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S I N C E  the advent of fortification of margarine 
with vitamin A, blends of food fish liver oils 
and concentrates prepared from such oils have 

been used for this purpose. The pofency of these vi- 
tamin A enriching materials was based on the results 
of bio-assay unti l  the major change with respect 
to vitamin A estimation was adopted in the four- 
teenth revision of the United States Pharmacopoeia 
(1) .  This change cofisists in a spectrophotometric de- 
termination of the potency With a quantitative identi- 
fication test based on the color reaction of vitamin A 
with antimony trichloride. The correction of the ob- 
served absorbancy at 325 m~ of the vitamin A for 
irrelevant absorbaney of the non-vitamin A materials 
is the prime feature of the spectrophotometric method. 
This correction is based upon the procedure published 
by Morton and Stubbs (2) .  

The replacement of the biological method for the 
determination of vitamin A in fish liver oil prepara- 
tions and in pharmaceutical products by  the U.S .P .  
spectrophotometric method has proved satisfactory 
for the high-potency products described in the U. S. 
Pharmacopoeia. IIowever this method cannot be em- 
ployed for estimating the vitamin A content of foods 
normally containing vitamin A and those fortified 
with this vitamin, such as margarine. Although mar- 
garine is not included in the U. S. Pharmacopoeia, it 
is still required according to federal standards and 
state laws to have its vitamin A fortification based 
on U.S .P .  units. Thus the biological assay must be 
retained as the basic reference method for determin- 
ing vitamin A in margarine. 

Since the U.S .P .  spectrophotonletric method is ap- 
plicable to the assay of the vitamin A concentrates 
used to fortify margarine, there would seem to be 
little justification for buying and using such con- 
centrates on a biological assay basis. However the 
margarine manufacturer is responsible for the po- 
tency of the end-item expressed in biological, not in 
spectrophotometrie units. Hence it is mandatory that 
a correlation be established between results obtained 
by biological and spectrophotometric assays. One such 
study has been completed (but the results as yet not 
published) by the Informal U .S .P .  Committee for the 
Estimation of Vitamin A under the chairmanship of 
Sereck H. Fox of the R. P. Scherer Corporation, De- 
troit, 5Iichigan. This collaborative study was of neces- 
sity restricted in scope since it involved multiple-level 
biological assays. The study was limited to five natural 
fish liver oils, varying in potency from 1,300 to 130,000 
U. S. P. units per gram, and to three dilutions of crys- 
talline vitamin A acetate. The purpose of the present 
report is to present more data on this important sub- 
ject obtained in six laboratories 1 testing five differ- 
ent vitamin A concentrates all of a potency (about 
200,000 U.S .P .  units per gram) characteristic of that 
of the oils frequently employed by margarine manu- 
facturers in fort i fying their products. 

1The following participated in the collaborative study: 
Phyaieo Chemical Assays: R. W.  Lehman of Distillation Products  

Industries,  Rochester, N. Y. ;  R.  W. Harrison of Hal ibut  Liver Oil 
Producers,  Seattle, Wash.;  and the authors of this paper at The Best  
Foods Inc. 

Multiple (thres-levsl) Biological Assays: B. L.  Oser, Food Research 
Laboratories Inc., Long Island City, N. Y . ;  K.  G. Fa lk ,  Laboratory of 
Industrial  Hygiene  Inc. ,  New York,  N. Y . ;  and  H.  J .  Deuel  J r . ,  Uni- 
versity of Southern California, Los Angeles. Appreciation is expressed 
to these collaborators. 

T A B L E  I 
Comparison of Values Reported by Collaborators in Assaying Vitamin A 

Concentrates Em~doyed in Fort i fy ing Margarine 

Sample e 
)~ethod of determination a 

Speetrophotometric whole oil, b U. S. P .  units per gin. 
A ........................................................................................................... 
S ........................................................................................................... 
C ........................................................................................................... 

Morton-Stubbs ,  c U.  S. P .  units per gin. 
A ........................................................................................................... 
B ........................................................................................................... 
C ........................................................................................................... 

Colorimetric (SbC13) d, U. S . P .  units per gm. 
A ........................................................................................................... 
B ........................................................................................................... 
C ........................................................................................................... 

Average of Morton-Stubbs and SbC13 values, U. S . P .  units  per gin. 
A ........................................................................................................... 
B ........................................................................................................... 
C ........................................................................................................... 

Ratio of SbC18 to Morton-Stubbs values 
A ........................................................................................................... 
B ........................................................................................................... 
C ........................................................................................................... 

Multiple level bio-assay, U. S . P .  units  per gm. 
D ........................................................................................................... 
E ........................................................................................................... 
F ........................................................................................................... 

202 ,800  
201 ,100  
201,300 

186,200 
180,600 
178,000 

194,000 
198,500 
195,500 

190 ,100  
1 8 9 , 5 0 0  
186,800 

1.04 
1.10 
1.10 

258 ,000  
221 ,000  
189 ,000  

201 ,500  
204 ,100  
201 ,800  

192 ,100  
174 ,400  
181 ,600  

214 ,000  
209 ,300  
181 ,000  

203 ,000  
191,900 
181 ,300  

1.11 
1.20 
1.00 

238 ,000  
220 ,000  
174,000 

203 ,600  
204 ,200  
206 ,100  

195 ,200  
178,700 
195,600 

214 ,000  
213 ,200  
200 ,100  

204 ,600  
195,900 
197,800 

1.10 
1.19 
1.03 

209 ,000  
183 ,000  
197 ,000  

205 ,000  
205 ,000  
206 ,000  

188 ,600  
179 ,900  
192",700 

207 ,500  
213 ,100  
205 ,200  

198 ,000  
196,500 
199 ,000  

1.10 
1.18 
1.07 

232 ,000  
186 ,000  

Not tested 

199,500  
199 ,200  
199 ,600  

189 ,300  
168,800 
167,100 

207 ,500  
201 ,300  
194 ,500  

196 ,200  
185 ,000  
180,800 

1.10 
1.19 
1.16 

203,000  
197,000 
171,000 

Average 

202,500  
202 ,700  
203 ,000  

190,300 
176,500 
183,000 

207 ,400  
207 ,100  
195,300 

198 ,400  
191,800 
189 ,100  

1.09 
1.17 
1.07 

228 ,000  
201 ,000  
183 ,000  

a Capital letters in the l ine headings refer to laboratories participating in the collaborative study. 
b E l •  328 m/~ value of isopropanol solution X 1894.  i era. 
e E l %  325 m/z value of isopropanol solution of the unsaponfiable extract X 1894,  after correction for irrelevant light absorption. icm. 
a Test conducted on an aliquot of the same unsaponifiable extract used in the Morton-Stubbs spectrophotometric analysis;  the unsaponifiable ex- 

t r a c t  of the U.S .P .  reference oil in chloroform solution was used to establish the reference curve for the colorimetric evaluation. 
e S a m p l e s  1 and  5 were two different blends of food fish liver oils of high potency. Samples 2, 3 a n d  4 were three different preparations of 

distilled vitamin A esters. 
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T A B L E  I I  
Compar i son  of Va lues  Ob ta ined  by Different  A s s a y  P r o c e d u r e s  in D e t e r m i n i n g  the  V i t a m i n  A Content  of 

Concentrates  Used  in F o r t i f y i n g  Margar ine  a 

105 

No. 

Sample  

I d e n t i t y  

1 
2 
3 
4 
5 

Avci ' age  for  all samples  ............................................................. 

B lend  of food fish l iver oils of h i g h  potency 
Dist i l led ~ ' i tamin A es ters  
Disti l led v i t a m i n  A esters 
Disti l led v i t a m i n  A esters 
Blend  of food fish l iver  oils of h igh  potency 

Non-biological  a s s a y  methods 

Spectrophotometr ic  

Whole  
oil b 

Morton- 
Stubbs  e 

Colorimet ric a 
SbCla 

A v e r a g e  of 
Mor ton -S tubbs  

and  SbCls 
va lues  

U. S . P .  un i t s  U . S . P .  un i t s  U . S . P .  un i t s  U . S . P .  un i t s  
per g r a m  per  g r a m  per  g r a m  pe r  g r a m  

201 ,700  
202 ,500  
204 ,600  
205 ,300  
199,400 
202 ,700  

196,000 
201 ,400  
209 ,100  
208 ,600  
201 ,100  
203 ,200  

181,600 
182,700 
189 ,800  
187,100 
175,100 
183,300 

188,800 
192,100 
199,400 
197 ,800  
187,300 
193 ,100  

Ra t io  of 
SbCls to 
Morton-  
S tubbs  
va lues  

Mult ip le  
level biologi- 

cal assays  

U. S . P .  units  
per g r a m  

- - ~ 8  I 223 ,000  
1.1o I 211,000 
1.10 ] 196,000 
1.11 I 209 ,000  
1.15 190,000 
1.11 205 ,800  

~Average  va lues  ob ta ined  by  the  co l labora t ing  laboratories  are  listed. 
b, ~, d S a m e  footnotes  as  in  Table  I .  

Results and Discussion 
Two types  of v i tamin A concentrates were used in 

this study, namely, a blend of food fish liver oils of 
high potency and distilled vi tamin A esters, all with 
potencies in the o r d e r  of 200,000 U.S .P .  units per  
gram. Table I shows a detailed comparison of values 
found on the five samples by  six par t ic ipat ing  labo- 
ratories. These data encompass a spectrophotometric 
evaluation of the whole oil, the U. S. P. X I V  procedure 
(Morton-Stubbs correction of the spectrophotometric 
assay and the colorimetric assay),  and multiple-level 
bio-assays conducted in accordance with the U.S .P .  
X I V  assay method. The values f rom all laboratories 
are summarized in Table IX. 

I t  is apparen t  f rom the data presented that  sat- 
isfactory in te r labora tory  results can be obtained by  
the physico-chemical methods of assay. The biological 
assays on this series of v i tamin A oils are regarded 
as estimates of the t rue vi tamin A unitage. The agree- 
ment  between laboratories is as good as one can ex- 
pect, using the bio-assay even with mult iple feeding 
levels of both test  and reference oils. 

The high quali ty of these concentrates used for vita- 
min A fortification of margar ine  is indicated b y  the 
ratio of the colorimetrie assay to the spectrophotomet- 
ric values corrected for  i r relevant  absorpt ion b y  the 
Morton-Stubbs procedure. These ratios are well under  
the 1.30 max imum specified in the U.S .P .  XIV.  

F rom the data presented in Table I I  it is evident 
that  the spectrophotometric figures obtained on the 
whole oils and the colorimetric values on the unsa- 
ponifiable extracts  are in good agreement  with the 
estimates of potency derived f rom the biological as- 
says. The fact  tha t  the values obtained by  the Mor- 
ton-Stubbs procedure are much less than  the estimates 
based upon spectrophotometric assays on the whole 
oils, the colorimetric tests conducted on the unsaponi-  
fiable extracts, or the bio-assays is a t t r ibu ted  to over- 
correction. This view is suppor ted  by  the results of 
the U.S.P.  collaborative study. 

In  Table I I I  is a comparison of the results obtained 
in the cur rent  investigation with those repor ted by  
the collaborators in the U.S .P .  study. I t  will be ap- 
parent  that  even in the lat ter  investigation, which 
included oils of low biological potency, the spectre- 
photometr ic  estimates of v i tamin A unitage follow- 
ing the U.S .P .  (Mor tomStubbs)  procedure were less 
than  the values obtained by  collaborative bio-assays. 
Indeed, not one oil in either series gave a corrected 
spectrophotometric  value greater  than the bio-assay 
estimates. The magni tude of discrepancy between the 
estimates b y  the two assay methods in the U.S .P .  
s tudy was only one-half that  noted in the current  

T A B L E  I I I  
Compar i son  of A v e r a g e  Va lues  Repor t ed  in Presen t  and in U . S . P .  

Col laborat ive  S tud ies  of V i t a m i n  A Assay  P r o c e d u r e s  a 

i P resen t  [ U . S . P .  
s tudy  ] s tudy  

Assay  P r o c e d u r e  

i P e r  cent  of b io-assay va lues  

Spectrophotometric-whole  oil b ............................ i 98.4 116.7 
Mor ton-S tubbs  method  c ...................................... ] 89.1 94.1 
Colorimetric (SbCI~) method d . . . . . . . . . . .  98.7 106.9 
A v e r a g e  of Mor ton-S tubbs  and  SbCla va lues  ....... 93.8 100.5 

va lues  I Ratio of SbCls to M o r t o n S t u b b s  .............. ! 1.11 1.14 

a T e s t  samples  in the  p resen t  s t udy  were  five qua l i ty  v i t a m i n  A con- 
cen t ra t e s  of h i g h  v i t a m i n  A potency,  in tlm ne ighborhood  of 200 ,000  
U . S . P .  units  per  g r a m .  I n  the U . S . P .  s tudy  the  test  samples  were  five 
risk. l iver  oils v a r y i n g  in  potency f r o m  1,300 to 130,000 U . S . P .  units  
per  g r a m .  

b, r  footnotes  as  in Table  I .  

investigation. However  it must  be pointed out (and 
this is evident f rom the data in Table I I I )  that  oils 
of poorer quali ty were used in the U.S.P.  s t u d y - -  
oils containing more irrelevant  l ight-absorbing mate- 
rials and more irrelevant chromogenic products  when 
subjected to the ant imony trichloride test. 

Over-correction of the spectrophotometric data by  
the Mor ton-S tubbs  procedure is a t t r ibu ted  to two 
factors :  a) the presence of neovitamin A in most fish 
liver oils and b) the presence of vi tamin A 2 in some 
fish liver oils. Neovitanlin A is a geometrical isomer 
of vi tamin A;  it is believed that  the former  has a 
cis configuration about the double bond nearest  the 
hydroxyl  group (3). Vitanlin A in the U.S .F .  Refer-  
ence S tandard  has the all-trans s t ructure  (1~,1% 325 \ ~ l c m .  

In~ = 1750). Neovitamin A has an ultraviolet  ab- 
sorption curve shifted about  3 m~ toward the longer 

(E 1 . . . . .  328 mt~ wavelengths 1% ~-- 1645). Thus it suffers 
a correction under  the new U.S.P.  X I V  speetropho- 
tometric procedure. On the other hand, neovitamin 
A is chromogenically somewhat more active than all- 
trans vi tamin A. Thus the presence of this vi tamin 
A isomer in fish liver oils to the extent of one-third 
the total  v i tamin A (3) and its absence f rom the 
U.S .P .  Reference S tandard  is largely responsible for  
a ratio of colorimetrie to spectrophotometrie (cor- 
rected) estimate above 1.00, even in tests of high 
quali ty oils such as those used in the present  study. 2 
Whereas it was originally repor ted (3) that  the bio- 
logical potency of neovitamin A was identical to 
that  of v i tamin A, a subsequent repor t  (5) sets its 
potency at 85% of that  of v i tamin A. This lat ter  
finding is surpr is ing inasnaueh as the ra t  is able to 
convert  all-trans to neovitamin A and vice versa (3, 
5). Accepting the potency value most recently re- 
ported, we would expect fish liver oils with 1 pa r t  

~ P u r e  neov i t amin  A has  been found  (4)  to h a v e  a ra t io  of 1.43 for  
the values  obtained by the colorimetie and U . S . P .  X I V  spectrophoto- 
metric tests.  
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neovitamin A and 2 parts  of all-trans vitamin A to 
have a factor  for converting the --lcm.~ 325 m~ value 
(test on unsaponifiable extract)  about 5% lower than 
that of a similar preparat ion of all-trans vitamin A. 
In  our studies the discrepancy of the Morton-Stubbs 
or U.S.P.  X I V  value from the bio-assay estimate was 
actually 10.9%. 

The Morton-Stubbs correction method is based upon 
two assumptions: a) irrelevant light absorbing sub- 
stances other than vitamin A have a linear absorption 
between the two fixation points on either side of the 
maximum, and b) these substances have no vitamin 
A activity of their  own. Neither of these assumptions 
is t rue in the case of neovitamin A;  hence, the over- 
correction. 

Many of the same points noted above apply also in 
a discussion of the applicability of the Morton-Stubbs 
correction to fish liver oils containing vitamin A 2. 
Pure  vitamin A 2 alcohol has an absorption maximum 
at 351 m~ (E~m. = 1460) and because the absorption 
curve is ra ther  broad (6) absorbs at 325 mr, to the 
extent of 80% of its peak value. Shantz and Brink- 
man (7) have shown that  this vitamin A isomer has 
about 40% of the biological activity of vi tamin A and 
that  the portion of the 325 m~ absorption contrib- 
uted by vitamin A 2 is credited with only one-half of 
this biological activity in the Morton-Stubbs spectro- 
photometric assay. Thus, in blends of food fish liver 
oil of high vitamin A potency containing as much as 
10% of vitamin A in the form of vi tamin A 2 (2),  
the Morton-Stubbs or the U.S.P.  X I V  spectrophoto- 
metric procedure would over-correct the estimate of 
potency by about 2% due to the presence of this 
isomer of vitamin A. Indeed, colorimetrie (SbC13) 
tests conducted on the blends of fish liver oils covered 
in this report  with readings taken at 620 and 690 
m~ as suggested by  Jensen and associates (8), have 
shown that  these samples contained from 10 to 20% 
of the total vitamin A in the form of vitamin A 2. 

We would conclude from the results reported in 
the present and the U.S.P.  collaborative study that  
a conservative estimate of the biological potency of 
a vitamin A concentrate derived from fish liver oils 
is the average of the values obtained by the U.S.P.  
X I V  speetrophotometrie 3 and the colorimetric (SbC13) 
tests. The ratio of the colorimetric to the spectropho- 
tometrie value should be no greater  than 1.20. That  
the recommended procedure can yield values satis- 
factory in purchasing concentrates is apparent  f rom 
the data obtained independently in the laboratories 
of the buyer  and seller and presented in Table IV. 
In only one ease out of 10 was it necessary to call for  
the services of an outside referee laboratory,  as indi- 
cated in the table. The precision of the colorimetric 
method is definitely superior to that  of the spectro- 
photometric procedure when correction is made for 
irrelevant light-absorbing materials. Small errors in 
the speetrophotometric settings or in the readings 
taken at the 310 and 334 mt~ fixation points (these 
are on the slopes of the vitamin A absorption curve) 
become magnified in calculating the corrected vitamin 
A potency. Within our own laboratory,  using two dif- 
ferent  analysts and two different Beckmann Speetro- 

aThe conversion factor employed in this study for translat ing the E 
value of an oil into biological potency has been 1894 ra ther  than the 
1900 factor called for in the U.S.P, XIV. Since the 1894 factor was 
routinely employed when the biological assay was the basic reference 
method and since the biological assay remains the basic method for 
estimating the vitamin A content of margarine,  justiification for retain- 
ing the 1894 factor exists. 

photometers, much bet ter  agreement between values 
is regularly obtained; deviations between the average 
of triplicate values obtained by the two analysts on 
the oil listed in Table IV averaged 1.25% • 1.07 
S. D. Thus subtle unsuspected differences in tech- 
niques in prepar ing the unsaponifiable extract, over 
and above mechanical losses, play a major  role in 
causing inter laboratory variations. The inclusion of 
the colorimetric estimate in calculating the invoice- 
able vitamin A potency of the concentrate is responsi- 
ble for  bet ter  agreement between the values reported 
by the laboratories of buyer  and seller. Indeed, there 
is no difficulty in the two laboratories obtaining val- 
ues which deviate by  no more than 5%. The data in 
Table I add fu r the r  support  to this statement. The 
deviations between laboratories in the ratios of col- 
orimetric to spectrophotometric (Morton-Stubbs) esti- 
mates can obviously be large since the errors inherent 
in the two assay methods may at times va ry  in oppo- 
site directions (viz. last sample listed in Table IV).  
Nevertheless it  can be safely concluded that  all the 
concentrates listed in Table IV have ratios no greater 
than 1.20. 

The averaging of values obtained by  two unre- 
lated assay procedures is not permit ted in the U. S. 
Pharmacopoeia;  for  legal purposes only one assay 
method can be official. Conservatism led to the selec- 
tion of the spectrophotometric method with correc- 
tion made for irrelevant l ight absorbing materials. 
This was equivalent to making the U.S.P.  uni t  based 
on spectrophotometric assay about 10% larger  than 
the U.S.P.  biological uni t  in assays of quali ty vita- 
min A concentrates, and this was reflected in a 
prompt  price increase by  suppliers of such concen- 
trates2 However the margarine manufac turer  is held 
responsible for the biological and not spectrophoto- 
metric units in the end-time, the margarine. Thus 
there is no restriction on the margarine manufac- 
turer  preventing him from averaging the results 
obtained by the speetrophotometrie and eolorimetric 
methods in assigning a potency to a reproducible 
quali ty concentrate used to for t i fy  his product.  

Indeed, the most realistic estimate of the vitamin 
A content of quali ty oils, such as those covered in 
the present report,  is the -1~1~,',a. 328 na~ value on the 
whole oil times the 1894 conversion factor. Before 
the lat ter  method can be adopted however, it is neces- 
sary for the margarine manufac turer  to establish by  
assays of several batches of the same type of oil fur- 
nished by  a given supplier that  the simple spectro- 
photometric estimate is a t rue reflection of biological 
potency. 

Even the conservative method suggested above (av- 
eraging of the U.S.P.  X I V  spectrophotometrie and 
eolorimetric values) for estimating the vitamin A con- 
tent of concentrates cannot be used indiscriminately. 
In the recent hearings (]951) to amend the Standard 
of Ident i ty  of Oleomargarine, it was proposed that  
whale liver oil, solutions of synthetic vi tamin A esters 
containing irrelevant  reaction products, and pure syn- 
thetic vitamin A esters be permit ted as optional in- 
gredients for for t i fy ing margarine. The presence of 
biologically inaetive materials (kitol, anbydrovitamin 
A, and vitamin A oxidation products) in whale liver 
oil gives rise to serious difficulties when ultraviolet ab- 
sorption or the antimony triehloride test is used to de- 

4Commonly referred to in bulletins from vitamin A suppliers in early 
1950 to users of their concentrates. 
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T A B L E  IV 
Reproducibi l i ty  of Estimates of Vi tamin  A Potency  of Concentrates  Employed in For t i fy ing Margar ine  

107 

Ident i ty  of concentra te  

Six different batches of blends of fish liver 
oils of h igh potency 

F o u r  different batches of distilled vi tamin 
A esters. 

Labora-  
tory  

Est imate  of vi tamin A content 

Speetrophotometrie Colorimetric d A'~-g. of Morton-Stubbs 
Morton-Stubbs e SbCls and  SbCla values 

U. S. P.  uni ts  
per  gram 

U. S. P. uni ts  
per  g r a m  

180,500 
(4 .9%) 

189,400 

209,300 
(2 .4%)  

214,400 

U. S. P. units  
per g ram 

194.900 
(3.6%) 

201.900 

224,300 
(2 .1%)  

219,600 

Ratio of SbCla 
to :Jforton-Stubbs 

value 

1.16 

1.13 

182,000 
(6 .5%)  

193,700 

(2 .7%)  

A 177,200 204,700 191,000 1.15 
(7 .0%)  (2 .3%)  (4 .5%) (4 .6%) 

C 189,600 209,300 199.500 1.10 

A 185,600 224,300 205,000 1.21 
(6 .5%)  (1 .7%)  (2 .0%) (8 .4%)  

(] 197,600 220,600 209,100 1.12 

A 174,100 227,300 200,700 1.31 
(12 .9%)  (1 .8%)  (4 .5%)  (14 .9%)  

C 196,500 2'23,400 210,000 1.14 
:D b 189,000 218,250 203,600 1.15 

A 179,400 218,200 198,800 1.22 
(9 .1%)  (0 .9%)  (4 .6%)  (8 .0%) 

C 195,800 220,250 208,000 1.13 

(8 .9%)  

188,900 
(1 .0%) 

187,000 

203,150 
(1 .7%)  

206,650 

199,100 
(0 .4%)  

199,900 

1.23 

1.13 

215,000 
(3.3%) 

222,200 

209,300 
(1 .7%)  

212,800 

1.11 

1.14 

A 

C 

1.21 

1.07 

(2 .7%)  

A 184,100 218,100 201,100 1.17 
(3 .1%)  (2 .5%)  (2 .8%) (0 .9%)  

B 189,800 223,500 206,650 1.18 

A 182,200 213,900 198,100 1.17 
(4 .7%)  (1 .0%)  (2 .7%)  (3 .5%) 

B 190,700 216,100 203,400 1.13 

(13 .1%)  
194,900 

(10 .1%)  
214,500 

235,100 
(2 .8%)  

229,800 

Averago deviation between laboratories  ................................ 6.58%(--+3.46 S.D.) 1 .87%(-+0 .55  S.D.) 3 .01%(-+1 .49  S.D.) 6 .77%(-+1 .45  S.D.) 

aData obtained in la rge  scale purchases  of vi tamin .4_ concentrates .  Percentages  in parentheses  indicate the deviations in values, based on the 
lesser of the two figures reported by the  two laboratories.  

bReferee labora tory ;  the da ta  f rom this source were  not  included in calculat ing the precision of the assay methods in actual  practice.  
e, dSame footnotes as in Table I. 

termine vitamin A potency of whale liver oils (9,10). 
1Vfost such oils absorb light maximally in the region 
of 310 to 320 m~ and exhibit colorimetric (SbCls) 
figures in excess of the t rue biological values; the 
ratio of colorimetric to corrected spectrophotometric 
values can easily exceed the maximal 1.30 ratio speci- 
fied in the U.S.P.  X I V  test. A chromatographic spec- 
trop]hotometric method has been proposed (10) for  
the determination of vitamin A in whale liver oil, but  
this is of limited value in the control of margarine 
manufacture  due to the time required for  an analysis, 
and it  is dubious whether the method can be applied 
at all to the assay of the end-item. 

Synthetic vitamin A preparat ions must be used 
with caution inasmuch as certain related but bio- 
logically inactive compounds (11) can be present 
which have absorption curves simulating that  of 
vi tamin A and react with ant imony trich]oride to 
yield colored products absorbing light at 620 m/x. 
I t  is t rue that  the current ly  available commercial 
products satisfy the U.S.P .  X I V  test for  vi tamin A. 
Hence pharmaceutical  manufacturers ,  whose products  
can be tested by  the U.S.P.  X I V  method, can and do 
use the synthetic concentrates with assurance that  
legal requirements are satisfied. The margarine man- 
ufac turer  responsible for  the potency of his product  
determined by biological assay must either check by  
bio-assay the synthetic concentrate and /o r  the forti- 
fied margarine or rely upon the integri ty  of the vita- 
min A producer  that  the concentrate is made by  a 
reproducible process time af ter  time. Changes in the 
synthetic procedure cannot be approved, insofar as 

the nlargarine manufac turer  is concerned, simply be- 
cause the final concentrate satisfies the U.S.P.  X I V  
non-biological test requirements. For tunately ,  only 
companies of high repute are current ly  manufactur-  
ing synthetic vitamin A, and each time a change in 
synthesis is made, confirmation of biological activity 
is obtained by biological assay. Records of compara- 
tive physico-chemical and biological values are open 
to examination by the margarine manufacturer .  

Pure  synthetic vitamin A esters as such or in a 
vegetable oil solvent at a potency level of 200,000 
U.S.P.  units per gram or more may be employed in 
margarine manufacture,  using the U.S.P.  X I V  non- 
biological assay, provided that a) the spectrophoto- 
metric value on the whole oil is the same as that  on 
the unsaponifiable extract, b) the spectrophotometric 
assays show the nlaterial to be free f rom irrelevant 
light-absorbing materials so that  no correction in the 
Morton-Stubbs procedure is required, and c) the ratio 
of colorimetric to spectrophotometric values is 1.00. 

In  order  to check fu r the r  on our recommenda- 
tions of the proper  non-biological assay procedure 
to be used for controlling the vitamin A fortification 
of margarine with quali ty concentrates, biological 
and physico-ehemical assays were conducted on two 
batches of margarine prepared on a plant  scale. One 
batch of margarine was fortified with a blend of food 
fish liver oils of high potency, the other with a con- 
centrate of distilled u A esters. The assay data 
on the concentrates are presented in Table V. The 
resulting margarines were subjected to a var ie ty  of 
non-biological and biological (multiple level) assays 
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T A B L E  V 
V i t a m i n  A Po t ency  of Concen t r a t e s  Used  in F o r t i f y i n g  M a r g a r i n e s  on a P l a n t  Scale a 

I d e n t i t y  of concen t ra te  

U.  S. P .  un i t s  
Assay  l abo ra to ry  pe r  g r a m  

Blend of food fish l iver  oils of h i g h  potency Dis t i l led  v i t a m i n  A esters 

A C Avg.  A B A v g .  

V i t amin  A content  of concen t r a t e :  I 
Spect rophotometr ic -whole  oil b ................................ I 206 ,000  
Mor ton-S tubbs  me thod  e ......................................... I 180.500 

Ca lor imet r ic  (SbCls)  method  a .................................... I 209 ,300  
A v e r a g e  of Mor ton-S tubbs  a n d  SbCI3 va lues  ........... 194,900 

Ra t io  of SbCla to Mor ton-S tubbs  va lues  ...................... I 

U. S. P .  un i t s  
per  g r a m  

N o t r e p o ~ e d  
189,400 
214 ,400  
201 ,900  

U.  S. P .  un i t s  
pe r  g r a m  

(206 ,000)  e 
185,000 
211 ,900  
198,400 

U. S. P .  un i t s  
pe r  g r a m  

206 ,000  
188,900 
209,300 
199,100 

U. S. P.  un i t s  
per  g r a m  

N o t r e p o r t e d  
187,000 
212 ,800  
199,900 

U. S. P.  un i t s  
pe r  g r a m  

(206 ,000)  e 
188,000 
211 ,100  
199,500 

1.16 1.13 1.15 1.11 1.14 1.13 

a,b, e , a S a m e  footnotes as in  Table  I .  
eAl though only the  va lue  f r o m  one l abo ra to ry  is l is ted here,  i t  can be a s s u m e d  tha t  the o ther  l abo ra to ry  would  have  obta ined  prac t ica l ly  the  same 

f igure .  Th i s  is a p p a r e n t  f r o m  the excellent  r eproduc ib i l i ty  be tween  l abora to r i e s  of the  spec t rophotomet r ic  va lues  on the  whole oil; see da ta  in Table I .  

T A B L E  V I  
V i t a m i n  A P o t ency  of M a r g a r i n e s  M a n u f a c t u r e d  on a P l a n t  Scale  

I d e n t i t y  of the  v i t a m i n  A concen t r a t e  used  

Theore t ica l  v i t a m i n  A conten t  of the  m a r -  
g a r i n e  based  u p o n  potency of concen t r a t e  

Ro u t i ne  spec t rophotometr ic -whole  oil ....... 
Mor ton-S tubbs  spec t ropho tomet r i e  

u n s a p ,  ext .............................................. 
Ca lor imet r ic  (SbC18)-unsap .  ext  ............... 
A v e r a g e  of Mor ton-S tubbs  and  SbCls 

v a l u e  ..................................................... 

E s t i m a t e  of v i t a m i n  A conten t  based on 
ro u t i ne  spec t rophotomet r ic  a s s a y s  of 
the  for t i f ied oils p r i o r  to c h u r n i n g  ............ 

E s t i m a t e  of v i t a m i n  A content based 
u p o n  a s s a y s  of the  m a r g a r i n e  

Ro u t ine  spec t ropbotometr ie -whole  oil ....... 
Ca lor imet r ic  (SbC18) - u n s a p ,  ext  .............. 
Mul t ip le  level biological  a s s a y - -  

Col laborator  D ...................................... 
Col laborator  F ....................................... 
A v e r a g e  ............................................. ~... 

Blend  of I 
food fish l iver  Dist i l led 

oils of h i g h  v i t a m i n  A 
potency es ters  

U.  S. P.  u n i t s  pe r  lb. of 
m a r g a r i n e  

17,700 17,600 

15,900 16,000 
18,100 18,000 

17,000 17,000 

17,400 18,300 

17,000 18,200 
17,600 19,000 

19,300 18,500 
17,300 15,400 
18,300 17~000 

See Table V for  po tency  es t imates  of the  concen t r a t e s  by the  v a r i o u s  
a s s a y  methods  employed;  in  t he  above  table, the  ca lcula t ions  of the  theo- 
re t ica l  potencies  of the  m a r g a r i n e s  w e r e  based upon the  a v e r a g e  va lues  
r epo r t ed  by  the  two co l labora t ing  labora tor ies .  

to determine their vitamin A content; the findings 
are summarized in Table VI. The non-biological 
methods employed and their reliability for the assay 
of vitamin A in margarine are discussed in a subse- 
quent paper (12). 

Comparisons of the results of the physico-chemical 
assays of the margarines with those of the biological 
assays again show good agreement between the theo- 
retical vitamin A potency based on the spectrophoto- 
metric assay of the whole oil used in fortifying the 
margarine and the values obtained by multiple-level 
biological assays. Bearing in mind the relatively poor 
precision of the biological assay, it must be concluded 
that the figures based upon the average of the cal- 
orimetric and Morton-Stubbs values are conservative 
estimates of the vitamin A content. The fact that the 
Morton-Stubbs procedure gives erroneously low esti- 
mates of the vitamin A potency of the quality concen- 
trates employed in this study is again demonstrated. 

Summary 
A series of 5 vitamin A concentrates of 2 different 

types were assayed by physico-chemical methods and 
by multiple level biological assays. Three independent 
laboratories collaborated on the physico-chemical as- 
says and three other laboratories conducted the bio- 
logical assays. The test oils contained about 200,000 
U.S.P. units of vitamin A per gram and were either 
blends of food fish liver oils of high potency or were 
distilled vitamin A esters in a vegetable oil solvent. 
Margarines fortified with each type of concentrate 

were made on a plant scale and also assayed for vita- 
min A, using both the physico-chemical and biological 
assay techniques. 

The data show that the type of vitamin A bearing 
oils f o r  margarine fortification used in the present 
collaborative study are of high quality and contain 
considerably less extraneous (non-vitamin A) mate- 
rials than the oils used in a comparable U.S.P. collabo- 
rative study. A valid and precise estimate of the 
vitamin A potency of such oils can be obtained by 
spectrophotometrie assay of the whole oil or by cal- 
orimetric (SbC13) assay of the unsaponifiable extract. 
A conservative estimate of the vitamin A potency is 
obtained by averaging the calorimetric and the U.S.P. 
XIV (or Morton-Stubbs) spectrophotometric values 
derived from assays of the unsapouifiable extract. It  
is evident that the Morton-Stubbs procedure over-cor- 
rects the spectrophotometric estimates of the potency 
of such vitamin A concentrates. Largely responsible 
for the over-correction are the presence of neovitamin 
A and vitamin A 2 in the natural concentrates and 
their absence from the U.S.P. Reference Standard. 
The use of other sources of preformed vitamin A to 
fortify margarine, such as a) fish liver oils or con- 
centrates of poorer quality than those evaluated in 
the present study (more irrelevant light-absorbing 
materials at 328 m~ and more irrelevant chromogenic 
materials in the SbCls test), b) whale liver oil and/  
or c) synthetic vitamin A preparations, will introduce 
complications if non-biological assay methods should 
be used exclusively by the margarine manufacturer 
in controlling the vitamin A potency of his product. 
The same applies to federal and state control labo- 
ratories using non-biological assays as a screening 
device prior to scheduling biological assays. 
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