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ABSTRACT

An ethyl acetate solution of Vitamin A Acetate and Palmitate
can be determined colorimetrically with the addition of concentrated
hydrochlorie acid in the proper ratioj one part of ethylacetate~
Vitamin A solution to four parts of acid. A purplish-blue color is
produced which reaches its maximum intensity within one minute and
lasts for ten minutes., This color can be read in the Elett-Summerson
colorimeter using glass filter #54. Like many colorimetric
determinations, this method iz valid within certain concentration
limits of sample, 20-225 milligrams of Vitemin A per final 5
milliliter aliquot.
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INTRODUCTION

BACKGROUND
Vitamin A, 0203290H. is a polyene alcchol derived from the
livers of fish, birds and mammale, and from the lining of the in-

testines of many fish,

In recent years, many pharmaceutical companies have attempted
to synthesize Vitamin A to inerease the supply and also to obtain
a purer product. Hoffmamm LaRoche, of Nutley, New Jersey, and
Basle, Switzerland is now & leading producer of synthetic Vitamin A,

This synthesis is best shown by the following step~by-step diagram.(l)
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VITAMIN & USTER

It is the function of the anal ytieal control lsboratory to
analywe the final products of Vitamin A alcohol, palmitate or acetste
and determine ita potency. To date, there are three technical
metrods which serve this purpose, the Horton-Stubbs method, the
Direct Spectrophotometric assay and the Carr-Price tschnique.



™ KORICN STUEES werop (2)

4 sample of Vitamin A ester is weighed on an analytical bele
auve in 3 10 mi1liliter amber volumetric flask. (The weight of
sampls varies acpording to the s proximete potency, for 05 acetate
8 50 = 60 m1ligron sample welisht is used.) The sample is dissclved
in the volumetric flask to the merk with isopropansl, 4 1 milliiliter
aliquot is pipetted into & ruby 250 milliliter vellux {Jask, 30
nilliliters of ethansl and 1 milliliters of S0 potassium hydroxide
solotion ave added., The reflux flask is connected to a condenser
and sllowsd to mspomify for thirty minutes. (This procedure splits
the Vitemin 4 ester and forvms Yitamin A alcohol), After the slloted
time, the flask is cooled with runming water, them 30 milliliters
of distilled water is added and the sample ig transferred jusntiw
tatively into & 250 mi17:1iter ruby Squibb extraction flusk, The
Vitamin A alcoho), water and salt gelution is sheken with four 30
wi1liliters portions of eiber, which has previcusly teen redistilled
te eliminate percyides, These shakings are dow by band and require
approximately 500 shakes per 30 milliliter portion of ether, After
each sxtrasiion, the ether layver ls separated from the water-alcohol
layer. (The Vitamin 4 is more soluble iz the ether and the bye
producte of the saponification rem:uin in the water-alcohol layer.)
The ether extracts are combined and washed with thres 50 milliliter
porticus of water, and them run quantitatively inte & 250 mil1{liter

(2) association of Vitamin Chemdsts., Mothods of Vitamin Assay, pib,1947




ruby erlemmeyerj placed on & bath of steam and evaporated to a 50
milliliter volume. Ten grams of anhydrous sodium sulfate are added
and the solution is allowed to stand for 15 mimutes. Water in the
sther extract is removed by adsorption, The ether is then funnelled
into & 100 milliliter ruby volumetric flask with sther and made to
volume. A 25 milliliter aliquot of this solution is pipetted into &
50 milliliter volumetric flask and is evaporated on & steam bath until
approximately 5 milliliters of ether remsins, Then the remaining 5
milliliters of ether are evaporated under a stream of nltrogen to dry-
ness. The residue which contains the vitamin A is then m&de to volume
with isopropancl. A 2 milliliter aliquot is made to volume in a 10
milliliter volumetric flask with isopropanol and this selntion is
pipetted into a Beckmenn spectrophotometric cell and read in the
instrument, at wave lengths of 310 mu, 325 mu, and 334 mu., The 310 and
33L mu readings are points on the sloping sides of the curve, and the
325 mu reading is the peak of the curve, All flasks are flushed with
nitrogen gas to &void any possible oxidation of the Vitamin A, The

percent of Vitamin A is calculated in the following manner. (3)
A = corrected reading

Aeorr‘ ® 7 ( A325m‘)" 2.625 ( A‘Blmm') hat hiB?S ( A33m.)

USP Units/gram = A x 19000

path gﬁm of eell x sample weight in grams,

4 Vitamin A Acetate = USP units/gram x 100
7.9 x 1

% Vitamin A Palmitate = USP nnitsé%m x 100
Ol8 x

(3) Pharmacopoeia of the U.S., VITAMIN A ASSAY, 1hth revision p.787, 1950




THE DIRECT SPECTROPHOTOMETRIC ASSAY FOR VITAMIN A ACETATE

A sample of Vitamin A acetate (amount determined by the approx-
imate potency) is diluted in & 100 milliliter volumetric flask to the
mark with isopropancl, subdiluted, 1 milliliter aliquet to 10 milli=-
liters, and sgain subdiluted, & 1 milliliter 8liquot to 10 milliliters.
(A1l flask are ruby to prevent oxidation by sunlight,) A portion
of this gample is pipetted into & cell and read in the Bechmann
Spectrophotometer, over a range of wavelengths, Readings are obtained
from 260 to 320 mu. by S mu increments, from 320 to 330 mu by 1 mm,
inererents, and 330 to LOO mu. by 5 mu. increments. The complete
absorption curve is plotted with weve length on the ordinate and
corrected extinetion ratiocs on the abscessa, Percent Vitamin A
Acetate is caleulated in the following manneri (L)

El% % E

len. max,{327m) x 100
path length of cell x sample weight in gms,

USP units/gram = ¥ x 19000
1lem

% Vitamin A Acetate = USP Units/gram x 100
2.9 x 10°

The curve is plotted over a mimeographed graph of 100% ideal
Vitamin A acetate absorption curve, as indicated in figure #1.

These methods are based on the measurement of light absorption
of the vitamin in the sclution, The light absorption is equivalent
to the concentration of the vitamin, It is most eonsistent at

(L) Association of Vit, Chemisis, Methods of Vitamin Assay, p2l-3k, 1547
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that wavelength {324 « 330 mm,) which is maximally absorbed by the
Vitamin and applies strictly only for monochromatie light.

THE CARR-PRICE METHOD

This colorimetric determination is similar to ths Morton Stubbs
method, except the ether residue containing the Vitamin A is dried
with & stream of nitrogen and taken up with chloroform and 9 milli-
liters of Antimony trichloride reagent are added t¢ an aliguot of
the chloroform~Vitamin A molution, An unstable blue color 1s produced.
This color must be read within L seconds in an Evelyn colorimeter
and calculated thuslys (5)

L= 2 -log0 g % galvanometer reading
then L 2 optioal density
L C ¥ goncentration of standard
cory xC 8
8
L - L

gtandiard oOPT.
This gives the USP units of Vitamin A per millilidter of unknow,
Then the Vitamin A content per gram of sample is ca&leulated fromt

USP units/mi1liliter  unknown x ¥
v

where V ® final volume
W = sample weight,
These three methods of analyses, which are reviewed in this
paper are reliable and accurate, but require a lengthy and necessary
time elsment, It was the purpose of this paper to obtain 2 quick and

(5) Gyorgy, Pauli Vitamin Methods, Vol.l, pl63, 1950 edition




sccurate method ot obtain Vitamin A percentages and concentrations.

THEORY

The concentration of a colored materisl in solultion may be
readily determined by the amount of light that is absorbed. The
fundamental equation for all colorimetric work involving the trans~
mission of light is the Lambert ~ Beerts Law:

I=I e-kde
Where Iﬂ ® the intensity of incident light
I = the intensity of transmitted light

1

] concentration

e * base of natural logarithims,

Transmittance = ___il___ +« Transmittance is & relative measurenent and is

always less than 1.0 if light absorbing materisl is present. It may
be expressed numerically either as a decimal fraction or in terms of
percent, €.Z«, & transmittance of 0.6 or 60%, derending on whether
the intensity of the blank is taken as 1,0 or 100%f. Another way of
expressing the transmitiance of a solution is in terms of its nepative
logarithim (-log T), the value of - log. T is known as the optical
density, D, or frequently as the extinction, E,

The obtaining of a sultable standard color is obwiocusly a most
important phase of a colorimetrie procedure. It may be said that the
mst satisfactory standard color, and the one which should always be
used for sccurate results, is that obtained by treating a known con~
centration of the sebstance being determined by exactly the same
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procedure that is used for the unknown, at the same time and under
nearly identical conditions as possibles Thus the final eolors in
standard &nd unknown will be due to the same substance, differing if
at all only in intensity. It is assumed in the use of a standard
color that 1f the standard and unknown exactly mateh in color intensity
they represent equal concentrations of the substance being determined,
In setual practice this may or may not be true, The standard ususlly
contains the substance being determined in relastively pure solution,
in the unknown, extraneous factors may be present which may mdify
coler intensity. Other substances than the one belng determined may
enter in to the color reaction, and results will therefore be too high;
the analytical problem under these conditions is to devise either a
more specific color reactlon or to find methods to eliminate none

specific interfering substances,

In the preparation of this paper two types of colorimeters were
used, the Evelyn photoelectric colorimeter (7) and the Klett~Sumer—
son instrument. The Evelyn is a single photocell photoelectric
filter photometer, with uniform test tubes customarily employed as
golution containers, and with readings made on a sensitive galvano-
meter which is separated from the rest of the mechine, The galvanc~
meter scale is graduated linesarly from 0 - 100, so that readings ere
in percent transmittance. With suitable filter in place, the refer-

ence ligquid in a special test tube is placed in the instrument and
the light intensity adjusted by resistance controel until the meter

(7) Gibobs,Thos,, Optical Methods of Chemical Analysis, plh&,lstf‘lditien
1042




reads 100, The reference liquid is then replaced by the sample in a
similar tube and the galvanometer reading noted., Its value glves the

percent transmittance of the sample. To convert transmitiance into
optical density, the value of 2 -~ log G is obtained, where G is the
galvanometer reading. The light source is a 6 volt bulb, operated

from & storage battery to provide constaney of illumination, which is
essential with all single cell photometers. The filters used with this
instyument are particularly satisfactory from the point of narrowness
of the spectral band, The test tubes require a minimum of gbout 6
milliliters of solution for & reading; a microcolorimeter, requiring
ruch less fluid, is available for use with this instrument., The use

of test tubes as s~lution comtainers or curveltes has the great
advantage that many colorimetric procedures may be carried out partial-
1y or wholly in the same tube which will be used for the final reading.

The Klett -~ Summerson (8) instrument is & photometer with two
photocells in & balanced circuit. In operation, with a sultable filter
in place, the reference solution contained in a speciel tube is placed
in the path of light striking one of the two photocells, which are
arranged in a potentiomstric clrcult so that the current from one cell
is opposed to that from the other through a mull point instrument
(low sensitivity galvancmeter). With the photometer set at zero
{corresponding to mero optical density), the current output from the
second photoeell is adjusted so thet it exactly balances that coming
from the phntocell which is subject to the light emerging from the

(8) Gyorgy,Peuls Vitamin Methods, Vol.l, 1950 Edition, p,522
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golution. This belance is indicated by a sero reading on the
galvanometer. The reference solution is then removed and replaced
by the solution under examination, Any light absorption by this
solution will throw the two photocells cut of balancej the electricsl
balance is then restored by turning the potentiometer disl until the
galvanometer reads serc again, The reading on the potentiometer
scale at this point is the measure of the light sbsorption of the
solution., The light source iz & 100 watt bulb operated directly from
an ordinary power supplys the balanced circuit prevents fluctuations
in light intensity from influencing readings. The instrument is
designed for use with light filters off relatively narvow spectral
transmission (10 millimicrons). The test tubes vequire about §
milliliters of solution for a reading; micro tubes requiring about 2
milliliters may be used. The effective solution depth is a proximate-
1y 1 centimeter so that spectrophotometric data based on this depth
of solution are directly applicable to this instrument. The scale
on the Summerson is somewhat unusual. It is graduated in units which

are proportional to optical density; the actual numerical values
represent the optical density divided by two and with the decimal
point omitted., Thues a scale reading of 250 corresponds to an opticel
density of 0.5003 of 100 to 0,200, and 8c on. In general the relation
between scale readings and optical density, D, is as followst

1000 x D =R
2
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The fractional values of optical density have been replaced by
whole numbers, to facilitate use in photometric caleulati-ns, since
the scale readings bear 8 constant relation to optical demsity, they
may be used directly in place of density values in the calculatinns

of photomstric snalysls.

Light filters consist of selected glass which is capable of
transmitting light over a limited portion of the spectrum only. Thus
by placing such a filter in the light path of the photometer, measure~
ments may be made in the spectral region corresponding to the trans—
métance range of the filter, Variocus filters differ principally
with regard to (a) the spectral reglon of light transmittance, (b)
the width of the spectral band which is transmitted. By suitable
selection of varlous types or combinations of glass it is usually
possible to obtain a filter whose transmittance is limited to almost
any desired portion of the spectrum. They are sometimes called
tmonochromatict filters, but they are not monochromatic in the sense
that light of single wavelength is monochromatie, since they tranemit
& nayrow range of wavelengths rather than a single wavelength, It is
customary to designate a filter in terms of the wavelength of pesk
transmittance, thus & filter called 'no, 5L0' or 'fmo,SLt has its

peak transmittance at a wavelength of 540 millimicrons,



METHOD OF ANALYSIS

The principle of this method is the colorimetric determination
of Vitamin A by the formation of a purple color, when an athyl acetate
solution of Vitamin 4 is treated with a definite amount of concentra~
ted hydrochloric acid, Like most colorimetric determinations, this
methed follows Beer's Law within certain definite concentration
limits, The purple color which is formed lasts for a period of
over 10 minutes snd reaches its peak intensity within the first
minute after the addition of the hydrochloric acid.

At the outset, a plot of concentration of Vitamin A versus
Klett -~ Sumnmerszon readings wust be made, using the Vitamin 4 cap-
sules from the National Buresu of Standards, Bach capsule containsg
2500 units of Vitamin A in oil, With the particular ratios of Vitamin
4 in ethyl acetate - concentrated hydrochloric that the author
selected, & straight line plot on regular graph paper is attained
between 0-225 units of Vitamin A per S milliliter final aliquot.
Table #1 gives the list of dilutions of the standard Vitamin 4; the
readings obtained and the units per final aliquot, This praph of a
standard Vitamin A capsule in solution is used as a reference point
in the final calewlations, and it should be checked weekly to see
that there are no deviations from the usual reading obtained at a

particelar known concentration.

Preparation of Standard; A gelatin capsule containing 2500
udts of Vitamin 4 is split carefully with a razor blade, the oil
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containing the Vitamin A is equeesed carefully onto a funnel leading
into & 100 mllliliter amber volumetric flask, The oil is washed into
the volumetric with ethyl acetate. After carefully washing the out-
side of the gelatin capsule (o insure quantitative transfer), the
capsule is then slit so that it is split in two portions, It is agein
washed with ethyl acetate while resting in the funnel, and the volu-
metric ig brought to volume. The gelatin shell is then dropped into
the ethyl acetate mixture and shaken thoroughly by hand. This is the
gtarting solution for the standard. Each miliiliter of the primary
dilution of the standard contains 25 units of Vitamin A acetate.
Subssquent dilutions were made from the starting solution so that
each 5 milliliter aliquot of standard used contained amounts of
Vitamin A in the following amounts of units Vitamin A per final § ml.
0, 50, 62.5, 125, 150, 200, 225, 250, 350. These S ml., aliquots were
pipetted into a 25 milliliter flask (amber) and were made to the mark
with concentrated hydrochleric acid. The flask was shaken and 10
milliliters pipetted into & Kleti~-Summerson tube and read in the
colorimeter using filter #5l, after the instrument was set to zero
with a blank consisting of S milliliters of ethyl acetate and 20
ailliliters of concentrated hydrochloric acid, The re&dings were
recorded and a plot made of eoncentration versus colorimeter readings.

TABLE I
STANDARD VITAMIN A TABLE

Units Vitamin 4 per Standard Vitemin A
final 5 ml, aliguot Dilution Reading
0 o 0

50 2500/100 x 20/50 x § 21
62,5 2500/100 x 25/50 x § 27.5
125 2500/100 x S sk



Units Vibamin A per
final 5 ml. aliguot

150
200
275
250
350

16

Standsrd Titanin A

Pilution Reading
2500/25 x 3/10 x S 65
2500/25 x /10 x § 82
2500/25 x Lh.5/10 x 5 8s
26500/25 x 5/10 x 5 8¢
2500/25 x 71/10x 5 108

Figure #3 is the graphical interpretation of this data, and

during the course of this work, the dsta was checked about three

tines & week.

Preparation of samplet From experimental determinations, it

was founmd that the starting weights of Vitamin A ester should be used:

TABLE II

WEIGHT OF ESTERS PER ESTIMATED POTENCY

Estimated Potency
75 - 100%
50 - 75%
25 - 50%
0 - 25%

Vitamin A Acetate

Weight of sample
70 = 80 mdlligrams
100 -~ 80
225 - 100
300 - 225

Vitanin A Palmitate

Estimated Potency
75 = 100%
50 - 75%
25 -~ 50%
0~ 25%

Weight of sample
100 = 85 milligrame
150 = 100

300 - 150

Loo - 300

The estimated potency can be obtained from the production
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chemist, ag his tests include refractive indices, color, odor and
crystallization techniques, which are accurate usually to within

10 percent. The sample is weighed on an snalytical balance (accuracy
of I decimal places), directly inte & 100 milliliter amber volumetric
flask, The Vitamin A ester is dissolved with ethyl acetate and made
to volume. After thoroughly shaking the sample, to insure complete
digsolving and uniform distribution, a 2 milliliter aliquot is with-
drawm by pipetie and emptied into another 100 milliliter amber volume~
tric flask. This aliquot is sgain brought to the mark with ethyl
acetate and shaken. A 5 milliliter aliquot is withdrawn by pipette
and emptied into a 25 milliliter amber volumetric flask, and made to
volume with concentrated hydrochloric acid. Sinee the purple color
developes in & matter of seccnds, it is necessary to prepare the
blank previous to the fingl diluvtion of the sample to be analyzed.

In & 25 milliliter amber volumetric flask, 5 milliliters of ethyl
acetate is plpetted and made to volume with eoncentrated hydrochlorie
scid, Equal amounts of blank and sample are pipetted into 2 Klett -
Summerson tubes. The klett celorimeter is adjusted to zero with the
blank and filter #5h used as the light wave tranmitter. Then the
sample tube is inserted and the galvanometer brought to zero adjust-

ment. The reading of the potentiameter scale iz recorded,

Precautions: A1l flasks should be flusked with nitrogen gas

before and after the insertion of the sample to avoid oxidation of the
Vitamin A, All pipettes used should be uniform, ie, if blow-ocut
pipeties are used they should be used throughout; or if calibrated
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pipettes are used they should be allowed to drain with the tip

resting against side of the flask,
8tandsrd chart should be checked wewekly.

Equipment needed: 100 milliliter amber volumetric flask with
stoppers.
10, 25 milliliter amber volumetric flasks with
gtoppers,
2 inch ouiside diameter funnels
2,3,455,10,15,20,25 milliliter pipettes.
Reagents needed?
USP reference standard Vitamin A acetate capsules
BEthyl acetate, C.P,
Hydrochlorie Acid, C.P.
Hitrogen gas cylinder
Instrument used to measure light absorptiont
Klett~Summerson Photometer with special Klett
tubes.
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SAMPLE CALCULATION

With the readings obtained from the Klett-Summerson photometer
and the original sample weight, the calculation becomes & simple
straight-forward ratic setup.

Reading of sample x wnits of Vitamin A in standard x 1000/mgm/gm)

Reading of standard x welght in mgms, of sample in final aliquet
Since the reading of the sample and of the standard are dimensionless,

we havet
Units of Vitamin A x milligrams/gram

milligrams or

Unite of Vitamin A/ gram

Then Units of Vitamin A/gram x 100
2.9 x 16°

= ¢ Vitamin A Acetate

And Units of Vitamin A/gram x 100
1.818 x 10°

Taking & concrete example of Vitamin A Acetate NP 946-48

= % Vitamin A Palmitate

Weight of 100 milliliter flask and sample 36,2251
Weight of 100 milliliter flask 36,1482
Sample Weight 0769 grama

Reading in Klett ingtrument

Times in seconds Reading
30 81
60 8l
90 84
120 8k
150 8l

180 8l



The standard chart of Vitamin A standard versus Klett readings
(Figure #3) is used as a reference point, Select any concentration
of standard Vitamin A in units per 5 milliliter aliquot and ascend
the graph to the point where the straight line plot cuts the selected
concentration value. Then by moving horisontally to the left, the
potentiometer reading to be expected at that particular concentration
can be found. For exampler a concentration of 125 units of Vitamin
A standard should have a reading of Sh. These values can be used

in the caleulations.

Reading of sample (8h) x units of Vit.A in standard {129) x 1000

Reading of standard (SL) x Weight in mgms, of sample )in aliquot
(0765

equals
2,83 x 105 unite of Vitamin A per gram.

e x 100 = 87.2 € Vitamin A Acetate.
2090 X 10



Plant Identi-
fieation Number

NP 977-78
NP 928~30
NP 979-80
KP 975~76
BN 57

B 63

¥P 973~7h
KP 971~72
NP 969-70
NP $67~68
NP 96Li~66
NP 961-63
NP 958-60
NP 955-57
NP 952-5h
NP gho~51
NP 9hé~h8
NP 9hL3-h5
NP 1-2

N 197

B 55

TABLE III

RESULTS OF INVESTIGATION

Vitamin A Acetate

Proposed
Hethod

units/gm.
2,53x10%
2.60x10°
2,63x10°
2.1i5x10°
2.1i5x106
2.77x10°
2.6lx106
2.52x106
2.52x10°
2.56x10°
2.59x105
2.62x105
2.56x100
2.66x108
2.63x105
2.61x106
2.53x106
2.51x100
2,25x10%
2.57x108
2.59x10°

4
87.2
89.7
90.6
8Lk
8h.L
95.5
91.0
86.9
86.9
88.3
89.3
§0.3
88.3
1.7
90.6
90.0
B87.2
86,5
T7.6
88,6

8943

Hort-n~-

Stubbs
2.6lx10°  90.9%
2.56x106 88,3
2.60x10° 89,7
2.i7x10% 88,2
2.7x10% 85,2
2.81x10° 96,9
2.61x10° 90,1
2.57x10% 88,7
2.56x10°%  88.3
2.56x108  88.3
2.54x105  87.8
2.53x10%  67.3
2.50x108 894
2.68x106 92,5
2.51x10%  86.6
2.55x10% 87,9
2.56x100 88,2
2.63x106 90,8
2.25x10°  77.6
2,58x10° 89,0
2.55x10 88,0

21

Direet Spectro~

photomstric Assay

2.61x108
2.57x10°
2.61x10°
2.}7x10°
2,52x10°
2. 70x105
2,66x106
2,55x106
2.55x108
2,60x105
2.62x105
2.55x105
2.63x10°
2.63x10°
2.55x10°
2.55x108
2,5lx10°
2,60x10°
2, 3lx106
2.65x10°
2,60x10°

90.1
88.6
90.1
85.2
86.9
93.0
91.6
87.9
87.9
89.7
90.3
87.8
90.6
90.6
87.9
87.9
87.7
89.7
Bo.7
91.5
89.6



TABLE II1

RESULTS OF INVESTIGATION

Vitamin A Acetate

22

Plant Identi- Proposed Yorton—- Direct Spectro-
fication Number ¥ethod Stubbs photometyric Assay
units/gm. %
NP 981-82 2.60m0° 89,7  2.69x10° 91k 2.6lx10° 90.9
NP 985-86 2.57x10°  88.6  2.58x10° 89,1  2.60x10% 89.7
NP 983-8L 251105 86.5 2.5m10° 87.2  2.52x10° 86.8
NP 987-88 2.60x10° B9.7  2.62x10° 90.3  2.59x10% 89,2
NP 997-98 2.57x105 88.6  2.6ax106 90,7  2.53x10% 87.2
B 61 2.71x10% 93 2.76x10° 95.2  2.68x10° 2.l
NP 919-21 2.6:10°  87.6  2.50m106 89.2  2.58x105 89,1
NP 931-33 2.51x105  86.6  2.5ux10®  87.6  2.50mi0% 89,2
NP 925-27 2.50x16° 89,2  2.62x10% 90,3  2.59x10f 89.2
Vitamin A Palmitate
Plant Identifi- Proposed Method Horton-8tubbs
ecation Number
Distilled 223B 1.3lx10% 7.0 10x10% 77,0
Dist. 2468 1A5x108 79,7 1.hox108  81L.7
Dist. 290B 178210 97.9 1.80x105  99.0
Dist. 291B 1.80x10° 99,0 1.86x10% 100,
Dist. 32B Lloxao® 817 1.45x10%  80.0
Dist, 321B Luéx10®  80.5 1.8x10% 814
Dist. 320B Lhoxio® 817 LU8x10% g1l
Dist. 316B 1.50x10°  82.5 1.46x10°  80.5
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TAHLE IIX
RESULTS OF INVESTIGATION

Vitamin A Palmitate

Plant Idemtifi- Proposed Method Morton-Stubbs
cation Number wnits/gram %

Distilled 315B 1.53x106  8L.L 1.51x108 83,1
Dist, 3138 10t 79,0 Lh2x106 78,2
Dist. 312B 13010  76.3 1.h3x10®  78.5
Dist. 310B 15106 82.8 1.52x10°  83.5
Dist. 3098 Lahx10® 79,0 1.48x106 8Lk
Dist. 307B 14806 81.b 1,51x106  83.1
Dist, 306B 153105 83.9 1.50x10° 82,5
Dist. 30LB 1,510 83.9 1530® 83,9
Dist. 303B 1hox10® 77,0 1152106 79.6
Dist. 301B U368 78,8 Lh2x0b 781
Dist. 299B 148106 B 1500105  82.5
Dist. 297B 1.51x106 83,1 151108 83.1
Dist. 2918 1.875106  102.8 1.93x10% 106.5
Dist. 2858 Lhi10® 7.0 LU2x105  78.0
Dist. 343C 1.50x10° 82,5 150210  82.5
Dist. 3LLB Lhox10® 7.0 Lhlx10 79,0
Dist. 2938 1.81x10% 1014 1.87x10% 103.0
Dist. 202C 1470 810 1485105 8Ll
Dist. 208B 1.50m0% 82,3 1.46x106 80,5
Dist. 2178 1.8x10% 101, 1.87x10° 103.0



TABLE IIX
RESULTS OF INVESTIGATION

Vitamin A Palmitate

Plant Identifi-
cation Number

Proposed Method
units/gram

Distilled 2128 153108 83.9

Dist, 216B 1.53x10°  83.9

Iow Potency Vitamin A Acetate
IR 989-90 0.67x10%  23.0
IR 991-92 0.75x10°%  22.8
LR 995~96 3‘7)41196 25,4
IR 90L-06 0.»68::106 23}
1R 7-8 0.69x10° 3.8
LR 3""’-‘ {31731106 QS 0
IR 9-10 0.70x10% g0

2h

Yorton~Stubbs
Lhox10® 82,1
15010 831
0.59x10°  20.1
4:34.65::19*S 22.4
0.69x10°  23.8
0.60x108  20.5
0.68x105  23.)
0.65x005 22,9

0.63x10°

21.6



TARLE 1V
PERCENT DEVIATION

Plant Identi- #Deviation of gDeviation of #Deviation of
fication Number Proposed Hethod Proposed Method Norton~-Stubbs
from Yorton from Direct from Direct

Stubbs Spectrophoto~ Spectrophoto-

petric Assay metric Assay
NP 977-78 - 3.7% - 249 ~ 0.8
NP 928-30 1.4 1.1 0.3
RP 979~-80 0.9 0.5 0.4
BN 57 - 0.8 - 2.5 , 1.7
B 63 o 1 2.5 ~ 39
NP 975-76 - 2. - 0,8 - 1.6
NP 973~Th 0.9 ~ 046 1.5
KP 971-72 - 0.8 = 1.0 - 0.8
NP 969=70 - 1.l - 1.0 - 0,4
NP 967-68 0,0 ~ 1.h 1.
NP 96l~66 1.5 - 1,0 2.5
NP 961-63 3.0 2.5 0.5
NP 958-60 - 1.1 - 2.3 1.2
KP 955-57 - 0.8 0.9 - 1.9
NP 952-5] L0 2.7 1.3
NP Slig-51 2.1 2.1 0.0
NP 94648 ~ 1.0 - 0.5 ~:0.5
NP 9L3-kS = L3 - 3.2 ~ 1.1
NP 1~2 0,0 =~ 3.1 3.1

% 197 - 1ok = 1.9 1.5
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TABIE IV
PERCENT DEVIATION

Plant Identi- fDeviation of #Deviation of teviation of
fication Number Proposed Hethod Proposed Method Horton-Stubbs
from Morton from Direct from Direct
Stubbs Spectrophoto- Specirophoto~
metric Assay metric Assay
B 55 ltB - 0s3 1;5
KP 981“'82 b 107 - 0;8 - 0:5
. §3d 985“‘86 el GuS - }u}. 0;6
P 983"81} b Qﬁ? - GI,B - Oih
NP 98?"88 - 006 0.5 - 1.1
RP 99798 - 2.1 - 06 - 3,8
B 61 - 1.8 1.0 » 2,8
NP 919“'21 - 1«6 hae 3.‘5 - 001
NP 931""33 -~ 1,0 - 2;6 1\\6
NP 925~27 - 1.1 0.0 - 1.1

Vitamin A Palmitate

Plant Identification $Deviation of Proposed Methed
Bumber from Morton-Stubbs
Distilled 223B - 3.0

Dist, 24EB - 2.0

Dist. 290B - 1,1

Dist. 291B - 2.4

Dist, 32,8 1.7

Dist. 321B - 0,9

Dist, 320B 0.3

Dist. 316B 2.0
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TABIE IV
FERCENT DEVIATION

Vitamin A Palmitate

Plant Identification % Devistion of Proposed Method
Rumber from Morton-Stubbs.
Distilled 3158 1.3
Dist. 313B 1.2
Dist. 312B - 2.0
Dist. 310B - 1.0
Dist, 309B - 2.0
Dist. 307B - 1.7
Dist. 306B L.k
Dist« 30LB 0.0
Dist. 3038 - 2.6
Dist. 301B 0.k
Dist. 299B - 1.1
Dist, 2978 0.0
Dist. 2948 ~ 3.7
Dist, 2B5B - 1.0
Dist. 343C 0.0
Dist. 3LLB - 2,0
Dist, 293B - 1.6
Dist, 202C - Oy
Dist. 208B - 2.0
Dist, 217B - 1.6
Dist. 2128 1.8

Diat, 2163 0. 8
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TABLE 1V

PERCENT DEVIATION
Low Potency Vitamin A Acetate

Plant Identification Number FDeviation of Proposed Method
from Morton-Stubbs.
LR 989-90 2.6
IR 991-92 3.
IR 99596 ] 1.6
LR 90406 2.9
1R 7~8 ' 0.k
IR 3=l 2.5

IR 9-10 2.6
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High Potency Vitamin A Acetate

Range of Deviation of new method from Morton-Stubbs = «4.3% to L.0%
Median Percentage Deviation = « 0,8%
Average Percentage Deviation = « 0.47%

Range of Deviation of New method from Direct Spectrophotometric Assay
- 3,28 to 2,7%

Median Percentage Deviation ® = 0.,8%

Average Percentage Deviation ® =~ 0,52%

Range of Deviation of Direct Spectrophotometric Assay from Nortone-
Stubbs * = 3.9 to 3.1%

Median Percentage Deviation ® = 0.05%

Average Percentage Deviation ®» - 0,03%

High Potency Vitamin A Palmitate

Range of Deviation of new method from Morton-Stubbs = ~ 3,7¢ to 2,02
¥edian Percentage Deviation = = 0,95%
Average Percentage Deviation = = 0,7%
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DISCUSSION

SELECTION OF PROPER FILTER

The most satisfactory filters are those which transmit as
narrow & spectral region as possible, since this represents an
approach to truly monochromstic light. A good filter for photo-
metric purposes will show & transmittance of about 85 percent or
more of the total light over a spectral width of 30 to 50 milli-
microns; centered around the wave length of peak transmittance.

In Figure 6, & wavelength of 540 millimicrons is shown to be best
suited for the blue color developed by this method. 4 similar curve
plotted for Klett-Summerson filters showed the same peak of almost

100 percent transsittance at & wavelength of 54O millimicrons.

INTERFERENCE BY SYNTHESIS PRODUCTS

A plot was made, in Figure L, of wmilligrams of synthesis
chemicals versus colorimeter readings. The Klett colorimeter was
set to sero with ethyl acetate, then the blank congisting of S milli-
liters ethyl acetate and 20 milliliters of hydrochloric acld was
inserted and read. Weighed amounts of the chemicals used in the
steps of the synthesis were diluted, as per the Vitamin A Acetate,
and read in the colorimeter. There is no interference from the
lemon grass oil, cm aldehyde, pseudoionons, and very slight inter-
ference from betaionone, moderate interference from the oxenin,
and & very large amount of interference from hydroxenin, However
to date there has never been any contamination of the finsl product
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by oxenin or hydroxenin, as they are eliminated by washing and
purifications,

EFFECT OF WATER

Figure 2 shows the effect of water other than that present in
the concentrated hydrochloric acid, This was accomplished by
keeping the amount of Vitamin A acetate constant (0.083 mgms.) in
Sy Iy, and 3 milliliter aliquots of ethyl acetatej and adding to
the § milliliter Vitamin A~ethyl acetate aliquot, 20 milliliters of
concentrated hydrochloric acids to the lml, aliquot, 1 milliliter
of water and 20 milliliters of the acidji to the 3 milliliter aliguot,
2 milliliters of water and 20 milliliters of acid, The Klett
instrument was set to zero with a blank of 5 milliliters of ethyl
acetate and 20 milliliters of hydrochloric acid., Then portions of
the prepared samples were read. The effect of the water addition is
one of color depression. The more the amount of water present the
weaker is the c¢oler that is produced, and the color fades more

rapldly, A4 similar curve was obtalned using Vitamin A Palmitate.

COLOR STABILITY

Figure 5 shows the effect of keeping the amount of Vitamin A
Acetate constant (0.079%mgms.) in & 5 ailliliter aliquot of ethyl
acetate and varying the amounts of hydrochloriec acid added from 20
milliliters, to 15 milliliters, to 10 milliliters, With 20 milliliters
of hydrechloric acld, the maximum color is reached in less than a
minute and maintains its peak for a full 10 minutes, With 15
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milliliters of hydrochloric added, the maximm color takes 2 minutes
to develop, and lasts for only 6 minutes., With 10 milliliters of
hydrochloric acid added, the maximum color develops within 2 minutes,
but only lasts for 3 full minutes.

DISCUSSION OF RESULYS

The assays obtained by the proposed method were run in duplicate,
and the resulis shown in Table 111 are the average. The resulis
obtained by the Horton~Stubbs and Direct Spectrophotometric Asssy
were run singularly because of the author's long association with
these two proven methods. The comparison of percentages between
either of the established methods with the proposed assay is almost
precisely the same, &s seen on page 29, The range of percent
deviation between either of the established methods and the propossd
one is & range of approximately 8§ percent, ie, the greatest negative
difference was ~ |, percent, and the greatest positive difference
was | percent. However these large differences were only in isolated
plant samples, more than 90 percent of the assays were only 2 percent
higher or lower than the established methods and this is considered

sufficiently securate,

The accuraey of this proposed method can be kept within the
2 percent range by observing extreme quantitative care in weighings
and making the dilutions to the proper volume. To eliminate any
discrepancy due to mechanical difficulties, a voltage rectifier
should be connected to the power cutlet to correct any fluctustions
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in currentj also all colorimeter instruments used ghould be checked
at least every three months for mechanical failure of tubes, and Just

cleaning.

The blulsh-purple color developed is probably due to the
formation of aphydre Vitamin A, but this is only an assumption,
However in many other colorimetric determinations, the suthors are

at 8 lose to explain the appearance of their particular color.

This new method is definitely many times faster than the
extractive procedures necessary for the Morton-Stubbs method, and

since there are no extractions necegsary there is less chance for

quantitsative errors,
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EXPERIMENTAL DATA FOR PROPOSED METHOD




APPENDIX A

TABLE V

EXPERIMENTAL DATA FOR PROPOSED METHOD

PLANT IDENTIFICATION  SAMPLE WEIGHT READING ON  UNITS/GRAM

NUMBER IN MOMS, KIRT? OF VITAMIN A
ACETATE
NP 977-78 Th8 82.0 2.53x105%
77.2 8k,5 2.53xlog
NP 928-30 73.8 83.0 8010
75,0 8.0 2,59x105
NP §79-80 68.3 78,0 2.8hx108
73.1 82,5 2,61x106
RP 975~76 72,2 76.5 2.)5x108
7345 775 2.Lix108
BN 57 70.0 74.0 2, lx106
75.1 80,0 2, Li6x108
M 63 6L.8 77.5 2,77x108
69,1 83.0 2.78x108
NP 973=Th 65.0 The8 2,65x108
68.3 7745 2,62x10%
NP 971-72 75.3 82.5 2.53x106
7347 80.0 2.51x102
NP 969~70 67.5 7h.0 2,5hx10
69.4 75.0 2,50x108
NP 96768 70.h 7745 2.55x106
7342 81.5 2.58x106
NP 96166 73.1 82.0 2,59x108
7418 83.5 2,58x100
NP $61-63 6640 4.5 2,61x108
67.3 76.5 2.63x10°
NP 958-60 73k 81.0 2,56x100
HIRY 82,0 2,56x100
NP 95557 73.8 8l.8 2.65%x108
7042 81.0 2.67x106
NP 952~53 63.0 72.0 2,6lx100
€5.2 740 2.63x100
NP 9L9-51 7345 83.0 2.61x106
?hi 3 8305 2 .63:&102
HP 9hé~48 73.8 81,0 2,51x10
73.3 80.0 2.52x106
NP 9L3=45 68.9 75.0 2.52x100
70,2 76,0 2,50x10°
NP 1-2 80,0 78.0 2.26x10°
78,3 76.0 2,25x108

# For ealoulation, see pages 19 and 20.



APPENDIX A

TABLE v

EXPERIMENTAL DATA FOR PROPOSED METHOD

Vitamin 4 Acetate
PLANT IDENTIFICATION SAMPLE WEIGHT READING OF  UNITS/ORAM

HUMEBER IN MGMS, KLETY
¥ 197 75.1 83.0 2.56x102
75.6 8Li.0 2,57x10
B 55 77.2 86.0 2,58x108
778 8740 2.59x162
NP 981-82 7645 86.5 2.62¢108
77.1 86,0 2,58x10
NP 985-B6 7040 7745 a.smag
71-2 SOQ@ 3#591156
NP 983-8L 6.6 7540 2.50x10
69.5 76,0 2.52%10%
NP 987-88 76.2 86,0 2,.61x108
757 85,0 2.60x106
NP §97-98 6647 7540 2,58x108
61.8 68.0 2.5&:192
B 61 6.0 78.5 2,76x10
AR 77.5 2.7&x102
NP 919""21 71:8 79#0 2-55!:10
71.3 78.0 2.53x108
NP 931~33 75.0 81.0 2.5@1102
735 80,5 z.SBxlaé
L2 80.0 2,59x10

Vitamin A Palmitate

Distilled 2238 7.0 8l140 1.33x1ﬂ§
137.8 80.5 1.35x10
Dist. 2488 127.2 80.5 1.h6xl02
122,2 76.0 Lll1o;
Bist.. 2908 91:1 ?Oig 1&7&11&6
102.8 7940 1.78x10
Dist, 291B 93,6 7340 1.80x105
87.6 6840 1.80x108
Dist, 324B 118.5 77.0 1,50610°
120,0 77.0 1.L8x106
Dist, 3213 12561 7605 lwhgxlﬂé
129.0 82,0 1.47x108

Dist. 320B 112,85 72.0 1.18x108



APPENDIX A
TABLE ¥

EXPERIMENTAL DATA FOR PROPOSED METHOD

Vitamin A Palmitate

PLANT IDENTIFICATION  SAMPLE WEIGHT READING ON UNITS/GRAM

NUMBER N MOMS. KLEPT
Distilled 3168 123.3 80.0 1.50x10%
130.5 8L.0 1,50x108
Dist, 315B 133.0 87.0 1.51x108
123.5 82,0 1.5kx108
Dist, 313B 129.8 80.5 1.h3x100
127.3 80.5 1.L6x105
Dist. 3128 105.7 6440 1.Lox108
111.% 66.0 1.37x106
Dist. 310B 109.1 70.0 1.59x106
122.6 80.0 1.51x10%
Dist, 309B 113.5 71.0 1.45x106
116.6 72,0 1.h3x108
Dist, 307B 97.5 63,0 1.50x108
101.2 6.0 1.h6x108
Dist, 3068 100.5 6.0 1.52xleg
109.3 72.5 1.53x106
Dist, 304B 12h.3 82,0 1.52x102
122.8 82,0 L.5Lx109
Dist. 303B 107.2 £5.0 1.40x10
115,6 70.0 1,140x108
Dist. 3018 105,85 65,0 1¢h33102
1279 79 ns 1;’-‘11310
Dist. 299B 98,2 63.5 1.5exzog
103.3 65.5 1.47x10
Dist. 297B 109.9 70,0 1.49x108
12L,2 82,0 1,52x10°
Dist, 2943 88.0 T1.5 1.88x10%
103.0 83.5 1.88x106
Dist, 2858 111.0 68,0 1.L0x106
123.0 75,0 1.11x10%
Dist. 3L3B 115,0 75,0 1.51x102
101.3 65.9 1,49x10
Dist. 3448 130.3 80.0 112x10%
140.5 8li.5 1.39x106
Dist. 2938 88.0 70.0 1.84x106
100,2 7945 1.81x108
Dist. 202C 126.8 80.0 1.1i6x106

130.3 84,0 1,L9x108



Vitamin A Palmitate
PLANT IDENTIFICATION

NUEBER

Distilled 208B
Dist., 217B
Dist, 212B
Dist, 216B

APPENDIX A

TABLE V

EXPERIMENTAL DATA FOR PROPOSED METHOD

SAMPIE WEIGHT  READING ON
KLETT

IN MOMS.

136.3
13L.9

91.5
102.0
131,6
127.9
126.6
113,0

Low Potency Vitamin A Acetate

IR 989-90
IR 991w92
IR 995-56
LR 90L=06
IR 7-8

IR 3~k

LR 910

301,0
27440
251,0
275.0
263.0
253,0
2li5.0
21,8.0
254.0
271,0
254.0
258,0
230.0
238,0

87.0
88.0
7340
80.5
87.0
85.0
83.5
75.0

87.0

81.0
90,0
8540
7945
TheO
70.0
76.0
86.0
81.0
80.5
70.0
7240

L3

UNITS/GRAM

1,u8x102
1.51x10

1.85x10°
1.82x108
1.533«1@5
1.53x10 y
1.53x10

1.53x106

0,66x10°
0.68x106
a'vmog
0.76x10
o.?hxlog
0,73x10
e.?cmeg
0.66x10
o.é?xieg
O » 66110
0.73x108
0,72x108
e.?cmog
0.70x10
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APPENDIX B

TABLE VI

EXPERIMENTAL DATA FOR MORTON-STUBBS AND

SPECTROPHOTOMETRIC ASSAYS

N

Plant Identi~ Weight of sample Readings obtained on Beck~
fication Number for Horton~Stubbs mann Spegtrophotometer for
in mgms, 3 wavelengths®
Vitamin & Acetate 310 m 325 nm 334 m
NP 977~78 5540 661 78k 68L
NP 92830 £5.2 655 777 680
NP 979-80 th.9 669 789 690
B S7 5h.2 601 712 618
W 63 51.3 &80 796 695
NP 975-76 5L.6 627 739 61
NP 973-Th 56,0 68l 805 702
KP 97172 55.0 621 737 837
NP 969~70 55.1 631 750 652
WP 96768 51l 589 701 610
NP 96li~66 She5 633 762 670
RP 96163 Sheb 637 752 855
NP 958-60 53.3 602 712 610
HP 95557 55.0 653 778 67h
NP 952-5] 5646 655 117 680
RP 9Lio=51 53.9 613 732 637
RP 9648 5he3 608 735 6l
HP 94345 55.k4 651 117 676
NP 1-2 61.7 638 761 668
N 197 56.1 662 785 679
B 55 53.8 615 731 636
NP 981-82 55,7 660 789 690
NP 985-86 55.1 639 765 670
NP 983-8]; She6 617 Tho 6hy7
NP 987-88 5h.5 632 762 668
HP 99798 55,1 630 751 650
B &1 53.8 L6 T 662
NP 919-21 55.2 661 782 683
HP 931=-33 £5.0 41 758 661
NP 925-27 Skl 637 758 660

# See page 5 for method of calculation, using the above values
at the three wavelengths.
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APPENDIX B

TABLE VI

EXPERIMENTAL DATA FOR MORTOM-STUBBS AND

DIRECT SPECTROPHOTOMETRIC ASSAYS

PLANT IDENTIFICATION VITAMIN A ACETATE READING OBTATNED ON
RUMBER WEIGHT OF SAMPLE BECKMANN SPECTRO-
FOR DIRECT SPEC~ PROTOMETER AT A
TROMETRIC ASSAY WAVELENGTH OF 327
MILLIMICRONS #
¥OuS,

RP 977-78 55.0 75k

NP 928-30 552 Th7

NP 979-80 55,2 757

RP 975-76 5he6 71

B 57 5he2 720

B 63 51.3 730

KP 973-Th 5640 752

NP 971~72 55.0 742

NP 96970 551 73h

KP 967~68 51k 705

NP 96L~66 5L.5 758

P 96163 5heé 729

NP 958-60 53.3 738

NP 95557 55.0 773

NP 9525] 56.6 755

NP gho~-51 £3.9 728

NP 9Lb-4;8 5h.3 726

NP 9l3~-L5 g5.h 756

NP ~1-2 61.7 765

¥ 197 56,1 788

B 55 £3.8 710

NP 98182 557 768

NP 985-86 55,1 752

NP 9838 Sheé 728

NP 997~98 55.1 729

B 61 53.8 76l

NP 919-21 5542 The

NP 931-33 55.0 7Lk

NP 925-27 ghal 75k

* Ses page & for method of caleulation using the value at 327 mu.
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TABLE VI

EXPERIMENTAL DATA FOR MORTON-STUBBS AND
DIRECT SPECTROPHOTOMETRIC ASSAYS

PLANT IDENTI- WEIGHT OF SAMPLE READING OBTAINED ON BEBCE~
FICATION FOR MORTON~STUBBS MANN SPECTROPHOTOMETER FOR
NUMBER IN MOMS, 3 WAVELENGTHS,

Vitamin A Palmitate 310 m 325 s 33L mm
Distilled 2238 7h.3 637 751 652
Dist., 290B The? 591 700 60h
Dist. 291B 79.3 642 761 658
Dist. 32LB 774 S48 650 577
Dist. 321B 76,2 528 629 551
Dist. 320B 76.9 532 631 554
Dist. 316B 773 528 625 Shk
Dist. 315B 77.6 50k 605 sl
Dist. 313B 75.6 L35 528 160
Dist. 312B 76.5 495 590 516
Dist. 310B 76.7 508 608 529
Dist, 309B 79.4 527 622 538
Dist, 307B 77.1 528 629 c18
Dist. 306B 77.5 539 &LL 568
Dist. 304B 77.8 olié 65k 575
Dist. 303B 76.8 817 650 577
Dist, 301B 773 535 629 557
Dist. 2998 77k 510 609 529
Dist. 297B 773 509 609 529
Dist. 2948 74.5 6l3 757 652
Dist. 285B 16,1 509 601 527
Dist. 343C 76,0 500 600 523
Dist. 3L4B 7642 501 599 526
Dist, 293B The3 637 751 652
Dist. 202C 76.3 533 633 558
Dist, 2088 775 528 625 L8
Dist, 217B 776 667 784 679

Dist, 2168 770 533 635 shé
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APPERDIX B
TABLE VI

EXPERIMENTAL DATA FOR MORTON~STUBBS AND

DIRECT SPECTROPHOTOMETRIC ASSAYS

PLANT IDENTI- WEIGHT OF SANMPLE READING OBTAINED ON BECK~
FICATION FOR MORTON-STUBBS MANN SPECTROPHOTOMETER FOR
NUMBER IN MoMS, 3 WAVELENGOTHS.

low Potency Vitamin A Acetate 310 mu 325 ma 33 mm
LR 989-90 182.0 740 790 &85
LR 991-02 180.7 762 818 711
1R 995-96 176.7 786 83h 717
IR 90L~06 180.1 7h3 802 708
IR 7-8 172.0 7h3 785 é70
Lk 3=l 163.5 680 728 630

IR 9~10 172.9 692 Tho 639
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