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INTRODUCTIOfT

Review of Literature

Williams and oo-workera (31) found that water extracts of

diverse tissues representing many different biological groups

contain a material which is capable of stimulating in a strik-

ing way the growth of Gebruder Mayer yeast. These workers con-

cluded that the ability of these extracts to stimulate yeast

growth was due to the presence of a single acid substance

which appeared to be of universal biological occurrence. They

tentatively designated It as pantothenic acid, the name being

derived from the Greek maaning "from everywhere".

Koehn and Elvehjem (8) isolated from a liver extract con-

centrate a factor which prevented pellagra-like symptoms in

chicks. Jukes and Lepkowsky (7) called this factor the "fil-

trate factor" to distinguish it from the pellagra-preventive

factor (riboflavin). Snell, Strong and Peterson (23) isolated

from an alcohol-soluble liver extract, an acidic ether ex-

tractable substance, which is essential for the normal growth

of 14 species of lactic acid bacteria. They recognized the

similarity between the properties of this substance and that of

pantothenic acid.

Numerous individuals have worked on the concentration and

purification of pantothenic acid (29, 33, 34, 36). The formula

of pantothenic acid was first published by Stiller et al. (25)
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after they had crystallized a lactone from the concentrates

of pantothenic acid hydrolyzates

.

A partial synthesis of pantothenic acid was accomplished

by Williams et al. (32) by treating the impure lactone with

beta alanine ester and subsequently hydrolyzing the ester

group. By heating the dry lactone with the dry sodium salt

of beta alanine, approximately the theoretical yield of sodium

pantothenate was obtained directly. The total .synthesis of

pure pantothenic acid was accomplished by Stiller et al. (24)

who showed that the synthetic pantothenic acid had the expected

biological activity when assayed on chicks and rats.

Lipmann et al. (9) have shown that a coenzyme containing

more than 10 percent pantothenic acid is required for the

acetylation of aromatic amines in liver tissue and that this is

apparently the same coenzyme which is required to acetylate the

choline of brain tissue. Lipmann 's data indicated that a large

part of the pantothenic acid in tissue is present in the form

of coenzjrme A (9). Since the coenzyme occiirs so universally in

cells, and since the two acetylations are different types of

synthesis (one a peptide linkage and the other an ester bond),

it seems likely that coenzyme A may be found to participate

generally In carbohydrate, fat and sterlod synthesis, as well

as in acetate metabolism.

Although pantothenic acid is found in most living tissues,

its exact role is not known. It prevents dermatitis in chicks,

graying hair and hemorrhagic adrenal glands in young rats, in
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dogs, deficiency results in hypoglycemia, convulsions, fatty

liver and gastro-lntestional disturbances. It is necessary

for growth in chicks, rats and microorganisms* Most of its

deficiency signs have been studied in tests employing chicks

and rats. It is generally regarded as being Important in

human nutrition but little information is available on this

subject. It has been observed that the level of pantothenic

acid in the blood is about 25 percent belov; normal in hvimans

deficient in other vitamins of the B complex. Possibly it is

synthesized by microorganisms in the Intestines of humans,

since it la knov.n to be synthesized similarly in the rumen of

cattle and sheep (20).

Methods of Determination

The Biological Method . The chick growth method of analy-

sis has been used most extensively by Jxikes (6). This method

involves a two week growth period, and tha results are usually

in good agreement with those obtained by microbiological assay

using L. easel . v;hen certain materials such as liver extract,

rice bran extract and particularly yeast, are tested, the

values obtained by the chick assay method are much higher

than the values obtained by microbiological assay. These ex-

cessively high values appear to be due to the presence of

growth promoting substances other than pantothenic acid in the

materials tested (17).
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The Microbiological Method. Several microbiological assay

methods of pantothenic acid have been reported (2, 5, 16, 22,

26). Pelczar and Porter (16) shovsed that pantothenic acid Is

one of the growth factors required by Proteus raorganll . This

test organism was found to be capable of responding to a lower

dosage of pantothenic acid than the organisms used In other

methods. When as little as 0.0002 gram of synthetic calclvim

pantothenate was added por ml of the assay medium, visible

growth occurred. Thus It Is possible to determine the panto-

thenate content of extremely small amounts of natural sub-

stances, a fact which may be significant, since other non-

specific factors which might affect the test such as Inhibitory

substances and interference by color or opacity, can be avoided

by dilution.

Two lactic acid bacteria, L. easel and L. arabinosus , have

been widely used as test organisms. The original method of

Pennington, Snell and Williams (18) together with the modifica-

tions of Strong, Feeney and Earle (26) using L. easel has

proved generally usieful and satisfactory for routine determi-

nations of pantothenic acid In a wide variety of materials.

This method used Clarase or papain to release the vitamin.

Certain difficulties were encountered with L. easel , however,

even with the use of modified media and extraction procedures.

The organism responded erratically in the presence of small

amoiints of starch, fats, and fatty acids so that it was nec-

essary to digest samples of test materials enzymatically, and
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to ejctract them with ether to remove excess fat prior to per-

forming the assays (26). A more recent method advocated by

Skoggs and Wright (22) as well as by Ploag et al. (5) made use

of L. arabinosus 17-5, with a medium containing acid-hydrolyzed

casein, fortified by cystine, tryptophan, and synthetic vita-

mins. This is the method most cenerally used today since L.

arabinosus is not stimulated as much by fatty material as is

L. easel »

L. arabinosus as well as L. easel measures only free pan-

tothenic acid. Releasing it from its bound form In the protein

molecule without destroying pantothenic acid itself is the real

problem. This was made evident by repeated observations that

none of the methods for releasing pantothenic acid by such

enzymes as papain, Taka-diastase , I,!yla3e-P or Clarase gave

values which even approached the high values obtained by chick

assay (15). Neither acid nor alkali hydrolysis can be used,

since tho pantothenic acid molecule, ?/hich is an acid amide,

would be split into beta alanine and tha substituted butyric

acid. Neither of these products of hydrolysis is a nutrllite

for L. arabinosus or L. easel (23). As shoTim by Lipmann et al.

(9), coenzyme A is not broken down to release pantothenic acid

by any means except autolysis, treatment with intestinal phos-

phatase, or pigeon or chick liver extract. By using a papaln-

Clarase digestion method, only about 0.15 percent pantothenic

acid was liberated from this coenzyme, but with the use of in-

testinal phosphatase and pigeon liver enzyme, approximately 10
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percent of the coenzyme was found to be pantothenic acid. This

figure was confirmed by an Independent assay of the beta alanine

present, using the yeast method (21). Lipmann'a recommendation

for sample preparation prior to pantothenate analysis is,

therefore, treatment of the sample with intestinal r^hosnhatase

plus chicken liver enzyme preparation. Samples, sucxl hj. yoast

or liver thus treated, give pantothenate values approximating

those obtained by chick assay. Both enzymes are essential

since it has been shown that 20 to 30 percent of the panto-

thenate is released by dephosphorylation and about 70 percent

by the action of freshly prepared extract of chicken liver

acetone powder (15).

The Chemical Method. Yvilliams (30, p. 255) suggested a

chemical method for the assay of pantothenic acid based upon

the selective oxidation of pantolc lactone by lead tetra-

acetate. The oxidation was found to be erratic, however, and

not very selective when applied on a micro scale to natural

extracts. Wollish and Schmall (35) pointed out a rapid color-

imetric method for the assay of panthenol (alpha, gamma-di-

hydroxy-beta, beta-dimethyl butyramide)^ and pantothenates,

which can be applied to the assay of panthenol and D-calcium

pantothenate in pure form as well as in tablets and ampoules.

The colorimetric method is based upon the formation of pantoyl

1
Panthenol is the biologically active hydroxy analog of

pantothenic acid.
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lactone by hydrolytic cleavage in an acid mediiim. The lactone

reacts v^ith hydroxylamine in the presence of alkali and the

hydroxamic acid thus formed yields a purple color upon acidifi-

cation in the presence of ferric chloride. This color, having

a maximum absorption at 500 millimicrons, is utilized for

photometric measurements. The results are in good agreement with

those obtained using the microbiological method.

Recently Szalkowski, Mader and Frediani (27) developed a

chemical method based on the hydrolysis of calcivun pantothenate

and its cleavage to beta alanine and alpha, gamma-dihydroxy-

beta, beta-dimethyl butyric acid. Beta alanine, when oxidized

with potassium permanganate in the presence of potassi^am bromide

under properly regulated conditions, yields an insoluble hy-

drazone with 2,4 dinitrophenylhydrazine . Since the ratio be-

tween the amount of hydrazone formed and the hydrolyzed pan-

tothenate oxidized is constant, the calcium pantothenate may be

estimated by dissolving the dinltrophenylhydrazone in pyridine,

diluting with sodium hydroxide and measuring the resulting blue

color spectrophotometrically at 570 millimicrons. Certain in-

terfering compounds, with the exception of ascorbic acid, are

eliminated by chromatographic absorption in an aluminum oxide

column.

The vitamin content of wheat is known to vary with the

variety and environmental conditions such as soil type and

weather (11, 12, 19). Several \^•orkGrs (2, 3, 6, 10, 13, 26,

28) have determined the calcium pantothenate content of wheat



and wheat products employing either the biological or the

microbiological methods of assay. It has been the object of

this work to determine by chemical as well as microbiological

methods of assay the calciiom pantothenate content of several

species and varieties of wheat grown under comparable environ-

mental condition.

BdATERIAL AND METHODS

Material

Sixteen samples of wheat comprising eight species from

the 1950 crop grown at Brawley, California under comparable

environmental conditions v/ere assayed for c alciiim pantothenate.

The samples were prepared for assay by grinding in a Wiley

mill to pass a 1 ram wire screen. Moisture and crude protein

were determined using methods reported in Cereal Laboratory

Methods (1).

Galcitrm pantothenate used for preparing the calibration

curve for both the chemical and microbiological methods was

obtained from Merck and Co., Inc. The test organism L.

arabinosus 17-5, was obtained from the toierican Type Culture

Collection, Georgetown University, school of Medicine, Wash-

ington, D. C«
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Adaptation of a Chemical Method to the
Analysis of Calcium Pantothenate In Vrheat

Calcium pantothenate was determined in a trial sample of

wheat using the chemical procedure outlined by Szalkov/ski et al.

(27). The amount of calcium pantothenate thus measured was

about 500 ;ag/gm» although values reported in the literature

ranged between 5 and 19 jag/gra (2, 3, 6, 10, 13, 26, 28). This

high result obtained in the trial run indicated the possible

interference of compounds such as carbohydrates, thiamine

hydrochloride, niacin and niacinamide (27). The presence of

carbohydrate material in the chromatographic column was dem-

onstrated by a positive Molisch test and by the development

of a dark brown color on boiling the eluate with the sulphuric

acid used to hydrolyze the calcium pantothenate.

The calcium salts of pantothenic acid have been described

by Stiller et al. (24) as microcrystalline , hygroscopic powders

which were readily soluble In water and the lower alcohols.

Ford (4) observed that calcium pantothenate was soluble to the

extent of more than 50 gm/lOO ml of methanol. Methanol Instead

of water was used, therefore, to extract the pantothenates from

wheat. In this new treatment, the possibility of interfering

compoimds, such as sterols and certain fat-soluble vitamins,

which are soluble in methanol and yield insoluble dinitrophenyl-

hydrazones after oxidation with potassium permanganate, was con-

sidered. Cereals, however, are poor sources for vitamins A and
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K and furthermore these vitamins are not adsorbed on the

alumina column from methanol. Carotenoids, although soluble

in methanol, are strongly adsorbed on aliiminum oxide and are

not easily eluted. To test the effect of soluble lipid

material on the results, a 10 gram sample of wheat was extract-

ed with petroleum ether, and the extract dissolved in 15 ml of

methanol. The data in Table 1 show that the petroleum ether

soluble compounds did not affect the analysis of calcium pan-

tothenate.

Table 1. The effect of lipid material on the determination
of calcixam pantothenate.

Mixture : Calcium pantothenate
: Calciilated • Found

2 ml methanol solution + 25 ml
.T.ethanol, chromatographed no color developed

2 ml methanol solution + 10 gra

wheat/100 ml methanol; 25 ml
chromatographed 18.2 18.2

4 ml methajiol solution + 10 gm
wheat/100 ml methanol; 25 ml
chromatographed 18.2 18.0

2 ml methanol solution + 25 ml
calcium pantothenate solution;
25 ml chromatographed 16.0 16.0

4 ml nethanol solution + 25 ml
calciiim pantothenate solution;
25 ml chromatographed 16.0 16.0
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The chemical meth. In this work v/as the same as

that outlined by Szalkov/skl et al. (27) except for using methanol

to extract the pantothenates. The concentrations of solutions

were also changed to conform to the concentration of pantothen-

ates in wheat. Three portions of wheat, 8, 12, and 16 grarns,

were treated separately. Each portion was suspended in 100 ml

methanol, shaken vigorously and centrifuged for 10 minutes or

imtil a clear solution was obtained. A 25 ml aliquot of the

clear solution was chromatographed, eluted, oxidized and meas-

ured as described by Szalkov/skl et al. (27). The standard

curve obtained for pure calcium pantothenate, using the modified

chemical method, is shown In Pig. 1.

The recovery of calcivun pantothenate using different

levels of both wheat and calcium pantothenate and the chemical

method of analysis is summarized in Table 2. The recovery was

98.9±2.9 percent. The standard deviation for 9 determinations

of pure calclxim pantothenate solution containing 80 ;ag/ml v.-aa

3.13 ^g/l ml. The standard deviation for 7 determinations of

calcium pantothenate contained in 8 grams of wheat (144.32 ;u.g)

was 6.5 ;ug/analysls

.

Table 2. Recovery of calcium pantothenate.

Mixture Calcium pantothenate

10 gm wheat + 80 }ig Ca pantothenate
15 gm wheat +100 jag Ca pantothenate
20 gm wheat +200 ;ag Ca pantothenate

262
373
564

255
380
550

97.3
101.8
97.5

Average 98.9±2.9
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80 160 240

CALCIUM PANTOTHENATE (w)

Fig. 1. Calibration curve using the
modified chemical method.
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Microbiological Method

The microbiological method outlined by Skeggs and Wright

(22) was used without modification. Pantothenates were released

by digesting wheat samples with alkaline phosphatase and

chicken liver extract (15). A typical calibration curve is

shown in i'lg. 2.

RESULTS A!'D DISCUSSION

The calcixim pantothenate content of the different species

of wheat as determined by both the chemical and microbiological

methods is recorded in Table 3. Chemical values are the aver-

age of three separate analyses of three different levels in

duplicate. The microbiological values are the average of two

analyses each made with four different levels in duplicate.

The crude protein content, and the calcium pantothenate content

in the various samples are recorded on a 14 percent moisture

basis.

A comparison of the mean differences between the two methods

used (Table 3) shows the nature of the difference, with the chem-

ical method consistently yielding higher values. The differ-

ence ranged from about one-half of one percent to ten percent

of the overall mean, with the average difference being about

three percent of the mean, such differences are statistically

significant when compared with the sampling differences.
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Table 3. The calcium pantothenate content of whole wheat.

Species and varieties

of wheat

! : Calcium pantothenate
: :',:icro-

! Crude : Chemical : blolog-
proteln: method :lcal

:method

! Differ
: once

7- ;is/sni

T.
f.
T.
T.
T.
f.

7.

monocQCcum
dlococcum » vernal
oriertalc
pyramidale
psrsicuin

Gtcvrart
Pentad
sphaerococcum
vulgare
Baart
Federation
Dav/son
Thatcher
Marquis
Trumbull
Co:aanche
Red Chief

(White)
(White)
(White)
(Hard Red
(Hard Red
(Soft Red
(Hard Red
(Hard Red

Spring)
Spring

)

Winter)
Winter)
Winter

)

12.9 12.2 11.4 .8
11.7 20.5 20.6 - .1
8.8 10.1 9.8 .3
8.1 12.0 10.7 1.3
9.2 11.2 10.1 1.1

3.7 12.2 11.5 .7
10.3 14.3 13.7 .6
11.8 10.1 10.1 .0

10.5 9.8 8.9 .9
9.9 11.5 11.2 .3

13.5 15.7 16.1 .6
11.3 11.2 11.0 .2
12.6 17.1 16.4 .7
14.8 19.9 19.3 .6
12.6 15.3 14.6 .7
11.8 14.8 14.5 .3

The analyses of variance for the chemical method, the

microbiological method and a comparison of the estimates of

variances for the corresponding sources in the two methods are

tabulated in Table 4. None of the tested sources of vai-iation

other than species and varieties within species showed any

real effects on the chemical method of determination. For the

microbiological method of determination, except for the species

and variety in species, only the (variety in species) x (levels

in duplication) Interaction was significant. This difference

indicated that the relative differences among the varieties
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was not consistent froa one level of action to another, which

may be regarded as a disadvantage of this method.

The comparison of the estimates of variance for the cor-

responding sources in the two methods showed homogeneity, which

permitted combination of the entire set of results into a single

analysis. In the pooled analysis, the mean square between meth-

ods was considerably larger than any of the estimates of vari-

ance as computed from the interactions or sampling variation.

This indicates that the likelihood of obtaining such differ-

ences due to chance variation is exceedingly small.

The largest contributors to the variation in results were

the species and variety within species differences. Since

these samples were grown under the same environmental condi-

tions, the large differences between the calcixira pantothenate

content of the species and varieties within species (Table 3)

are probably due to genetic variation.
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Table I}.. Analyses of variance.

Source of variation : of : llean
:froodoEi: square

The Chemical Method

Specios
Varieties in species
Levels in action
(Species) x (Levels)
(Variety in species) x (Levels)

ij.1. 19<Ht

.12

.05

.05

The Microbiological Method

Species
Varieties in species
Duplication of method
(Species) X (Duplication)
(Veriety in species) x (Duplication)
Levels within duplications
(Species) X (Levels in duplication)
(Variety in species) x (Levels in duplications)
Determinations in levels
(Species) x (Determinations in levels)
(Variety in species) x (Determinations in levels)

I
6

56
614.

2li.9.98-;^»

189.01-iHs-

.05

.53--

.0

.08

Both Methods

Specios 7 290.63-""-

Vai'leties in species o 22ij..97-"-*

Methods 1 13. $0^^^-

(Species) X (Kethods) 7 .69
(Variety in specios) x (Methods) 8 J.\A

Sampling variation 220 .28
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A comparison betweon tho results obtained in this inves-

tigation and those given in literature is shov-Ti in Table 5.

The quantities of calcium pantothenate obtained by both methods

of analysis agree well with the values reported by Teply et al»

(28) who determined calcium pantothenate in a niimber of varie-

ties of T. vulgare grovm in various parts of the United States*

These workers, in contrast v/ith the present work, found that

neither varietal nor environmental differences had any signif-

icant effect on tho amo\int of calcium pantothenate present in

four varieties of dark hard winter wheat grov/n at four locali-

ties. Values for miscellaneous varieties representing all

classes of T. vulgare grown in Kansas, Minnesota, Oklahoma,

Texas and .iashington indicated that genetic differences were of

little consequence in affecting the calcium pantothenate content

of soft red winter wheat, while envlroiwiental differences had

considerable effect. Statistical analyses of these data were

not available.

Table 5. Calcium pantothenate content in wheat as determined
by different v/orkers.

Source of determination
Calcium : No. of:.. ^

~

pantothenate; samples r^"^^^°^ °^ ^^^^^

This work

Atkln et al. (2)
Cheldelln & Williams (3)
Jukes (6)
Loy (10)
Moran & Drummond (13)
Strong et al. (26)
Teply et al. (28)

Jig/gm

9.8 - 20.5
8.9 - 20.6
8.3 - 8.9

13.1
12.2
9.8
5.5
9.0

9.9 - 19.0

16 Chemical
16 Microbiological
3 Microbiological
1 Microbiolorical
2 Chick assay
1 Microbiological
1 Microbiological
1 Microbiological

55 Microbiological
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CONCLUSIONS

The chemical method for calcium pantothenate determination

(27) was modified to be applicable to the extraction and con-

centration of pantothenates in wheat. Comparing the chemical

results with those from the presently a ccepted microbiological

method shewed fairly consistent differences from one species

and variety to another between the two methods. The chemical

method, generally, gave higher (averaging 3 percent) values

than did the microbiological method for almost all species and

varieties studied.

Differences among species and varieties in species were

significant in both methods of analysis. The analyses of

variance Indicated no effect due to differences in level of

activity on the results in either method, although some inter-

action for the several varieties was in evidence in the micro-

biological method. The analyses also showed that the technique

of laboratory analysis was sufficiently refined that no appre-

ciable variation was introduced in the results.



ACKNOWLEDGMENTS

The author wishes to express his sincere appreciation

to Dr. Byron S. Miller for his encouraging supervision in the

development of this research problem and the preparation of

the thesis*

The author is also indebted to Dr. J. A» Shellenberger

,

Head, Department of Milling Industry, for providing research

facilities said for his interest in the work.

Appreciation is also expressed to Dr. C. R. Szalkowski

of Merck and Co. for his kind assistance, and to all members

of the Department of Milling Industry and the Department of

Chemistry who gave advice and aided in this investigation.



20

LITERATURE CITED

(1) American Association of Cereal Chomists.
Cereal laboratory methods, 5th ed. Lincoln, Nebraska:
1947.

(2) Atkin, L. , W. L. Williams, A. S. Schultz, and C. N.
Prey. Yeast microbiological mothods for determina-
tion of vitamins. Indus, and Engg. Chera., Analyt. Ed.
16: 67-71. 1944.

(3) Cheldelin, V. H., and R. J. Williams.
The vitamin B content of foods. Univ. Texas Public
No. 4237: 105-124. 1942.

(4) Ford, J. H.
Crystalline racemlc calcium pantothenate. Amer. Chem.
Soc. Jour. 68: 1666-1668. 1946.

(5) Hoag, E. H., H. P. Sarett, and V. 11. Cheldelin.
Use of L. arablnosus 17-5 for microassay of panto-
thenic aclTil Indus . and Engg. Chem., Analyt. Ed.
17: 60-62. 1945.

(6) J\ikes, T. H.
The distribution of pantothenic acid in certain
products of natural origin. Joxir. Nutr. 21: 193-
199. 1941.

(7) Jukes, T. H. , and S. Lepkowsky.
The distribution of the "filtrate factor". Jour.
Biol. Chera. 114: 117-121. 1936.

(8) Koehn, C. J., and C. A. Elvehjem.
Further studies on the concentration of the anti-
pellagra factor. Jour. Biol. Chem. 118: 693-699.
1937.

(9) Lipmann, F., N. Q. Kaplan, G. D. Novelll, L. C Tuttle,
and B. M. Guirard. Coenzyme for acetylatlon: A pan-
tothenic aoid derivative. Jour. Biol. Chem. 167:
869-870. 1947.

(10) Loy, H. \V., Jr.
Report on pantothenic acid. Assoc. Off. Agr. Chem.
Jour. 28: 567-570. 1945.



21

(11) McElroy, L. W., J. Kastelic, and A. G. McCalla.
Thiamine and riboflavin content of wheat, barley and
oats grown in different soil zones in Alberta. Canad.
Jour. Res. 26: 191-200. 1948.

(12) McElroy, L. IV., and H. Simonson.
The niacin content of wheat, barley and oats in dif-
ferent soil zones in Alberta. Canad. Jour. Res. 26;
201-207. 1948.

(13) Moran, T., and J. Druimnond.
Scientific basis of 80% extraction flour. Lancet.
248: 698-699. 1945.

(14) Nishi, H., T. E. King, and V. H. Cheldelin.
Pantothenic acid studies. Jour. Nutr. 41: 279. 1950.

(15) Novelli, G. D.» N. 0» Kaplan, and F. Lipmann.
The liberation of pantothenic acid from coenzyme A.
Jour. Biol. Ghem. 177: 97-107. 1949.

(16) Pelczar, 1.1. J., Jr., and J. R. Porter.
Pantothenic acid and nicotinic acid as essential growth
substances for Proteus morganii . Soc. Expt. Biol,
and Med. Proc 43: 151-154. I940.

(17) Pennington, D. E., E. E. Snell, H. K. Mitchell, J. R.
McMahan, and R. J. V«illiams. Assay method for pan-
tothenic acid. Univ. Texas Public. No. 4137: 14-
17. 1941.

(18) Pennington, D. E., E. E. Snell, and R. J. Williams.
An assay method for pantothenic acid. Jour. Biol.
Ghem. 135: 213-222. 1940.

(19) Robinson, A. D. , L. E. Lynd, and B. J. Miles.
The thiamine and riboflavin content of Manitoba grown
wheat, oats and barley of the 1946 crop. Ganad. Jour.
Res. 27: 241-248. 1949.

(20) Rosenberg, H. R.
Chemistry and physiology of vitamins. New York:
Interscience Publishers, Inc. 1945.

(21) Schneck, J. R., and V. duVignaud.
A study of the synthesis of beta alanine in the white
rat. Jour. Biol. Ghem. 153: 501-505. 1944.

(22) Skeggs, H. R., and L. D. Wright.
The use of L. arabinosus in the microbiological deter-
mination of pantothenic acid. Jour. Biol. Ghem. 156:
21-26. 1944.



22

(23) Snell, E. E., F. M. Strong, and V/. H. Peterson.
Growth factors for bacteria. Jour. Bact. 38: 293-
307. 1939.

(24) Stiller, E. T., S. A. Harris, J. Finkelstein, J. C.
Keresztesy, and K. Folkers. Pantothenic acid: The
total synthesis of pure pantothenic acid. Amev* Chem.
Soc. Jour. 62: 1785-1790. 1940.

(25) Stiller, E. T., J. C. Keresztesy, and J. Finkelstein.
The isolation and structure of the lactone moiety.
Amer. Chem. Soc. Jour. 62: 1779-1785. 1940.

(26) Strong, P. M., R. E. Feeney, and Ann Earle.
Microbiological assay for pantothenic acid. Indus,
and Engg. Chem., Analyt. Ed. 13: 566-570. 1941.

(27) Szalkowski, C. R., V.. J. M&der, an, H. A. Frediani.
Chemical determination of calcium pantothenate.
Cereal Chem. 23: 218-225. 1951.

(28) Teply, L. J., F. M. Strong, and c. A. Elvehjem.
Nicotinic acid, pantothenic acid and pyridoxine in
wheat and wheat products. Jour. Nutr. 24: 167-174.
1942.

(29) \vein3tock, H. H., Jr., H. K. Mitchell, E. P. Pratt, and
R. J. Williams. Pantothenic acid: Formation of beta
alanine by cleavage. Anzer. Chem. Soc. Joxir. 61:
1421-1425. 1939.

(30) VUlliams, J.
Advances in enzymology, Vol. IIJ. New York:
Interscience Publishers, Inc. 1943.

(31) Vn'illiams, R. J., C. M. Lyman, G. H. Goodyear, J. H.
Truesdail, and D. Holaday. Pantothenic acid: A
growth determinant of laniversal biological occurrence.
Amer. Chem. Soc. Jour. 55: 2912-2926. 1933.

(32) T.llliams, R. J., fl. K. j^itchell, H. H. Weinstock, and
E. E. Snell. Pantothenic acid: Partial and total
synthesis studies. Amer. Chem. Soc. Jour. 62: 1784-
1785. 1940.

(33) Williams, R. J., and E. Rohrman.
Beta alanine and Bios. Amer. Chem. Soc. Jour. 58:
695. 1936.



23

(34) Vvilliams, R. J., J. H. Trueadail, H. H. Weinstock, E.
Rohrman, C. M. Lyraan, and C. H. McBtirney. Pantothenic
acid: Its concentration and purification from liver.
Amer. Chem. Soc. Jour. 60: 2719-2723. 1938.

(35) VVollish, E. G., and M. Schmail.
Colorimetric determination of panthenol and panto-
thenates. Indus, and Engg. Chem., Analyt. Ed. 22;
1033. 1950.

(36) Ivooley, D. ii. A. \\ai3raan, 0. Mickelsen, and C. A.
Elvehjem. Some observations on the chick antidermati-
tis factor. Jour. Biol. Chem. 125: 715-721. 1938.



THE DETLKMINATION OF' PAITTOTHENIC ACID IN WHEAT

by

FAWZI YOTJSEP REPAI

B. S., Fouad I University, Cairo, Egypt, 1942

AN ABSTRACT OF A THESIS

submitted in partial fulfillment of the

requirements for the degree

MASTER OF SCIENCE

Department of Milling Industry

KANSAS STATE COLLEGE
OF AGRICULTURE AND APPLIED SCIENCE

1952



A chemical method for the determination of calcium panto-

thenate was adapted to the assay of wheat. The adaptation of

the method consisted of the extraction and concentration of

the pantothenates from wheat with methanol Instead of water

which was used In the original method. Investigations showed

that possible interfering compounds such as sterols and certain

fat-soluble vitamins, which are soluble in methanol and which

yield insoluble hydrazones after oxidation with potassium per-

manganate have no effect on the analysis of calclvun pantothenate

under the conditions employed. Recovery of calcium pantothenate

using the modified chemical method averaged 98.9 percent.

Sixteen varieties of wheat representing eight species

grown under similar environmental conditions were assayed for

calcium pantothenate using both the modified chemical method and

the microbiological method with L. arabinosus 17-5 as the test

organism. A comparison of the mean difference In the assay

values obtained by the two methods showed that the chemical

method yielded consistent high results (averaging 5 percent).

This difference was statistically significant. Differences

among species and varieties in species were significant in both

methods used. Since the samples were grown under the same en-

vironmental conditions, the large differences between the cal-

cium pantothenate content of the species and varieties are

probably due to genetic variation. The range of calcium panto-

thenate in the samples assayed (8.9-20.6 jig/gm) agreed well

with the values reported in the literature.


