.__ 4. 42 4. 51 . 09
Leaf L ___.. B2L, 3. 85 3. 25 60
B2F . BFT | __
B2ZR 885 | __.
B4l 3.75 372 - 03
B4F 4 27 4. 53 . 26
B4R 5 42 5. 86 44
245 6, 36 6 44 .08
BSF 4. 16 4. 06 . BO
B6R 4, 60 2 67 .97
B6s 5. O | L
Average________._______ | ___. _____ 4 67 4 02 .25
Mondeseript__ .. ________._ NID 4. 20 4 84 . 64

Analysis of data 1952 crop 1954 crop
6. 36 G 44
3.75 3. 258
2 61 3. 19
4 44 4 36
1. 70 1. 98

12. 8 20. ¢
. b7 . 87




CHEMICAL COMPOSITION OF FLUE-CURED TOBACCO

Table 61.—WaterInsoluble Ash (Metbod 32)

[All reauits oaleulaled on a moisture-free and sand-free bLasis]

Percent

U.8.
grade Difference
1952 crop | 1054 ¢rop | between
1052 and
1954

Y]

[~ TN [

Nondeseripto— o ccmmmemmm e

AVETRREE - cmemrmnm ===

o | o=
ot ool 0

Cutters

O

Average

Smoking Leaf

G

aapmee | e | coes| x| voen

. 5
Q
B
6
1
G
4

.5

~

Average

Leafocovaa e

on|o|cro—aalon| cwew— ||~
fnd

Peen

Average

wlle | senpoepns

Nondeseript.

1952 erop

-
e

00 W G =1 O e WA
o

(=%
el il S e 1S

[
Lol e

WA OTRD G D
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Table 62.—Water-Soluble Ash (Method 32)

{All results calculated on a moisture-free and sand-free basis]

Percent
U8
Group grade Difference
1952 crop | 1954 crop | batween
1952 and
1954
Nondeseript_ .. ____ N1L 57 5. 8 0.1
Lugs o e X2L 4.1 4.6 .5
: X2F 4.3 4.4 V1
X4L 6. 2 52 0
X4F 52 4.7 .5
Average. . ...l |, 4.7 4.7 0
Cutters_... .. __ C2L 4.7 4. 5
C2F | .. 4.4 [ .
C4L 4 6 4 9 .3
C4r 4.8 4.6 .2
Average_ oo __| . _.___ 4.7 4.7 0
Smoking Leaf_ _______ e H2L 5.0 47 .3
H4l, 4.9 4,2 .7
Har 4.7 4,3 4
H4R 51 4 2 .9
HG6F 4.7 4. 2 .6
H6R 48 3.9 .9
. Average_ . |aoooooLlL 4 8 4. 2 . 6
Leaf _ _ .. BaL 4. ¢ 3.8 .2
B2F | ____ 3.6 | ..
B2R - NI ) R
B4L 3.0 3.3 .6
B4F 4,1 3.8 ;!
B4R 4,5 4.0 b
B43 4 3 4 5 .2
B6F 3.9 a7 .2
B6R 4.0 3% .1
Bas 4.2 .. SN PO
Aversge_ ... 41 3.8 .3
Nondeseript._ ..o NiD 4 5 4.2 .3
Analysis of dnta 1952 crop 1954 erop
ﬁigh __________________________________________ 57 5 8
LW o o e 3.9 33
R el 1.8 2.5
Average. ... ... A ——m—— o me 4.6 4.3
Highflow ratio . . _ .. L. ___ L& 1.8
Coefficient of varistion {percent).._______________ 10. 9 11. 6
Standard deviation . _______________._________. .8 .5

74
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79

Table .63.—Water-Soluble Nitrogen (other than Nitrate
Nitrogen) (Method 39)

[Al} results ealculated on o moisture-free and sand-fres basis]

U
grade

Percent

1952 erop | 1954 erop

Difference
hetween
1952 and

1954

Avernge

Cutters

Average

Smoking lenf

Average

Nondesecipb

0.13

12
.12
.08

il

B RO e i et ) RO

d | B

Rl | ORI N

1952 crop

1954 crop.

&
High/low ratio
Coefficient of variation (percent)
Standard devintion

2. 26
1. 35
.91
1. 72
1.67
14.0
.24

2. 58
1.18
1. 40
1, 68
2.19

22.0
. a7
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Table 64,—Waxes (Method 19)

[All results catculated on a moisture-Tree and sand-free basis]

Percent.

.8 i
grade Diffevence
1952 crop | 1954 erop | between
1952 and
1954

Average

Cutters

Average

Smoking Leaf

Averape

Nondeseript

1954 erop

0. 45
, 22
.23
- a3
2.0
18. 2
.06




CHEMICAL COMPOSITION OF FLUE-CURED TOBACCO

Table 65.~-Xanthophyll (Method 22)

[Alt results caleulzted on a moisture-free tnd sand-free basis]

Micrograms per gram

Difference

1052 crop | 1954 crop | between

1952 and
1954

Average

Cutters

Average

Smoking Leaf

Avernge

Nondescript.

1952 crop

28
10
18
18

High/low ratio .
Coefficient of variation (percent) 26,
Standard. deviation :
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ANALYTICAL METHODS

Method 1.—Alcohol Extract

P. Lorillard Co., Inc.

DETERMINATION

Heat an alundum extraction thimble (34-mm. diameter, 100-mm. high,
medium porosity} at 450° C. in a muffle furnace for 1 hour, cool in a desic-
cator containing anhydrous CaCl,, and weigh. Transfer a 2.gram sample
{M-8&S-F basis) to the extraction thimble and extract for 24 hours in a
Soxhlet extraction apparatus with 95 percent ethanol. Place extraction
thimble and contents in a 150-ml. beaker and heat on the steam bath until
substantially all of the alcohol has evaporated. Dry the extraction thimble
and contents overnight at 100° €. in an air-circulating electric oven, cool in
desiccator over anhydrous CaCl,, and weigh. Caleulate the percentage loss
due to the extractior, with 95 percent ethanol.

Method 2.—Alpha Amino Nitrogen

Liggett & Myers, Tobacco Cao.
DETERMINATION

Preparation of extract A—Place 6.67 grams of ground tobacco {M-&S-F
basis) in a 250.ml. Erlenmeyer fask, add 40 ml. of distilled water, mix until
all particles of the tobacco are wet, and ther add 60 ml. of distilled water,
washing down the sides of the flask. Close flask with rubber stopper and
allow to stand for 16 hours at room temperature. Filter mixture through a
fluted filter paper, and designate filtrate as extract A.

Alpha amino nitrogen.—Determine alpha amino nitrogen using 10.ml,
aliquots of the extract A® by the Van Slyke Method (3}. Calculate the
results as follows:

(mlL N,—blank) X F X100
weight of M-§5.F sample

=% alpha amil_lo nitrogen {M-§S-F)

‘Where:
_ (P-W) 273
F= 35 ot IR x 00025

P= barometric pressure in mm.
W = vapor pressure of H,O at :° C.
7= absolute temperature (273+1° C.)
£° C.= temperature at which the volume of nitrogen obtained is measured.

?Save remainder of extract A for the determination of water-soluble acids {method
36} and pH {method 20).




CHEMICAL COMPOSITION OF FLUE-CURED TOBACCO

Method 3.—Calcium

Eastern Utilization Resesrch and Development Division, ARS

APPARATUS

{1} Atomizer and burner of our design.

(2) No. 3486 yellow shade yellow plus No. 5120 pidymium plus 550 ma
interference filters.

(3) Photovolt multiplier photometer equipped with 1P21 muitiplier
phototube.

PETERMINATION

Ashing of sumple.—Weigh accurately about 1 gram of M-&S-F sample into
a platinum dish, moisten with 10 ml. of 5 percent sulfuric acid, char under
an infrared lamp until SO, fumes cease, and ash overnight at 600° C.

Solution of ash.—Add approximately 30 ml. of 1+9 HEL, evaporate to
dryness on steam bath, add 20 ml. of 149 HC1, warm on ateam bath while
stirring to dissolve ash, decant into a funnel containing washed filter paper,
and collect filtrate in a 100-ml. volumetric flask. Repeat solution step with
g second 20-ml. portion of 14-9 HC1. Transfer residue to filter, wash dish
and flter with 149 HCL until volume of fikrate approaches 100 ml., cool
solution to room temperature, and make to volume with 1 +9 HCIL.

Flame spectrophotometric procedure~—To eliminate the effect of anions
on the emission of the calcium, treat the solutions with an anion exchange
resin (Amberlite IR-4B). Add approximately 4 grams of the resin 1o a
160-m}. beaker; then 10 ml. of the sample and 20 ml. of water. Stir the mix-
ture and let stand for 5 minutes. Filter through a dry filter paper and use
the filtrate for calcium determination. Aspirate the treated solution into
flame and read the intensity of emission of the light that passes through the
three filters,

Prepare a standard eurve {p.p.m. Ca vs. Intensity), using solutions of Ca
containing similar amounts of HCl and treated in the same way as the
samples. 1f the standard curve approximates a straight line, within esti-
mated experimental error, use the equation for a straight line {y==mx-b)
1o calculate the amount of Ca in the sample. If the curve does not approxi-
mate & straight line, the p.p.m. of Ca in the sample solution may be deter-
rained by interpolation. In either case, the observed intensity must be cor-
rected for variations in operating conditions (atomization rate, flame tem-
perature, etc.} by determining the flame intensity of a single standard calcium
solution {Z) at regular intervals during a series of determinations.

The solution Z is slso compared with the solutions used to obtain the
standard curve. The observed intensity of the sample solution is adjusted
by multiplying by the factor I,/L,, where I, is the flame intensity for solution
7 determined at the same time and under the same conditions as the stand-
ard solutions and I, is the flame intensity of solution Z determined at the
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same time the sample solutions were analyzed. Calculate the calcium con-
tent as follows:

{p.p.m. Ca) {vol. of sample solution) X160 _ . e
weight of M-&S-F sample X 10¢ % calciura (M-$5-F)

Method 4.—Calcimum

The Pennsylvania State University

REAGENTS AND SOLUTIONS

{1) Hydrochloric acid, 1 volume of concentrated acid and 4 volumes of
water.

{(2) Acetic acid, concentrated.

{3} Ammonium oxalate solution, saturated aqueous,

(4) Sulfuric acid solution, 1 volume of sulfuric acid and 4 volumes of
water.

DETERMINATION

Ignite a 4.4-gram sample (M-&S.F basis) in silica dish in mulfle furnace
maintained at 500° C. overnight. Dissolve ash in about 25 ml. of the dilute
hydrochloric acid and transfer to 100-ml. beaker, heat to boiling, filter into a
110-ml. volumetric flask, and dilute to mark with water, Transfer a 50-ml.
aliquot to a 250-ml. beaker, add ammonium hydroxide until the iron and
aluminum hydroxides start to precipitate, and add immediately 10 ml of
acetic acid. Heat to boiling, add 10 mi. of ammonium oxalate solution, and
hoil until the precipitate 1s coarsely granular. Cool and allow to stand over-
night.

Filter through S. & S. No. 589 Blue Ribbon filter paper and wash with
water at room temperature until the filtrate is free from oxalales. Break
the point of the filter with a platinum wire and wash the precipitate into the
beaker in which the caleinm was precipitated with hot sulfuric acid solu-
tion. Then wash with hot water. Add about 10 ml. of the sulfuric acid
solution, heat to about 90° C,, and titrate with N/10 potassium permanga-
nate solution. Finally, add the filter paper to the solution and complete the
titration, Calculate the results as foliows:

ml. of /10 KMnO, required X 0.2004
weight of M-&S.F sample

=05 caleium (M-&S-F)

Method 5.—~Csleium, Magnesium, Potassium, and
Phosphorus (32, 33)

North Carolina State College
APPARATUS
Beckman medel B Spectrophotometer or equal.

Reagents and Solutions
(1) Nitrie acid, C.P., concentrated {sp. gr. 1.42).
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(2) Perchioric acid, C.P., 75 percent.

(8) Sodium acetate, C.P. solution, 20 percent, preserved by adding a
crystal of thymol to the solution.

{4) Brom cresol green indicator solution.—Grind 0.0160-gram brom
cresol green in & glass mortar with 2.3 mi. of A/100 NaOH solution.
When dissolved, dilute to 100 ml. with distiled water.

(5) Ammonium oxalate, C.P. solution, 4 percent. Store in the
refrigerator.

(6) Sulfuric acid, approximately N/1.

(7) Wask solution (for calcium determination). Mix together 560 ml.
of ether, 500 ml. of ethanol {95 percent), 500 ml. of distilled water, and 30
ml. of concentrated ammonium hydroxide, C.P. {sp. gr. 0.90).

(8) Cerous sulfate, 0.2 percent in approximately ¥/1 sulfuric acid. Dis-
solve 4 grams of Ce.(30,}; 8H,O (G. Frederick Smith Chemical Co., Colum-
bus, Ohio) in approximately 300 ml. of distilled water and 55.8 ml. of eon-
centrated sulfuric acid with heating. Cool and dilute to 2 liters.

(9) Ceric sulfate stock solution—Weigh 3.2072 grams of oven-dried
Ce{HSO,); (C. Frederick Smith Chemical Co., Columbus, Ohio}. Dissolve
and dilute to 1 liter with the 0.2 percent cerous sulfate-sulfuric acid solution.
This solution is approximately 0.0081 N as standardized against sodium
oxalate and is stable for at least 10 months.

(18} Ceric sulfate working solution.~~Dilute 3 volumes of the ceric sul-
fate stock solution to 20 volumes with the 0.2 percent cerous sulfate solution.
Ceric sulfate solutions prepared in this manner give a working range between
0.10 to 0.20 mg. Ca.

(11) Primary standard sodium oxulate~—Weigh exaectly 334.3 mg. of
oven-dried Bureau of Standards sodium oxalate and dissolve in 1 liter of
approximately normal sulfuric acid. Tiwo ml of this solution is equivalent
to 0.20 mg. Ca. Tor the preparation of calibration curves, 10-, 12-, 14, 16-,
and 18-ml. portions of the primary standard are diluted te 20 ml. with N/1
H.S0;. Two ml porticns of these dilutions are eguivalent to 0.10, $.12,
0.14, 0.16, and 0.18, mg. Ca, respectively. Two ml. of the undiluted stand-
ard furnishes the sixth datum for the calibration.

(12} Ammonium molybdate, 5 percent aqueous solution.

{13) Ammonium vanadate, .25 percent solution. Disselve 2.5 grams
of ammonium vanadate in about 500 ml. of beiling water. Cocl and add
250 mi. of concentrated nitric acid. Cool and make to 1 liter.

(14) Primary stendard phosphate stock solution.—Dissolve in distilled
water exactly 0.3509 gram of reagent grade KH;PO,, which has been pre-
viously dried to constant weight over anhydrous calcium chloride in z desic-
cator. To this, add 10 ml. of 10 # sulfuric acid, cocl, and dilute to 1 liter.
Orne ml. of this solution contains 80 meg. phosphorus.

(15} Phosphate working standard, 16 mcg. per ml. Transfer 200 ml. of
the phosphate stock solution to a Liter flask. Add 38 ml of 10 N H,80,,
cocl, and dilute to 1 liter. .
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(16) Phosphate working standard, 12 mcg. per ml. Transfer 150 ml. of
the phosphate stock solution to a I-liter flask. Add 38.5 ml. of 10 & H,SO,,
cool, and dilute to 1 liter.

(17) Phosphate working standurd, 8 meg. per ml. ‘Transfer 100 ml. of
the phosphate stock solution to a L-liter flask. And 39 rml. of 20 ¥ sulfuric
acid, cool, and dilute with water to 1 liter.

(18) Phosphate working standard, 4 mcg. per ml. Transfer 50 ml. of
the phosphate stock selution to a 1-liter flask. Add 39.5 ml. of 10 ¥ aul-
furic acid, coel, and dilute to 1 liter.

(19) Potassium dihydrogen phosphate, KH.PO,, 2 percent aqueous
solution.

(20} Wash solution (for magnesium determination). To 200 ml. of 95
percent ethanol, add 50 ml of ammonium hydroxide and make to a volume
of 1 liter with distilled water.

DETERMINATION

Wet Ashing—{Conduct ashing in a well-ventilated heod.) Transfer a
300-mg. sample of the ground tobacco to a clean Pyrex test tube (25 by 250
mm.) and add 5 ml. of concentrated nitric acid. Insert the test tube to a
depth of approximately 5 inches, at about a 45° inclination, into a sand batlw.
Heat the sand bath on an electric hot plate to medium heat, and digest until
the sample is well gelatinized {usually about 20 to 30 minutes). Remove the
tube from the sand bath, allow to cool, and add 3 ml. of 75 percent perchloric
acid,

Insert agein in the sand bath (protect face with a plastic shield), turn
the hot plate to high heat, and continue the digestion until the solution is
colorless and the volume has been reduced to 1 to 2 ml.  Allow to cool, add
about 10 ml. of distilled water, heat, and filter through ashless paper, col-
lecting the filtrate in a 100-ml. volumetric flask. Wash any residual material
from the tube and rinse three times with distilled water. Wash the flter
paper 10 times with hot distilled water, collecting the washings in the same
100-ml. volumetric flask. Allow to cool and dilute with distilled water to
the mark. This is solution A.

Calcium.—Pipet 2 to 5 ml. aliquots (depending upon the amount of
caleium expected)} of solution A into a conical-tipped centrifuge tube. If
less than 5 ml. is used, add d:stilled water to make the total volume 5 ml,
Add in turn 1 ml. of the 20 percent sodium acetate solution, 0.25 ml, of the
brom cresol green indicator, and 1 ml. of 4 percent ammonium oxalate solu-
tion. Mix by blowing a gentle stream of air through a fine capillary im-
mersed to the bottom of the tube. Adjust to the sky-blue color of the indi-
cator at pH 5.0 to 5.5 by adding drops of ditute HC] or NHOH as required,
mixing after each addition.

For ash solutions prepared as above, a few drops of dilute acid will
usually suffice. This pH adjustment for precipitation is not extremely criti-
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cal. However, if the solution is too acid, complete precipitation of the
calcium will not be effecled; H too alkaline, coprecipitation of magnesium
may result. Cover the tubes and allow to stand overnight.

Centrifuge at 2,000 r.p.m. for 8 minutes. Carefully decant the supernatant
liquid into another conical tube and retain for magnesium determina-
Gon. This is filtrate B. Retain the tube in an inclined position, at a sulb-
cient angle to prevent dislodgment of the precipitate, and allow to drain for
5 minules. Rinse down the walls of the tube with approximately 3 ml. of
the ether-alcohol wash solution {rom a wash bottle. Stir the precipitate by
twirling a hook-shaped fine stirring rod, rinsing the hook in the upper layers
of the wash solution. Centrifuge at 2,000 r.pm. {or 8 minutes. Decant
by inclining the tube gs before and drain for 5 minules in the inclined posi-
tion. Repeat the washing. Afier the tubes have drained for 10-15 minutes,
dry in an oven at 100° C. for 1 hour.

Dissolve the washed and dried calcium oxalate in exactly 2 ml, of N/1
sulfuric acid. Solulion of the precipitale maay be facilitated by immersing
the tubes in a boiling water bath for 5 minutes. Add exactly 10 ml. of the
ceric sulfute working solution and mix the contents thoroughty by stoppering
the tube and inverting repeatedly. The presence of the cerous ion catalyzes
the reaclion so that oxidation is rapid and complete at room temperature.
After 5 minutes determine the residual ceric concentralion spectrophoto-
metrically. These solutions are stable for at least 3 to 4 hours.

Prepare at the same time 2-ml. portions of the sodium oxalate standards as
indicated under reagent No. 11, oxidize with 10-ml. volumes of the ceric
solution, and determine the residual optical densities.  Plot a calibration
curve from the optical density values. The calcium content may be read
directly from the curve or, preferably, may be computed from the linear
regression equation representing the calibration data.

The maximum absorption of the ceric ion is at 315 mp. However, it has
heen demonstrated that the precision of the determination is approximatety
as good at 370 mp. The calclum data in this case were determined at 370
mg, using the Beckman model B spectrophotometer.

Phosphorus.—Pipet 5 ml of solution A into a test tube, Measure into
other test tubes 5 ml. of each of the phosphate standard solutions. In another
tube, include a blank of 5 ml. of distilled water. Add 1 ml, of ammonium
vanadate to each tube, including the blank. Next add 1 ml. of the am-
monium molybdate to each tube but stopper and shake vigorously for 30
seconds immediately following the addition of the molybdate before
proceeding to the next tube.

The yellow color that develops is stable for several hours. Allow the
tubes to stand for 5 minutes, and measure their optical densities at 420 my.
on the model B spectrophotometer, nsing the reagent blank as the reference
solution.
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The phosphorus content of the analytical solution can be read directly
from the calibration curve which was plotted from the data for the standard
solutions. The preferred procedure, however, is to determine the regression
equation from the calibration data and calculate the phosphorus contents of
the unknowns from this equation.

Magnesium.~—Add 1 ml of 2 percent KH,PO, solution to the decanted
filtrate (fiitrate B) from the calcium precipitation, foliowed by 1 mi. of con-
centrated ammonium hydroxide. Shake vigorously for 30 seconds and aliow
to stand overnight. Centrifuge at 2,000 r.p.m. for 15 minutes. Decant the
tube at a sufficient angle to retain the precipitate and allow to drain for 5
minutes. Wash down the sides with about 5 ml. of the wash solution.
Centrifuge, decant, and drain as before. Repeat the waushing. After the
final draining, dry the tubes ir an oven at 100° C. for 20-30 minutes.

Dissolve the washed and dried magnesium ammonium phosphate in 1 ml,
of the acidified ammonium vanadate solution. Add 5 ml. of distilled water.
Proceed as in the phosphorus determination above, adding 1 ml. of the
ammonimn molybdale reagent. Prepare z calibration curve at the same
time, in the terms of phosphorus, using S ml. of each of the phesphale stand-
ard solutions. Convert the phosphorus found in the analytieal samples to
magnesium by multiplying by the factor 0.7850.

Potassium.—Determine the potassium in solution A by flamephotometry
method 23,

Method 6.—Celluiose (18, 24)

Standard Branch, Tobaceo Division, AMS

DETERMINATION

Transfer 2 grams (M-85-F equivalent weight) of tobacco to a 200-mi.
Erlenmeyer flask which hes a standard ground-glass taper, and add 80 m]. of
95 percent ethanol. Add, while swirling the flask, 20 ml. of concentrated
nitrie acid (sp. gr. 1.42). Connect fask to reflux condenser and reflux in a
boiling water bath for 1 hour, stirring oceasionally by lifiing the flask and
rotating. Transfer the material to a 250-ml. beaker, using a stream of
alcohol from a wash bottle. Decant under suction through a tared 50.ml
fritted-glass crucible of porosity A, which has been fitted to & 1000-ml. suc-
tion flask. (Before using the same erucible for another sample, recheck its
tare weight since the normal loss in this procedure is approximately 2 to 6
mg.)

Finally wash the residual material from the beaker into the crucible with a
stream of alcohol from the wash bottle. Measure 80 ml. of alcohol into the
wash bottle and use this amount to transfer the material from the crucible
back into the original Exlenmeyer flask. Add 20 ml. of nitric acid as before
and repeat the above refluxing and washing twice moze, or a total of three
times. After the third refluxing, transfer the cellulose material to the
crucible, and wash the material in the crucible three times with alcohol,
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During each alcohol wash, fill the crucible about two-thirds full and allow
to stand at stmospheric pressure from 3 to 5 minutes, stirring occasionally
with & fire-polished glass rod before drawing ofl the alcohol. In the wash-
ing procedure do not draw ofl the liguid so completely that the material
packs. Then wash in the same manner S Limes with distilled water. Allow
the crucible to stand in the 250.ml. beaker during the sosking and stirring
period to catch the leakage. 1 the successive aleohol and water washes
caunot be completed without overnight interruption, the malerial should be
allowed 1o stand in the Erleumeyer flask, since the material tends to dry to a
consistency that is difficult to disintegrale and wash eflectively with water.

Dry crucible with contenls overnight in an oven at 100° C. and allow to
stand in a desiccator over caleium chloride for 1 hour. Weigh in 2 tared
weighing bottle, as the material is hygroscopic, and delermine the net weight
of the crude celiulose. Ash by placing crucible and contents in a thermo-
statically controfled muffie furnace and heating for 1 hour after the tempera-
ture reaches 550° C.  Place crucible on a wire gawre for 3 to 5 minutes for
preliminary cooling and then put it in a desiccator over calcium chloride for
1 hour. Determine weight of ash, and subtract the ash irom the weight of
the orude cellulose Lo oblain the weight of ash-free cellulose. Calculate the
percentage of ash-free cellulose as [ ollows:

ash-fres cellulose X100
weight of M-&5-F sample % cellulose (M-&S-F)

Method 7.—Chlorine (as chlorides)

Philip Morris, Ine.
APPARATUS
Fisher Titrimeter equipped with silver and glass electrodes.

REAGENTS AND SOLUTIONS .

(1} Nitric acid, dilute. Add 1 volume of concenlrated nitric acid to @
volumes of distilled waler.

{2} Silver nitrate solution, 0.05 N.

DETERMINATION

Weigh acourately 2 grams of ground tobacco (M.&S-F basis} inte & 300-
rl. beaker and add 100 mi. of distilled water. Allow the mixture to stand
for at least 5 minutes, stirring two or three times during that period. Pipet
S ml. of the dilute nitric acid into the mixture and litrate potenliomelrically
with the standard silver nitrate solution to a potential of —~105 mv. Caleu-
late the results as follows:

normality of AglNO; X ml. AgNO;X3.55 _ .
weight of M-&S-F sample (grams} % chlorine (M-&5-F)
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Method 8.—Crude Fiber (1)

The Imperial Tobacco Ce., Ltd.

DETERMINATION

Place a 2-gram sample (M-&S-F basis) into a Lliter Erlenmeyer flask.
Add 50 ml. of petroleum ether (boiling range 40°-60° C.}, cover with watch
glass, and allow to stand overnight.

Filter off and keep paper. Add another 50 ml. of petroleum ether to
sample, mix gently, and allow to stand for a few minutes, Filter through
original paper and allow to dry, Brush all adhering particles from paper
into flask containing the tobacco, Warm flask on water bath until all
petrolenm ether vapor has entirely evaporaled.

Heat 200 ml, of sulfuric acid solution (12.5 grams per liter) in a beaker to
boiling and 2dd to the tobacco. Connect to the condenser and bring to boil
again within 1 minute and boil exactly for 30 minutes. Rotate the flask
frequently to mix contents and to remove particles from the sides.

Filter into a Buchner funnel using Whatman No. 541 paper with a disc of
butter muslin under it. The filtration of the bulk of solution must be com-
pleted within 10 minutes. Wash with hot water until acid free,

Previcusly heat 200 ml. of caustic soda (12.5 grams per liter}, transfer to
a wash bottle and wash all contents of funnel back into the original flask with
the caustic soda solution, pouring the remainder of the solution into the flask.
Bring to boil quickly as before and hoil for exactly 30 minutes.

Fiiter through Whatman No. 541 filter paper (7-em. diameter), washing
contents of flask into the funnel with hot water. No muslin is used this time.
Wash auccessively: once with 1 percent HC1, with hot water until acid free,
three times with ethancl, and once with ether. Aspirate until dry, Transfer
the fiber quantitatively from the paper to a small silica dish.

Dry the crude fiber in an eleciric oven at 100° C. for 1 hour, cool in
desiccator, and weigh. Return it to the oven for one-half hour and reweigh.
If necessary to obtain constant weight, dry for a further one-half hour and
reweigh,

Char the dried crude fiber over a low flame and .complete the combustion
at a dull red heat. Cool in desiccator and determine the weight of the ash.

Calculation —-Calculate the results as follows:

weight of crude fiber —weight of ash X 100 _
weight of M-&S-F sample 7% erude fiber (M-85-F)

Method 9.—Formie acid

Brown & Williamson Tobacco Corp.
APPARATUS

The apparatus is described and illustrated in the A.0.A.C. Book of Methods
(4.
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REAGENTS

(1) Sodium acetate solution.—Dissolve 50 grams of dry sodium acetate
in sufficient water to make 100 ml. of solution and filter.

(2) Mercuric chloride solution—Dissolve 100 grams of mercuric chlo-
ride and 150 grams of sodium chloride in sufficient water to make 1 liter of
solution and filter,

DETERMINATION

Place a saraple of 10 grams {M-8S-F equivalent weight) in reaction flask
A and add 100 ml. of water and 2 grams of tariaric acid. Add to flask B, 2
grams of barium carbonate and 100 ml. of water. Connect apparatus and
heat contents of fasks A and B to boiling and distill with steam frorm gener-
ator S, allowing vapor to pass first through sample in flask A and then
through the boiling suspension of barium carbonate in B, after which it is
condensed and collected in 1,000-ml. volumetric flask C.  Continue the distil-
lation until 1 liter of distillate is collected, maintaining the volume of liquids
in flasks A and B as nearly constant as possible by heating with small Bunsen
flames and avoiding charring of sample in flask A.

Disconnect apparatus and filter contents of flask B while hot, then wash the
barium carborate with a little hot water. Filtrate and washings should
measure sbout 150 ml, and if they do not, they should be boiled down to
that volume. Add to this 10 ml. of the sodium acetate solution, 2 ml. of 10
percent hydrochloric acid, and 25 ml. of the mercuric chloride solution.  Mix
thoroughly and immerse container in boiling water or place on steam bath
for 2 hours. Filter through a dried {100° C.) and weighed Gooch crucible.
Wash precipitate thoroughly with cold water and finally with a little 95 per-
cent ethanol. Dry in oven at 100° C. {or 30 minutes, cool, and weigh.

If weight of mercurous chloride precipitate exceeds 1.5 grams, repeat the
determination, using more mercuric chloride solution or @ smaller quantity
of sample. Conduct & blank determination on the reagents, using 150 ml. of
water, 1 ml. of 10 percent barium chioride solution, 2 ml. of the 10 percent
hydrochloric acid solution, 10 ml, of the sodium acetate solution, and 25
ml of the mercuric chloride solution. Heat mixture in boiling water or
steam bath for 2 hours. Deduct weight of mercurous chloride precipitate
obtained in this blank test from that obtained in regular determination,
Calculate the percentage of formic acid as follows:

wt. of mercurous chloride precipitate X 0.0975 X 100

weight of M-&S.F sample =% formic acid
{M-&S-F)

Method 10.—Hot-water Extract

Eastern Utilization Research and Development Division, ARS

DETERMINATION
Hot-water extract.—Thoroughly mix extract A, as prepared for the deter.
mination of tannin {method 30), and pipet at once a 160-ml. aliquot into a
GE34T1I—60—T
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weighed, fat-bottomed, glass dish 70 mm. in diameter. Evaporate and dry
in a circulating-air-type electric oven at 100° C. {%0.5°} for 17 hours,
Transfer dish and contents to a desiccator (inside diameter 4 inches} con-
taining Drierite; cool and weigh. Calculate the percentage of hot-water
extract.

Method 11.—Lignin (21, 34)

Standards Branch, Tobacco Division, AMS

REAGENTS

{1} 1 percent hydrochloric acid, 111 grams of concentrated hydrochloric
acid {(d. 1.i%) in 3,890 ml of distilled water.

{2} 72 percent sulfuric acid, 660 ml. of concentrated sulfuric acid (d.
1.84} in 411 ml. of distilled water.

DETERMINATION

Place a sample of 7.50 grams {M-&S-F equivalent weight) in an 80 by 33
mum. paper extraction thimble, insert a piece of absorbent cotton in the mouth
of the thimble, and extract with 95 percent ethanol in a Soxhlet extraction
apparatus for 8 hours. Then extraet sample for 4 hours in the same ap-
paratus with an ethanol-benzene solution (1: 2 by weight}. Dry thimble and
contents on stearn bath until the odor of ethanol and benzene can no longer
be detected.

Transfer the extracted tobacco, quantitatively, to a 1-liter Erlenmeyer flask
and add 750 ml of the 1 percent hydrochloric acid and a few drops of
capryl alcohol. Boil under a reflux condenser for 3 hours. (The solution
has a tendency to foam excessively upon reaching the boiling point with the
consequent loss of sample passing through the top of the condenser. This
may be prevented by rotating the Erlenmeyer flask frequently during the
preheating period, with additional drops of capryl alcohol as required, until
an even ebullition is established, )

Allow the solution to cool to room temperature, filter through a dried (at
100° C.) and weighed 50-ml. fritted-glass crucible of porosity C, and wash
with distilled water until the filtrate is free of acid. Dry crucible and con-
tents overnight at 100° C., cool in a desiccator, and weigh in an aluminum
weighing bottie. Calculate the percentage of loss due to the three successive
extractions.

Combine the extracted tobacco of duplicate samples and grind the horn-
Iike material first in a small hand-operated mill, then pulverize with a mortar
ar.d pestle to a fine powder. Dry for 2 hours at 100° C. Weigh accurately
from a weighing bottle triplicate subdivisions of from 0.5 to 0.7 gram each,
and designate the subdivisions as (e}, {4}, and {¢). Calculate for each
subdivision, from the percentage it represents of the total extracted tobacco,
the equivalent weight of the original, unextracted, M-&S-F tohacco.

Transfer each subdivision to a 50-ml. Erlenmeyer flask provided with a
one-hole rubber stopper, through which passes a glass rod 12 cm. long and
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the end of which has been flattened. For each 0.1 gram of the subdivision
add, portionwise, 5 mil. of 72 percent suluric acid, which has been cooled to
5¢ . Mix with the glass rod, which has been lubricated with & drop of
glycerel to facilitate moving it through the hole in the rubber stopper.
Close the Erlenmeyer flask with the rubber stopper carrying the glass rod
and allow the reaction mixture to stand for 24 hours in a refrigerator at a
temperature of approximately 5° C., with occasional stirring.

Transfer the reaction mixture to a lditer Exlenmeyer flask, and add suffi-
cient distilled water to make approximately 5 percent sulfuric acid solution
{which requires 109.5 ml. of water for each 5 ml. of 72 percent sulfuric acid
used). Insert a boiling tube about 18 em. long, add a few drops of capryl
alcohol to prevent foansing, and boil under a reflux condenser for 2 hours.
Allow to cool to room temperature.

Filter subdivision {a) through a tared Gooch crucible, which has been
ignited for 1 hour at 600° C. in a mufle furnace. Filter subdivision (b)
in a tared Gooch crucible and subdivision (¢} in a 30-ml. fritted-glass
erucible of porosity M, hoth crucibles having previously been dried at 100°
C. Wash the crudec lignin of each subdivision with distilled water, dry over-
night at 100° C., and weigh in a weighing bottle.

Iznite the crucible containing subdivision {6) at 600° C. in the mufle
furnace for 2 hours, determine the weight of ash, and calculate the percentage
of ash in the crude lignin. Use the ash percentage as determined for sub-
division (@) in determining the weights of ash in subdivisions (b} and (e).
Transfer, quantitatively, the crude lignin of subdivision (b} to a Kjeldahl
flask and determine the percentage of N in the crude lignin by the Kjeldahl-
Gunning-Arnold method, using HgO as the catalyst. Calculate the percentage
of protein (N X 6.25) in the crude ligrin. Use the percentage of protein
determined in subdivision (&) to calculate the weights of protein in sub-
divisions (z) and (). The crude lignin of subdivision (c) is used for the
determination of the percentage of methoxy! in the lignin.

Caleulate the percentage of lignin in each subdivision as follows and
average the results.

weight of crude lignin— weights of ash and protein X 100_ %
weight of M-&S-F sample {original, unextracted tobacco) °

lignin (M-&S-F)

Method 12.—Manganese

American Sumasra Tobacco Corp.

APPARATUS

Electrophotometer with rectangular absorption cell, 60 ml., Fisher catalog
No. 7-102-40, Nessler tubes, 50 ml., Fisher catalog No. 7-052, Test tube
wire basket, catalog No. 14-965. Galvanized pot, round, 8-liter capacity.
REAGENTS AND SOLUTIONS

Standard manganese stock solution (100 p.p.m. of Mn).—Prepare as fol-
Jows: Introduce 0.0288 gram of KMnO, into a 125-ml. Erlenmeyer flask and
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add 10 mi. of water, 6 drops of concentrated sulfuric acid, and a few glass
beads. Heat to boiling and add sufficient sodium bisulfite {avoid large ex-
cess) to discharge the color. Evaporate until fumes of sulfuric acid appear.
Cool, dissolve the residue with water, and dilute to 100 ml.

DETERMINATION

() Ashing of sample—Place a 2-gram sample (M-8S-F basis) into a
150-ml. Pyrex beaker, add 20 ml. of nitric acid {69-71 percent), cover with
a watch glass, and let stand for about one-half hour. Rotate beaker a few
times during this period until sample is completely wetted or nearly so. Place
the beaker on a hot plate and heat gently until no visible signs of solid
material, except silica, remain. (Usually the volume at this point is 1 to 3
ml.) Remove the beaker from the hot plate, add 5 ml. of 70 percent
perchloric acid, cover again with watch glass, and beil gently until the solu-
tion is clear and is fuming copiously. Do not evaporate the solution te com-
plete dryness.

(&) Solution A.—Add about 50 ml. of water to the beaker as prepared in
paragraph (a), bring to a boil and filter through Whatman No. 40 filter
papzcr into a 200-ml. volumetric flask, wash silica on the filter paper with hot
water, and collect the filtrate in the same flask. Cool the filtrate to room
temperature and dilute to volume with water. Designate as solution A.

(¢) Standard curve—Prepare a series of standards of 1, 2, 3, and 4 p.p.m.
of manganese by diluting 1, 2, 3, and 4 ml. of standard manganese stock
solution to 100 ml. with water. Plot a standard curve in the range between 1
and 4 p.p.m. for interpreting color transmittancy of the sample from the
standard.

(d) Colorimeter procedure~—Transfer 40 ml. of solution A into Nessler
tubes, add 4 ml. of phosphoric acid (ortho 85 percent), and mix. Add about
200 mg. of potassium periodate and mix again. Place the Nessler tubes in &
wire basket, immerse in the galvanized pot about half-filled with water, and
boil for 1 hour. Stir the contents of the Nessler tubes a few times during
this period. Remove from hot water, allow the Nessler tubes to cool, and
dilute to 50 ml. with water. Transfer this solution to a rectangular absorp-
tion: cell and read the color transmittancy in the electrophotometer at wave
length 525 mu. Determine p.p.m of manganese in solution A by reference to
a standard curve prepared in the same manner and at the same time,

(e) Caleulation.—Calculate the percentage of manganese as follows:

{p.p.m. cf Mn) (ml. of solution A) X100
weight of M-&S-F sample X 10°

Method 13.-—Methoxyl in Lignin (20, 23)

S1andard Branch, Tobacco Division, AMS

APPARATUS
The apparatus used is illustrated in figure 6.

=9 manganese (M-&S.F)
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Figuex 6—Apparatas for determination of percentage of methoxyl,

REACGCENTS

(1) Hydriodic acid {sp. gr. 1.70).

(2} Red phosphorus, special for microanalysis.

{3} Phenol, US.P. grade.
353471—60-——8
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{4) Potassium acetate-acetic acid reagent (made by dissclving 20 grams
of potassium acetate in sufficient glacial acetic scid to make 200 mi, of
sclution).

{5} Bromine, free of iodine.

{6} 85-90 percent formic acid solution,

(7) Sodium acetate solution (made by dissolving 50 grams of sodium
acetate in sufficient water to make 208 ml. of solution}.

(8} Potassium icdide, free of iodate,

{9) 10 percent sulfuric acid solution.

{10) 0.05N Sadium thiosulfate solution.

{11) 0.5 percent starch solution.

DETERMINATION

Heat contsiners B and F with microburners and maintain the tempera-
Jures at 50°-55° C. Add 15 drops of bromine to 10 ml. of the potassium
‘acetate-acetic acid reagent and mix. Add about 3 ml. of this solution to
absorption tube I and 7 ml. to tuhe H. Connect absorption assembly, A, H,
I, and J to the apparatus as shown in the drawing,

Weigh in a weighing hottle 50 to 100 mg. sample of the dry crude lignin
from the triplicate sample of crude lignin, which is subdivision (c), as
described previously in the procedure for the determination of lignin.
Calculate the weight of the sample of lignin on & crude-protein-free and
ash-free basis. Transfer the sample to flask D and add 2 to 3 ml. of phenol,
5 ml. of hydriodic acid, and two boiling chips {Boileezers).

Connect flask D to condenser and immerse in glycerin bath C heated to
135°-140° C. Maintain the temperature at this level for 1 hour, while pass-
ing & stream of carbon dioxide through the apparatus at the approximate rate
of one bubble per second. During the last 10 minutes of the heating period,
increase the rate of passage of carbon dioxide through the apparatus so as
to sweep all the methyl iodide into the absorption tubes.

Disconnect tubes H and I from the apparatus and wash the contents into
& 300-ml. Erlenmeyer flask containing 15 ml. of the sodium acetate solu-
tion. Add the formic acid reagent, dropwise, to the solution in the Erlen-
meyer flask, with stirring, until the bromine color is discharged. Blow a
gentle stream of air into the Erlenmeyer flack to remove residual vapors of
bromine. Add 1 gram of potassium jodide and 20 ml. of the 10 percent
sulfuric acid, and titrate the liberated iodine with N/20 sodium thiosulfate
solution using starch solution as the indicator.

- Conduct'a blank determination following the above-deseribed procedure,
and deduct the number of ml. of N/20 sodium thiosulfate solution required
for the blank from that used for the actual determination.

Calculate the percentage of methoxyl in the lignin as follows:

ml. /20 Na,8,0, required {corrected for blank X 0.0002586 X 100
weight of lignin sample o

% methoxyl in lignin
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Method 14.—Moisture *

The American Tobaceo Company
DETERMINATION

Weigh accurately duplicate samples of 5 grams each in aluminum dishes
which are approximately 90 mm. in diameter and 20 mm. in depth and
which are provided with covers. Distribute the sample evenly over the
bottom of the dish and dry uncovered at 99°-100° €. in a forced.drait oven
for 3 hours. Cover dishes, place in a desiccator over anhydrous calcium
chloride, and weight again scon after the samples reach room temperature.
Calculate the loss in weight as percent of moisture.

Method 15.—Moisture Equilibrium

Philip Morris, Inc.
DETERMINATION

Place ground samples, consisting of approximately 3 grams each, into
tared aluminum moisture dishes, 85 mm. in diameter and 50 mm. deep.
Evenly distribute the dishes containing the samples on the shelves of a forced-
air-type humidity chamber in which the atmospheric conditions are con-
trolled at 25° €. {77° F.}) and 40 percent relative humidity, Allow the
samples to remain in the cabinet until the moisture content of the tobacco
has reached equilibrium. Remove the samples from the cabinet and de-
termine the moist weight of each sample.

Replace the samples in the cabinet and change the atmospheric condi-
tions to 25° C. and 60 percent RH. When the moisture content of the
tobacco has reached equilibrium at this condition, again remove the samples
from the cabinet and weigh them. Follow the same procedure with the
cabinet adjusted at 25° C. and 70 percent and 80 percent R.H, After the
moist weights of the samples have been determined, following exposure
under the four different atmospheric conditions, dry the samples for 3
hours in a forced-draft oven at 99°-100° C. and determine their dry weights,

Calculate the percent of moisture in each sample after being exposed to
each atmospheric condition, based upon the several moist weights and dry
weight of the sample.

Method 16.—Nicotine

North €arolina State College
DETERMINATION

The nicotine determination is a modification of the Garner (I6) pro-
cedure. Transfer 6 grams of tobacco {calculsted to a M-&S-F basis) to a
I-pint Ball fruit jar, paste with 10 ml. of 7.5 percent aqueons NaGH solution,

¢ Of several methods for the determination of moisture, this method was selected for
use in this series of determinations since it was considered to follow the typical pro-
cedure currently used in commercial practice.
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and cover with 100 ml. of petrolenm ether (boiling range 60°-90° C.).
Seal, rotate until mixed, and allow to stand overnight.

Transfer a 25-ml. aliquot of the clear extract to an Erlenmeyer flask and
allow to stand for 1 hour, with occasional rotation, to allow ammonia to
escape. Add 75 ml. of 0.025) H,S0; to the Erlenmeyer flask and shake in
a mechanical shaker for 10 minutes. Allow to separate clearly and with-
draw a 25-ml. aliquot of the acid phase for back titration. (6 g. sample X
25/100X25/75=0.5 g} Add 10 ml of 0.04¥ NaOH to the 25-mk
aliquot and complete the back titration with 0.0074 NaOH to endpoint of pH
5.6, using a Beckman Automatic Titrator or equal. Titrate a 25-ml. portion
of the standard 0.025¥ H.SO, solution to endpoint of pH 7.0, using the same
instrument,

Calculate the back titration in mls. of 0.025¥ solution required and sub-
tract from the 25-ml standard blank titration. {1 ml. 0.025¥ H,S0,
=0,0041 g. nicotine).

(25 ml. titn.— back titn.) X 0.0041 X100
0.5

Method 17.—Pectic Substances (12, 17)

Sitandards Branch, Tobacco Division, AMS

APPARATUS

The apparatus is essentially a Weihe-Phillips (29) extractor arranged as
illustrated in figure 7.

The apparatus consists of a modified extraction crucible (A}, designated
as u “Pectin Extractor,” ® the bottom of which is rimmed to fit a one-hole,
No. 9, rubber stopper (E), carrying the 6 mm, Q.D. glass tube (F), The
pectin extractor is held in position by means of a clamp attached to a ring
stand. The fritted-glass disk (D) is of C porosity. The 2-liter beaker {C}
serves as a water bath, The glass rod (B}, having fire-polished ends, is kept
in the pectin extractor throughout the successive operations and is used for
stirring the sample with the solvent. The suction flask (H) of l-liter
capacity is connected to the vacuum line through the rubber tube (J). By
mamipulation of the screw clamps (G) and (I), the solvent is withdrawn
from the pectin extractor through tubs (F) into the suction flask, It is
.advantageous to open the screw clamps only partially and to apply a gentle
suction; otherwise, the ground tobacco packs on the fritted-glass disk and
thus slows up filtration.

=9, nicotine (M-&S-F)

Reagents
(1) 10 percent hydrochloric acid solution.

(2} Ethanol solution, 1 volume of distilled water to 2 volumes of 95
percent ethanol,

* The pectin extracter may be purchased from the Kontes Class Ca., Vineland, N.J.,
under the designation “Pectin Extractor No. 2721-E.”
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(3) N/5 (approx.) sodium hydroxide solution.
(4) N/I (approx.) acetic acid solution.

(5) ﬁg(:}lar (approx.) aqueous calcium chloride solution.

(6) 2 Molar (approx.) agueous calcium chloride solution.
(7) N/20 (approx.) hydrochloric acid solution.

(8) 0.5 percent aqueous ammonium citrate solution.

(9) 2 percent aqueous ammoniwn citrate solution.

DETERMINATION

Part 1—Preliminary extraction with alcohol—Dry the pectin extractor
and glass rod for 1 hour or longer at 100° C., allow to cool to room tempera-
ture in a desiccator, and determine their combined tare weight. Assemble
the apparatus, close the screw clamps, and heat the water in the beaker to
50° C. Weigh a sample, equivalent to 2 g. of moisture-free tobacco, place
in the pectin extractor, and add 50 ml of 95 percent ethanol previously
heated to 50° C. Stir mixture with the glass rod from time to time during
a period of approximately 30 minutes. Apply gentle suction through screw
clamp to draw solvent into suction flask. Close screw clamps and repeat
the 50° C. aleohol extraction, using 25 ml. of solvent for a period of approxi-
mately 15 minutes. Discard the combined alccholic extracts.

Part 2—Pectinic acids or pectin—(a) Extraction with water: Siphon off
the water from the beaker. Close the screw clamp and add 90 ml. of distilled
water to the residual tobacco in the pectin extractor, stirring the mixture
from time to time at room temperature for 30 minutes. Draw off the extract
to the suction flask by gentle suction and repeat the 30-minute extraction
with water twice more. Transfer the combined aqueous extract in the suc-
tion flask to a 500-ml. volumetric fask, dilute to the mark with waler, and
mix.

{3} Precipitation of pectic material: Pipet 2 100-ml. aliquot of the 500-
ml. sclution {correspending to (.4 g. of moisture-free tobacco)} into a 400-
mi. beaker, and add 5 ml. of the 10 percent hydrochloric acid, while stirring.
Add while stirring 200 ml. of 95 percent ethanol and allow to stand over-
night, Filter the solution on a filter paper {11 ¢cm. S. & 5. No.597) ¢ Wash
the pectic material on the paper three times with 1: 2 aqueous alcoholic solu-
tion and once with 95 percent ethanol. During this operation, do not allow
the gelatinous precipitate to dry on the filter paper. Dissolve the pectin
precipitate on the paper completely by pouring through successive portions
of a hot agueous ammoniacal solution {approximately 1.U-1.5 percent).

Collect the filtrate in an 800-ml. beaker on which a 200-ml. mark has been
made. Wash the fiiter paper three more times with hot water ard collect the

* No water-soluble pectinic acids were found in any of the Flue-cured samples from
the 1952 and 1954 crops. Accordingly, the remainder of part 2 procedure was not
carried cut, and the solution of the water extract of part 2{a) was discarded. The
determinations as described in parts 3, 4, and 5 were completed.
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washings in the beaker containing the main filtrate. Dilute the combined
filtrate with water to 200 ml., add 150 ml, of the #/5 sodium hydroxide
solution, while stirring, and allow the solution o stand overnight. Add 60
ml. of N/1 acetic acid solution with stirring and allow to stand for a few
minutes. Add 25 ml of M/10 CaCl; solution by drops while stirring {pref-
erzbly with a mechanical stirrer) and follow with the addition of 25 ml.
of 2} CaCl,, also added by drops, and stirred in the same manner.

Heat to boiling, with occasional stirring, and boil the mixture for 2
minutes over a reduced flame. Filter the hot solution through a filter paper
{11cm. S. & S. No. 597) and wash the calcium pectate precipitate thoroughly
with hot water. Wash the precipitate into the 800-ml. beaker with at least
100 ml., but not over 200 ml. of water, and boil the mixture for 2 minutes.
Filter through a dried and weighed 30-ml. fritted-glass crucible of porosity
Af. During the filtration and washing in the crucible, do not allow the
crucible to drain completely until the very last; otherwise, the precipitate
packs and the filtration is slowed considerably,

Wash the precipitate in the erucible several times with hot water, then
three times with 95 percent ethanol. During washing with the ethanol, the
precipitate may be stirred with a small glass rod having fire-pelished ends,
and any precipitate adhering to the rod is washed into the crucible with
ethancl. Tinally, wash the precipiiate twice with ether. Warm the crucible
on the steam bath until the odor of ether is no longer noticeable and dry
overnight at 100° C.  Cool to room temperature in a desiccator over caleium
chloride and weigh.

{e) Determination of impurities in caleium pectate: Place the fritted-glass
crucible with its contents on its side in a 400-ml. beaker and add 2 percent
agqueous ammonium citrate solution in suflicient quantity to cover the
crucible. Cover the beaker with a cover glass and heat on the steam bath
(stirring occasionally with a glass rod} until the caleium pectate is dis-
solved, Filter the solution, while still hot, through a tared Gooch crucible
containing an ashestos mat and transfer the undissolved materizal into the
crucibie with a stream of hot water from a wash bottle. Wash the undis-
solved material several times with hot water, dry at 100° C. for 3 hours,
cool in a desiceator containing calcium chloride, and weigh.

(d} Calculation of results: Calculate the percentage of water-soluble
pectinic acids {pectin}, as calcium pectate, as follows:

{weight of calcium pectate'(;:eight of impurities) X 100 % pectinic

acids (pectin}, as calcium pectate, in the moisture-free sample

Part 3—Protopectin—{a)} Pectic fraction soluble in hot N/20 HCI solu-
tion: Close screw clamps, fill the beaker with water, and heat to 80°—85° C.
Add 96 ml. of the /20 HCI solution, previously heated to 80°-85° C,, to
the residual tobacco in the pectin extractor and stir the mixture occasionally
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with stirring rod for 30 minutes. Draw off the acid extract into the suction
flask under slight suction. Repeat the 30-minute extraction with N/20
HCI zolution four more times. Transfer the combined acid extract to a
500-ml. volumetric flask, cool to room temperature, dilute to the mark with
water, and mix.

(&) Precipitation of pectic material and determination of impurities: De-
termine the protopectin and impurities as deseribed in paragraphs (») and
(c) of part 2,

{¢) Calculation of results: Calculate the percentage of protopectin (the
pectic substance soluble in hot /20 HCl solution), as calcium pectate, as
follows:

(weight of calcium pectate — weight of impurities) X 100
0.4 -
% protopectin (as calcium pectate) in moisture-free sample

Part 4—Pectic acid and pectates—(a) Extraction with 0.5 percent am-
monium citrate solution: Close the screw clamps and add 90 ml. of the 0.5
percent aqueous emmonium citrate solution, previously heated to 80°-85°
C., to the residual tobacco in the pectin extractor. Stir the mixture from
time to time with the glass rod during the extraction for 30 minutes. Draw
off the extract into suction flask as in extractions above and repeat the 30
minute digestion with hot 0.5 percent aqueous ammonium citrate solution
four more times. Transfer the combined extract to a 500-ml. volumetric
fAask, cool to room temperature, dilute to the mark with water, and mix.

(b) Precipitation of pectic material and determination of impurities:
Precipitate the pectic material and determine the impurities following the
exact procedure deseribed in paragraphs (5) and (¢) of part 2.

(c) Calculation of results: Calculate the percentage of pectic acid and
pectates, as caleium pectate, as follows;

{weight of calcium pectate — weight of impurities) X 100
04 -
% pectic acid and pectates, as calcium pectate, in moisture-free sample

Part 5—Tobacco residue—Wash the tobacco residue and stirring rod in
the pectin extractor with three successive 5- to 10-ml, portions of water,
using suction. Disconnect the pectin extractor from the rest of the apparatus
and dry the outside with a towel. Dry the extractor containing the tobacco
residue and the glass rod overnight at 100° C., cool in a desiccator con-
taining anhydrous calcium chloride to room temperature, and weigh. Cal-
culate the percentage of residue remaining from the original 2-gram mois-
ture-free sample. Retain the tobacco residue for the determination of
pentosans,
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Method 18.—Pentosans (5)

Standards Branch, Tobacco Division, AMS

APPARATUS

The apparatus consists of a 560-m!. distilling flask, a West-type condenser
having & cooling jacket 400 mm. long, and a dropping funnel of about 40-ml
capacity. The distilling flask and condenser are connected by 2 standard
taper 19/38 ground-gless joint and held together by two bronze springs
fastened to glass hooks fused onto the condenser and onto the distilling flask.
The dropping funnel is connected to the top of the distilling flask through
a standard taper 24/40 ground-glass joint and similarly held fast with two
bronze springs.

When thus connected, the stem (6 mm. 0.D.} of the dropping funnel
extends about 30 mm. belaw the outlet tube of the distilling flask. The end
of the stem is constricted to 2 to 3 mm. inside diameter and bent so that the
stream of 12 percent hydrochloric acid could be directed against the wall
of the distilling flask to wash down the plant material adhering to the wall.

REAGENTS

(1) Hydrochloric acid (12 percent by weight) —Add 1,000 ml. of con-
centrated hydrochloric acid (d. 1.19) to 2,380 ml. of water with stirring,

(2) Phloroglucinol solution.—Heat 300 ml. of the 12 percent hydrochleric
acid solution in a beaker and add 11 grams of phloroglucinol in smail quanti-

ties at a time, stirring constantly until it is neaxly dissolved. Pour the hot
solution into a sufficient quantity of 12 pereent hydrochloric acid (cold) to
make a total volume of 1,500 ml.  Allow the solution to stand at least over-
night, but preferably for several days to permit the diresorcin to crystallize,
Filter the soiution before using.

DETERMINATION

Weigh, in a weighing boitle, a sample of the tobacco residue from the
determination of the pectic substances {preferably corresponding to 15to
1.7 g. of the original 2.gram moisture-free sample}, and transfer to the
distillation flask. Add 100 ml. of the 12 percent hydr «hloric acid solution
and two or three boiling chips (Boileezers). Connect the apparatus, the dis-
tillation flask being supported on a wire gauze at a convenijent height above
a Bunsen burner. Connect the dropping funnel to the distillation flask and
connect the latter to the condenser.

After inserting the dropping funnel, heat the distillation flask and contents,
slowly at first, and then regulate the distillation rate so that 30 ml of
distillate comes over in 10 minutes. Collect the distillate in a 50-ml.
graduated cylinder provided with a small funnel and a folded filter paper
(121 em. S. & 8. No. 588). When 30 ml. distills aver, add 30 ml. of the 12
percent hydrochloric acid solution rapidly, by means of the dropping funnel,
while rotating the funnel in such 2 manner as to wash down particles adher-
ing to the sides of the distilling flask and continue the distillation.
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At this point replace the 50-ml. graduated cylinder containing the distillate
with another 50-ml. graduated cylinder, provided also with a small funnel
and a folded filter paper.

Continue the distillation and collection of the distiilate in 30-ml, quantities
in the manner described above until the total distillate amounts to 360 ml.
Add, with stirring, approximately twice the amount of phloreglucinol reagent
as is considered necessary to precipitate the amount of furfural expected and
dilute the volume of the solution to 400 ml. with 12 percent HCl solution.
The solution turns progressively yellow, green, and finally almost black.
Str thoroughly and allow the solution to stand overnight.

Filter the amorphous black precipitate into a tared Gooch crucible having
an ashestos mat and wash with 150 ml. of distilled water in such a manner
that the water is not entirely removed from the crucible until the very last,
Dry the crucible and contents for 4 hours at 100° C., cool in a desiceator over
anhydrous calcitm chloride, and weigh in a weighing bottle. The increase
in weight of the Gooch crucible is considered to be furfural phloroglucide.

Calculate the weight of pentosans from the weight of phloroglucide, using
the following formulas:

(1} For a weight of phloroglucide, designated by ¢ in the following
formulas, under 0.03 gram:

pentosans= {e+0.0052) X 0.89049

{2) For a weight of phloroglucide @ between 0.03 and 0.3 gram then:
pentosans= {g+0.0052) X 0.8866

(3) For a weight of phloroglucide a over 0.3 gram then:
pentosans= {a+0.0052) X 0.8824

Calculate the percentage of pentosans on the basis of the original un-
extracted M-&S-F tobacco sample.

Method 19.—Petroleumn Ether Extract and Waxes

The American Tobaeco Co.

DETERMINATION

Petroleum cther extract—Place & 5-gram sample (M-&5-F basis) of the
tobacco into a 25- by 80-mm. Whatman extraction thimble and cover with
a smell plug of fat-free cotton. Extract with approximately 125 ml. of
petroleum ether (B.P. 35°-37° C.) in a Soxhlet extraction apparatus
equipped with a tared 250-ml. ground-glass joint flask containing three glass
beads. Adjust the heat so that siphoning occurs five or six times per hour
and continue the extraction for 20 hours.

Evaporate the solvent on a steam bath which may be hastened by a gentle
stream of air on the surface. Rotate the flask frequently during evaporation
to distribute the extracted material on the walls of the flask and to facilitate
drying. Dry for 1 hour in a convection-type oven at 99°-100° C. Cool,
weigh, and calculate the percent of petroleum ether extract as follows:
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weight of petroleum ether extract X100
weight of M-&S-F sample

Waxes.—Dissolve the petroleum ether extract in the extraction flask with
50 ml. of warm absolute ethyl alcohol. Warm on steam bath while rotating
the flask to facilitate complete solution. Cool flask and wash bottle contain-
ing alcohol in an ice bath. Filter through No. 1 Whatman filter paper.
Wash with cold absolute ethyl alcohol until free of pigment. Dissolve the
waxes with ethyl sther and transfer to a tared dish. {The original tared
Soxhlet flask with beads may be used.}) Evaporate the ether on a steam bath
using a gentle stream of air. Rotate the flask to facilitate drying. Dry forl
hour in a convection-type oven at 99°-100° €, Cool, weigh, and calculate
the percent of waxes as follows:

== 9 petroleum ether extract {M-&8-F)

waight of waxes X100 _ . :
weight of M-&S-F sample % waxes (M-43-F)

Method 20.—pH

Liggett & Myers Tobacco Co.

DETERMINATION

Determine pH of extract A (as obtained in the determination of alpha
emino nitrogen, method 2) using a Beckman pH meter, model H2, and a
glass electrode, or equal.

Method Z1.—Phosphorus

American Sumatra Tobacco Corp.

APPARATUS
Fisher Electrophotometer No. 7-106 with extra microcells No. 7-102-65.

REAGENTS AND SOLUTIONS

(1) Buffer solution.—Dissolve 100 grams of sodium acetate {CH,COONa"
3H,0) in 500 ml. of water, add 30 wl. of 99.5 percent acetic acid, and dilute
with water to 1 liter.

(2) Standard phosphorus stock solution (100 p.p.m. of P) —Dissolve
0.0439 gram of KH,PO, in 100 ml. of water.

(3} Sulfonic acid reagent—Dissolve approximately 0.5 gram of pure, dry
1.amino-2-naphthol-4-sulfonic acid {Eastman Kodak Co.) in 195 ml. of 15
percent sodium bisulfite solution in a 250-ml. volumetric flask. Add S ml. of
20 percent sodium sulfite solution, stopper the flask, shake, and dilute to
volume with water. Mix, allow the solution to stand overnight, filter, and
store in a brown botile.

(4) Molybdate reagent—Place 15 grams of emmonium molybdate in a
1.liter volumetric flask and dissolve in about 300 ml. of water. Slowly add
500 ml. of concentrated hydrochloric acid {sp. gr. 1.18), cool to room
temperature, dilute with water to 1 liter, and store in a brown glass-stoppered
bottle. Prepare a fresh supply of this reagent every 3 months.
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DETERMINATION

Ashing of sample.—Flace a 2-gram M-&S.F sample in 2 150-mL Pyrex
-beaker, add 20 ml. of nitric acid (6971 percent), cover beaker with a watch
:glass, rotate the heaker until the sample is completely wetted, and allow the
mixture to stand for one-half hour. Place the beaker en a hot plale and heat
:gently until no solid material except silica remains. Remove the beaker from
the hot plate, allow to cool, add 5 ml. of 70 percent perchloric acid, and
vover the beaker with a watch glass. Boil the solution until it is clear and
fumes coplously.

Solution A—Add about 58 ml. of wxler to the solution of ash material
prepared as above-described. Teat to boiling and filter through Whatman
No. 40 filter paper into 2 200.ml. volumetric flask. Wash the residue on the
filter paper with hot water collecting the washings in the same volumetric
flask. Cool the combined filtrate and washings to room temperature and
dilute to 200 ml. with water. Mix and designate as solution A.

Solution B.—Pipet 1 ml. of solution A into a test tube and add ¢ ml. of
the buffer solution. Mix and designate this as solution B.

Phosphorus standards.—TPrcpare a series of slandards of 1, 2, 3, and 4
p-p.m. of P, respectively, by diluting 1, 2, 3, and 4 ml. of standard phos-
phorus stock solution to 100 ml. with bufler solution. Plot 2 standard curve
in the range between 1 and 4 p.p.m. of P.

Colorimeter procedure——Pipet 4 ml of solution B into a test tube, add
0.3 ml. of the sulfonic acid reagent, and mix. Add 1 ml of the molybdate
reagent agsinst the side of the test tube and mix. Allow the solution to stand
for 10 minutes. Transfer this sclution to an extra micro cell and read the
color transmittancy in the electrophotometer at wave length 650 mu. De-
termine the p.p.m. of P in solution A by reference to the standard curve
prepared at the same time,

Calculate the percentage of phosphorus as follows:

{p.p.m. P) {ml. solution A) (dilution of solution A} X 100
weight of M-8S-F sampie X 105

% phosphorus {M-&8-F)
Method 22.—Plastid Pigments (31)

Nortk Carolina State College

The plastid pigments were determined by a modification of the spectro-
photometric procedure described for flue-cured tobacco by Stinson? and

Pack.®

7 Stinaon, F. A. the distribution of plastid pigments in flue.cured tobacce during
maturation and curing. Thesis, Ph. D. degree. North Cerolina State College, Raleigh.
1949,

*Pack, A, B. the curing and quality of flue-cured tobacco; the effect of certain
cultural and curing practices on the plastid pigment and carbohydrate content. Thesis
Ph. D, degree. North Carolina State College, Raleigh. 1950.
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DETERMINATION

Weigh 2.5 grams of sample, in duplicate, and extract alternately with 95
percent ethanol and acetone in a Waring Blender. Filter the extract, dilute
with water, and transfer to ether. Dry the ether extract, after scrubbing
with water, by trickling through a bed of anhydrous Na,50,; and dilute to
100 ml. with ether.

Determine the pigment concentrations on a Warren Spectracerd, or
equivalent instrument, by computation from the interpolated optical densities
(D) at wavelengths of 665, 649, 642.5, 485, 474, and 470 mp.

The simplified estimating equations, when the final volume of extract is
200 ml. and read in a cell having a path.ength of 0.958 cm., follow:

total chlorophylt=5566.5 Dy,

chlorophyll {a} =1964.5 Doz —1734 Dy = (a)

chlorophyll {b} ==3528.0 Dyn.,— 607.0 Dyas= (k)

total carotinoid =982.1 Dz, —0.255{a) —0.2250{1}

carotene =2518.2 D5, —1198.5 D,y — 0.0298(a) +0.3356(b)
xanthophyll =2026.1 D7, —2288.6 Dys; +0.0036(2) —0.6518(h)

In this method of estimation, carolene is defined as a 63:32 mixture of
beta-carotene and neo-beta-carotene, and xanthophyil as 2 60: 22: 18 mixture
of lutein, neoxanthin, and violoxanthin, respectively,

Method 23.—Potassinm

Eastern Utilization Research and Development Division, ARS

APPARATUS

Flame spectrophotometer equipment.—(1) Atomizer and burner of own
design. (2} Filters No. 5850 blue purple plus No. 2404 dark red. (3)
Phatovolt multiplier photometer equipped with a 1P21 multiplier phototube.

DETERMINATION

Ashing of sample—Weigh accurately about 1 gram of sample in a plati-
num dish, moisten with 10 mi. of § percent sulfuric acid, char under infrared
lamp until SO; fumes cease, ash at 600° C, overnight {approximately 14
hours}.

Solution of ash.—Add approximately 30 ml. of 149 HCl and evaporate
1o dryness on steam bath. Add 20 ml. of 1+ 9 HCI, dissolve and decant into
a funnel through washed filter paper, collecting the filtrate in a 100-ml. volu-
metric flask. Repeat solution step with a second 20-ml. portion of 1+9
HCl. Transfer residue to filter, wash dish and filter with 14+9 HEI antil
volume of filtrate approaches 100 ml., cool solution to room temperature,
and make to volume with 1 +9 HCL

Fiame spectrophotometric procedure—Aspirate the solution of sample ash
into flame and read intensity of emission of the light that passes through
the two filters. Prepare a standard curve (p.p.m. K vs. Intensity) using
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matrix solutions centaining known amounts of potassium which bracket those
in the sample and also containing known amounts of Ca and HCl which are
estimated to be present in the tobacco ash solution. If this curve approxi-
mates a straight line within estimated experimental error, an equation for
a straight line is calculated using the points that bracket the intensities of the
sample. This linear equation is used to calculate the p.p.m. of potassium in
the solution of the sample ash. If the curve does not approximate a straight
line, the p.p.m. of K in the sample solution is determined by interpolation.
In either case, the observed intensity must be corrected for variations in
operating conditions (atomizalion rate, flame temperature, etc.). This is
done by determining the flame intensity of a single standard potassium
solution (Z) at regular intervals during a series of determinations. The
standard sclution Z is also compared with the matrix solutions used to obtain
the standard curve. The observed inlensity of the sample solution is ad-
justed by multiplying it by the factor I, /1,, where I, is the flame intensity for
solution Z determined at the same time and under the same conditions as
the matrix solutions and 1, is the flame intensity of solution Z determined at
the same time the sample solutions were analyzed.
The percent of potassium is calculated as follows:
(p.p.m.K) (vol. of sample soln.) X 100 .
weight of M-&S-F sample X 10 7 potassium (M-§5-F)

Method 24.—Protein Nitrogen and Proteins

United States Tobacco Co.

DETERMINATION

Place 2 grams {M-&S.I" equivalent weight) of tobaccoe in a 250-ml. Erlen-
meyer flask. Add 100 ml. of 0.5 percent acetic acid solution, heat mixture
to boiling, and reflux over low flame for 10 to 15 minutes. Filter with
suction while hot using & Fisher filtrator funnel (with Whatman No. 30, 9
cm. diameter, flter paper}, or use Buchner funnel, size 2A, and Whatman
No. 1, 15 cm. diameter, filter paper. In using the Buchner funmel, press
filter paper into the funnel so that about 2 cm. extend up on the inside wall of
the funnel.

Wash the residue with hot 0.5 percent acetic acid solution until the fltrate
becomes colorless, usually about 450 ml. Place filter paper with residual
tobacco in an 800-ml. Kjeldahl flask and add 10 grams K.SO,, 0.7 gram
HgO, and 25 ml. H.S0,. Heat gently until frothing ceases then boil briskly
until solution clears and then for at least 30 minutes longer. If the contents
of the Nlask appear likely to become solid before this point is reached, add
5 ml. H;S0, (sp. gr. 1.84) and continue heating,

Allow to cool to room temperature and then add 200 m). of distilled water
and a few pieces of granulated zine to prevent bumping. Add 50 ml. of 4
percent K.S solution (or 50 ml. of 8 percent Na,S.0; 5H.0 solution) and
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mix. Add 90 ml of 40 percent NaOH, pouring it down the side of the flask
slowly so that it does not mix. Connect flask to condenser with an Towa-
State-type Kjeldahi bulb, extending the tip of the condenser below the surface
of an accurately measured volume of N/10 HCl in the receiver. Mix con-
tents of the Kjeldahl flask by rotating flask and distill unti all of the NH; has
passed over into the measured quantity of the standard acid. {The first 150
ml. of distillate normally contains all the NH;.} Titrate excess acid with
N/10 NaOH solution, using methyl red as an indicator, and calculate the
results as foilows:

ml. of /10 HCl required to neutralize NH, X 0.14008

% protein nitrogen

weight of M-&S-F sample (M-88-F}

% protein nitrogen (M-&8-F) X6.25=% proteins {M-&5-F}

Method 25.—Resins and Waxes

Tobacco and Sugar Crops Research Branch, Crops Research Divi-
sion, ARS
DETERMINATION

Weigh accurately a sample equivalent to 3 grams of M-&3-F tobacco and
mix with 30 grams of sand, which has been acid-extracted and ignited at
700° C. for about 1 hour,

Transfer the mixture to a paper extraction thimble and extract with 95 per-
cent ethanol for 24 hours in a Soxhlet extra=tion apparatus. Filter alcoholic
extract into & 250-ml. beaker. Wash extraction flask with boiling alcohol,
pouring alcoholic washings through filter, and coliect filtrate from washings
in the same 250-ml. besker. FEvaporate alcoholic filtrate to dryness on a
steam bath and dry residual resinous material for 1 hour at 75° C. To the
resinous extract, add 30 to 40 ml. of water heated to 45° C., mix with glass
rod, and flter through a filter paper. Repeat this operation of washing
and filtration until filirate A gives a negative test for nicotine with silico-
tungstic acid reagent. Add 5 ml of concentrated HCl to the filtrate and
retain for subsequent extraction with ether.

Place the filter paper used in the preceding filtration in the 250-ml. beaker
containing the resinous material and add 75 ml. of 95 percent ethanol. Rinse
funnel used in above filtration with 95 percent ethanol and add rinsings to
the beaker. Cover beaker with a waich glass and heat on the steam bath
until the resinous material is dissolved. (A few particles may remain un-
dissolved which are subsequently filtered off.} Remeove the filter paper from
beaker, rinse the paper with a few ml. of 95 percent ethanol, and add rinsings
to the main alcoholic solution. Filter the main alcoholic solutiorn into an-
other 250-ml. beaker, wash filter paper and funnel with a few ml. of 95 per-
cent ethanol, and add washings to the main alcoholic filtrate. Add the
alcoholic filtrate portionwise to a weighed 50-ml. Erlenmeyer flask and
evaporate alcohol on the steam bath.
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Extract filtrate A with three successive portions of ether, and wash the
combined ether extract once with 25 mi. of distilled water. Filter the washed
ether solution, add it by portions to the weighed 50-ml. Erlenmeyer flask,
and evaporate to dryness on a steam bath. Dry Erienmeyer flagk containing
residue for 45 minutes at 75° C., cool in desiccator over anhydrous calcium
chloride, and weigh. Calculate the result as follows:

weight of resins and waxes X100 _ . .
weight of M-&5-F sample % resins and waxes (M-85.F)

Method 26.—Sand (6)
Standards Branch, Tobacco Division, AMS

DETERMINATION

Add slowly 10 ml. of concentrated HCI to the dish containing the total ash
determination. Cover the dish partially with a cover glass to prevent loss by
spattering. Boil over a low flame about 2 minutes, evaporate on stenm bath
to dryness, and bake on steam bath 3 hours after evaporation is complete.
Moisten residue with 5 ml. of concentrated HC), cover, and boil over low
flame for about a minute or two. Add approximately 30 ml. of distilled
water, and heat on steam bath a few minutes. Decant through an ignited
and tared Gooch crucible and wash inscluble material in dish with hot
water by decantation two or three times, pouring through the Gooch crucible.

Add 15 ml. of ho! saturated sodium carbonate solution to dish. [f the
scdium carbonate solution is not clear, filter it through asbestos before using.
Cover, heat to boiling, and remove burner. Add about five drops of 10
percent sodium hydroxide solution, allow mixture to settle, and decant
through the crucible. Repeat treatment with another 15-ml. portion of
sodium carbonate solution. Wash the insoluble material in the dish with hot
water by decantation, pouring through the crucible.

Transfer remaining insoluble material in dish to crucible with the aid of
a rubber-tipped glass rod. Wash the material in the crucible with 2 or 3
small portions of dilute HCI (1 volume of HC! to 4 of H,0), and finally
with hot water several times until free of HCl. Dry crucible and contents
in oven at 100° C. for 30 minutes or more. Cool to room temperature in
desiccator over calcium chloride, weigh, confirm residue as sand, and calcu-
late as percentage of sand on a M-&S-F basis, as follows:

weight of sand X 100
weight of M-&S-F tobacco

Method 27.—Sodiam
Eastern Utilization Research and Development Division, ARS

APPARATUS

(1) Atomizer and bumer of own design. {2) 600 my. interference filter
sct at the appropriate angle plus a Ne. 3480 red shade yellow filter, (3)
Photovolt multiplier photometer equipped with a 1P21 multipler phototube.

=% sand (M-&5-F)
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DETERMINATION

Ashing of sample —Weigh accurately a sample of about 1 gram (as-is} in
a platinum dish and calculate its M-&5-F weight. Moisten sample with 10
ml. of 5 percent sulfuric acid, char under infrared lamp until 30; fumes
cease, and continue ashing at 600° C. overnight {approximately 14 hours}.

Solution of ash.—Add approximately 30 ml. of 1+9 HCl, evaporate to
dryness on steam bath, add 20 ml. of 1+9 HCl and warm on steam bath
while stirring to dissolve ash. Decant into a funnel containing washed filter
paper and collect fltrate in a 100-ml. volumetric flask. Repeat solution step
with a second 20-ml. portion of 149 HCL.  Transfer residue to fiiter, wash
dish, and filter with 1+9 HCl until volume of filirate approaches 100 ml
Cool solution to room temperature, make to volume with 1+ 9 HCI, and mix.

Flame spectrophotometric procedure.—Aspirate solution of sample ash
into flame and read intensity of emission of the light that passes through the
two filters. Prepare a standard curve {p.p.m. Na vs. Intensity) using NaCl
solutions made up with 1+9 HCl. Since the relationship between the con-
centration of sodium and the intensity is linear, a simple proportion is used
to calculate the p.p.m. of sodium in the samples. Calculate the percent of
sodium as follows:

{p.p.m. Na} (vol. of soln.} X100

weight of M-&8-F sample X 10° = 7 sodium (M-85-F)

The sample solutions were compared with standard solutions containing
NaCl and HC), with the HCI concentration being equal to that in the sample
solutions. It was determined cxperimentally that extraneous ions in concen-
trations which were encountered in the sample solution had little or no effect
on the sodium emission.

The values obtained may be high because of sodium concentration from
handling the leaves, from the acid and water used in dissolving the ash,
from the glass of the flasks, and from the dust in the laboratory air.

Method 28.—Speectrographic Analysis

North Carolina State College
DETERMINATION

Weigh accurately a subsample of approximately 20 mg. and place in a
recessed cup in the end of a carbon electrode for arcing. Compare the in-
tensity of the line of a particular element to the standard spectrum of a graded
series of the particular element being measured.

The data in the tables are the averages of quadruplicate determinations
of the respective elements, and the replicate determinations were made on
successive days.

$53471—00——9
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Method 29.—Sulfur (7)
Philip Morris Inc.
REAGENTS :
(1) Magnesium nitrate solution.—Dissolve 150 g. of MgO in HNO, (1:1)
avoiding excess of the acid; edd a small amount of MgO in excess, boil, filter
from the excess of MgQ, and dilute to 1 liter.

DETERMINATION

Place 1 gram of tobacco (M-&S-F basis) in a large porcelain crucible.
Add 7.5 ml. of the magnesium nitrate solution, taking care that all tobacco is
in contact with solution. Heat crucible and contents on an electric hot
plate (180° C.) until no further action takes place. Transfer hot crucible
to electric mufle furnace and allow to remain at low heat (muffle must not
show any red) until charge is thoroughly oxidized. {No black particles
should remain; it may be necessary to break up charge and return to muffle.)

Remove crucible from muflle and allow to cool. Add H.0, then HCI in
excess (approx. 0.5 ml. HC! per 200-ml. solution). Bring solution to boil,
filter, and wash thoroughly. Heat filtrate to boiling and add 10 ml. of a 10
percent BaCl; solution by drops while constantly stirring. Continue boiling
ca. 5 minutes and allow to stand 5 hours or longer in a warm place. Decant
through an ignited and weighed Gooch crucible. Treat precipitate with 15—
20 ml. of boiling water and transfer to crucible. Wash with boiling water
until filtrate is free of CL. Dry Crucible and precipitate at 100° C., ignite,
cool to room temperature in desiceator over calcium chloride, and weigh as
BaS0,. Weight of BaS0,X0.1374=weight of . Report as percent S.

Method 30.—Tannin (2)

Eastern Utilization Research and Development Division, ARS

REAGENTS

(1) Kaolin.—A 1 percent suspension in water after digestion for 1 hour
at 23° C. should not yield more than 1 mg. of soluble solids per 100 ml. of
filtrate.

(2) Hide powder.—The Official A.L.C.A. hide powder approved by the
A.L.C.A. Hide Powder Committee,

DETERMINATION

Preparation of extract A.—Extract a 40-gram sample (M-&S-F basis) at a
uniform rate with boiling water for 7 hours in a continuous extraction ap-
paratus. The Pyrex extractor should be steam-jacketed so that the material
being extracted is at the temperature of boiling water throughout the extrac-
tion. Collect approximately 2 Liters of extract and allow to remain over-
night in a room at 23°-24° C. Dilute with water to exactly 2 liters and
designate solution as extract A.

Soluble extract.—The operations described below should be conducted in
an air-conditioned room maintained at a temperature of 23°-24° .




CHEMICAL COMPOSITION OF FLUE-CURED TOBACCO 113

Add 2 grams of kaolin to 225 mlL of extract A, stir the suspension, and
filter through S. & S. No. 610 filter paper, 91.5 cm. in diameter, pleated to
contain 32 evently divided creases, When app roximately 40 ml. have passed
through the filter, return the filtrate to the funnel. Continue this operation
for 1 hour, and then siphon the solution from the paper, taking care not to
disturb the kaolin film on the paper. Refill the prepared filter paper with
996 1] of extract A and continue the filtration.  After 40 ml. of the filtrate
have passed through, collect the next 195 ml. of filtrate into a clean, dry, glass
container. Pipet 100 ml. of the clear filtrate into a weighed {lat-bottomed
dish, 70 mm. in diameter, then evaporate and dry for 17 hours at 100° C.
(+0.5°) in a circulating-air-type electric oven. Transfer the dish and
residue to a desiccator containing Drierite, cool, and weigh.

Nontannin.—Caleulate the quantity of air-dried hide powder which will
be required for the number of delerminations to be made, on the basis of
12.5 grams of moisture-frec powder for each determination. Increase this
calculated amount by 10 grams to provide a sufficient quantity for the
determination of moisture in the wet, chromed, hide powder and alse for a
warking leeway. Digest the total quantity of air-dried hide powder with 10
times its weight of water until thoroughly soaked.

For each gram of air-dried hide powder so digested, add 1 ml. of 3 percent
chrome-alum-solution, K.80,-Cr.(50,):-24H.0. Agitate frequently for 2
hours and let stand overnight. Transfer the hide powder to a cotton cloth
(Indianhead) and squeeze thoroughly. Using the cloth as a bag, digest the
hide powder for 15 minutes in & quantity of water cqual to 15 times the
weight of the air-dried hide powder used. Then squeeze the hide powder
in the bag to about 75 percent moisture. Repeat the digestion and squeez-
ing three times and at the last pressing adjust the moisture as nearly as
possible to 72.5 percent (not less than 71 percent and not more than 74
percent}.

To 10 grams of the wet, chromed, hide powder, add 200 ml. of extract A,
shake the mixture in a shaker for exactly 10 minutes, then pour it onto a
perforated porcelain plate held in a 125-ml. funnel. Add 2 grams of kaolin
to the filtrate and refilter through paper. Pipet 100 ml. of the new filtrate
into a weighed flat-bottomed dish, 700 mm. in diameter, then evaporale and
dry for 17 hours at 100° C. in a circulating-air-type electric oven. Transfer
the dish and residue to m desiccator containing Drierite, cool, and weigh.
Correct the nontannin residue weight for dilution caused by water remaining
in the wet hide powder and calculate the percentage ef nontannins.

Tannin.—The percentage of tannin is the Jifference between the percentage
of soluble extractives and the percentage of nontannins.

Since the tannin content of the tobacco samples was quite low, resulting
in & low tannin concentration in the extracts, 10 grams of wet, washed, hide
(12.5%100)

106—1725

powder were used instead of 46 grams

as are normally nsed

for commercial tanning materials.
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Method 31.—Total Alkaloids (as Nicotine) (13)

R. J. Reynolds Tobaceo Co.

APPARATUS

Precision-Shell Titrimeter with calomel and glass electrodes (used for the
potentiometric titrations). Wrist-action shaker, model BB, Burrell Corp.,
Pittsburgh, Pa.

REAGENTS AND SOLUTIONS

(1) Barium hydroxide, Ba(OH),-8H.0, A.C.S, grade.

(2) Barium hydroxide solution, a saturated aqueous solution.

(3) Benzene-chloroform solution, consisting of 900 ml. of benzene and
100 1ol of chloroform.

(4) Celite, Johns-Manville Corp.’s analytical filter aid.

(5) Adcetic ankydride, A.C.S. grade.

(6) Crystal violet indicator, 1 gram of crystal violet dissolved in 100 ml.
of glacial acetic acid (A.C.S, grade).

(7) 0.025 N perchloric acid solution, 2.1 ml, of 72 percent perchloric acid
(A.C.S. grade), diluted to 1 liter with glacial acetic acid (A.C.S. grade).
Standardize the perchloric acid solution against potassium acid phthalate
(primary standard grade) according to the procedure of Seaman and Allen.
DETERMINATION

Weigh accurately a sample of 2.5 to 3.5 grams of the finely ground tobacco
and transfer to a 250-ml. glass-stoppered Erlenmeyer flask. Add approxi-
mately 1 gram of granular barium hydroxide and 15 ml. of the saturated
barium hydroxide solution. Swirl the flask until the tobacco is thoroughly
wetted, adding more barium hydroxide solution if necessary. Pipet 100
ml. of benzene.chloroform solution into the flask, stopper tightly, and agitate
vigorously for 10 minutes using the Wrist-action shaker or for 15 minutes if
shaken by hand. Add approximately 2 grams of celite, swirl flask until the
filier aid is well dispersed, allow the two liquid phases to separate, and filter
the benzene-chloroform layer through Whatman No. 2 filter paper into a
second flask. Pipet 25 ml. aliquots of the filtrate into each of two 125-ml.
Erlenmeyer flasks,

Pass a stream of air over the surface of the solution in the first flask for 5
minutes to remove any free ammonia that might be present in the filtrate.
Add 0.5 ml. of acetic anhydride to the second flask. To each flask, add 1 drop
of crystal violet indicator and titrate to a green endpoint with the 0.025 N
perchloric acid. If the nornicotine content is found to be as high as 25
percent of the nicotine content, acetylate another portion of the filtrate and
titrate potentiometrically to obtain the equivalence point. Calculate the re.
sults as follows:

V. XNX3245

% total alkaloids= weight of M-&5-F sample
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. OW.—V,XNX3245
% nicotine= L S TM-AS.F sample
2V, —V.) X NX26.64

weight of M-§5-F sample

% nornicotine =

Where:
¥Vy=ml. of perchloric acid required to neutralize nonacetylated aliquot.
V.= ml. of perchloric acid required to neutralize the acetylated aliquot.
N= normality of perchloric acid sclution.

The {actors 32.45 and 29.64 in the above equations are based on the fact
that nicotine and nornicotine are dibasic in the nonaqueous solvents used.
Accordingly, 1 ml. of N/1 perchloric acid equals 0.0811 gram of nicotine or
0.0741 gram of nornicoting. Inasmuch as 25 ml. aliquots (corresponding
to ene-fourth of the total extract) are taken for titration, above figures are
multiplied by 4. To get percentages, they are multipiied further by 1C0.

Method 32.—Total Ash and Its Solubility and Alkalinity (8)

Philip Morris Inc.
DETERMINATION

Total ash—Weigh accurately a sample equivalent to 2 grams of M-&S-F
tobacco in a tared porcelain dish of 75-ml. capacity. Heat at a temperature
of about 300° C. for 2 hours. Ignite at 500° C. for 2 hours in an electric
mulflie furnace provided with a temperature control. Cool to room tempera-
ture in a desiccator over anhydrous calcium chioride and determine the
weight of the ash. Caleulate the percentage of tatal ash as follows:

weight of ash <100
weight of M-&S5-F sample
Water-insoluble ash.—Transfer the ash obtained from the total ash de-
termination to a 250-ml. beaker, add 25 ml of water, and heat to boiling.
Filter on an ashless filter paper and wash with 25 mi. of hot water. (Save
the combined filtrale and washings for the determination of alkalinity of
water-soluble ash.) Dry the insoluble ash and filter paper and ignite at
550° C. for 2 hours. Cool in desiccator to room temperature and determine
the weight of the insoluble ash. (Save the insoluble ash for the determina-

tion of alkalinity.) Calculate the percentage of insoluble ash as follows:

weight of insoluble ash X 100
weight of M-&S-F sample

Water-soluble ash~Subtract the percentage of water-insoluble ash from

the percentage of total ask to determine the percentage of water-soluble ash.

Alkalinity of water-soluble ash.—Titrate combined filtrate and washings

obtained in part 2 with N/10 hydrochloric acid to a pH of 4.3, using a

Fisher Titrimeter. Calcnlate the alkalinity of soluble ash as ml. of N/10
HCl per gram of M-&S-F tobacco.

=% total ash (M-&S-F)

= % water-insoluble ash (M-&5.F)
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Alkalinity of water-insoluble ¢sh.—To the water-insoluble ash obtained in
part 2 add a measured quantity of N/10 hydrochloric acid in excess of that
required to make the mixture definitely acid in reaction. Bring the mixture
to boiling. Determine the excess acid by titration with /10 sodium hy-
droxide to a pH of 4.3, using a Fisher Titrimeter. Calculate the alkalinity
of water-insoluble ash as ml. of /10 hydrochloric acid required to neutralize
the water-insoluble ash of 1 gram of M.&S-F tobacco.

Method 33.—Total Nitrogen and Nitrate Nitrogen (9)

Liggett & Myers Tobacco Co.

DETERMINATION

Part 1—Total nitrogen including nitrate nitrogen—Place 1.4 grams
(M-&S-F) of tobacco in a 650-ml. Kjeldahl digestion flask, Add 35 ml. of
an acid solution which consists of 28.6 grams of salieylic acid in 1 liter of
H.80, (sp. gr. 1.84). Rotate flask until thoroughly mixed and allow to
stand for at least 1 hour,

Add 5 grams of Na,$.0;-5H,0, place on digestion rack, turn heaters to
low heat, and digest until all danger of frothing has passed (about 30
minutes}. Increase heat until acid boils briskly and continue heating until
white fumes of SO, no longer escape from the flask. Add 0.7 gram of
Hg0, 0.1 gram of CuSO,-5H.0, and 5 grams of K,S0, and continue beiling
for 2 hours, at which time the liquid is colorless. If the contents of the flask
are likely to become solid before this point is reached, add 5 ml. of H,SO,
{sp. gr. 1.84) and continue heating,

Allow the flasks to cool for 20 to 30 minutes and add 250 ml. of distilled
water and a few pieces of granulated zinc to prevent bumping. Pour 70-80
ml. of sodium hydroxide-sodium thiosulfate solution {consisting of 200 ml,
of sodium thiosulfate solution, made by dissolving 1,400 grams of Na,5,0,.
SH:0 in 1250 ml. of distilled water, mixed with 5 liters of 40 percent NaOH
solution) down the side of the flask so that it does not mix at once with the:
acid solution.  Connect flask to condenser by means of a Kjeldahl connection
bulb, taking care that the tip of the condenser extends below the surface of
an accurately measured volume of N/10 H,S0, solution contained in the
receiver,

Mix contents by rotating flask and distill until all the NH, has passed over
into the measured quantity of the standard acid. The first 150 ml. of distil-
late normally contains all the NH,. Titrate the excess acid with N /10 NaOH.
solation, alizarin red S being used as the indicator.

Calculate the results as follows:

ml. of N/10 H,SO, — ml. of N/10 NaOH
weight of M-&S.-F sample

Pary 2—Nitrate nitrogen.—Place 1.4 grams (as-is) of tobacco in g 650-ml.
Kjeldahl digestion flash. Add 5 grams of FeSO, - 7H,0 and 10 ml. of distilled

X0.140= % total nitrogen (M-&S-F)
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H,0. Shake flask until all particles of tobacco are thoroughly wet. Wash
down the sides of the flask with 25 ml, of distilled water.

Let this mixture stand for 1 hour, mixing it frequently by rotating flask.
Add 25 ml of H,S0, (sp. gr. 1.84) and mix thoroughly by rotation. Wash
down neck and sides of flask with 15 ml. of water. After sample has been
in contact with the sulfuric acid solution for 1 hour, place the flask on
the digestion rack and heat until dense fumes of 50: no longer appear. Add
0.7 gram of Hg0, 0.1 gram of CuS0,-5H,0, and 5 grams of K.SO, and con-
tinue boiling {or 2 hours, If the contents of the flask are likely to become
solid before this point is reached, add 5 ml. of H.30, (sp. gr. 1.84) and
continue heating.

Allow the flask to cool for 20 to 30 minuies and then add 250 ml. of water
and a few pieces of granulated zinc to prevent bumping. Pour 70-80 ml, of
a sodium hydroxide-sodium thiosulfate solution (consisting of 200 ml. of
sodium thiosulfate solution, made by dissolving 1,400 grams .of Na,3.0;-
5H.0 in 1,250 ml. of distilled water, mixed with 5 liters of 40 percent NaOH
solution} down the side of the flask so that it does not mix at once with the
acid solution. Connect fask to condenser by means of a Kjeldahl connec-
tion bulb, taking care that the tip of the condenser extends below the surface
of an aceurately measured volume of N/10 H.SO, solution contained in the
receiver.

Mix contents of Kjeldahl flask by shaking, and distill until all the NH; has
passed over into the measured quantity of the standard acid. The first 150
ml. of distillate normally contains all the NH,. Titrate the excess acid with
N/10 NaOH solution, alizarin red S being used as the indicator.

Calculate the nonnitrate nitrogen and nitrate nitrogen as follows:

ml. of N/IP H,50, -~ ml. of N/10 NaOH % 0140=9% nonnitrate nitrogen
weight of M.&S-F sample (M-&S-F)

% total nitrogen— % nonnitrate nitregen= % nitrate nitrogen

Method 34.—Total Reducing Substances, Total Reducing
Sugars, Polyphenols, Sucrose, and Starch

P. Lerillard Co., Inec.
REAGENTS AND SOLUTIONS

(R1)—Fehling’s solution 4.—207.8 grams of copper sulfate pentahydrate
dissolved in water to make 3 liters of solution,

{R2)—Fehling’s solution B.—1,038 grams of Rochelle Salt (potassium
sodinm tartrate} and 309.6 grams of sodium hydroxide dissolved in water
to make 3 liters of solution at room temperature.

(R3)—lodide-iodate solution.—120 grams of potassium iodide, 10.8
grams of potassium iodate, and 5 ml. of & saturated sodium hydroxide solu-
tion, made up to 2,000 ml, with water in a volumetric flask.




118 TECHENICAL BULLETIN 1225, U.S. DEPT. OF AGRiCULTURE

{R4) —5N sulfuric acid—135 ml. of concentrated sulfuric acid (sp. gr.
1.835-1.840} cautiously mixed with 800 ml. of water and made up to 1
liter in a volumetric flask at room temperature.

(R5) —Potassium oxalate solution.~—330 grams of potassium oxalate dis-
solved in water and made to 1 liter in a volumetric flask at room temperature.

{R6)Y—Sodium thiosulfate solution--~74.6 grams o. sodium thiosulfate
pentahydrate dissolved in 3,000 ml. of water and allowed to atand for three
weeks, Standardize against N/10 K.Cr.0; solution, 4.9033 grams of
K:Cr;0; per liter.

{(R7)—Newtral lead acetate solution.—100 grams of neutral lead acetate
trihydrate dissolved in 160 ml. of water.

DETERMINATION

Part 1—Total reducing substances—{(a) Preparation of filtrate A: Place
a 3-gram sample (M-&S.F basis) and 0.3 gram of CaCO; in a 500-ml. flask,
add 200 ml. of water, and reflux for 1 hour with occasional shaking. Allow
flask and contents to cool to room iemperature and transfer to a 500-ml.
volumetric flask. Make up to volume with water, mix, and filter by gravity
through a fluted circle of Whatman No, 44 filter paper. Designate as filtrate
A,

() Procedure: Pipet a 20-ml. aliquot of filtrate A {equivalent to a (.12-
gram sample) and transfer to a 500-ml. Erlenmeyer flask containing 30 ml,
of water,

{56} Procedure: Pipet 25 ml. of each (R1} and (R2} into the Erlenmeyer
flask and mix. Invert a 100-ml. heaker over the mouth of the flask and placa
over a Bunsen flame previously adjusted to bring the contenis of the flask to
a rolling boil in 4 minutes, =5 seconds. Continue boiling for 2 minutes,
remove the flask, and quench for 114 minutes under running tap water.
After quenching, pipet 25 ml of (R3) into the flask. Mix for about 5
seconds and pour into the flask from a graduated cylinder 20 ml. of (R4).
Mix again and pour into the flask from a graduated cylinder 20 ml. of (R5).
After mixing the contents, titrate the sample with {R6), using 1 ml. of a
freshly prepared 5 percent starch solution as an indicator.

In the same manner, run a control on 50 ml. of water, using the above
procedure. The number of ml. of ¥/10 Na,S,0; used in the control, minus
the number of ml. of ¥/10 Na,S.0, consumed by the unknown, gives the
number of ml. of /710 Na,S,0; equivalent to the weight of cuprous oxide
deposited. A difference of 1.0 ml of N/10 Na,S5,0; between control and
sample correspends to 7.15 mg. of cuprous oxide. The d-glucose equivalent
to the cuprous oxide {Cu,0)} is obtained from the Munson-Walker table
{A.0.A.C, Ed. 8, sect. 42.11, p. 890).

Calculate the percentage of total reducing substances (as d-glucose) as
follows:

E— X 100=="% total reducing substances {as-is)

4
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When B=mg. of d-glucose equivalent to the volume of N/10 Na,8.0;
used in the titration, and =120 mg, or 1/25 of the weight in mg. of the
original sample,

Part 2—Total reducing sugars—(a) Preparation of filtrate B: Extract a
5-gram sample {M-&S-F basis) for 16 hours with 80 percent ethanol in a
Soxhlet extraction apparatus. Use an alundum extraction thimble {34x100
mim., medium porosity) for the extraction. Inserta tared plug of glass wool
into the thimble after weighing the 5-gram sample. (Save the extracted
tobacco for the determination of starch.) Transfer the alcoholic extract to
a 250-ml. volumetric flesk and make up to volume with BO percent ethanol.
Transfer 100 mi. of the alcoholic extract (equivalent to a 2.gram sample) to
a 250-ml. beaker and evaporate on the steam bath until the odor of alcohel
can no longer be detected. Transfer the residual aqueocus solution to a 250-
ml. volumetric flask, wash besker several times with small portions of hot
(about 80° C.) water, and add washings to the aqueous solution in the
volumetric flask.

Cool solution to room temperature and clarify with 1.5 ml. of (R7).
Delead with 0.342 gram of solid sodium oxalate, make up to volume with
water, mix, filter by gravity through Whatman No. 44 filter paper, and desig-
nate as filtrate B. Test & 10-ml portion of this filtrate with a few crystals
of sodium oxalate to make sure that all of the lead has been removed.

(b) Procedure: Pipet a 25-ml. aliquot of filtrate B (equivalent to a 0.2-
gram sample), transfer to a 500-ml. Erlenmeyer flask containing 25 ml. of
water, and continue the determination as described in paragraph (bb) of
part 1.

Calculate the percentage of total reducing sugars {as d-glucose) as follows:

.g,-x 100= % total reducing sugars (M-85-F)

When B=mg. of d-glucose equivalent to volume of N/10 Na,8:0; used in
titration, and B =200 mg.

Part 3—Polyphenols—The percentage of total reducing substances {as
d-ghucose) minus the percentage of total reducing sugars {as d-glucose)
equals percentage of polyphenols {as d-glucose).

Part 4—Sucrose—{a) Preparation of filtrate C: Pipet a 50-ml. aliquot of
fitrate B, prepared as described in paragraph (a) of Part 2,to & 100-ml.
volumetric flask and invert with 10 ml. of hydrochleric acid salution (546
ml. of hydrochloric acid of 4. 1.19 diluted with water to 1 liter) for 24 hours
at room temperature. Transfer this solution to a 250-ml. beaker, neutralize
with sodium carbonate, return to the 100-ml. volumetric flask, dilute to the
mark with water, mix, and designate as filtrate C,

(b} Procedure: Pipet a 25-ml aliquot of filtrate C (equivalent to a 0.1-
gram sample), transfer to & 500-ml. Erlenmeyer flask containing 25 ml. of
water, and determine the reducing sugars (as invert sugar} following the
procedure described in paragraph (bb} of part 1.
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{¢} Calculation: The difference between the percentage of invert sugar
before inversion and the percentage of invert sugay after inversion when
multiplied by 0.95 equals the percentage of sucrose in the sample.

Part 5—S8tarch.~—{a) Preparation of filtrate I}: Transfer the tobacco quan-
titatively remaining in the extraction thimble after the extraction with the 80
percent ethanol, as described in paragraph {g)} of part 2, to a 1,000-mi.
Erienmeyer flask. Wash down the glass-wool plug used in the extraction
with distilled water and transfer the washings and suspended tobacco par-
ticles to the flask. Add 500 ml. of water and digest the mixture at room
temperature for 24 hours with occasional stirring.  Fiiter mixture by gravity
through Whatman No. 44 filter paper. Wash the residual tobacco with cold
water, and discard the filtrate and washings. Dry the residual tobacco at
100° €, for 3 hours, cool in desiccator, and weigh. Designate the remaining
tobacco substance as residue A and determine the weight equivalent of the
original sample. Pulverize residue A in a mortar to a fine powder and
redry at 100° C, for T hour.

To ca. 1.5 grams of the dried residue A, add 100 ml. of a 1 percent aqueous
potassium oxalate solution, and digest for 18 hours at room temperature,
shaking frequently, Filter mixtare, wash residual material with water, and
discard the filtrate and washings. Transfer the residual tebacco guantita-
tively to a small mortar, add 10 ml. of water and 0.5 gram of powdered
‘pumice, and triturate tissue to a pulp, Transfer the mixture quantitatively
to a 250-ml. volumetric flask with several rinsings of water from a wash
bottle, the total volume of water not exceeding 200 ml.

Heat flask and contents for 30 minutes in a boiling water bath in order to
gelatinize the =tarch. Cool mixture to room temperature, add to it about five
drops of toluene and 10 ml. of & 1 percent :.olution of dialyzed taka-diastase,
and incubate for 48 hours at 22°-24° { Dilute the mixture to the mark
with water, mix, filier through & Whatman No. 44 filter paper, und designate
this final filtrate as filtrate D,

(b) Procedure: Pipet a 50-ml. aliquot of filtrate D, transfer to a 500-ml.
Erlenmeyer flask, and continue the determination as described in paragraph
{bb) of part 1,

Calculate the percentage of starch (as d-glucose} as follows:

BX0.9
4

When B=mg. of d-glucose equivalent to the volume of N/10 Na,8.0; used
in the titration, and 7'=the weight in mg, on a M-&S-F basis.

X 100= % starch {M-&S-F)

Method 35.—Total Volatile Acids (as Acetic Acid)

Brown & Williamson Tobacco Corp.

APPARATUS
The apparatus consists of & 500-ml. Kjeldshl flask provided with a two-
hole rubber stopper. Through one hole passes a 6-mm. 0.D. glass tube A,
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bent at a right angle, and extending nearly to the bottom of the Kijeldahl
flask, Through the other hole, passes one end of a spherical connecting bulb,
such as js used in the determination of nitrogen by the Kjeldahl method
(Fisher Scientific Co. catalog No. 13—177A or equal). The upper end of
the connecting bulb is connected to a glass condenser by a rubber stopper.
The Kjeldaht flask is immersed in a giycerin bath. A conventional type of
steam generator is used.

DETERMINATION

Place a sample of 5 grams (M-&5-F equivalent weight} in the Kjeldahi
flask of the apparatus and add 100 ml. of distilled water and 2 grams of
tartaric acid. Heat glycerin bath in which the Kjeldah] flask is immersed to
100° C., connect tube A to the steam generator, pass in 4 current of steam,
and collect distillate in a flask containing 25 ml. of 0.1¥ sodium hydroxide
solution. Continue the distillation until almost all of the volatile acids (ap-
proximately 700 ml.) are distilled over. Throughout the distillation, keep
volume of mixture in the Kjeldahl flask approximately constant by heating
the glycerin bath with a small flame. Determine the excess of sodium hy-
droxide by titration with N/10 sulfuric acid solution, using phenolphthalein
as the indicator. Calculate total volatile acids (as acetic acid) as follows:

ml. of 0.1N sodmn:l hydroxide required X 0.0060X 100 _ % total volaile acids
weight of M-8S-F sample (M-&S.F)

Method 36.—Total Volatile Bases (as Ammeonia) (19)

The American Tobacco Co.

DETERMINATION

Transfer a 5-gram sample of tobacco {M-&5-F basis) to an 800-ml.
Kjeldahl flask. Add 75 ml. of standard trisodium phosphate solution {con-
sisting of 58.67 grams of anhydrous trisodium phosphate and 3.33 grams of
sodium hydroxide per liter) and connect the flask to an apparatus {10} ar-
ranged for the distillation in a current of steam. Collect the distillate in a
1,000-ml. Erlenmeyer flask which contains an excess of N/10 hydrochlorie
actd.

Turn on the burner beneath the reaction Hask and adjust to a medium
height until the liquid within the flask begins to boil. Admit steam from a
low pressure line (5 to 10 pounds) and adjust to the rate which will yield
800 ml. of distillate in 45 minutes. Adjust the flame beneath the reaction
flask so that the volume within the flask remains constant throughout distil-
lation. Titrate excess hydrochloric acid with ¥/ 10 sodium hydroxide using
7 to 8 drops of methyl red-methylene blue, an achromatic indicator. Cal-
culate the results as follows:

ml“N/l,O HCl roquired X0.17032 _ % total volatile bases, as ammonia
weight of M-&5-F sample (M-85-F)
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Method 37.—Uronic Acids (as Anhydrides) (23)

Standards Branch, Tobaeco Division, AMS

APPARATUS

The apparatus is described by Browning (71). However, anhydrous
calcium chloride is used in place of anhydrone in the long drying tube, ab-
sorption tube, and guard tube. Pretreat the anhydrous calcium chloride as
follows: Place the anhydrous calcium chloride in a tube of suitable size and
pass a slow stream of dry carbon dioxide through the tube for one-half hour.
Then pass a stream of dry air, free of carbon dioxide, through for 1 hour.
Keep the anhydrous calcium chloride in a well-stoppered bottle. Fill the
trap to a depth of about 7 mm. above the inlet tube with the silver phosphate
solution. Renew solution in the trap after each determination.

REAGENTS

(1) 12 percent hydrochloric acid (by weight) —Add 1,000 ml. of con-
centrated hydrochloric acid (d. 1.19) to 2,380 ml. of distilied water and mix.

(2} Silver phosphate solution.~—Add 10 grams of silver carbonate to 300
ml. of 85 percent orthophosphoric acid. Heat mixture on the steam bath
for 1 hour and at the same time pass through it a stream of air which is
free of carbon dioxide. Filter through a sintered-glass Buchner funnel of
porosity M.,

DETERMINATION

Weigh accurately in a weighing bottle 1 to 1.3 grams of the dry tobacce
which has been extracted with 95 percent ethanol in a Soxhlet extraction
apparatus for 16 hours. Calculate the equivalent weight of the unextracted
sample on an M-&S-F basis. Place the sample in the reaction flash and
add 60 ml. of 12 percent hydrochloric acid and two boiling chips, Connect
reaction flask to a water-cooled condenser and heat the flask in a glycerol
bath at such a rate that the temperature is raised to 70° C. in 20 minntes.
During this time, as well as throughout the determination, pass dry air
which is free of carbon dioxide, through the apparatus at the rate of two
to three bubbles per second.

Disconnect the absorption tube, place in a sufficiently large stoppered test
tube, and allow to remain near the balance for 5 minutes. Weigh absorp-
tion tube and connect again to the apparatus. Slowly raise the temperature-
of the glycerel bath to 137°-140° C., over a period of 30 to 45 minutes, and
maintain this temperature for 5 hours. Without interrupting the flow of
carbon dioxide-free air, disconnect the absorption tube from the apparatus,
Place in a stoppered test tube as before, allow to remain near the balance:
for 5 minutes, and weigh.

Conduct a blank determination following exactly the procedure describe™
above, except do not add sample to reaction flask. Deduct the weight of
carbon dioxide obtained in the blank determination from the weight of
carbon diexide obtained in the actual determination. The difference rep--
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resents the weight of carbon dioxide from uronic acids. Calculate the per-
centage of uronic acids {as anhydrides) as { ollows:

weight of CO. given off by uronic acids X400 _ ic acids (M-&S-F
weight of unextracted M-&S.F sample % nronic acids { )

Method 38.—Water-Soluble Acids

Liggett & Myers Tobacce Co.

DETERMINATION

Water-soluble acids—Dilute 5 ml. sliquot of extract A {(as obtained in
the determination of alpha amino nitvogen, method 2) to 100 ml. with dis-
tilled water and titrate to a pH of 8.1 with N/30 NaOH, using a glass elec-
trode and 2 Beckman pH meter, Model H2, or equal. Express results as ml.
of 0.1N NaOH required to neutralize the acidity in 1 gram of tobacco.

Calculate the results as follows: Milliliters read from buret equal ml. 0.1N
NaOH per gram of tobacco {M-&S-F). Average duplicate determinations,

Method 39.—Water-Soluble Nitrogen (other than Nitrate
Nitrogen)

P. Lorillard Co., Inc.

DETERMINATION

Reflnx gently for 1 hour a 3-gram sample (M-8S.F basis} in 200 ml. of
distilled water, using an air condenser. Filter mixture through a mat of
filtercel on a Whatman No. 30 filter paper in a Buchner funnel. Wash mat
and sample with ten 20.-ml. portions of distilled water and combine washings
and filtrate. Allow extract to cool to room texmperature, transfer to a 500-ml.
volumetric flask, dilute to the mark with distilled water, and mix. Measure
100 ml. of the solution with a pipet and transfer to a 500-ml. Kjeldahl flask
containing 10 grams of Na, S0, and 0.2 gram of CuSD, Add 25 ml. of
concentrated H:30, ta Kjeldahl flask and digest for 1 hour after the color of
the reaction mixture becomes clear green.

Allow to cool and add 250 ml. of distilled water and 10-15 pieces of
granular 10-mesh zine. Add 50 ml. of a saturated sodium hydroxide solu-
tion, pouring it down the side of the flask so that it does not mix at once
with the acid solution. Pipet 50 ml of N/10 HCl into the receiver at end
of condenser. Connect the flask to the condenser by means of Kjeldahl
connecting bulb, taking care that the tip of the condenser extends below the
surface of the acid in the receiver. Mix contents in Kjeldahl flask by rotat-
ing flask and distill until a minimum of 150 ml. of distillate are obtained.
Back-titrate with #/10 NaOH, using three drops of methyl red indicator.

Calculate the results as follows:

ml. of N/10 HCl required X 0.14008
one-fifth weight of original sample
basis)

= %, water-soluble nitrogen {‘M-.&S-F
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BRIEF OF FLUE-CURED GRADES

Type 11: Flue-cured, produced principally in the Piedmont sections of Virginia and
North Carolina.

Key to Standard Grdemarks for Flue-cured Tobacco

Groupe Qualities Colovs Specinl Faclors
A—Wrappers 1—Choice L—Lemon V—Greenish
B-—Leaf 2—Fine F—Orange KR—Dappled
H--Smoking Leaf 3—Good R—Red GL—Light green
C—Cunters 4—Fair S5 Mahogany GF—Medium green
X—Lugs 5--Low D—Walnut GR—Dark green
P—Primings 6—Poor K-—Variegated W—Unsafo keeping
N--Nondescript M—Mixed U—Unsound

G—Green
Summary of Standard Grades and Subgrades
6 Grades of Wrappers 7 Variegated Grades
AlL AlF AIR BdK C4K XaK
AZL. A2F A2R B5K C5K X5K
25 Grades of Leaf BoK
B1L BIF BIlR 3 Subgrades of Dappled
B2L BoF BIR BiKR
BSL B3F B3R B3S BSKR
BAL B4F B4R B4S B4D CSKR
BsL. BSF B3R BsS BSD 12 Greenish Subgrades
BeL B6F BSR B6S BeD B3LV B3FV X3LV X3FV
16 Smoking-leaf Grades B4LY B4FV C4LV X4LV X4FV
HIL HIF BSLY BSFV C5LY
H2l. HZF 8 Mixcd Grades
H3L H3F H3R X3M
H4l. H4F H4R BIM CIM XaM
H5L HSF H5R BSM CSM X5M
HéL, H6F HSR B6M
CiL CIF 10 Catter Grades 14 Grades and Subgrades of Green
QL C2F X3G
C3L C3F BAGL B4GF B4GR X4G PiG
CsL. C4F B5GL B5SGF B5GR Xs5G P56
L C5F *  B6GL, B6GF B6GR
. 10 Log Grades 12 Subgrades of Nondescrips
XlL XIF _ NIL N2L  Botched
X2L X2F NID N2D  Nested
f‘t ﬁi NIGL N2GL Ofitype
NIGR N2GR N-
XsL XSF GR N-Dec.
6 Priming Grades
PIL PAF
P4L, P4F
PsL P5F

For example: B3L designates Leai, good quality, in lemon color,

O







