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INTRODUCTION

Differences in palatability of the grain from different grain sorghum
vafieties have been attributed to relatively high tannin concentrations in the
less palatable varieties. Although there is presumptiweevidence that pal-
atability and tannin content are related, there appears to be no direct
experimental evidence for this relationship., Before this relationsh;p can
be infestigated a satisfactory method nmust be establishedmfor thevdetqr-_
mination of tannin in grain sorghum seed. The low concentrationAof tannin
normally present in sorghum grain preciudes the use of the common methods
for tannin measurement.

Colorimetric meﬁhods have been used frequently to measure low tannin
concentrations. In this,study, an investigation was made of several color-
imetriec methods, with emphasis on the spectrophotometrie modification of
two visual colorimetric methods which have been used specifically for tan-
nin determinations in sorghum grain. A study was made of the variables
common to both methodé énd between the two color reagents. In addition,
the determination of tannin by several ultraviolet spectrophotometric
methods was compared with the colorimetric methods. The purpose of these
experiments was to select a method which would be most suitable for routine
analysis of sofghum grain for.tannino/

Since little is known abéut the nature of sorghum grain tannins, paper
chromatographic studies of the tannins were éarried out to determine the
composition of this material., Most of the experiments were concerned with
finding the solvent system or systems whieh would most effeetively reso%ve

the tannin componenmts present in extracts of sorghum grain.
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QUANTITATIVE DETERMINATION OF TARNIN IN GRAIN SORGHUM

REVIEW OF LITERATURE

Tannin is the generic name for a group of polyphenolic compounds which
show certain characteristic physical and chemical properties and which are
widely distributed in the plant kingdom., The most important chemical
property of these compounds is their ability to form a stable complex with
collagen in animal hide. This process, which is called tanning, is an im-
portant step in the manufacture of leather. Other characteristics include
the precipitation of gelatin from solution, the formation of insoluble
lead salts, the tendeney to be readily oxidized, the formation of blue-
black or green colors with ferric salts, the precipitation of many organic
bases and an astringent taste (14).

0f the several classificatioﬁs of tannins which have been proposed,
the one most commonly accepted today classifies tannins into hydrolyzable
and copdensed tannins. The main distinction between these types of tannins
is that the simple treatment of the hydrolyzable tannins with acid, alkali,
or enzymes, splits them into sugars and recognizable phenolic carboxyliec
acids while the condensed tannins cannot be hydrolyzed into simpler
components (24).

The information available as to¢ the structure of tannins is limited.
It must be pointed out that "tannin" from a given source is not a single
compound, but a heterogeneous mixtufe of a number of related compounds.
The structures of some components of myrobalans have been elucidated (20),
however, and the structure of commercial tannic acid has also been pro-

posed (24). Both of these tannins are classed as hydrolyzable tannins.



Structural information on condensed tannins is even more limited because

a pure condensed tannin has never been obtained. It is known, however,
that catechins are degradation prcducts of some of these tannins, and from
this information it has been postulated that some condensed tannins may be
condensation products of catechins (24). According to Tsukunaga, 33“229
(22), the tannin found in sorghum seeds is of the condensed tannin class.
No other work has been reported on the type or structure of tannins in
sorghum,

A variety of methods has- been employed for the quantitative deter-
mination of tannins. The method used depends on the type of tannin, its
source and the amount present. Absorption of the tannins by hide-powder
is used in the leather industry for estimating the tannin content from
sources containing large amounts of tannin. The permanganate titration
procedure of Loewenthal is the official gquantitative method for the deter-
mination of tannins in tea, coffee and spices (Z2).

Two colorimetric methods have been reported for determination of tan-
nin in sorghum grain. The first reported analysis for tannin from this
source was made by Menaul (13) in 1923. He used an arsenic acid-sodium
tungstate color reagent Whieh'produced a blue color with tannins upon tﬁe
addition of sodium carbonate, Purified tannic acid was used as a standard
for this determination. Tannin concentrations found ranged from 0,00 =
0.50%, Menaul recognized that this color reaction was not specific for
tannins but stated that the tannins isolated with lead salt werée the only
compounds present which reacted with the color reagent. Snell and Snell
(21) made reference to this method, reporting it as the arsenous acid-
sodium tungstate reagent. When Barham and coworkers (3) tried the method

deseribed by Snell and Snell, their results were unsatisfactory; therefore,



they substituted a method using the Folin-Denis color reagent deseribed by
Valaer (23). This reagent was a phosphomolybdate-phosphotungstate solution
originally investigated by Folin and Denis (6) who had applied it to a
number of phenols and polyphenols. A characteristic blue color is given
by the reaction of this reagent with both sorghumAgrain tannin and standard
tannic acid. The values obtained by Barham, et al. (3) for the grain of
several sorghum varieties ranged from 0.,0030 =~ 0.1667%. This reagent is
also nonspecific for tannins, and its ude was based on the assumption that
tannin was the only reagent positive material that was isolated using a
procedure similar to ﬁhat used by Menaul. These two methods are the only
procedures which have been reported for determining the tannin cdntent in
sorghum grain,

Nitrousnaeid and sulfamic acid have been used for estim;ting catechol~
type tannins. Ferric ch.loridé, osmium tetroxide and ferrous @%artx;ate have
also been used to a limited eitent (21).

Direct ultraviclet spectroPhotomefric analyses have been made on solu-
tions of tannins in both the food and leather industries. Owades, gﬁ_gi.
(15) used the absorption at 270mp for the determination of tannins in hops
and beer. Tannins isolated from the same source as the unknowns were used
as reference standards, Roux (18) determined tannin content of black
wattle extracts by the absorption at 280mp. Since the absorption at this
wavelength was not characteristic of any speeific tannin, a 0.0084% solu-
tion of benzoic acid was used as an appropriate reference standard for
compariscn with 0.038% tannin solutions containing 0.1% of sodium sulfite
as a stabilizer., In 1957, Roux (19) demonstrated that wattle polyphenols
showed a much more ihtense peak at 208 - 203mp than at 280mp and, at this
wavelength the concenbtration of the polyphenols followed Beer's Law with

a high degree of concordah@e.



EXPERIMENTAL MATERIALS AND METHODS

The grain of five varieties of grain sorghum, ranging from white seeded
to dark-brown seeded types was used for this investigation. These sorghums
were grown by the Agronomy Department of Oklahoma State University, at
Goodwell, Oklahoma, in 1956, and include Martin [1], Darset [2], Redlan [3],
4414 [@j and Wheatland E?j, The numbers following the varietiesrare sample
numbers; subsequent reference to these samples will be by number only,

The Beckman DU spectrophotometer was used for all photometric analyses.

The general procedure for extracting tannins from the grain involved
a preliminary extraction with Skellysolve B to remove lipids followed by
extraction of the tannin in 95% ethanol, The samples were finely ground
in a Hobart grinder equipped with grein burrs and were thoroughly mixed
prior to removal of sub-samples for extraction. All extractions were
carried out in Soxhlet extractors. In the early part of the investigation
large extractors (extractcr capacity - 200 ml.) and 50 grem samples were
used, while in later studies small extractors (extractor capacity - 50 ml,)
and 10 gram samples nere employed.

The tannin material was isolated from the crude extract by treatment.
with lead acetate:nhich precipitates the tannin as lead tannate, The
solution was centrifuged the supernatant decanted and the residue of
lead tannate treated with 5% sulfuric acid to redissoclve the tannin and to
precipitate the lead as lead sulfate., After tne removal of the lead
sulfate by centrifugation, the supernatant solution(denoted henceforth as

the isolation sclutixmﬁwas ueed for tannin detemination by reacting with



either the arsenic-tungstate or Folin-Denis reagents or by a direct ultra-
violet specetrophotometric determination. Commercial tannic acid, extracted
three times with ether to remove any gallic acid which might be present,
was used as a reference standard,

In the determination of tannin using the arsenic-tungstate reagent,
the isolation soclution was treated first with the color reagent. ,A 20%
sodium carbonate solution was then added, and the solution immediately
diluted to volume. With the Folin-Deniswreagent, the reagent_was added to
the isolation solution; five minutes later saturated sodium carbonate was
added and the solution diluted to volume. Before the readings were made,
except where otherwise noted, five minutes were allowed for color develop-
ment of the arsenic-~tungstate reagent and ten minutes for the Folin-Denis
reagent.

A solution of purified tannic acid of known concentration was run
simultaneously with and in the same manner as the sample. After establish-
ing the linear relationship of concentration and optical density, the
amount of tannin present in the sample was calculated directly from the
optical densities of the standard and sample, in accordance with the Beer-

Lambert equation.



EXPERIMENTAL RESULTS AND DISCUSSION
Preliminary Experiments

In the methods described by Menaul (13) and Barham, et al. (3), the
estimation of the amount of tannin in sorghum grain was made by visual
comparison of the colors of the standard and sample after treatment of the
tannins with the color reagents. It was thought that a spectrophotometric
measure of the absorption of the colored solution would give a more precise
determination. A preliminary study was made on the absorption spectra of
the colored soclutions produced when tannic acid and sorghum tannin were
treated with several color reagents. These included the Folin-Denis,
arsenic-tungstate, arseno-tungstate and nitrous acid reagents. The arseno-
tungstate reagent gave an absorption peak, but this peak shifted when dif-
ferent amounts of standard tannic acid were used. When standard tannic
acid was treated with nitrous acid, the absorption spectrundid not show a
maximum. Of the four reagents tested only the Folin-Denis and the arsenic-
tungstate reagents gave absorption maxima that did not change with con-
centration (1-10 mg.) and were the same for both sorghum tannin and standard
tannic acid. The absorption maxima were at 650 and 675@; for the Folin-
Denis and arsenic-tungstate reagents, respectively. The absorption spectra
of the standard and samples treated with these color reagents are illus-
trated in Figures 1 and 2. Since the Folin-Denis and arsenic-tungstate
reagents showed the most promising results in these preliminary experiments,
it was decided to investigate these two reagents further to ascertain
whether one was more suitable than the other for the quantitative deter-

mination of tannin in grain sorghum.
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Concentration Versus QOptical Denisty

In order to caleculate the amount of tannin directly fremthe standard,

a linear relationship between concentration and optical density must hold
true at the absorption maximum. This relationship was studied for both
tannic acid and sorghum tannin using both color reagents and is graphically
represented’in Figures 3 and 4.

In the case of the arseniec-tungstate reagent the highest concentration
for which Beer's Law holds true was 1.3 mg. for the standard and O.S.mg,
(apparent concéntration) for Sample #2. The maximum concentratién limit
for the Folin-Denis reagent was 0.5 = 0.6 mg. for both standard and Sample #2.
It was necessary to represent the tannin content of the samples as "apparent"
concentration as determined by each reagent because the actual valué for

the tannin content was not known,
Procedure Studies

A. Extraction Procedure

It was observed in early experiments that there was a marked dif-
ference in the tannin content of different extracts of the same sample,
as determined by the same color reagent. In these experiments the large
extractors were used. The sample (50 grams) was first éxtracted with
Skellysolve B for 20 to 24 hours and then with 95% ethanol for the same
period of time. The data in Table I illustrate the variation between ex-
tracts as determined by the Folin-Denis color reagent.

It is obvious that the émount‘of tannin extracted from a given sample
was not the same for all three sets of extractions. The large differences
in the amount of tannin extracted for a given sample may be partially

accounted for by variations in the amount of heat supplied to the



10

i T T T
@ ARSENIC-TUNGSTATE REAGENT l
O FOLIN-DENIS REAGENT
la5 [ an]
T -
E 1.07 //‘ n
[ <
w0
=]
a
=
()
5
B 0| B
o I
- A 4
o0& b e e i !
od o8 l.2 1.6 240
CONCENTRATION (mge/100 mls)
Figure 3
Concentration Versus Optical Density for Standard
Tannic Acid
_;! 1 !
; @ ARSENICG-TUNGSTATE REAGENT
1e5 & © FOLIN=-DENIS REAGENT
: .
y 10 - / |
2 _
= .
a A
._J 1 Y
3 // I €
Ho.5 - o '
5 _—
]
- @/ i
0 £ f i / ; !
ok o8 1.2 1.6 2.0
APPARENT CONCENTRATION (mg./100 ml.)
Figure 4

Concentration Versus Optieal Density for Sample#Z



1k

individual extractors. The heat control for each unit could not be ac-
curately regulated, and in some of the extractors the amount of heat sup-
plied to the extractor was reduced by a space between the heating unit and
the flask. The variation in the amounts of tannin extracted could probably
have been reduced with these larger extractors by extracting for a longer
time. The smaller extractors were used for the remainder of the inves-
tigation because an appreciably longer extraction time would not be
desirable for routine analyses. With these smaller units the heat was
more accurately controlled and there were more extraction cyeles per unit

of time than with the larger Soxhlets.

TABLE I

REPRESENTATIVE DATA SHOWING VARIATION AMONG EXTRACTIONS
USING LARGE EXTRACTORS

Percentage of Tannin in the Samplesl

Semple # Ext .41 Ext .2 Ext .43
1 0.0342 0.0287 0.0274
2 03350 0.1279 0.1677
3 0.0643 0.0530 0.0514
4 0.0131 0.0091 0.0109
5 0.0307 0.0190 0.0262

lDetermined by the Folin-Denis reagent.

When 10 gram samples were extracted for 20 = 24 hours by each solvent
(Skellysolve B and 95% ethanol) using the small extractors, there was much
less variation in the tannin content of the alcoholic extracts than had
been found with the large extractors. Since there was still some varia-

tion among extractions, it became necessary to establish the minimum time
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for complete alcoholic extraction of the tannin from the grain. Ten grams
of Sample #3 were extracted with Skellysolve B for about 18 hours (over-

night), dried and extracted with 95% ethanol for different time intervals

as shown in Table II.

TABLE II

THE EFFECT OF EXTRACTION TIME ON THE AMOUNT
OF TANNIN EXTRACTED

Percentage of Tannin in the Samplesl
Extraction Time

(hours) Experiment #l Experiment #2
2 0.03015 —
4 0.03496 0,03568
6 0.03472 0.03840
8 0.04165 0.04088
24 0.04582 0.04480
30 - 0.04496

lDetermined by the arsenic-tungstate reagent.

In Experiment #l, the maximum time for extraction was 24 hours., The
results were inconclusive; therefore, in order to ascertain whether or
not any tannin was extracted beyond that 24 hours, a second experiment was
run. The results shown indicate that extraction of tannin is essentially
complete in 24 hours.

B. Procedure for the Isolation of Tannin

It had been noted in some early studies that there was sometimes a
marked variability in results from the same extraction. Therefore, it
seemed desirable to attempt to learn which step in the procedure was

responsible for this variation. For all the tannin determinatioms made up
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to thig point in the investigation the following procedure had been used
for the isolation of tannin from the crude extract. A 1l0-ml, aliquot of
the extract was placed in a tapered 15 ml. centrifuge tube and 2 ml. of 10%
lead acetate were added. The tube was heated in a water bath at 72 = 75°C
until the precipitate was completely ccagulated (about five minutes). then
centrifuged., After the supernatant was discarded and the tube drained,
Pfive to ten drops of 5% sulfuric acid were gdded9 depending on the amount
of precipitate present. After thorough mixing, distilled water was added
and the tube was centrifuged. The supernatant was saved, and the precip-
itate was washed with a small amount of distilled water. The wash water
was combined with the supernatant for analysis.

In order to locate the source of the variability in this prosedurs an
exPerimeﬁt was run in which duplicate isolations from the same extract as
well as duplicate color developments on the same isolation solubion were
analyzed with the arsenic¢-tungstate reagent., The differences between
duplicat@ igsolations from the same exbtract were greater than the differences
between duplicate color developments on the same isolation golution. The
results of this experiment are presented in Table III, Because of the
svident variability in the isclation procedure, a series of experiments
was set up to find out if the variability in the isolation procedure could
be reduced. In these experiments a conbrol was run simultaneocusly with a
get in which one of the steps had been altered.

One of the possible causes for variation was that some non-tannin,
reagent-pogitive material might be adsorbed on the precipitate and carried
over into the isolation solution., If this were the case, then washing the
precipitate to remove non-tannin material might improve the reproducibility

of the resulis., This was investigated by repeated washing of the lead
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tannate precipitate with distilled water. It was found that the amount of
tannin remaining in the preeiﬁitate decreased with each washing. When the
washings were analyzed for tennin it was found that the combined washings
inecreased in total tannin content with successive washings. These results
indicated that some of the leéd tannate was solubilized with each washing,
The same type of results was observed when the lead tannate was washed
with 10% lead acetate. After successive washing of the precipitate with
95% ethanol, however, there was no apparent decrease in tapnin content,
but variability was not decresased appreciably either. It was cqncludeq
from these results that washing the lead tannate would hot effeect any im~-

provement in the procedure,.

TABLE IIT

DATA ILLUSTRATING VARIABILITY IN THE ISOLATION
AND COLCR DEVELOPMENT PROCEDURES

Percentage of Tannin in the Samplest

Sample # Isolation Color Development
1 2 3
1 A 0.0231 0.0238 0.0241
B 0.0252 0.0252 0.0265
2 A 0,.,1530 0.1510 0.1530
B 0.1600 0.1l620 . 0.1630
3 A 0.0430 0.0430 0.0404
B 0.0512 0.0504 0.0524
5 A 00,0332 0.0326 0.0320
B 0,0273 0.0269 0.0264

lpetermined by the arsenic-~tungstate reagent.
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The hydrogen ion concentration of the solution of tannin priorvto
color development was considered as another possible source of variation
in the procedure. Since the amount of acid added to redissolve the_lead
tannate was not aceurately controlled, small differences in the amount of
acid in the isolation solution could conceivably have an affect‘onﬂthe
color developments To study this possible effect, aliquots were taken from
the same isolation solution and adjusted to different pH values before
treatment with the color reagent. The lowest pH represented the pH of
the solution when ten drops of sulfuric acid were used to redissolve the
tannin, This amount was a small excess of acid. When the minimum amount
of acid needed to redissolve all the lead tannate was added the pH of the
isolation solution of the samples ranged from l.6 to 28.5. From the data
presented in Table IV, it 1s apparent that an excess of acid did not af=-
fect the colorimetric reaction, but as the pH of the solution increased
the results becéme erratic and were not the same for both reagents, There
was more variation with the arsenic-tungstate reagent with change in pH
than with the Folin-Denis reagent. With either reagent, however, it would
appear that if enough acid is added to redissolve all the lead tannate,
the addition of a small excess would not affect the final tannin determi-
nation.

The results from these experiments indicate that refinements at the
particular.points studied would not reduce the variability in the isoclation
procedure. It may be concluded that the isolation procedure originally
used is the best method presently available for isclating the tannin from

the cerude extract.
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TABLE IV

EFFECT OF pH OF THE TANNIN SOLUTION ON CGLOR DEVELOPMENT

SAMPLE #1 SAMPIE #4
0.D. H 0.D.

PH (arsenic-tungstate) pH (Folin-Denis)
1.7 0.165 1.6 0,108
3o 0.165 3otk 0,108
4.2 0,118 4.3 0.100
5.5 0,058 | 5.5 0,109
7.0 0.146 7.0 0,102
9.0 0.105 9,0 0.088

Comparison of the Arsenic-tungstate Reagent and Folin~Denis Reagent

Briefly, the procedure for color development with the two reagents was
as follows. ZFor the arsenic-tungstate reagent 2 ml. of the reagent were
added to the sample foliowed by the addition of 10 ml. of 20% sodium car-
bonate. The solution was then diluted to volume with distilled water and
allowed to stand five minutes before the reading weas made at 675my. In the
case of the Folin-Denis reagent, 2 ml. of the reagent wereadded to the
sample; after five minutes 5 ml. of saturated sodium carbonate were added
and the solution brought up to volume with distilled water. The color was
developed for ten minutes and then read at 650m}1o Distilled water was
used for the blank in 2ach case.

It was evident throughout this investigation that the two colori-
metric reagents gave different results with the same sample, based on the
same reference standard.. In Table V, representative data illustrating this
difference are presented. Theée values were obtained from aliguots of the

same extract, thus eliminating this variable as a source for the difference.
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For four of the samples, the Folin-Denis reagent gave tannin values ranging
from 34 = 45% higher than the arsenic~-tungstate reagent. For Sample #4,

it was 23% higher.

TABLE V

PERCENTAGE OF TANNIN AS DETERMINED BY THE FOLIN-DENIS
AND ARSENIC-TUNGSTATE METHODS

Percentage of Tannin in the Samples

Sample 7 Folin-Denis Arsenic-tungstate
1 0,0279 0.0199
2 10.1218 0.0912
3 0,04953 0.0344
4 0.0095 | 0.0077
5 0,0182 0.0125.

The effect of time on color development was different for the two
reagents. As shown in the upper graph in Figure 5, the optical densities
of the colored sclutions produced when the standard and sample were
treated with the arsenic=tungstate reagent decreased rapidly with time.
Since the optical density for the standard decreased at a slower rate than
that for the sample, the apparent concentration decreased with time, This
is illustrated in the lower graph in Figure 5. With the Folin-Denis re=
agent the opbtical densitiesAfor botﬁ standard and sample increased slightly
for the first thirty minutes and then leveled off. Since this effect was |
similar for both standard and sample the apparent concéhtration remained
constant over the three hour period for the Folin-Denis reagent. DBefore
the first readings were made, five and ten minutes were allowed for color

development with the arsenic-tungstate and Folin-Denis reagents,
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respectively. OSince time between color development and reading is an im-
portant factor with the arsenic-tungstate reagent, 1t appears that there
would be more pessibility of variation with this reagent than with the
Folin=-Denis reagént. From this standpoint the Folin-Denis reagent would
seem to be the better reagent for the determination of tannin in sorghum
grain.

It was observed that with both color reagents a pronounced turbidity
developed in the colored solution if a period of two minutes or more
elapsed between the addition of sodium carbonate and the dilution to volume.
Thus, with both reagents it was important to dilute to volume immediately
after the addition of sodium carbonate.

From the results of these comparison experiments i1t was evident that
there were marked differences between the arsenic-tungstate and Folin-
Denis reagents. The reason for these differences 1s not known, ﬁut several
possible causes can be advanced. It is known that sorghum tennin and tan=-
nic acid are not the same type of tannins; conséquently, it might be
expected that either or both color reagents would react somewhat differently
with the standard than with the sample. This was found to be true for the
arsenic-tungstate reagent where differences were observed between the
standard and samples with respect to rate of fading and the relationship
between concentration and optical density. For the Folin-Denis reagent,
however, these differences between the standérd and éampleé were not ob=
served. Since neither reagent is specific for tannins there is also the
possibility that some non-tannin material is isolated from the crude ex-
tract which reacts with the Folin-Denis reagent and not with the arsenic=-
tungstate reagent. This could possibly account for some of the differenges

in tannin content for the same sample as determined by the two color reagents.
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Since there are these differences between the two reagents, a true eval-
nation with respect to the actual tannin content cannot be made until a

pure tannin from grain sorghum is available.
Ultraviolet Spectrophotometric Methods

During the course of the investigation of the colorimetric methods,
an ultraviolet spectrophotometric method for the determination of tannins
in hops and besr was published (15). It was thought that this method
might be applicable for the determination of tannin in sorghum grain;
therefore, the method was investigated.

Ultraviolet absorption spectra were run on the staﬁdard solution and
on the extracts and isolated solutions ofithe sorghum tannin. The maxe
imum absorption for tannic acid was at 276 - 278mu while the maxima ranged
from 282 - 292mu for the five grain sorghum samples. The absorption spectra
of the extract and isolated solution were the same for each sample. The
spectra of the standard and two of the samples are shown in Figure 6.
Despite the facet that the standard and samples did not have their maxima
at the same wavelength, for the purpose of comparison with the colorimetric
methods, it was decided to estimate the amount of tannin in grain sorghum
by measuring the absorption of the tannin at 278mp, the maximum for tannic
acid. Both sorghum extracts and isolated material were analyzed for tan-
nin content and compared with the values determined by the colorimetric
procedures. The results of these experiments are recorded in Table VI.

It is apparent from the data presented in this table that there was
more material present in the extract which absorbed at 278mu than there
was in the solution of tannin isolated from the extract. These data also

show that the amount of material measured as tannin by the ultraviolet



OPTICAL DENSITY

83

06'

o4

02

I !

k.

@ SAMPLE *1
© SAMPLE %3
A STANDARD TANNIC ACID

‘A\“‘"‘&,_ A

D

/’/.

(mp)

300

\/ - o ‘7 3 V
g _KA‘,;_“!Y,M "
WQNWN’MW.,&_, !
f = | ‘ ,
26 270 25 i
WAVELENGTH

Figure 6 )

Ultraviolét Absorption Spectia
of Agueous Sorghum Tannin and
Tannic Acid Solutions

18



22

method after the lead salt isolation was not the same as that determined
by the colorimetric methods. The value for Sample #2 was lower than that
for either color reagent while Samples #l and #5 gaﬁe values between those
determined by the two colorimetric methdds. The values for Sample #3 and

#4 were much higher than those obtained by the colorimetric methods.

TABLE VI

PERCENTAGE OF TANNIN AS DETERMINED BY AN ULTRAVIOLET METHOD (278mu)
AND TWO COLORIMETRIC METHODS

Percentage of Tannin in the Samples

Extract : Isolated Tannin
Sample # Wethod Mot hod
UV, : U, Vo Arsenic-tungstate Folin-Denis
1 0.,1100 0.0402 0.0294 0.0489
2 0.2060 0.1319 0.1550 0.2382
3 0.1603 0,0731 0.0442 0.0521
4 0.1070 0.0239 0,0108 0.0143
5 0.0926 0,0405 0,0246 0,0549

It was thought that a method of Roux (19) in which he determined the
amount of tannin in wattle extracts by the absorption at 202mp might be
applicable for the determination of tannin in sorghum grain. Absorption
spectra measurements between 200 and 240mu were made for both tannic acid
and sorghum tannin (extract and isolated tannin). Tannic acid gave an
absorption maximum at 210mp while the sorghum ténnin did not give a maxi-
mum in this region of the spectrum. IFrom the optical densities of the
standard and samples measured at 210mu the tannin concentrations were

calculated. The results of this experiment are recorded in Tabls VII,
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TABLE VII

PERCENTAGE OF TANNIN AS DETERMINED BY
AN ULTRAVICLET METHOD (210mp)

Sample # Percgizigztof Tannin inlggiaiigples
1 0.172 0,0537
2 0.426 0,2120
S 0.352 0.0614
4 0.223 0.0262
S 0.162 0.0703

Except for Sample #3, the tannin content for the isolated material
was higher than that recorded for the preceding ultraviolet method. These
results were also generally higher than those measured by the colorimetric
methods,

Another spectrophotometric method utilizing ultraviolet absorption at
280mu and employing benzoic acid as a reference standard (18) was found to
give exceedingly high results. Because of these extremely high results,

this method was not investigated further.
A Statistical Comparison of the Two Colorimetric Methods

It became imperative at this point in the investigation to £find out
which of the color reagents, the Folin-Denis or arsenic-tungstate, would
be the better for routine analyses. Sinee it is not known whether either
reagent measures the true tannin content and since both reagents measure
relative amounts of tannin it appeared that the only real basls for choice
would'be the precision obtainable, Therefore, a statistically designed

experiment was set up so that information could be obtained that would
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aid in making a choice., It was important to find out which method would
be more precise when run on a routine basis. It was also of interest to
know if the values obtained by the two colorimetric reagents were statis-
tically different. Finally, it seemed desirable to evaluate the effects
of different variables in the more precise method, and to learn which com-
binations of extractions, isolations and color developments, applicable to
routine analyses, would give the smallest standard error of the mean for

a variety. From this information it would be possible to obtain an es-
timate of the magnitude of differences (L.S.D.) which could be detectgd
between any two wvarieties by the method.éelectéd for routine analysis.

The experiment designed to answer these questions was set up as
follows. Two extracts of Samples #1, #2, and #3 were made according to the
procedure described in the section on Extraction Studies. From each extrac-
tion, three 10-ml. aliquots were taken and the tannin isolated by the pro-
cedure described in the Isclation Studies. Instead of using the entire
isolation solution for treatment with color reagents, however, each iso-
lation solution was made up to 100 ml, and six aliquots from each isolation
solution were taken for color development. Three of these aligquots were
treated with the arsenic-tungstate reagent and the other three with the
Folin-Denis reagent. After treatment with the color reagents the colored
solutions were diluted to 25 ml. instead of 100 ml,Ain order to keep the
optical density readings in the range normally encountered. This change
necessitated a four fold dilution of the color reagents and carbonate
solution., With these exceptions the procedure-for the color development
was the same as that outlined earlier.

The data obtained from this experiment were statistically analyzed.

To determine which method gave the least amount of variatiop, the variances

within each color reagent were calculated. The variance within the Foline
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Denis reagent was 3,236 x 10-6 while within the arsenic=tungstate feagent
it was 1.1533 x 10", An F test was made to test the homogeneity of these
variances. The larger mean square (Folin-Denis) was divided by the smaller
mean square (arsenic-tungstate)., The value for'F was 3.564 which is sig-
nificant at the 1% confidence level. These results show that the color
development with the arsenic-tungstate reagent has significantly smaller
variability than that with thevFolin~Denis reagent, and suggests that
smaller differences between varieties could be detected with the method
employing arsenic-tungstate reagent. Since the variances of the two re-
agents were significantly different, a 5% confidence interval for each
mean was computed. It was found that the two intervals did not overlap and
it was therefore concluded that the meams of the two ﬁethods were statisti-
cally different. It is not known which method is biased with respect to
the true amount of tannin present but the statistical evidence points out
the more precise method.

After the proéédure empioying arsenic-tungstate had been established
as the least variablermethod,“an analysis of varianece was made of data ob-
tained 5y this method. ia?le VIII shows the analysis of variance and the
calculated values for the parameters of variance. The results of the P test
indicgte that there were significant differences among isolations within
extracts in each variety, the gifferenees between extracts within varieties
were significant and finally, there were significant differences among
varieties.

Since the difference between varieties was the difference of interest,
the following equation was used to calculate the variance of a varietal
mean for a given combination of extragtions, isoclations and color determina-

tions:



TABLE VIII1
A. ANALYSIS OF VARIANCE FOR THE ARSENIC-TUNGSTATE REAGENT

\

Source of Variation defo  Sum of Squares Mean Square F MEstiglated
Total 53 042071202999 -
Between Varieties 2 02060627084 oolo.agsiasq,z 69 Tp2 + 3032 + 9 052 + 18052
Between Exto in Varieties 3 060004481542 0.0001493847 ~ 3.64% UpR + 3 Cp2 + 9 T3R
Between Isol. in Ext. in Varieties . 12.  0.0004920424 o.oooo410785 12.7% 032 + 3 3R
Within A-T in Isol. in Ext. in Vars 36 040001164949 0.0000032360 7,2

Be CALCULATED VALUES FOR THE PARAMETERS OF VARIANCE

Parameter. s Value x 107

T2 32,360
U}z 126.142
U“Ez 120,340
O"VZ 571,566.497

*  gignifiecant at the 5% level
*% gignificant at the 1% level

93
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Where n =N& of color determinations, A
p =Nos of isolations, P
k =Nosof extracts, E

By substituting the estimated values of the variances in the above
equation and simplifying it, the following equation is obtained.

OV,""Z 107 = 32,360 + 126,142n + 120.340np
v ' npk

From this equation the variance of the mean of a variety can be estimated
fer any combination of extractions, isolations and color determinations
used,

The estimated variance of a varietal mean was calculated for several
combinations of n, p and k that might be applicable for routine analyses.
These values are presented in Table IX. For each of these variances the
Least Significant Differences}were computed using the following formula:

d = Y&szt
For example, in the combination of n 8‘2, k=2, p= 2, a difference of
. 0.0103% in tannin content is significant at the 95 confidence level,

Least Significant Differences were calculated for a previous experi-
ment in which the tannin content for all five samples was determined by
the arsenic-tungstate reagent using three extractions, one isolation and
two color determinations. The average values for the five samples and the
differences between eamples are given in Table X. Except for the difference
between Sample #1 and #5, the difference between any two samples was larger
than the Least Significant Difference (5% level). In this experiment, when
n=2,p=1l, k=3, only Samples #1 and #5 were not significantly different

in tannin content while, if an experiment were run in which the combination
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TABLE IX

ESTIMATION OF THE VARIANCE OF A VARIETAL NEAN FOR

A GIVEN COMBINATION OF n, p and k

Combination of s-2 x 107 Least Significant Difference
n p k v 5% level 1% level
i 1 2 139.421 0.0665 0.3330
1 2 2 99,796 0.0143 0.0205
2 2 2 95,751 0.0103 0.0153
2 1 3 87.557 0.0107 0.0168
2 2 3 63.8%4 0.,0079 ' 0,0112

TABLE X

TEST OF SIGNIFICANCE BETWEEN THE FIVE SAMPLES

d (n=2, p=1l, k=3) = 0,0107% tannin (5%,levei) 0.01685/0 (1% level)

—_ Differences .
Sample # v (A=T) —= s e -
: v=0,0125 v-0,0276 v-0,0295 v=0,0465

2 0.1550 0.,1425%* 0.1274%% 0.1255*% . 0,1085%*
3 0.0465 0.0340%%* 0.0189%* 0,0170%*%
5 0.0295 0,0170%* 0,0019
1 0.0276 0,0151*
4 0,0125

* significant at 5% level
**% gignificant at 1% level
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was n =1, p= 1, and k = 2, Samples #l, #3, #4 and #5 would not be statis-
tically differentiated (5% level) if the same varietal means (Table X) were

obtained using this combination.

Recommended Procedure for Reutine Determination
of Tannin in Grain Sorghum

In selecting the proper procedure for routine analyses, several
factors must be considered. The amount of grain available is important.
This factor would be important for the determination of the tannin con-
tent of breeding material since the amount of material available would be
limited to small quantities. The faect that the extraction step is the
most time consuming step must also be considered. Other_factqrs that enter
into this consideration are the precision of tne methodvused”end”tne mag-
nitude of difference in tannin content that would be impertent‘to the ine
vestigatoro In the method to be described a‘difference of abent,ofpl% or
more can be detected. It seems probable that‘smal;e; dtffereneeeuinhtan=
nin content between varieties would_not be‘signif;eent witn.respect tol”
differences in palatability. ' This assumption cannot be verified? howeveniw
until tannin enalyses and palatability studies are made on duplicate sorghum
grain samples.

On the basis of the factors considered aboveﬂand”tne evideneeupreeented
earlier the following procedure is recommended for rqutine‘determinations
of tannin in sorghum g:aino Two 1lO0-gram samp;es_ef tnorough}y mixed
ground grain are weighed out into extraction thimbles° ‘The"samp;eeuere_ o
extracted first with Skellysolve B‘overnight,_dried_andmtnen extraetedeith
95% ethanol for 24 hours, using the small Sonnlet extraeters (ext:ector

capacity - 50 ml.). The extracts are then cooled and stored in the
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refrigerator for 48 hours, filtered and the filtrate made up to 100 ml.
Duplicate 10~ml. aliquots are transferred to 15-ml. tapered centrifuge
tubes and 2 ml, of lO%ylead acetate are added to each aliquot. The tubes
are then heated in a water bath at 72 - 75°C until all the lead tannate‘
is coagulated (aboutbfive minutes). Then the precipitates are centrifuged,
the supernatants discarded and the tubes drained for several minutes;

Five to ten drops of 5% sulfuric acid (depending on the amount of pre-
cipitate) are added to each lead tannate precipitate and the suspension

is thoroughly mixed to dissolve the tannate. The volume is then made up
to about 10 ml. with distilled water and the tubes are centrifuged. Each
_supernatant solution is placed into a separate 100-ml. volumetric flask,
apdAfhe precipitate is washed with 2 - 3 ml. of distilled water,
centrifuged, and thevwash water combined with the supernatant. The volume
is made up to 100 ml, with distilled water.

Depending on the relstive amounts of tennin in the samples, duplicate
5=ml, or 10-ml. aliquots of each iso;ation solutiog»are“p}aggq igv35‘mi,
volumetric flasks., Two milliliters of a l_= 4 diluted a:sepicmtuggsﬁata“
reagent (see Appendix9 Par? A) are addeq to each flask»fqilqwgd by theﬂa@=
dition of 10 ml. of 5% sodium carbonate. The volume is made up to 25 ml.
immediately and after‘five minutes the reading is made-a§"6?§qﬁ gsing the
Beckman DU spectrophotometer. ﬁor each set of color determinations,
0.025 mg., of a standa:d pﬁrified tannic acid is run‘usipg_the"§§m§>qq;qpiﬂ
development procedure. The per cent tannin in the grain sorghum varieties

is calculated from the following egquation:

% Tannin = 0.D. Of sample x 0,025 x dilution factor (20 or 10) x 0.1
0.D, of standard



SUMMARY

Of the four colorimetric methods initially investigated only two, the
Folin-Denis and arseni¢ acid-sodium tungstate reagents? were found to be
suitable for the determination of tannin sorghum grain, These two color=
imetrie methods were investigated further in an attempt to determine which
method would be the more applicable for routine analyses,

The linear range of concentration versus optical density for the
standard tannic acid was about twice as great with the arsenic-tungstate
reagent as with the Folin-Denis reagent. The range of linearity for the
sorghum tannin concentration was found %o be about the same for both
reagents.

The procedures common to both colorimetric reagents were studied.
Extraction time of twenty-four hours was found to be the minimum time
needed for complete alcoholic extraction of the tannin, The isolation
procedure was investigated in an attempt to reduce the variability pre-—
sent in the procedure. The wariability in the results was not reduced
when certain steps in the procedure were modified. From this study it
was concluded that the isolation procedure, as originally used, was the
best one presently available,

The arsenic-tungstate reagent gave better precision when the two
colerimetric methods were compared statisticall&. Other information
obtained from the statistical analysis of these methods ineluded the
following: the percentages of tannin for the same saﬁple as determihed

by the two methods were statistically different; the variance of a

3l
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varietal mean was estimated for the arsenic-tungstate reagent using a
given combination of extraetions, isolations and color determinations;
the Least Significant Difference was calculated for several combinations
of n, p and k that would be applicable for routine analysis.

Several ultraviolet methods were investigated as possible means for
the determination of tannin in sorghum grain. It was found that the ab-
sorption spectra for the samples were not the same and were also dif-
ferent from the spectrum for tannic acid. Because of this fact the ultra-
violet methods as used in this study were not satisfactory for determi-
nation of tannin in sorghum grain.

A recommended procedure for routine analyses is proposed which is

based on the experimental results obtained in this investigation.



PAPER CHROMATOGRAPHY OF SORGHUM TANNIN

REVIEW OF LITERATURE

Paper partition.chromatography was first employed by Consden, et al.
(5) to separate amino acids. Theirmethod was a modification of column par-
tition chromatography originally reported by Martin and Synge (12). The
general principle involved is that the substances to be separated are
distributed between two liquid phases. The liquid stationary phase is
supported on treated (5) or untreated papér. Many different modifications
of Consden'®s technique have been devised for paper chromatographic work.

The use of paper chromatography for the investigation of tannins in
sorghum grain has not been reported in the literature. There have been,
however, a number of investigators who have used this techmique to study
the complexity of tannin extracts from a wide variety of other sources,

It has been demonstrated by paper chromatography that the tannins from
most plant sources ére mixtures of a number of related components.

A number of solvent systems have been employed in attempts to re=-
solve the tannins from different sources. Mixtures of water and various
alcohols have been used extensively to show the complexity of many tannin‘
extracts., Roux (16) stated that n- and iso-propyl alcohol:water (7:3);
Egzgfbuﬁyl alcohql:water‘(V:B); ﬁatef—saturated Egzifamyl alcohol and
sec-butyl alcohol mixtures gave excellent fractionation of wattle extracts.
A butyl alcohol:acetic acid:watér mi#ture (4:1:5) has been used in studies
on a number of tannins (8,9,16,17,25). A phenol:acetic acid:water system
‘has been adapted by sevérél workers (1,9,16) for separating tannins.

Other solvent systems which have alsoc been used include methyl ethyl ketone:

33
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water, meta-cresol:acetic acid:water, dilute hydrochloric or acetic acids
and many others.

Two-dimensional chromatography has been used by several investigators
to resolve tannin extracts into their components. Haddaway (7) used an
adaptation of the eircular filter paper technique to separate a mixture of
different types of tannins.

Several color reagents have been used to locate and identify tannins
on paper chromatograms. These include Tollenfs reagent and freshly pre-
pared bis-diazotized benzidine, both of whichoare very sensitive. Location
of spots forvsame tannins has been possible by virtue of their flourescence

under ultraviolet light (7,8,9,10,11,16,17).



EXPERIMENTAL MATERIALS AND METHODS

in preliminary experiments commercial quebracho tannin and commer-
cial tannic acid were chromatographed in addition to the extracis and
isolated tannims from the same varieties of grain sorghum used in Part I
of this investigation. The isolation procedure described in the first
part of this thesis Was used‘to isolate the sorghum tannin from the crude
extracts of all five samples. Because more concentrated samples were
needed for the chromatographic experiments larger quantities of tannin
were isolated. The supernatant from each sample was taken to dryness under
partial vacuum. The tannin was then redissolved in a minimum amount of ab-
solute methanol.

A variety of solvent systems was: used in this part of the investi-
gation. Alecohols, phenols, mineral acids and methyl ethyl ketone were
some of the solvents uséd. A more extensive discussion of these systems
is given under Experimental/Results.

Whatman No. 1 filter paper strips, one inch in width, were employed
for most of the chromatographie experiments, Paper strips, four inches in
width, were used only for the experiment in which the components were
eluted andkrechromatographedo The length of the strip varied with the type
of chromatégraphic chambef used.,

Spréy reagents that were used, for the iaentification of the spots
includedlthg arsenic-tungstate reagent (applying color reagent first,
followed by 20% sodium carbonate), ammoniacélsilver nitrate, freshly pre-

pared bis-diazotized benzidine, 1% aqueous ferric chloride and Folin-
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Denis color reagent (applying color reagent first, followed by saturated
sodium carbonate). The preparations of these spray reagents are given in
the Appendix, PartsA and B.

Three type; of chromatographic chambers were emjloyed at different
stages of the investigation: a large wooden chamber, glass chromatographic
jars and milk bottles (% gallon and quart sizes). Descending chromato-
graphy was employed with the larger chromatographie chambers with one
exception, while ascending chromatography was used entirely with the milk
bottles. A chromatographlc jar employing ascending chromatography was
used in the eluting experiment.

With the larger chambers, techniques for applying the material,
equilibration and identification of spots on the chromatograms were ad-
apted from techniques commonly used by other investigators. In the ex-
periments using the milk bottles, the paper strip wak attached by means
of a eup hook screwed into the under side of a rubber stopper. When
equilibration of- the paper with solvent vapor was employed, the paper was
loosely folded over and attached by a paper elip and allowed to equilibrate
for a definite time. One end of the paper was then placedzin the solvent
at the botﬁom of the bottle and the chromatogram developed. It was then
set aside to dry. Location of tannin spots was accomplished by dipping

instead of spraying as used in eardier experiments.



EXPERIMENTAL RESULTS
Preliminary Experiments

A, Qualitative Tests

Several qualitative tests that have been used to identify tannins were
run on the grain extract to help characterize the material. The sorghum
tannin gave positive results for the following tests: EiJ precipitation
of gelatin from selution, E?J gréen color when treated with ferriec chloride
and [?J precipitation when treated with lead acetate. These tests all
strongly indicated that the'material tested was tannin. According to
Nierenstein (14), most condensed tannins give a green color when treated
with ferric chloride while hydrolyzable tannins give a blue~-gresen color.

A known condensed tannin, gquebracho, also gave a green colqr while tannic
acid, a known hydrolyzable tannin, gave a blue-black colorf An intensq
red color typical of condensed tannins was produced when both sorghum and
quebracho tannins were tfeated with several drops of concentratgd sulfuric
acid while no color was produced when %annic acid was treated in a_similar
manner. The results of treatment with ferric chloride and sulfuric acid
support the conclusions of Tsukunaga, et al. (22) that sorghum tennin

should be classed as a condensed tannin.

B. Technique Studies

Three of the five spray reagents used were found to be the most sen-
sitive. These were the afseniestungstate, ammoniacalsilver nitrate_anq
Elgfdiazotized benzidine reagents. The blue color produg?d by the reac-

tion’ of the arsenic-tungstate reagent with tannins was the most stable
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in that it did not fade for about a week, while the other two sensitive
reagents faded or the paper darkened within twenty-four hours; therefore,
this reagent was used for locating tletannin on the chromatdgrams in most
of the subsequent experiments.

The arsenic-tungstate reagent was found to be sensitive to about SPg.
of tannin material. Ten to fifteen jg. produced a pronounced color so that
fhe spots could be sasily located; consequently, this amount of tannin
was used on most of the chromatograms. To determine the volume of solu=-

tion to be put on the chromatogram, total solids and tannin analyses were

made. From these values, the correct volume was calculated.
Investigation of Solvent Systems

A, Survey of Solvent Systems

Since no previous paper chromatographic work on sorghum had been re=
ported, selection of solvent systems to be tried was based on work reported
on tannins from other sources. A summary of results with these and other
solvent systems is given in Table XI. When the isolatéd sorghumvtannin
was chromatographed using these solvent systems three types of results
were observed. With a few of the chromatcgrams there was very littlev
movement from the origin. It was observed that a majority_of the:so;vept
systems caused the tannin to streak sbout one-fourth the distange frpm tpe
origin to the solvent front, while with several systems there was gvidence
of even more pronounced streaking. It was apparent from these results
that all the systems attempted‘failed to resolve the sorghum tannin into
more than one component,

The results produced when tannic acid and quebracho tannin were chro-

matographed using the butyl alcohol:agetic acid:water (4:1:5) solvent



TABLE XI

SOLVENT SYSTEMS EMPLOYED AND THE RESULTS OBTAINED IN PRELIMINARY INVESTIGATION

OF CHROMATOGRAPHY OF TANNINS

bTannin

Technigue

Conditions

Results

Solvent Syst Ref
olvent System eferences Ghromatographed Used Uggdg
1. n-butyl alcohol:AcOHS:  (4,8,9,25) Quebracho descending E-13  streaking from origin
water(4:135) - o ]
Tannie acid " " spot followed by long
streak
Crude sorghum » » streaking from origing
tannin no resolution
Isolated sorghum . ascending . No.E.3 "
tannin ! .
2+ wet-sec-butyl alcohol  (9,10,16,17) " descending =~ E-1 "
“ " ascending N.Ee "
3. phenol:AcOHswater (1,8516,17) w descending E-1 "
(3:50:sat.) B ,
. N as.cending N.E. "
" " E . 3 "
4o sate. tert-amyl alechol (8) " " N.E. "
5e tert-amyl alcoholsAcOH: (8) " w " "
water(50:2:48)
6+ sec=butyl alcoholsAcOHz - v * " "

water(5052248)
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TABLE XI (continued)

Tannin . Technigue Conditions _ :
Solvent System References Chromatographed . UsedL Used? Results
7+ tert-butyl alcohol:iwater (8) Isolated sorghum ascending N.E. streaking from origin;

(723)

8o %fpr?pyl alcohols10% AcOH
783

9. n-propyl alcohqlzwater(723)

10. isg-propyl alcoholswater
(723)

11. 1-15% aqueous AcOH
solutions

12. 2N HCl
13. 2N HC1:10% AcOH(1:1)

14. n-butyl aleohol sat. with
5% NH,OH :

(8)
(8)

(25)

(25)
(25)
(4)

15. m-cresolzAcOHzwater(50:2:48) (4)

16. bqnzene:AcOHﬁwater(Zzzzl)

17. ethyl etherzbutyl alcohols
acetone (22323)

18. n=butyl alcohol:sAcOHswater

(45135) plus 10% ethylene
glycol :

(4)
(7)

(11)

tannin

13

"w

i1

”"

"

n

"

"

1"

"

no resolution

9%

w

w

0%



TABLE XI (continued)

“"Tannin -~ ~~.  Technigue Conditions
Solvent System References
v Chromatographed Used Used? Results
19. n-butyl alcohol:ipyridine (11) Isolated sorghum ascending N.E, streaking from origins no
(50:20)sat. with sat tannin resolution
NaCl :
200 ethyl acetate:AcOH:water (11) w w " v
95, ethyl alcchol
(3:1:330.5)
21, pyridinezgfbutyl aleohol 2 - " ® " "
water(45623) -
22, n-butyl alecohol:pyridines - " " " v

sato NaCl{4:623)

23. n-butyl aicohdl:AcOH:waterz - " w ¥ w
ethyl alcohol(4315520.5)

lascending - milk bottles;. Descending - large cabinets.

2p11 chromatograms were run at room. temperature.

3Abbreviationss AcOH - acetic acid; E-1 - equilibration for one hour;
NoE. = no equilibration; E. - overnight equilibration,

1%
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system were not in agreement with those obtained by the other investi-
gators, No explanation for this disagreement can be_made._ Because the
main interest in this investigation was concerned with sorghum tannin and
not the other tannins, chromatographic experiments om quebracho and tannic
acid were discontinued,

After testing several of the more common solvent systems it beCame
apparent that a large number of different solvent systems would need to be
investigated in order to find a system that might resolve the sorghum tan-
nin, To accomodate a large number of chromatograms in a short period of
time, milk bottles were used.

B. Methyl Ethyl Ketone Solvent Systems

When a water-saturated methyl ethyl ketone system was first used witp
descending chromatography, a single spot close to the origin was obse:ved.
Since this organic solvent was the only one out of the»many system§ at”.w
tempted that had moved the tannin from the origin withgut st:eaking,_extenw
sive chromatogrems,, using other splvents in combination with thg ketqne,
under several different conditions, were run in the milk bottles. Equili~
bration, non-equilibration, room temperature and refrigeration (590 ¥ 2°c)
were the different conditions studied. A summary of the different solvent
systems and conditions used for chromatography of the sorghum tannin, and
the results obtained, are gifen in Table XII,

Methyl ethyl ketone:water systems failed to resolve the‘tannin into
more than one component. The same type of results were obse:vad when g
methyl ethyl ketone:acetic acid:water (5Q:2:50)_system was run at room
temperature without equilibration.

Evidence for more than one sorghum tannin component was first ob-

served when the methyl ethyl ketone system contained a higher percentage



TABLE XII

CONDITIONS USED AND RESULTS OBTAINED IN CHROMATOGRAPHIC EXPERIMENTS

WITH SORGHUM TANNIN! EMPLOYING OTHER SOLVENTS

IN COMBINATION WITH METHYL ETHYL KETONE

Solvents Used With

Conditions Used

Results

Methyl Ethyl Ketone Temperature® Equilibrations
1. water (sat.) ReTeo no
R.To yes
Ref. no
Ref. yes
2e ﬁater (5% and 10%) Ref e no
3..acetic acidswater (5022:250) ReTe no
4+ 5% acetic acid (sat.) R.T. no
Ref o no
5. 10% acetic acid(5% and 10% by volume) RoTe no
6. 10% acetic acid (sat.) Ref. no
Ref. yes
R.To yes

streaking from origin;
no resolution

two spots;

"

"

4]

Re values of

~0e4 and 1.0

streaking from originj
no resolution

two spots;

Ry values of

~0.8 and 1.0

two spots;
~0e8 and
spread out

R, values of
f.o but more
and more trailing

o



TABLE XII (continued)

Solvents Used With ' Conditions Used

Methyl Ethyl Ketone Temperature? Equilibrations. Results
6. 10% acetic acid (sat.) RoTo no streak near solvent front;
» no resclution
7. 10% acetic acid (1:1) Ref . no two spots; Rp values of
NO.B and 1.0
Refo yes ®
R.T, no one spot; Re value of 1.0
8o 15% acetic acid (1s1) Ref o no two spots; Rg values of
~Q0e8 and 1.0
Ref. yes "
ReTo no one spot; Re value of 1.0
9. 5% NH,OH Ref. no streaking from origin; no
resolution
10. p-butyl alcohols10% acetic acid Refo no "
11, sec-butyl alcohol 810% acetic acid Refo no one spot; Rp value of 1.0
12. fert-butyl alcohol210% acetic acid Ref» no streaking from origin to
‘ solvent front
13, pyridinessat; NaCl Ref o no streaking from origin; no

resolution

1The isolated sorghum tannin from Sample®2 was used entirely in these-experiments.
2Abbreviationss R.T. = room temperature; Ref. = refrigeration.

3Overnip:ht equilibration.
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of acetic acid and the temperature was reduced. From the chromatograms
using fhe ketone with 5, 10 or 15% acetic acid it was obvious that there
wag better resolution when they were run under refrigeration than at room
temperature, No definite reason for this condition can be ascertained,
but a possible explanation can be made. At room temperature, the movement
of the solvent was very rapid and might have been too fast for the com-~
ponents to partition between the two phases whereas, at the lower tempern
ature the movement of the solvent was slow enough to allow for a proper
distribution of the components between the immobile and mobile phases,

Equilibration at the lower temperature did not have any gffect on the
resolution of the tannin. It was observed that with or without equilibra=
tion the sorghum tannin resolved into two components when developgd with
methyl ethyl ketone:l5% acetic acid (1:1) at the lower temperture.

The solvent systems in which other constituents were added to methyl
ethyl ketone faiied to effect any resolution of the tannin. ‘These find~

ings are illustrated for solvent systems 9 - 13 in Table XII.

Comparison of the Crude Extract and
Partially Purified Sorghum Tannin
It was of interest to find out if there was any difference between

the extract and purified tannin that could be detected chromatographically.
A concentrated extract and a solution of isolated tannin from Sample‘#z
were compared using methyl ethyl ketone plus varying amounts of acetic
acid., When methyl ethyl ketone saturated with 5% acetic acid was used at
the lower temperature and‘with‘thre§ hours of equilibration, the extract'
and purified tannin gave similar results. There.were two spots, one having
an Ry value of 0.4, the other at the solvent front. Only one spot was ob-

gerved for both the extract and purified tamnin when the chromatogréhs were
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developed with the aqueous phase of methyl eth&l ketone saturated with 10%
acetic acid at room temperature and without equilibration. Both the iso-=
lated tannin and extract produced two spots when the chromatogram was
developed in the refrigerator without equilibration, using a methyl ethyl
ketone:15% acetic acid (1l:1) solvent system. These results indicated that
both the extract and purified tannin were similar in their composition,
and that they both contained the same materials which were positive to the
arsenic=tungstate reagent. These results for three of the sorghum vari-

eties are illustrated in Plate I.
Comparison of the Five Varieties

The isolated sorghum tannins from all five samples were chromatographed
using the following solvent systems: methyl ethyl ketone:15%-acetic-acid
(1:1); methyl ethyl ketone:10% acetic aeid (1:1) and methyl ethyl ketone
saturated with 5% acetic acid. They were all developed in fhe refrigerator
without equilibration., With all three systems two components were resolved,
the fast moving component having an.Rf value of 1.0 and the slower moving
component having different Ry values as shown in Teble XIII. TheseRy values
were much lower with‘the saﬁurated 5% acetic acid system and there was much
more streaking than when the chromatograms were developed with the othe:
two systems. When equal amounts of tannin from the five samp:_Les were com-
ﬁiﬁed using the 5% saturated system? two components were»deteepedg_ene
with an Rp value of approximately 0.3, the other at the solvent frenta
Other spray reagehtsg described earlier, were also used to aecertain whether
or not there was an&'meterial.present which was not detected by the ersenicm
tungstate reagent. The results with the three sensitive reagents, ifea9

ammoniacélsilver nitrate, bis-diazotized benzidine and arsenic-tungstate,
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were jidentical. From these results it was concluded that there was no
difference in the tannin components among the five sorghum varieties that

could be detected chromatographically.

TABIE XIII

Rp VALUES FOR THE SLOWER MOVING COMPONENT

Sample # vSolvenf}System‘l Solvent Syétem 2 Solvent System 3
1 075 079 «40
2 275 074 «39
3 «75 75 37
4 078 77 004

5 079 : o 74 « 38

Solvent System 1 - methyl ethyl ketone:15% acetic acid (1:1)
Solvent System 2 - methyl ethyl ketone:10% acetic acid (1:1)

Solvent System 3 = methyl ethyl ketone saturated with 5% acetic acid
Chromatography of the Individual Components

Since in earlier experiments the sorghum tannin was found to be re=
solved ihto only two components, an experiment was sét up to find out
whether or not either component was a degradation product of the other
component. Ascending chrometography was employed, and the chromatograms
were developed with methyl ethyl ketone saturatediwith 5% acetic acid
under refrigeration and with no equilibration, ‘Paper strips, 4" x 15",
were employed in this eXperimentG' A composite oé the isolated tannin from

all five samples was placed on the origin two inches from one end and the

chromatogram developed. After the chromatogram was developed and dried,
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one inch of this chromatogram was cut off, and the spots were identified

by the arsenic-tungstate reagent. With the location of the_spots on this
strip as a guide, the spots on the remainder of the chromatogram were cut
out, eluted with water under a closed system and chromatographed separately
using the same solvent system and conditions.

Each component, when eluted and rechromatpgraphed sepa;atelx, had
essentially the same Re value that it had on the original chrqmatogram as
shown in Plate I. From these results it was evident that neithe: cqmponent
was a product of the degradation of the other during the course of thé eX=
periment. It was concluded from the results of this experiment that thefe
were at least two definite "tannin components™ in grain sorghum, andvthat

neither component could be further resolved with this solvent system.



Legend to Plate I

PAPER CHROMATOGRAPHY OF GRAIN SORGHUM TANNIN
Solvent system - Methyl ethyl ketone saturated with 5% acetic acid.

Conditions - Refrigeration (+3°C) without equilibration.

Comparison of Extract and Isolated Tannin

E-1 - Extract from Sample #1

P-1 - Isolated tannin from Sample #1
E-2 - Extract from Sample #2
P-2 - Isolated tannin from Sample #2

E-3 -« Extract from Sample #3
P-3 -~ Isolated tannin from Sample #3

Chromatography of the Individual Tannin Components

A - Original chromatogram; Rpy values of 1.0 and 0.35

B = Chromatogram of the fast moving component; Re value of 1.0

C - Chromatogram of the slow moving component; Rp value of 0,37
. A
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SUMMARY

Paper chromatographic techniques were used to study the composition
of grain sorghum tannin. Both ascending and descending chromatograms were
run using a wide Variéty of different solvent systems.

Of all the solvent systems investigated only one was found to resolve
the tannin into two components, This was a methyl ethyl ketonesacetic acid:
water system. Methyl ethyl ketone:plus 10 or 15% écetic acid (1l:1) re-
sulted in the separation of two reagent:positiwe components., When the
ketone was saturated with 5% acetig acid, the tannin resolved into two
components, one»héving an Ry value of abqut 0.4, and the other one migrat-
ing with the solvent front. Théée results were obtained when the chro-
matograms were run at a low temperature (+3QC), either withlqr without
equilibration, and could not be duplicatedthen the chromatograms were run
at room temperature,

There was no appreciable difference between chrqmatograms_Qfﬂthe,crude
extract and iSOlated tannin when they were Qhromgtographed using the»gol- 
vent systems described above., It was also obsepved-thatﬂthqxe were no d;fw
ferences among the isolated tannigs f:om the_fiyg §Q:ghgm vayieﬁiesoﬁ'Whgn
the individual comgonents were eluted and_rech:omgtographgd there were no |
degraéétion products from either component between the time the individual
components were eluted and‘rechromatographedo This would indicate.that
neither component was a degradation prbduet of‘tﬂe other component. it
was observed that each component had moved as a single spot in a manner

similar to its movement on the original chromatogram. It was concluded
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from this experiment that in the isolated tannin there are at least two
different components and that neither component could be further resolved

using a methyl ethyl ketone saturated with 5% acetic acid solvent system.
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APPENDIX

A. Preparation of Color Reagents
1. Arsenic«tungstate Reagnet

a2, 100 grams - sodium tungstate

b 30 grams - arsenic aeid

ce 300 ml, -~ distilled water

dae 50 ml. = concentrated hydrochloric acid

Reflux for two or three hours, cool and make
up to 1 liter,

2. Folin-Denis Reagent
a, 100 grams - sodium tungstate
b 20 grams -~ phosphomolybdic acid
¢. 50 ml. - 85% phosphoric acid
d., 350 ml, - distilled water
Reflux for two hours, cool and make up
to 1 liter,
B. Preparation of Spray Reagents

1. AmmoniaecalSilver Nitrate Reagent

a. 20 ml., - 5% agqueous silver nitrate
b. 10% ammonium hydroxide

Add enough ammonium hydroxide to redissolve
the silver oxide and dilute to 100 ml,

2. Bis=Diazotized Benzidine

2, 6 grams - benzidine hydrochloride

b, 14 ml, = concentrated hydrochloric acid
co 980 ml. - distilled water

d. 650 ml, = 10% aqueous sodium nitrate
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