
I. Q,UANTITATIVE DETERMINATION OF TANNIN IN GRAIN SORGHUM 

II. PAPER CHROMATOGRAPHY OF SORGHUM TANNIN 

By 

RONALD JAMIESON EERRErT 
If 

Bachelor of Science 

The College of Wooster 

Wooster, Ohio 

1956 

Submitted to the faculty of the Graduate School of 
the Oklahoma State University 

in partial fulfillment of the requirements 
for the degree of 
MASTER OF SCIENCE 

August, 1958 



I. Q,UANTITATIVE DETERMINATION OF TANNIN IN GRAIN SORGHUM 

II. PAPER CHROMATOGRAPHY OF SORGHUM TANNIN 

Thesis Approved: 

Thesis Adviser 

(l?ld,~ . 

-
Dean of the Graduate School 

409891 

ii 

OKLAHOMA 
STATE UNIVERSl 

LIBRARY 

NOV 5 1951 



ACKNOWLEDGMENT 

The author wishes to express his sincere appreciation to 

Mr. Donald C. Abbott for his counsel throughout this investigation. 

The author is also indebted to Mr. Frank F. Davies for supplying 

the grain sorghum used in this study, to Dr. Carl E. Marshall and 

Mr. David L. Weeks for assisting with the statistical experiment, and 

to The Department of Biochemistry, whieh provided laboratory facilities 

and financial aid during this investigation. 

Finally, a special word of appreciation goes to my wife, Sally, for 

her encouragement and help in the writing and typing ot this thesis. 

iii 



TABLE OF CONTENTS 

. INTRODUCTION 0000000 0 0 0 0 0 000000000 

I. ,QUANTITATIVE DETERMINATION OF TANNIN IN GRAm SORGHUM 

• • 

Page 
l 

Review of Literature • • • • • • . • • • • •. • • • • • . 2 
.Experimental Materials and Methods • • • • • • • • • 5 
Experimental RE1sults and Discussion. • • • • • • • • 7 
Swnrna.ry o • o • o. o • • o o • • o • o • • • • • • • • 31 

II,. PAPER CHROMATOGRAPHY OF SQRGHOM TANNIN 
II Ir' 

Review of Literature • • • • • • . • • • • • • • • • • 3·3 
Experiment~l Materials and Methods • • • • • • • • • 35 
Experimental Results • • • • • • • • • • • • • • • • 37 
.sununary O O O O O O O O O O • 0 0 0 0 • • • • 0 • 0 0 51 

BIBLIOGRAPHY • • • , ri • • • • • • • • • • • • • • • • • • • 53 

APPENDIX • • • • • •. ,. • • 0 0 0 0 O O O O O • 0 0 • • • • 56 

iv 



Table 
I 

II 

LIST OF TABLES 

Representative Data Showing Variation Among Extractions 
Using Large Extractors •••••••••••••••• 

The Effect of Extraction Time on the Amount of Tannin 
I 

. . 
Extracted • • • • • • • • • _. O O O O O O 6 . . . . . . . . 

Page 

11 

12 

III Data Illustrating Variability in the Isolation and Color 
Development Procedures • • • • • • • • • • • • • • • • • • 14 

IV Eftect of pH of the Tannin Solution on Color Develop.nien~ ••. 16 

V Percentage of Tannin as Determined by the Folin-Denis and 
Arsenic-tungstate Methods • • • • • • • • • • • • • • • • • 17 

VI Percentage of Tannin as Determined by an Ultraviolet Method 
(278mu) and Two Colorimetric Methods ••••••••••• 22 

VII Percentage of Tannin as Determined by an·u1traviolet 
Method (210mu) .. :: •. ; •.•••••••••••••••• • • • 23 

VIII A. Analysis of Variance for the Arsenic-tungstate Reagent 
B. Calculated Values for the Parameters of Variance ••• 26 

IX Estimat':l.on of the Variance of a Varietal Mean tor .a Given 
Combination on n, p and k ••••••••••• • • • • • 0 28 

X .. Test of S.igniticance ·Between the Five Sample.s • • • • • • • 28 

XI Solvent Systems Employed and the Results ,Obtained in··· 
Preliminary Investigation o~ Chromatography' of Tannins • • 39 

XII Conditions Used and Results Obtained in Chroniatogra.phio· 
Experiments with Sorghwn Tannin Employing, Other Solvents· in 
Combination with Methyl Ethyl Ketone ••••••••••• 43 

XIII Rt Values for the Slower Moving COlll:p.onent • • • • • • • • • 47 

V 



Figure 
l 

LIST OF FIGURES 

Absorption Spectra of the Colored Solutionsof Sorghum. 
Tannin and Tannie Acid Treated with the Arsenic-
tungstate Reagent •••••••• •00000 . . . . 

2 Absorption Spectra of the Colored Solutions of Sorghum. 
Tannin and Tannie Acid Treated with the Folin-Denis 

Page 

• • 8 

Reagent o • • • • • • • • • • o • • • • • • • • • • • • • 8 

3 Concentration Versus Optical Density for Standard 

4 

5 

6 

Plate 

I 

TarµJ.ic :Acid • • • • • • • • • • • • • • • • • • • • • • • 

Concentration Versus Optical Density for Sample #2 • • • 

The Effect of Time on. the Optical Density and Apparent· 
i Tannin Concentration ••••••••••••••••.•• 

_Ultraviolet Absorption Spectra of Aqueous Sorghum. Tannin· 
and T~nnic Acid Solutions • • . • • • • • • • • • • • • • • 

LIST OF III..USTRATIONS 

Paper Chromatography of Grain Sorghum. Tannin • • • • • • 

vi 

10 

10 

18 

21 

Page 

50 



mTRODUCTION 

Ditf'erences in palatability of the grain from different grain sorghum 

varieties have been attributed to relatively high tannin concentrations in the 

less palatable varieties. Although there is presum.pti:'!Je evidence that pal

atability and tannin content are related. there appears to be no direct 

experimental evidence for this relationship. Before this relationship can 

be investigated a satisfactory method must be established for the deter

mination of tannin in grain sorghum seed. The low concentration of tannin 

normally present in sorghum grain precludes the use of the oommon methods 

for tannin measurement. 

Colorimetric methods have been used frequently to measure low tannin 

concentrationso In this stµdy, an investigation was made of several color

imetric methods, with emphasis on the spectrophotometric modification of 

two visual col~rimetric methods which have been used specifically for tan

nin determinations in sorghum grain. A study was made of the variables 

common to both methods and 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 sorghwn grain for.tannin. 

Since little is known about the nature of sorghum grain tannins, paper 

chromatographic studies of the tannins were carried out to determine the 

composition of this material. Most of the experiments were concerned with 

finding the solvent system or systems which would most effectively resolve 

.the tannin components present in e:x:t;racts of sorghum grain. 

l 



Q,UANTITATIVE DETERMINATION OF TANNIN IN GRAm 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 tendency 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). 

Of the several classifications o:f tannins which have been proposed, 

the one most commonly accepted today classifies tannins into hydrolyzable 

and condensed tannins. The ma.in distinction between these types of tannins 

is that the simple treatment o:f the hydrolyzable tannins with acid, alkali, 

or enzymes, splits them into sugars and recognizable phenolic carboxylic 

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 "te.nnin" from a given source is not a single 

compound, but a heterogeneous mixture of a nwnber o:f related compounds. 

The structures of some components o1' 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. 

2 
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Structu~l 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 products 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, et ai. 

(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 bas··: 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 ot the tannins by hide-powder 

is used in the leather industry for estimating the tannin content from 

sources containing large amounts of tannin. The perma.nganate titration 

procedure of Loewenthal is the official quantitative method for the deter

mination of tannins in tea, coffee and spices (2). 

Two colorimetric methods have been reported for determination of tan

nin in sorghum grain. The first reported analysis for tannin from tbis 

source was made by :Menaul. (13) in 1923. He used an arsenic acid-sodium 

tungstate color reagent which produced a blue color with tannins upon the 

addition of sodium carbonate. Purified tannic acid was used as a standard 

for this determination. Tannin concentrations found ranged from o.oo -

o.5~. Menaul recognized that this color reaction was not specific for 

tannins but stated that the tannins isolated with lead salt were the only 

compounds present which reacted with the color reagent. Snell and Snell 

(21) ma.de reference to this method, reporting it as the arsenous acid

sodium tungstate reagent. When Barham and coworkers (3) tried. the method 

described by Snell and Snell 9 their results were wi.satisfactory; therefore, 
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they substituted a method using the Folin-Denis color reagent described by 

Valaer (23}. This reagent was a phosphomolybdate-phosphotungstate solution 

originally investigated by Fol!n and Denis (6) who had applied it to a 

nwnber of phenols and polyphenols. A characteristic blue color is given 

by the reaction of this reagent with both sorghum. grain tannin and standard. 

tannic acid. The values obtained by Barham, ~ al. ( 3) for the grain of 

several sorghum. varieties ranged 1'rom 0.0030 - 0.1667%. This reagent is 

also nonspecific for tannins, and its uae was based on the assumption that 

tannin was the only reagent p9sitive material that was isolated using a 

procedure similar to that used by Menaul. These two methods are the only 

procedures which have been reported for determining the tannin content in 

sorghWD. grain. 

Nitrous acid and sulfamic acid have been used for estimating catechol-

type tannins • 
... 

Ferric cllloride 11 osmium tetro:x:ide and ferrous tartrate have 
. .. 

also been used to a limited extent (21). 

Direct ultraviolet spectrophotometric analyses have been made on soiu-

tions of tannins in both the food and leath(:lr industries. Owades, ,!i &• 

(15) used the absorption at 270mµ for the determination of tannins in hops 

and beer. Tannins isolated from the same source as tba unknowns were used 

as.reference standards. Rou:x: (18) determined tannin content of black 

wattle extracts by the absorption at 280mJl,• Since the absorption at this 

wavelength was not characteristic of any specific tannin, a 0.0084% solu-

tion of benzoic acid was used as an appropriate reference standard for 

comparison with 0.038% tannin solutions containing 0.1% of sodium sulfite 

as a stabilizer. In 1957, Rou:x: (19) demonstrated that wattle polyphenols 

showed a much more intense peak at 202 - 203ln)l than at 280mp and, at this 

wavelength the concentration of the polypheuols followed Beer's Law with 

a high degree of concordance. 



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 J, Redlan [3 ], 

4414 (4) and Wheatlan,q (5). The numbers following the varieties are sample 

numbers; subsequent reference to these samples will be by number only. 

The Beckman DU spectrophotometer was used f'or all photometric analyses. 

The general procedure for extracting tannins from ~he grain involved 

a preliminary extraction with Skellysolve B to remove lipids followed by 

extraction of the tannin in 95% ethanol. The samples were finely grotmd 

in a Hobart grinder equipped with grain burrs and were thoroughly mixed 

prior to removal of' sup-samples for extraction. All extractions were 

carried out in SoXlllet extractors. In the early part of' the investigation 

large extractors (extractor capacity - 200 ml.) and 50 gram. samples were 

used, while in later studies small extractors (extractor capacity - 50 ml.) 

and 10. gram samples were employed. 

The tannin material was isolated from the crude extract by treatment 

with lead acetate which precipitates the tannin as lead tannate. The 

solution was centrifuged, the superliatant decanted and the residue of 

lead tannate treated with 5% sulfuric acid to redissolve the tannin and to 

precipitate the lead as lead sulfate. After the removal of the iead 

sulfate by centrifugation, the supernatant solution(denoted henceforth as 

the isolation solution)was used for tannin detennination PY reacting with 

5 
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either the arsenic-tungstate or Folin-Denis reagents or by a direct ultra

violet spectrophotometric determination. Commercial tannie 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 solution 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-Denis'l,l·reagent, the reagent was added to 

the isolation solution; five minutes later saturated sodium carbonate was 

added and the solution diluted to volumeo 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 ot purified tannie acid of known concentration was run 

simultaneously with and in the same manner as the sample. After establish

ing the linear relationship ot 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, 2! 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 wi th 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 solutions 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 spectrtmdid not show a 

maximum. Of the four reagents tested only the Folin-Denis and the a rsenic

tungstate reagents gave absorption maxima that did not change with con

centration (l-10 mg.) and were the same for both sorghum tannin and standard 

tannic acid. The absorption maxima were at 650 and 6?5m~ 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 t annin in grain sorghum. 

? · 
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Concentration Versus Optical Denisty 

In order to calculate the amount of tannin directly from the standard, 

a linear relationship between concentration and optical density must hold 

true at the absorption maximum. This relationship was studied tor both 

tannic acid ,and sorghum tannin using both color reagents and is graphically 

represented in Figures 3 and 4. 

In the case of the arsenic-tungstate reagent the highest concentration 

for which Beer's Law holds true was 1.3 mg. for the standard and 0.6 .mg. 

(apparent concentration) for Sample #2. The maximum concentration 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 value for 

the tannin c·ontent 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 extracted 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 amount 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 
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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 extract~on time would not be 

desirable t,or routine analyses. With these smaller units the heat was 

more accurately controlled and there were more extraction cycles 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 
Sample # Ext.#1 Ext .#2 Ext.#3 

1 0.0342 0.0287 0.0274 

2 0.3350 0.1279 o.1677 

3 0.0643 0.0530 0.0514 

4 000131 0.0091 0.0109 

5 0.0307 0.0190 0.0262 

1netermined by the Folin-Denis reagent. 

When 10 gram samples were extracted for 20 - 24 hours by each solvent 

(Skellysolve Band 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 
Extract ion Time 

(hours) Experiment #1 Experiment #2 

2 o.o30l5 

4 0.03496 0.03568 

6 0.034?2 0.03840 

8 0.04165 0.04088 

24 0.04582 0.04480 

30 0.04496 

1Det ermined by the arsenic -tungst ate reagent. 

In Experi ment #1, the maximum time for extraction was 24 hours. The 

result s 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 determinatiol!Smade up 
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to this point in the investiga:tion the following procedure had been used 

for the isolation of tannin from the crude extracto A lO=mle aliquot of 

the extract was placed in a tapered 15 mlo centrifuge tube and 2 mle ot 10% 

lead acetate were addedo The tube was heated in a water bath at 72 - 75°c 

until the precipitate was completely coagulated (about five minutes)e then 

oentrifugedo After the supernatant was discarded and the tube drained~ 

five to ten drops of 5% sulfuric acid were added 9 depending on the amount 

ot precipitate present o .After thorough mi:x:ing 9 distilled water was added 

and the tube was centritugedo The supernatant was saved 9 and the preoip= 

itate was washed with a sma,l.l amount of distilled watero The wash water 

was combined with the supernatant for analysiso 

In order to locate the source ot the variability in this procedure an 

experiment was run in which duplicate isolations from the same extract as 

well as duplicate color developments on the same isolation solution were 

analyzed with the arsenic=tungstate reagent o The differences between 

duplicate isolations from the same extract were greater than _the differences 

between duplicate color developments on the same isolation solutiono The 

results of this experiment are presented in Table IIIo Because of the 

evident variability in the isolation prooedure 9 a series of experiments 

was set up to find out if the variability in the isolation procedure could 

be reduoede In these experiments a control was run simultaneously with a 

set in whi<llh one of the steps had been altered.a: 

One ot the possible causes for variation was that some non=tannin 0 

reagent=positive material .might be adsorbed on the precipitate and carried 

over into the isolation solutiono If this were the oaseD then washing the 

precipitate to remove non=tannin .material might improve the reproducibility 

01' the results o This was investigated. by repeated washing 01' the lead 
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tannate precipitate with distilled water. It was found that the amount of 

tannin remaining in the precipitate decreased with each washing. When the 

washings were analyzed :for tannin it was found that the combined washings 

increased in total tannin content with successive washingso These results 

indicated that some of the lead tannate was solubilized with each washings 

The same type of results was observed when the lead tannate was washed 

with 10% lead acetate. After successive washing 01· the precipitate with 

95% ethanol, however, there was no apparent decrease in tannin content, 

but variability was not decreased appreciably either. It was concluded 

from these results thE).t washing the lead tannate would not effect any im-

provement in the procedure. 

TABLE III 

DATA ILLUSTRATlNG VARIABILITY IN THE ISOLATION 
AND COLOR DEVELOP:M:E:l:JT PROCEDURES 

Sample# 
Percentage o:f Tannin in the Samples! 

Isolation Color Development 
l 2 3 

1 A 0.0231 0.0238 0.0241 

B 0.0252 0.0252 0.0265 

2 A 001530 0.1510 0.1530 

B 0.1600 0.1620 0.1630 

3 A 0.0430 0.0430 000404 

B 000512 0.0504 0.0524 

5 A 000332 0.0326 0.0320 

B 000273 0.0269 0.0264 

1Determined by the arsenic-tungstate reagent. 
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The hydrogen ion concentration ot the solution ot tannin prior to 

color development was considered as another possible source ot variation 

in the procedure. Since the amount ot acid added to redissolve the lead 

tannate was not accurately controlled, small differences in the amount of 

acid in the isolation solution could conceivably have an affect on the 

color development. 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 1.6 to 2.5. From the data 

presented in Table IV 9 it is apparent that an excess of acid did not af

fect the colorimetric reaction 9 but as the pH of the solution increased 

the results became 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 isolation 

procedure. It may be concluded that the isolation procedure originally 

used is the best method presently available for isolating the tannin from 

the crude extract. 
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TABLE IV 

EFFECT OF pH OF THE TANNIN SOLUTION ON COLOR DEVELOPMENT 

SAMPLE #1 SAMPLE #4 
O.D. O.D. 

pH (arsenic-tungstate) pH (Falin-Denis} 

1.7 0.165 1.6 0.108 

3.2 0.165 3.4 0.10s 

4.2 0.11s 4.3 0.100 

5 .. 5 0.058 5.5 0.109 

7.0 0 .. 146 ?.O 0.102 

9.0 0.105 9.0 0.088 

Comparison of the Arsenic-tungstate Reagent and Falin-Denis Reagent 

Briefly, the procedure for color development with the two reagents was 

as follows. For the arsenic~tungstate reagent 2 ml. of the reagent w.ere 

added to the sample followed 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 was made at 6?5mp. In the 

case of the Folin-Denis reagent, 2 ml. of the reagent we..r:;0 added 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 650l11Jl• Distilled water was 

used for the blank in 3ach case. 

It was evident throughout this investigation t~t the two colori-

metric reagents gave different results with the same sample, based on the 

same reference standard., In Table V 9 representative data illustrating this 

difference a;re presentedo These values were obtained t'rom aliquots of the 

same extract 9 thus eliminating this variable as a source for the difference. 



17 

For four of the samples, the Falin-Denis reagent gave tannin values ranging 

from 34 = 45% higher than the arsenic-tungstate rea~ent o For Sample :/14, 

it was 23% highero 

TABLE V 

PERCENT.AGE OF TANNIN AS DEI.'ERMINED BY THE FOLIN-DENIS 
AND ARSENIC-TUNGSTATE ME'f.E{ODS 

Sample# 
Percentage of Tannin in the Samples 

Folin-Denis Arsenic-tungstate 

l 0.0279 0.0199 

2 .0.1218 0.0912 

3 0 .. 0493 0.0344 

4 000095 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 solutions produced when the standard and sample were 

treated with the arsenic-tungstate rea.gent 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 optical densities for both 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 concentration remained 

constant over the three hour period for the Folin-Denis reagent. Before 

the first readings were made, five and ten minutes were allowed for color 

development with the arsenic-tungstate and Falin-Denis reagents, 
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respectively. Since time between color development and reading is an im-

portant factor with the arsenic-tungstate reagent, it appears that there 

would be more ~ossibility of variation with this reagent than with the 

Falin-Denis res.sent. From this standpoint the Falin-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 volumeo 

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 it was evident that 

there were marked differences between the arsenic-tungstate and Folin-

Denis reagents. The reason for these differences is not known, but several 

possible causes can be advanced.. It is known that sorghum tannin and tan-
! 

nic acid are not the same type of tannins; consequently, 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 standard and samples were not ob-

served. Since nei~her 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 reagento This could possibly account for some of the differences 

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

uation with respect to the actual tannin content cannot be made until a 

pure tannin from grain sorghwn 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 beer was published (15). It was thought that this method 

might be applicable for the determination of tannin in sorghum grain; 

therefore 9 the method was investigated. 

Ultraviolet absorption spectra were run on the standard solution and 

on the extracts and isolated solutions of the sorghum tannino The max

imum absorption for tannio acid was at 276 - 278.mp. while the maxima ranged 

from 282 = 2921r91 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 fact 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 tbese 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 278Ill)l 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 
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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 #1 and #5 gave values between those 

determined by the two colorimetric methods. 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 tJI.TRiWIOLET METHOD ( 278IIIJl) 
AND TWO COLORIMETRIC METHODS 

Percenta5e of Tannin in the SamEles 

Sample # 
Extract Isolated Tannin 

Method Method 
u.v o u.v. .Arsenic-t ungst ate l!"'olin-Denis 

1 0.1100 0.0402 0.0294 0.0489 

2 o.2oso 0.1319 0.1550 o.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 202.m}l. might be 

applicable for the determination of tannin in sorghum grain. Absorption 

spectra measurements between 200 and 240rqu were made for both tannic acid 

and sorghum tannin ( extract and isolated tannin}. Tannie acid gave an 

absorption .maximum at 210mµ while the sorghum tannin did not give a maxi-

mum in this region of the spectrum. From the optical densities of the 

standard and samples measured at 210mµ the tannin concentrations were 

calculated. The results of this experiment are recorded in Table VII. 



TABLE VII 

PERCENTAGE OF TANNIN AS DETERMINED BY 
AN ULTRAVIOLET METHOD (210mµ) 

Sample # Percentage ot Tannin in the Samples 
Extract Isolated 

l Ool?2 0.0537 

2 0.426 0.2120 

3 0.352 0.0614 

4 00223 0.0262 

5 o.1s2 0.0?03 
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Except tor 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 

280l!l}l 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 9 the Folin-Denis or arsenic-tungstate, would 

be the better for routine analyses. Since 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 basis for choice 

would be the precision obtainableo 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 it the values obtained by the two colorimetric reagents were statis-

tically different. Finally, it seemed desirable to evaluate the erfects 

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-

tima.te of the magnitude of differences (L.S.D.) which could be detected 

between any two varieties by the method selected for routine analysis. 

The experiment designed to answer these questions was set up as 

follows. Two extracts of Samples #1, #2 9 and #3 were made according to the 

procedure described in the section on Extraction Studies. From each extrac-

tion, three lO=ml. aliquots ware taken and the tannin isolated by the pro-

cedure described in the Isolation 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 aliquots 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 •. in 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 alllount of variation, the variances 

within each color reagent were calcmlated. The variance within the Folin• 
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Denis reagent was 3.236 x 10-6 while within the arsenic-tungstate reagent 

it was 1.1533 x 10-5. An F test was made to test the homogeneity of these 

variances. The larger mean square (Falin-Denis) was divided by the SllBller 

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 

variahility than that with the Folin-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 mea.m of the two method.1:1 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 procedure employing arsenic-tungstate had been established 

as the least variable method, an analysis of variance was made of data ob-

tained by this method. Table VIII shows the analysis of variance and the 
I I 

calculated values for the parameters of variance. The results of the F test 

indicate that th~re were significant differences among isolations within 

extracts in each variety, the differences 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 extractions, isolations and color determina.-

tions: 



TABLE VIII 

Ao ANALYSIS OF VARIANCE FOR THE ARSENIC-TUNGSTATE REAGENT 

Source or Variation d .. r • Sum of Squares Mean. Square F Estimated 
Mean Sauare 

Total 53 002071202999 

Between Varieties 2 o .• 206062.iz.oa4 .. o..10.aqa-1as4,2 692** <TA 2 + 3 0p2 + 9 o-E2 + 180y2 

Between Ext .. in Varieties 3 0 .0004.481542 O .90~493847. 3 o.64* C1J. 2 + 3 CTp2 + 9 o-E2 

Between Isol. in Ext .. in Varieties 12. _ 0 .000492942.4 0.9000410785 12 ·"** ~2 + ,·ap2 

Within .A.=T in Isolo in Ext. in Var •.. 36 0.0001164949 0.0000032360 (T.2 
A 

B • CALCULATED. VALlJES FOR THE PARAMEI'EBS OF VARIANCE 

* significant at the s.% level 
** significant at the l~ level 

Parameter : Value x 107 

a-,2 
a:2 

p 

0:.2 
E 

o:2 
V 

32.360 

126.142' 

120 .. 340 

571,566.497 

l" en 



Where n =~d. of color determinations, A 
p =N;o. of isolations, P 
k =~9a of extracts, E 

By substituting the estimated values of the variances in the above 

equation and simplifying it, the following equation is obtained. 

• 32.360 + 126.142n + 120.340np 
npk .· 
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From this equation the variance of the mean of a variety can be estimated 

tor any combination of extractions, isolations and color determinations 

used. 

The estimated variance of a varietal mean was calculated tor 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 • '<2 s~ t 
V 

For example, in the combination of n = 2, k • 2, p = 2, a difference of 

0.0103% in tannin content is significant at the 9~ 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 ~verage values for the five samples and the 

differences between samples are given in Table X. Except f.or the difference 

between Sample #land #5, the difference between any two samples was lar~er 

than the Least Significant Difference (5% level). In this experiment, when 

n = 2, p = 1, k • 3, only Samples #1 and #5 were not significantly different 

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



TABLE IX 

ESTIMATION OF THE VARIANCE OF A VARIETAL MEAN FOR 
A GIVEN" COMBINATION OF n, p and k 

Combination of s-2 X 107 Least Significant Difference 
n p k if 5% level 1% level 

1 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 8'7.557 0.0107 0.0168 

2 2 3 63.834 0.0079 0.0112 

TABLE X 

. TEST OF SIGNIFICANCE BETWEEN TEE FIVE SAMPLES 
.. ' .. 

d (n=2, p=l, k-3) = 0.0107% tannin (5%.level) 0.0168% (1% level) 

Sample # v (A-T) -v-0.0125 

2 0.1550 o.1425** 

3 o.0465 0.0340** 

5 0.0295 0.0170** 

1 0.0276 0.0151* 

4 0 .. 0125 

* significant at 5% level 
** significant at 1% level 

Differences 
v ... Q.02'76 v-0.0295 v-0.0465 

o.1274** 0.1255** . 0.1085** 

0.0189** 0.0170** 

0.0019 

28 
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was n = 1, p = 1, and k = 2 9 Samples #1, #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 Routine Determination 
of Tannin in Grain Sorghum. 

In selecting the proper procedure for routine analyses, several 

factors must be considered o The amount of grain ava.ilable is important. 

This factor would be important for the. determination of the tannin con~ 

tent of breeding material since the amount of material a.vailable would be 

limited to small quantities. The fact that the extraction step is the 

most time consuming step must also be considered. Other factors that enter 

into this consideration are the precision of the method used and the mag-

nitude of difference in tannin content that would be important to the in= 
' ... 

vestigator. In the method to be described a difference of about 0.01% or 

more can be detected. It seems probable that smaller differences in tan= 

nin content between varieties would not be significant with respect to 

differences in palatabilityo ~his assumption cannot be verified, however~ 

until tannin analyses and palatability studies are .made on duplicate sorghum 

grain sampleso 

On the basis of the factors considered above and the evidence presented 

earlier the following procedure is recommended for routine determinations 

of tannin in sorghum grain. Two 10-gram samples of thoroughly mixed 

ground grain are weighed out into extraction thimbles. The samples are 

extracted first with Skellysolve B overnight 9 dried and then extracted with 

95% ethanol for 24 hours, using the small Soxhlet extractors (extractor 

capacity - 50 ml.). The extracts are then cooled and stored in the 
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refrigerator for 48 hours 9 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 10% lead acetate are added to each aliquot. The tubes 

are then heated in a water bath at 72 - 75°0 until all the lead tannate 

is coagulated (about five 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, 

and the precipitate is washed with 2 = 3 ml. of distilled water, 

centrifuged, and the wash water combined with the supernatant. The volume 

is made up to 100 ml. with distilled ,Nater. 

Depending on the relative amounts of tannin in the samples, duplicate 

5-ml. or lO=ml. aliquots of each isolation solution are placed in 25 ml. 

volumetric flasks. Two milliliters of a 1 = 4 diluted arsenic-tungstate 

reagent ( see Appendix 9 Part A) are added to each flask followed by the ad= 
I 

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 at 675np. using the 

Beck.man DU spectrophotometer. For each set of color determinations, 

0.025 mg. of a standard purified tannic acid is run using the same color 

development procedure. The per cent tannin in the grain sorghum varieties 

is calculated from the following equation~ 

% Tannin• 0°D 0 of sample x 0.025 x dilution factor (20 or 10) x 0.1 
O.D. of standard 



SUMMARY 

Of the four colorimetric methods initially investigated only two, the 

Folin-Danis and arsenic acid~sodiwn tungstate reagents, ware found to be 

suitable for the determination of tannin sorghwn grain. These two color-

imetric 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 to be about the same for both 

reagents. 

The procedures comm.on to both colorimetric reagents were studied. . l 
Extraction time of twenty-four hours was found to be the minim.um 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 variability 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 

colorimetric methods were compared statistically. Other information 

obtained from the statistical analysis of these methods included the 

following: the percentages of tannin for the same sample as determined 

by the two methods were statistically different; the variance of a 
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varietal mean was estimated for the arsenic-tungstate reagent using a 

given combination of extractions, 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. 



PAP.ER CHROMATOGRAPHY OF SORGHUM TANNIN 

REVIEW OF LITERATURE 

Paper partition chromatography was first employed by Consden, et al. --
(5) to separate amino acids. '11l'ieirmethod 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 paper. Many different modifications 

of Oonsden 9 s technique have been _devised for paper chromatograpl:tic 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 technique to study 

the complexity of tannin extracts from'a wiae variety of other sources. 

It has been demonstrated by paper chromatography that the tannins from 

most plant sources are 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 

alc9hols have been used extensively to show the complexity of many tannin 

extracts. Roux (16) · stated that.!!,- and .!!£-propyl alcohol:water (7:3); 

tart-butyl alcohol:water (7 :3); water"1:laturated tert-am.yl alcohol and - . ~ 

~-butyl alcohol mixtures gave excellent fractionation of wattle extracts. 

A butyl alcohol:acetic acid:water mixture (4:l:5) has been used. in studies 

on a number of tannins (8,9,10,l?,25). A phenol:acetic acid:water system 

has been adapted by several workers (l,9,16) for separating tannins. 

Other solvent systems which have also been used include metp.yl ethyl ketone: 
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water, ~-cresol:acetic acid :water, dilute hydrochloric or acetic acid_s 

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 circular 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 Tollen's reagent and freshly pre

pared J?!!-diazotized benzidine, both of which are very sensitive. Location 

of spots for_ some tannins has been possible by virtue or their tlourescence 

under ultraviolet lis}lt (7,8 9 9,10,ll,16,17). 



EXPERIMENTAL MATERIALS AND METHODS 

In preliminary experiments commercial quebracho tannin and commer

cial tannic acid were chromatographed in addition to the extracts and 

isolated tannim from the same varieties o:f grain sorghum used in Part I 

o:f this investigationo 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 sampleso 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 methanola 

A variety of solvent systems wa:s,_- used in this part of the investi

gation. Alcohols 9 phenols, . mineral acids and methyl ethyl ketone were 

some of the solvents used. A more extensive discussion of these systems 

is given under Experimental Results. 

Whatman Noo l filter paper strips, one inch in width, were employed 

for most of the chromatographic experiments. Paper strips, four inches in 

width, were used only for the experiment in which the components were 

eluted and rechromatographed. The length of the strip varied with the type 

of chromatographic chamber used. 

Spray reagents that were used,for the identification of the spots 

included the arsenic-tungstate reagent (applying color reagent first, 

followed by 20% sodium carbo~ate), ammoniat,al.silver nitrate, freshly pre

pared .!:?,!!-d.iazot,ized benzidine, 1% aqueous ferric chloride and Folin• 
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Denis color reagent (applying color reagent first, followed by saturated 

sodium carbonate). ~he preparations of these spray reagents are given in 

the Appendix, PartsA and B. 

Three types of chromatographic chambers were employed at different 

stages of the investigation: a large wooden chamber, gl13,ss chromatographic 

jars a·nd milk bottles ( if gallon and quart sizes}. Descending chromato

graphy was employed with the larger chromatographic chambers with one 

exception, while ascending chromatography was used entirely with the milk 

bottles. A chromatographic jar employing ascending chromatography was 

used in the eluting experiment. 

With the larger chambers, techni~ues 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 wa~ attached by means 

of a cup 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 clip and allowed to equilibrate 

for a definite timeo One end of the paper was then placed in the solvent 

at the bottom 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 earlier experiments .• 



EXPERIMENTAL RESULTS 

Preliminary Experiments 

Ao Qualitative Test-s 

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: (iJ precipitation 

of gelatin from solution 0 (2 J green color when treated with ferric chloride 

and (3J precipitation when treated with lead acetateo 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-green coloro 

A known condensed tannin, quebracho, also gave a green color while tannic 

acid~ a known hydrolyzable tannin, gave a blue-black coloro An intense 

red color typical of condensed tannins was produced when both sorghum and 

quebracho tannins were treated with several drops of concentrated sulfuric 

acid ·while no color was produced when tannic acid was treated in a similar 

mannero The results of treatment with ferric chloride and sulfuric acid 

support the conclusions of Tsukunaga 0 et~. {22) that sorghum tannin 

should be classed as a condensed taIU1in. 

B. Techniqu~ Studies 

Three of the five spray reagents used were found to be the most sen-

sitive. These were the arsenic-tungstate, ammonia.cal.silver nitrate and 

bis=diazotized be:nzidine reagents. The blue color produced 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 tor about a week, while the other two sensitive 

reagents faded or the paper darkened within twenty-tour hours, therefore, 

this reagent was used tor locating tl&tannin on the chromatograms in most 

ot the subsequent experimentso 

. The arsenic-tungstate reagent was found to be sensitive to about 5;µg. 

ot tannin ma.terialo Ten to titteen _vg. produced a pronounced color so that 

the spots could be easily located; consequently, this amount ot tannin 

was used on most ot the chromatogram.so To determine the volume ot solu

tion to be put on the chromatogram9, total solids and tannin analyses were 

madeo From these values 9 the correct volume was calculated. 

investigation ot Solvent Systems 

A. Survey ot Solvent Systems 

Since no previous paper chromatographic work on sorghum bad been re

ported, selection of solvent systems to be tried was based on work reported 

on tannins trom other sources. A swnmary ot results with these and other 

solvent systems is given in Table XIo When the isolated sorghum tannin 

was chromatographed using these solvent systems three types ot results 

were observedo With a few of the chromatograms there was very little 

movement from the origin. It was observed that a .majority of the solvent 

systems caused the tannin to streak about one-fourth the distance from the 

origin to the solvent front, while with several systems there was evidence 

ot even more pronounced streaking. It was apparent from these results 

that al.l the systems attempted failed to resolve the sorghWlltannin into 

more tban one componento 

The results produced when tannic acid and q_uebracho tannin were chro-. 

ma.tographed using the butyl alcohol;acetic acid:water (4:1:5) solvent 



TABLE XI 

SOLVENT SISTEMS I!MPLOYED AND THE RESULTS OBTAINED IN PRELIMINARY INVESTIGATION 
OF CHROMATOGRAPHY OF TANNINS 

Solvent System References 

1. n-butyl alcohol:AcOH3: (4p_8si9,25) 
~ter(4::l:5) 

2. wet-seq-butyl alcohol 

3. P,henol:AcOHswater 
(3 :50:sat o) 

4. sat. tert-amyl alcohol 

s • .hD..-amyl alcohol:AcOH: 
water(S0::2:48) 

6. sec-butyl alcoholdcOH: 
water(50:2:48) .~ _ 

( 9 ,l091E>si17) 

(1,8,16917) 

(8) 

(8) 

Tannin 
Chromatoe:raphed 

.__._ --- ----· 

Quebracho 

Tannie acid 

Crude sorghtmL __ 
ta.mun 

Isolated_ sor_ghum. _ 
tannin 

" 

" 

" 

If 

" 

" 

" 

" 

Techn!fue Conditions 
Use UsRn2 

descending E=-13 

II II 

II " 

ascending ... N .. E.3 

de&<len~ii- ______ E-1 

ascending_ N.E. 
--

desc.ending E-1 

ascending N.E. 

" E.3 

" N.E. 

II n 

" " 

----~----.--., 

Results 

str~aking r!om origin 

spot followed by long 
streak 

streaking·from origin; 
no resolution 

" 

" 

" 
II 

II 

II 

ti 

" 

" ~ 



TABLE XI (continued) 

Solvent System References Tannin Tecbnifue Conditions 
Ohromatographed . Usea! ... Used2 Results 

7 • !m,0 butyl alcoholgwater (8) Isolated sorghum ascending N.E. streaking·rrom origin; 
(7g3) tannin no resolution 

8. n,-propy-1 alcohol sl~ AcOH 
(7g3) 

- ii ii It VI 

9 • n_0 propyl alcohol :water( 7 :3) (8) 9D n VI " 

10. iso0 propyl alcohol:water 
(7:3) 

(8) vu IV n " 

11. 1 .. 15:% aqueous AcOH (25) Ill If If n 

solutions 

12. 2N HCl (25) n It " It 

13. 2N BCl:lo:% AcOH(l:l) (25) " It It It 

14• n-bu.tyl alcohol sat. with 
5% NB40H . · 

(4) " It " It 

15. m.-eresol:Ac0H:water(50:2:48) (4) " " n " 

16. b!nzene:AeOH:water(2:.2:l) (4) " " II " 

17. ethyl ether:bu.tyl alcohol: (7) " " " " 
acetone (2:3.:3) . 

18. !l,0 butyl aleoholgAcOH:water (11) " II '' " 
. (4:1.:5) plus 10:% ethylene if>, 

glycol 0 



TABLE XI (continued) 

Solvent System References · ·--Tannin -- --~_ Technigue Conditions 
Ch~Qmatographed UsedI Used2 Results 

l9o n-b'~tyl alcoholtipyridine 
{50:20)sato with sat. 
NaCl 

200 et~l acetate:AcOH:water 
95~ ethyl alcohol 
(31!1:3 i0o5) 

- - - -· - . -·· - - . - -- . - - - - -

2lo pyridineis.cbutyl alcohols 
water(4s6:l3) 

220 !i,-butyl alcohol:pyridinei 
sato NaC1(4:6i3) 

23 o ~butyl alcohol:AcOH:water: 
ethyl alcohol(4:ls510.5) 

(11) 

(11) 

Isolated sorghum ascending 
tannin 

" " 

" ID 

av II 

" " 

lAscending ____ milk bottles; Descending .. large cabinets o 

2All chromatograms. were run at room.temperature. 

3Abbreviations: AcOH - acetic acid; E:.;l - equilibration for one hour; 
,.:;. - no equilibration; Eo - overnight equilibration. 

NoEo 

" 

fl 

IV 

" 

streaking from origin; no 
resolution 

ID 

ID 

IV 

fl 

ii:,. .... 
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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 on 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 with 

descending chromatography, a single spot close to the origin was observed. 

Since this organic solvent was the only one out of' the many systell\S at-

tempted that had moved the tannin from the origin without streaking, exten-

sive chromatogr~, ,, using other solvents in combination with the ketone, 

under several different conditions, were run in the milk bottles. Equili

bration, non-equilibration, room temperature and refrigeration (5,00 + 2°0} 

were the different conditions studied. A summary of the different solvent 

systems and conditions used for chromatpgraphy of' the sorghum tannin, and 

the results obtained, are given in Table XII. 

Methyl ethyl ketone:water systems failed to resolve the tannin into 

more than one component. The same type of results were observed when a 
. . . 

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 TANNINl EMPLOYING OTHER SOLVENTS 

IN COMBINATION WITH METHYL ETHYL KETONE 

Solvents Used With Conditions Used 
Methyl Ethyl Ketone Tem.perature2 Eq1plibration3 

lo water (sato) 

2. "1ater (5% and 10%) 
~ 

3 •. .-acetie aeid::water (50:2:50) 

4. 5% acetic acid (sat.) 

5. lofo acetic acid(5% and lofo by volume) 

60 1ofo aeetie acid (sat.) 

R.T. no 

R.T,. yes 

Rer. no 

Rer. yes 

Ref. no 

R.T. no 

Ro Te no 

Ref. no 

RoTe no 

Ref. no 

Ref. yes 

RoTo yes 

Results 

streaking from origin; 
no resolution 

It 

n 

.. 
ti 

ti 

II 

two spots; Rr values or 
A.t0e4 and leO 

streaking from origin; 
no resolution 

two spots; Rr values of 
rVO 08 and l eO 

" 

two spots; Rf values of 
-"'Oe8 and .o but more 
spread out and more trailing 

~ 



TABLE XII (continued) 

Solvents Used With Conditions Used 
Methyl Ethyl Ketone Temperature2 F.auilib~t_ion3" 

60 10% acetic acid (sato) 

7o 10% acetic acid (l!l) 

So 15% acetic acid (l!l) 

9o s% NH40H 

lOo n:=,but;yl aleoool:10% acetic acid 

llo ~butyl alcoho1.a10% acetic acid 

l2o ~butylaleohol:10% acetic acid 

l3o pyridine:sato NaCl 

RoTca no 

Refo no 

Refo yes 

RoT .. no 

Refo no 

Ref. ;yes 

ReTo no 

Ref. :m.o 

Refo no 

Refo no 

Refo no 

Ref. no 

Results 

streak near solvent front; 
no resolution 

two spots; Rr values of 
rvo.a and 1.0 

II 

one spot; Rr value of 1.0 

two spots; Rr values of 
""'0 •8 and l oO 

If 

one spot; Rr value of 1.0 

streaking from origin; no 
resolution 

II 

one spot; Rt value_of 1.0 

streaking from origin to 
solvent front 

streaking from origin; no 
resolution 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~i 

lThe isolated sorghum tannin from Sample~2 was used entirely in these-experiments .. 
2Abbreviations: R .. T .. 0 room temperature; Refo - refrigeration. 
3overni~ht eauilibrationo 
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of acetic acid and the temperature was reduced. From the chromatograms 

using the ketone with 5, 10 or 15% acetic acid it was obvious th~t there 

was 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 temper-

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 effect on the 

resolution of the tannino It was observed that with or without equilibra-

tion the sorghum tann.in resolved into two components when developed with 

methyl ethyl ketone :15% acetic acid (l:l) at the lower temperture. 

The solvent systems in which other constituents were added to methyl 

ethyl ketone failed to effect any resolution of the tannino These find-

ings are illustrated for so~vent systems 9 - 13 in Table XII. 

Comparison of the Crude Extract and 
Partially Purified Sorghum Tannin 

It was' of interest to f'ind 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 #2 

were compared using methyl ~thyl ketone plus varying amounts of acetic 

acid. When methyl ethyl ketone saturated with 5% acetic acid was used at 

the lower temperature and with three hours of equilibration, the extract· 

and purified tannin gave similar results. There were two spots, one having 

an Rt value of 0.4, the other at the solvent front. Only one spot was ob-

served for both the extract and purified tannin when the chromatograms were 
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developed with the aqueous phase of' methyl ethyl ketone saturated with 10% 

acetic acid at room temperature and without equilibrationo 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 (l:1} solvent systemo These results indicated that 

both the extract and purified tannin were similar in their composition, 

and tbat they both contained the same materials which were positive to the 

arsenic=tungstate reagent o These results for three of the sorghum vari

eties are illustrated in Plate Io 

Comparison of the Five Varieties 

The isolated sorghum tannins from all five samples were chromat ographed 

using the following solvent systems: methyl ethyl ketone :lJ:>%:acetic acid 

(1:1); methyl ethyl ketone:1/Yfo acetic acid (1:1) and methyl ethyl ketone 

saturated with 5% acetic acido They were all developed in the refrigerator 

without equilibration. With all three systems two components were resolved, 

the fast moving component having an Rt value of loO and the slower moving 

component having different R;t values as shown in Table XIII. Th~reRf values 

were much lower with the sat·urated 5% acetic acid system and there was much 

more streaking than when the chromatograms were developed with the other 

two systems o When equal amounts of tannin from the five samples were com= 

bined using the 5% saturated system9 two components were detected 9 one 

with an Rf value of approximately 0.3 9 the other at the solvent front. 

Other spray reagents 9 described earlier, were also used to ascertain whether 

or not there was any material present which was not detected by the arsenic

tungstate reagent. The results with the three sensitive reagents, i.eo, 

ammoniaealsilver nitrate 9 bis=diazotized benzidine and arsenic-tungstate 9 



47 

were identicalo From these results it was concluded that there was no 

difference in the tannin components among the five sorghum. varieties that 

could be detected chromatographicallyo 

TABLE XIII 

!lr VALUES FOR THE SLOWER MOVIN~ COMPONENT 

'' 
Sample# Solvent System, l Solvent System 2 Solvent System 3 

l .75 .79 .40 

2 o'75 .74 .39 

3 .75 .75 .37 

4 .78 .77 .34 

5 .79 .74 038 

Solvent System l = methyl ethyl ketone:15% acetic acid (l:l) 

Solvent System 2 = methyl ethyl ketone:10% acetic acid (l:l) 

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 into only two components, an experiment was set up to find out 

whether or not either component was a degradatio~ product of the other 

component. Ascending chromatography was employed, and the chromatograms 

were developed with methyl ethyl ketone saturated with 5% acetic acid 

under refrigeration and with no equilibration. Pa.per strips, 4" :x: 15", 
,·; ' 

were employed in this experiment. A composite of the isolated tannin fl'Qm 

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

chromatogram developed. After the cb.romatogram was developed and dried, 
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one inch of this ohromatogram 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 rechromatographed separately, bad 

essentially the ~ame Rf value that it bad on the original chromatogram as 

shown in Plate Io FFom these results it was evident that neither component 

was a product of the degradation of the other during the course of the ex-

periment. It was concluded from the results of this experiment that there 

were at least two definite "tannin components" in grain sorghum, and that 

neither component could be further resolved with this solvent system. 



Legend to Plate I 

PAP.ER CHROMATOGRAPHY OF GRAIN SOIGHUM TANNm 
,, 

Solvent system - Methyl ethyl ketone saturated with 5% acetic acid. 

Conditions - Refrigeration (+3°0) without equilibration. 

Comparison of Extract and Isolated Tannin 

E-l - Extract from Sample #1 
P-l - Isolated tannin from Sample /ll 
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 

I ' 

I -

Chromatography of the Individual Tannin Components 

A - Original chromatogram; Rt values of l.O and Oo35 
B - Chromatogram of the fast moving component; Rf .value of l.O 
C -.Chromatogram of the slow moving component; Rt value of 0.37 

1 1 i, 1 

'.) 
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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 variety 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 ketone:acetic acid: 

water system. Methyl ethyl ketone:plus 10 or 15% acetic acid. (l:l) re-

sulted in the separation of two ;peageiitf,posi~±:ire components. When the 

ketone was saturated with 5% acetic acid• the tannin resolved into two 

components, one having an Rt value of ab~ut 0.4, and the other one migrat

ing with the solvent front. These results were obtained when the chro-

matograms were run at a low temperature (+300), either with or without 

equilibration, and could not be duplicated when the chromatograms were run 

at room temperatureo 

There was no appreciable difference between chromatograms of the crude 

ex.tract and isolated tannin when they were chromatographed using the sol-.. -· -·· --- . 

vent systems described above. It was also observed that there were no dif

ferences among the isolated tannins from. the five sorghum varietieso. ·When 
... - - . 

the individual components were eluted and rechromatographed there were no 

degradation products from either component between the time the individual 

components were eluted and reohromatographedo This would indicate that 

neither component was a degradation product of the other componento 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 

51 



52 

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% ~cetic acid solvent system~ 
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.APPENDIX 

A. Preparation of Color Reagents 

1. Arsenic-tungstate Reagnet 

ae 100 grams - sodiwn tungstate 
b. 30 grams· - arsenic acid 
c. 300 mlo - distilled water 
d. 50 .ml.= concentrated hydrochloric acid 

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

2. Falin-Denis Reagent 

ae 100 grams - sodiwn tungstate 
b. 20 grams - phosphomolybdic acid 
c. 50 ml. - 85% phosphoric acid 
d. 350 .mlo - distilled water 

Reflux for two hours, cool and make up 
to 1 litero 

B. Preparation of Spray Reagents 

1. ·Ammoniacal.Silver Nitrate Reagent 

a. 20 mlo - 5% aqueous silver nitrate 
b. 10% ammoniwn hydroxide 

Add enough ammoniwn hydroxide to redissolve 
the silver oxide and dilute to 100 .ml. 

2. Bis=Diazotized Benzidine 

a. 6 grams= benzidine hydrochloride 
b. 14 ml.= concentrated hydrochloric acid 
c. 980 .mlo - distilled wate~ 
d. 650 ml.= 10% aqueous sodium nitrate 
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