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INTRODUCTION

It is thought by some that the vitamin B complex 
content of a tissue may have some bearing on the resis
tance or submission of a tissue to virus infection. The 
relationship of this vitamin group to virus growth has 
not been determined i.e., v/hether a normal high content 
or an altered ratio of the members inhibits or promotes 
the growth of viruses. This determination was undertaken 
by Dr. J. M. Severens.

Cmbryonated eggs are the favored culture medium 
for many viruses and the period between 6 to 13 days the 
period of ctioice for inoculation and harvest. Acting 
on the suggestion of Dr. Severens, the author undertook 
one part of the larger problem, the assay of embryonated 
eggs during the period of choice for all members of the 
vitamin B group. By knowing the absolute value of the 
vitamins in this tissue, alterations could be made by ad
dition of members and inhibition or enhancement of growth 
of an inoculated virus determined. For such work the con
tent of vitamin per day was thought necessary because 
daily inoculations of vitamin and virus were intended.
In this way it was hoped that the relationship between 
the B vitamins and viruses might be established. Unfor
tunately, the media for assay, purchased from the Difco
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Corporation was faulty and in that essential growth fac
tors were absent, and the results of assay unreliable in 
all but one instance, riboflavin, which is reported herein.

i



CHAPTER I

A BRIEF HISTORY OF THE MICROBIOLOGICAL 
ESTIMATION OF RIBOFLAVIN

The basis for the microbiological assay of 
riboflavin was laid, in 1937 by Snell, Strong, and 
Peterson (12) who recognized the necessity of ribofla
vin for growth of the Lactobacilli. One year later the 
same men determined in detail the nutrients or growth 
requirements of Lactobacillus casei in such a manner that 
each distinct component could be measured, when added to
gether supplied the necessities of growth for the organ
ism (13). r̂he following year, supplied with a medium 
ample in all respects except riboflavin, Snell and Strong 
(11) found that by furnishing the vitamin within a limit
ed range of from 0.0 to 0.25 micrograms, the organism re- \
sponded with the production of a proportionate amount of 
acid and a proportional increasing optical density. To 
the media was added varying amounts of the vitamin, the 
whole was sterilized, then inoculated with a drop of sus
pension of Lactobacillus casei. After 24 hours, turbidity 
was measured in optical density then this measurement was 
plotted graphically against the concentration of ribofla
vin in corresponding tubes. After 72 hours the ml. of 
0.1 N acid produced was measured by titration with 0.1 N
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NaOH and the resulting values plotted in like manner 
against the concentrations of vitamin. The turbidity 
and acid production was foxmd to be directly proportion
al to vitamin concentration, - the response was linear. 
This work established a standard to which samples of any 
organic extract could be compared. In the same publica
tion results of assay of different materials were given 
which compared favorably with chemical analysis.

Some years later Roberts and Snell (8) improved 
the medium and in 1947 the original method, with the 
minor alterations of the media, was accepted by the U. S. 
Pharmacopoeia (16) as a standard method of determination. 
The Difco Uorporation, commercial producers of dehydrated 
media, prepared media for microbiological assay using 
Lactobacillxis casei (Culture bo. 7469 of the American 
Type Culture Collection), having based the method and in
gredients on the work of Snell and Strong and the U. S. 
Pharmacopoeia. This commercial media was used by the
writer



CHAPTER II

METHODS AVAILABLE FOR RIBOFLAVIN ASSAY

There are three recognized methods for riboflavin 
assay: The chemical (or physical-chemical) method; the
microbiological method using bacteria, and the biological 
method using the rat or chick. Each method possesses ad
vantages as well as disadvantages which will be discussed 
briefly.

Though the biological method was the first used 
(1) and the standard with which more recent methods were 
initially compared it has given way to the chemical or 
microbiological. Disadvantages of the method are listed 
for comparison. It is cumbersome, time consuming, costly, 
lacking in accuracy, applies results obtained from one 
animal species to another species whereas the physiolog
ical availability may not be the same in both species, 
and tests only relatively rich material (5). In contrast 
to the short comings, the method boasts of testing avail
ability of the vitamin to a higher organism rather than 
testing for only the quantity of vitamin contained. The 
other two methods have supplanted this one so that it is 
of little more than historical interest (18).

The chemical method is most advantageous because 
of accuracy, speed and definition(3). It is applicable



4

to concentrates of relatively pure vitamin but as we pass 
down the scale of concentration and purity to natural ex
tracts which contain vitamin in only parts per million 
with a good deal of extraneous material, the chemical test 
becomes insensitive and is likely to be interfered with 
by the extraneous substances. It is based on the property 
of riboflavin to floresce when exposed to a light of 440 
to 550 Angstroms. Intensity of florescence is proportional 
to concentration of riboflavin in solution (9). Simultan
eous hydrolysis of the bound forms of the vitamin must 'be 
accomplished and elaborate precautions must be taken to 
eliminate effects of substances which might floresce. It 
can be seen that aside from the inherent inaccuracy with 
respect to low concentrations of vitamin and the precau
tions which must be taken to eliminate interfering sub
stances, the method needs expensive machinery, i.e., the 
spectrophotometer. The remaining method is the one of 
choice in assay of natural animal extracts.

The microbiological method, essentially that of 
Snell and Strong (11) and further modified by Roberts and 
Snell (8) has been adopted by the U. S. Pharmacopoeia (16). 
It rates next to the chemical method in.speed and accur
acy (18). In one respect it tests the availability of the 
vitamin for an organism, viz., a microbiological organism 
as well as testing quantitatively for the free form of.the
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vitamin and / or the natural combined forms, e.g., flavo- 
proteins, flavin adenine di nucleotide, and riboflavin 
phosphate (6). Furthermore, it has the tremendous advan
tage with respect to natural extracts of very great sensi
tivity and high specificity. Extremely small amounts can 
be assayed and these in a relatively conglomerate mixture 
of other substances. Disadvantages are few. The most 
serious extraneous factors that can complicate the assay 
are fatty substances which can be stimulatory or inhibi
tory depending on type of substances and concentrations. 
These can be eliminated by filtration of the material at 
a pH of 4.5 ,then raising the pH to 6.8 and filtering again 
if necessary to obtain a clear filtrate. The only other 
disadvantage is the need of some bacteriological technique. 
The multifold advantages of this method and its acceptance 
as an official determinate by U. S. Pharmacopoeia singles 
it out as the preferred means of assay.



CHAPTER III

REAMS OF LIBERATION AMD EXTRACTION

Because there is no criterion by which one can 
judge the usefulness of one method of liberation over 
another, it was necessary to try all those which were 
thought useful and choose the one which gave the maximum 
yield of vitamin. The methods were as follows:

Acid hydrolysis in the autoclave in which a pro
portionate amount of 0.1 N HC1 was added to a sample of * 
material then autoclaved 30 minutes at 15 pounds pressure, 
following this the sample was filtered, and the filtrate 
retained (15).

Hydrolysis with water in the autoclave (11).
Autolysis in the incubator at 37.5°C, in which 

the sample was allowed self decomposition (2).
Acid hydrolysis in the autoclave followed by en

zymatic digestion.
Enzymatic digestion which consisted of adding 

appropriate enzymes to a sample, adjusting the pH to 
optimum for the enzymes, then harvesting the filtrate 
after an appropriate interval (15).

These extraction methods were examined in view 
of the chemical and physical properties of the vitamin, 
then each was tested.
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The enzyme liberation scheme yielded more ribofla
vin than any of the others, and because of ease in perform
ing the work was chosen. The commercial enzyme prepara
tions , Takadiastase and Papain were used. Takadiastase 
acts on starch and phosphates, and Papain hydrolyzes pro
teins, proteosis, and peptones, these substances are the 
only known forms in which riboflavin may be found (18).

|



CHAPTER TV

GENERAL METHOD OF CONDUCTING ASSAY

The following procedure represents a composite 
of published methods (17,10,18,9,4) from which applicable 
procedures were borrowed. The assay was divided into 
seven phases: preparation of the sample to be assayed, 
preparation of standard solutions of riboflavin, prepara
tion of media, preparation of inoculum, make up of stand
ard tubes and assay tubes, inoculation and incubation, 
reading.

Extract of the sample was prepared as follows. 
Hatchery eggs, Leghorn and Austin white mixed, were incu
bated in a conventional egg incubator for an appropriate 
time (7-13 days). Five embryonated eggs in which the 
embryo was developed and active were chosen at random as 
a sample. The eggs were weighed to one hundredth of a 
gram, the complete contents of each placed in a Stevens 
blender. The blender was allowed to mince the eggs 8-10 
minutes.

Into a clean 150 milliter Erlenmyer flask 250.0 
mg. of Papain was weighed, 18 drops of glycerine added 
as a wetting agent, mixed with stirring rod and 10 ml. 
of distilled water added. To the flask was further added
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250.0 mg. of T'akadiastase.
Also In this flask, 5.50 grams of minced egg 

was weighed, followed by addition of 100 ml. of acetate 
buffer solution in order to maintain a pH of 4.5. Two 
milliliters of benzene were added. The flask was loosely 
stoppered with cotton, mixed by rotation, placed in an 
incubator at 37.5oC for four days.

After the forth day period the sample was steamed 
for 25 minutes to drive off the benzene and inactivate the 
enzymes. After cooling the sample was filtered through -a 
medium grade paper and collected in a glass stoppered gra
duated cylinder and adjusted to ISO ml. with distilled 
water. The pH was adjusted by Beckmen pH meter, using 
HCl and HaOh, to 6.8. The sample was then made to final 
volume to 180 ml. (20 mg./ml.) and shaken thoroughly.

Media was prepared according to the Difco manual
(4).

Standard solutions of ribofla/vin were prepared 
by dilution (7).

Inoculum was prepared by transfer of one loop 
full of organisms from stock culture of 10 ml. of Bacto 
Inoculum broth and incubated for 24 hours at 37,5°C (4).
Hollowing incubation the inoculated broth was centrifuged,
the supernatant decanted and the organisms resuspended in 
10 ml. sterile isotonic saline. One millileter of the sus



pension was diluted to 20 ml. with saline and used as 
inoculum.

Since conditions of autoclaving, temperature of 
incubation, etc., which influence the standard curve read
ing cannot be duplicated exactly each time an assay is 
run, it was essential that a standard curve be constructed 
with each assay to which the assay would be compared.

The standard tubes and those containing assay ma
terial were prepared in the following manner. Into the 
standard tubes was measured by 1 ml. pipette riboflavin 
at levels of 0.0, 0.025, 0.05, 0.075, 0.1, 0.15, 0.2, and
0.3 microgramip of riboflavin per tube. Into the assay 
tubes was measured by 1 ml. pipette egg extract at levels 
of 5, 10, 15, 20, and 40 mg. per tube. To all tubes was 
added 5 ml. of assay medium. Distilled water was then 
added to each tube in amounts so that all tubes would con
tain 10 ml. All tubes were stoppered with aluminum caps 
and the whole autoclaved 15 minutes at 15 pounds pressure. 
After cooling, each tube was aseptically inoculated with 
1 drop of inoculum suspension then incubated 20-24 hours 
at 37.5°C.

After incubation the standard and unknown tubes 
were placed in the refrigerator for 20 minutes to stop 
growth, then read. Two machines were used in estimation 
of turbidity, the Lumitron colorimeter and the Fisher

10
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electrophotometer. The tube containing no riboflavin, 
therefore no growth, was used as a blank to which both 
assay and standard tubes were compared. The optical den
sity for each tube was recorded.

Because both Takadiastase and Papain contain ribo
flavin and since each batch of enzyme differs in content 
of the vitamin an assay of the enzymes was necessary.
Fifty milligrams of each was suspended in 50 ml. of dis
tilled water and heated at 100°0 for 30 minutes in inacti
vate the enzyme, then treated in the same fashion as the' 
egg extract in assay. The amount of riboflavin per ml. of 
egg extract due to enzymes was determined and subtracted 
from the overall riboflavin content of a given tube to 
give the concentration per unit due to egg alone.





CHAPTER V

CALCULATIONS AMD RESULTS

Calculations and the results of a typical assay 
follow. The age of the embryonated eggs in this instance 
was seven days.

Optical density readings, using a Lumetron Color
imeter, accompanied with micrograms of riboflavin added 
in the standard and the milligrams of egg in the assay 
are given:

Tube optical meg. optical mg. e
no. density riboflavin density assay

standardi standard assay
1. 0.00 0.000 0.45 5
2. 0.40 0.025 0.70 10
3. 0.60 0.050 0.90 15
4. 0.90 0.075 1.25 20
5. 1.10 0.100 2.00 40
6. 1.50 0.150
7. 1.90 0.200
8. 2.20 0.300

The optical density readings of the standard 
were plotted against the riboflavin concentrations and 
the points joined in a smooth curve as shown in the ac
companying graph.

The optical densities of the assay tubes were 
matched on the ordinate of the graph, a horizontal drawn 
to the standard curve and a vertical dropped to the ribo
flavin concentration scale. 'The riboflavin concentration
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per tube was recorded. Only those concentrations which 
fell between 0.025 - 0.150 micrograms were accepted (15) 
for it is only between these values that the curve will 
consistently remain linear. Four values fell on this 
portion of the absicca.

tube 1. (5 mg. egg) -- 0.028564 meg.
" 2. (10 mg. egg) -- 0.053328 "
" 3. (15 mg. egg) -- 0.075942 "
" 4. (20 mg. egg) -- 0.108456 "
Riboflavin per ml. of extract due to Takadiastase 

and Papain, (previously assayed) was used as a correction 
factor. The concentration of riboflavin in each tube was
corrected for riboflavin due to the enzymes as follows:
tube total riboflavin riboflavin
no. riboflavin due to due to egg

per tube enzyme alone
1. 0.028564 minus 0.000314 0.02825 meg.2. 0.053328 11 0.000628 0.05270 "
3. 0.075942 II 0.000941 0.07500 "4. 0.108456 11 0.001256 0.10720 "

Following this the concentration due to egg alone
per mg. egg in extract was calculated to be:

0.00565 meg/mg.
0.00527
0.00500
0.00536

The mean was determined, 0.00532 meg./mg., and 
the percent by which each result differed from the mean, 
(10-15 percent is allowable) (11). Because none of the 
values differed from the mean more than is allowed all
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were accepted and the mean became the final value for the 
concentration of the vitamin in seven day embryonated eggs, 
i»e., 0.00532 meg./mg., or 5.32 rneg./gm. of fresh tissue 
weight of the eggs.

The results of all the assays conducted between 
the ages of six days through twelve days are given. All 
were performed and calculated in the manner previously 
outlined.

7 days --  5.32 meg./gm.
8 " --- 3.90 11

9 " --- 2.72 11

10 " --- 2.32 II

11 " --- 4.27 I f

12 " --- 5.01 I f

The results of Snell and Quarles (14) are included 
to give a partial picture of vitamin levels of the B vit
amins in the same age embryonated eggs. The assays were
performed on eggs of seven days and of thirteen days . The
two results are averaged.

Pantothenic acid 12.5 micrograms
Riboflavin 3.1 I I

Niacin 2.8 " (increases 
age)

with
Inositol 82 micrograms(increases 

age)
with

Biotin 78 millimicrograms



CHAPTER VI

DISCUSSION

The content of vitamin per gram weight differed 
"by two micrograms over the six day period of analysis.
At first this was disturbing but after consideration of 
the following facts it is not surprising. The eggs used 
were from two varieties of hens whose eggs will differ in 
vitamin content as ascertained in the process of conduct
ing this assay. Eggs from one type hen were not available 
so this factor could not be avoided. The content of vit
amin in a hen's egg is dependent on her intake of the vit
amin as well as bacterial synthesis in the intestine.
The eggs used were obtained from a hatchery and no know
ledge of their diet was available nor could it be governed. 
Allowing these two facts the variance in the assay follows. 
It was possible to compare results generally with an assay 
by Snell and Quarles (14) whose work was done on White Leg
horn eggs from a controlled flock. Their assay was per
formed at four day intervals throughout the twenty-one 
days of the chick incubation period. Two samples were 
assayed during the 6-13 day period which tested 3.1 mcg/gm. 
as compared with 3.8 mcg/gm. by the author. The differ
ence in results would be expected in view of the fact that 
theirs was a controlled flock of hens and different means
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of liberation were used. They used water hydrolysis in 
the autoclave and the author found that means to yield 
less vitamin than enzymatic digestion.

At present only three forms of riboflavin, occurr
ing naturally, have been isolated and individually assayed, 
although many synthetic variations of the vitamin, pre
pared while the vitamin was being synthesized have been 
tested using rat and Lactobacillus caseie. Only the na
tural forms, riboflavin itself, riboflavin 5 phosphate, 
and flavin adenine dinucleotide have any effect in either 
of the two methods of assay and they are equally effective, 
(18).
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