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• I - • H E  p r o b l e m  of  a s s a y i n g  m a r g a r i n e  f o r  v i t a m i n  A 
c o n t e n t  r e s o l v e s  i t s e l f  i n t o  t w o  i m p o r t a n t  p h a s e s ,  
n a m e l y ,  c o n t r o l  p r o c e d u r e s  f o r  d a i l y  r o u t i n e  t e s t -  

i n g  i n  t h e  i n d u s t r y  a n d  m e t h o d s  t h a t  c a n  b e  e m p l o y e d  
b y  f e d e r a l  a n d  s t a t e  l a b o r a t o r i e s  on  s a m p l e s  o b t a i n e d  
i n  t h e  o p e n  m a r k e t .  I n  t h e  f o r m e r  t h e  p r o c e d u r e s  f o r  
r o u t i n e  c o n t r o l  a r e  m a d e  s i m p l e  f o r  t h e  a n a l y s t  be-  
c a u s e  a l l  i n g r e d i e n t s ,  s u c h  as  t h e  v i t a m i n  A c o n c e n -  
t r a t e s  a n d  u n f o r t i f i e d  m a r g a r i n e  oils, a r e  a v a i l a b l e .  
I n  t h e  case  of  s a m p l e s  p i c k e d  u p  o n  t h e  o p e n  m a r k e t  
t h e  p r o b l e m  is m o r e  diffficult b e c a u s e  r e l i a n c e  m u s t  b e  
p l a c e d  u p o n  a m c t l i o d  i n d e p e n d e n t  of  t h e  b l a n k  con-  
t r o l  m a t e r i a l s  u s e d  i n  m a n u f a c t u r e .  C u r r e n t l y ,  t i le  
o n l y  official m e t h o d  f o r  d e t e r m i n i n g  t h e  v i t a m i n  A 
p o t e n c y  of  m a r g a r i n e  is t h e  b i o - a s s a y  ( 1 ) ,  b u t  t h e  im- 
p r e c i s i o n  a n d  t i m e - c o n s u m i n g  a s p e c t s  of  t t l i s  m e t h o d  
p r e v e n t  i t s  r o u t i n e  use.  

T h e  p u r p o s e  of  t h i s  p a p e r  is to  ( l e sc r ibe  t h e  r o u t i n e  
p r o c e d u r e s  u s e d  in  o u r  l a b o r a t o r y  f o r  a s s a y i n g  u n c o l -  
o r e d  m a r g a r i n e .  TILe a p p l i c a b i l i t y  of  t h e  n e w e r  p h y s -  
ieo-chenLical  a s s a y  m e t h o d s  de, s c r i b e d  in t h e  [ h i l l e d  
S t a t e s  P l l a r m a c o p o e i a  X I V  wi l l  a lso  b e  disclLssed. Tt le  
r e l i a b i l i t y  of  t h e s e  m e t h o d s  f o r  e s t i m a t i n g  t h e  v i t a m i n  
A c o n t e n t  of  c o n c e n t r a t e s  u s e d  in m a r g a r i n e  f o r t i f i c a -  
t i (m w a s  d i s c u s s e d  i n  t h e  f i r s t  p a p e r  of  t h i s  s e r i e s  ( 2 ) .  

T h e r e  a r e  t w o  p h y s i c o - c h e n l i ( t a l  nLett lods a p p l i c a b l e  
f o r  c o n t r o l l i n g  t h e  v i t a m i n  A p o t e n c y  of  n l a r g a r i n e ,  
a s p e c t r o p h o t o m e t r i c  m e t h o d  b a s e d  u p o n  t h e  u se  of  
a n  i d e n t i c a l  u n f o r t i f i e d  c o n t r o l  oil a n d  t i le  t ; o lo r ime t -  
r i c  p ix )ccdu re ,  w h i c h  d e p e n d s  u p o n  t h e  eoh) r  r e a c t i o n  
of  v i t anLin  A w i t h  a n t i m o n y  t r M l h ) r i d e .  T h i s  l a s t  p r o -  
c e d u r e  is d e s c r i b e d  b y  Rice ,  P r i m m ,  a n d  ( ' .o()nlbes ( 3 ) .  
F r o m  a r o u t i n e  c o n t r o l  s t a n t l p o i l l t  t h e  s p e c t r o p h o t o -  
m e t r i c  m e t h o d  is p r e f e r r e d  b e c a u s e  of  i t s  r a p i d i t y ,  
p r e c i s i o n ,  a n d  a c c u r a c y ,  t I o w e v e r ,  i t  c a n n o t  b e  u s e d  
b y  o u t s i d e  t e s t i n g  l a b o r a t o r i e s  on  o p e n  m a r k e t  s a m -  
p l e s  of  m a r g a r i n e  b e c a u s e  u n f o r t i f i e d  c o n t r o l  oi ls  a r e  
p r a c t i c a l l y  n e v e r  a v a i l a b l e .  F o r  t iffs  p u r p o s e  t h e  col- 
o r i m e t r i c  m e t h o d  m a y  b e  u sed ,  d e s p i t e  i t s  l i m i t a t i o n s ,  
as  wi l l  b e  d i s c u s s e d .  I t  is  a l so  u s e f u l  as  a c h e c k  o n  t h e  
s p e e t r o p h o t o m e t r i e  m e t h o d  in i n s t a n c e s  w h e r e  t h e r e  is 
d o u b t  as  to  t h e  v a l i d i t y  of  t i le  u n f o r t i f i e d  c o n t r o l  oil. 

Spectrophotometric Procedure for Routine 
Control of Vitamin A in Fortified Oil 

a n d  Margarine 
E q u i p m e n t  : Beekm'tn quartz speetrophotometer, model DU, 

equipped with tungsten lamp and glass cells (1 cm. square 
type) .~ 

1Whereas the hydrogen discha: 'ge tube and quar tz  cells are reglflar]y 
used in assays of v i t amin  A concentrates  acco: 'ding to the Morton- 
Stubbs ( 1 0 ) p r o ( ' e d u r e  and in ob ta in ing  data for  p lo t t i ng  abso"pt ion 
curves,  the Less costly accessories specified above give equally good 
resul ts  in the simple speetrophotometr ic  method described in this report.  

121 

R e a g e n t s :  The authors have found that  cyclohexane specifed 
as ~purif ied for speetrophotometric use and free of extraneous 
ultraviolet a b s o r p t i o n "  and obtained from the Eas tman Kodak 
Company, Rochester, N. Y., is sat isfactory in most instances. 
Vitamin A is stable in this solvent for several days, provided 
that  the solution is stored in the dark and the solvent itself is 
sufficiently pure. 

I t  has been the authors ~ practice to verify the suitabil i ty of 
each lot of cyclohexane by speetrophotometric comparison with 
a sample of known purity. A sample is considered usable only 
if a 20% solution of unfortified mt~rguvine oil ( W / V )  can be 
readily set to 100% transmission in the spectrophotometer be- 
tween the 310 and 500 m~ range. A method satisfactory for 
the 1)urification of cyclohexanc containing a small amount  of 
impurities h'ts been reported (4).  

P r o c e d u r e  : 20% solutions (weight to volume basis) of the fol- 
lowing samples using eyclohcxaue as the solvent are prelmrcd: 

I. Unfm'tified marg:trim; oil containing no added ingredi- 
cnts whatever. 

ill. Unfortified mqrgarine oil cent.doing :~[1 .~ddcd ingredi- 
ents except vit.mfin A. 

II  1. The fortiiied oil containing all added ingredients includ- 
ing vitamin A. 

IV. Oil separated from the finished inal'gIirine produced from 
I I L  Thc oil is sel)ar,lted by melting the nmrgarine at  
50-55~ ' . The oil is then tiltercd through a No, 12 What-  
man folded filter paper. 

The Control Oil-1 in the blanl~ cell is used to set the Beck- 
man sl)eetrol)hotometer at  1(1(}% tr 'msmission at  328 m# in 
me.tsuring l ight  Id)sorption due to the vitamin A in Sitml)le I V. 
The ('ontrol Oil-i t  is similarly used in the spectrophotometric 
vitamin A assay of the Fro'tiffed Oil II1, representing the oil 
prior to margarine manuf.u.ture. Two control oils are required 
for these ;msays because of the migrat ion of lecithin from the 
oil to aqueous l)h'lse in margarine manufacture.  2 Since lecithin 
absorbs light al)l)reei.thly at  328 m~, a control oil not contain- 
ing this ingredient must be used with oil separated from nmr- 
garine. This subject will he dealt with in a subsequent paper 
of this series (5). 

Absorbancy readings should be in the neighborhood of 0.50, 
i.e., if the marg.,rine is fortified with a qunlity vitamin A 
concentrate (2) to contain not less thall 15,000 USI '  units of 
vitamin A per l)ouud. The concentr ' ttion of the test  solutions 
nlay be varied, if so desired, provided the readings will fall 
within the desired almorhancy range of 0.30-(/.90. 

The vitamin A potency of the sample is calcul.ttcd :,s follows: 

AX1894X454X(I .~( t_  I ISP units of vitamin A l)er lb. of 
C nmrgarine 

Where A ~ Absorbancy of the fortified nil 
C = Concentration in grams per 100 co. 

1894 ~ Factor  for converting at}s{}rl}ancy to USI '  vita- 
min A units (2) 

454 ~ Or.m'~s per l)eund 
0.80 : M a r g a r i n e  is stand.trdizcd to contain q mini 

mum of 80% fat  :~ 

2Observat ion f i : s t  made several  years ago by C. M. Gooding  of our  
labo story.  

a v e r y  few m a r g a r i n e  samples contain  mere than  81% fat. T h u s  the 
est imate  of v i t amin  A content  may be s l ight ly  grea ter  (viz., 1%)  if a 
f a t  analysis  were inc luded as pa r t  of the assay. Such precis ion is not 
requi red  for rou t ine  c, ontroI of v i t amin  fort if icat ion.  
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I f  t h e  r e c o m m e n d e d  c o n c e n t r a t i o n  o f  2 0 %  o f  o i l  i n  cyc lo -  
h e x a n e  i s  u s e d  r e g u l a r l y ,  a b s o r b a n c y  X 3 4 , 4 0 0  y i e l d s  d i r e c t l y  
t h e  v i t a m i n  A u n i t a g e  p e r  p o u n d  o f  m a r g a r i n e .  

Whereas isopropanol is employed as the solvent in 
spectrophotometric assays of vi tamin A concentrates, 
it cannot be used as the solvent in assays of margar ine  
oils. Twenty  per  cent concentrations of margar ine  oil 
in isopropanol cannot be prepared  due to the fact  that  
the alcohol is a poor fa t  solvent. On the other hand, 
margar ine  oil is readily soluble in cyclohexane; in- 
deed, there is no difficulty in prepar ing  40% ( W / V )  
solutions when eyclohexane is the solvent. Insofar  as 
the spectrophotometric evaluations are concerned, E 
values on the whole oils (i.e., of the vi tamin A concen- 
trates)  are the same whether isopropanol or cyclohex- 
ane is used as the solvent. 

In  the previous paper  in this series (2) it was dem- 
onstrated through collaborative assay that  a valid and 
precise estimate of the vi tamin A potency of quality 
vi tamin A concentrates can be obtained by  spectropho- 
tometric assay of the whole oil. The data in Table I of 
the present  paper  indicate that  the spectrophotometric 
assay of the whole oil separated f rom margarine,  as 

TABLE I 

Ext inc t ion  Rat ios  of the Vi t amin  A Concentrates,  and the Oils Separated 
F rom the Fort i f ied Marga r ines  in  the Region  310 to 350 m/z 

Wave  L e n g t h  

m/L 
310 ............................... 
315 ............................... 
320 ............................... 
325 ............................... 
328 ............................... 
330 ............................... 
835 ............................... 
340 ............................... 
345 ............................... 
350 ............................... 

F i sh  
L ive r  

Oil 
I Used____A_" 

0.79 
0.88 
0.93 
0.99 
1.00 
0.99 
0.94 
0.85 
0.75 
0.64 

Oil f rom 
Marga r ine  
Fort i f ied 

wi th  F i sh  
L iver  Oil b 

0.77 
0.86 
0.92 
0.97 
1.00 
1.00 
0.96 
0.88 
0.78 
0.66 

Dist i l led 
Vi t amin  A 

Es te rs  e 

0.76 
0.86 
0.92 
0.97 
1.00 
1.00 
0.94 
0.86 
0.74 
0.63 

Oil F rom 
Fort i f ied 

Marga r ine  d 

0.74 
0.85 
0.91 
0.95 
1.00 
1.00 
0.96 
0.85 
0.76 
0.65 

a H i g h  potency food fish l iver  oil (approximate ly  210,000 U S P  un i t s  
of v i t a m i n  A per  g r a m ) .  0 .00600% solut ion (weight  to volume basis)  
was used, and this  gave  an absorbancy of 0.66 at  328 m/z, read aga ins t  
the eyclohexane solvent. 

b20 .0% solut ion (weight  to volume basis)  was used, which gave an 
absorbancy of 0.55 a t  328 m/z, read aga ins t  the  proper  unfor t i f ied  oil 
of the  same concentra t ion in  cyclohexane. 

eDis t i l led  v i t amin  A esters (approximate ly  205,000 U S P  un i t s  of 
v i t a m i n  A per  g r a m ) .  0 .00800% solution (weight  to volume basis)  
was used, which gave  an absorbancy of 0.87 at 328 m/~, read  aga ins t  
the cyclohexane solvent. 

a20 .0% solut ion (weight  to volume basis)  was used, which gave an 
absorbaney of 0.52 at  828 m/z, read aga ins t  the proper  unfor t i f ied  oil 
of the  same concentra t ion in  cyclohexane. 

already described, is a valid means for  controlling 
the vi tamin A fortification of this product.  In  Table 
I the extinction ratios of the vi tamin A concentrates 
and the oils separated f rom the corresponding marga-  
rines are listed for  the region of 310 m~ to 350 m~. 4 
Identical  values are obtained on the fortified marga-  
rine oils pr ior  to manufac ture  of the margar ines  in 
the plant. I t  is evident that  essentially the same ultra-  
violet absorption curves are obtained for  the forti- 
fy ing concentrates and the fortified margar ine  oils 
when read versus the proper  control solutions in set- 
t ing the spectrophotometer  to 100% transmission. In  
other words, the solution of the concentrate in the 
margar ine  oil, the churning of the oil with the added 
milk component, the subsequent chilling, working, and 
packaging do not significantly affect the ultra-violet 
absorption c h a r a c t e r i s t i c s  of the vi tamin A added. 
Hence the data previously presented (2) on the reli- 
abil i ty of the simple spectrophotometric method in 
assays of quali ty vi tamin A concentrate apply  equally 
well to the assays of oils separated f rom margar ines  
fortified with such concentrates. 

In  fur ther  support  of this conclusion are the data 
presented in Table I I  on assays of the unsaponifiable 
extract  of another  vi tamin A concentrate (blend of 
food fish liver oils of high potency),  of the fortified 
margar ine  oil pr ior  to churning, and of the oil sep- 
ara ted f rom the margarine.  For  reference purposes 
the findings obtained in speetrophotometric analyses 
of the respective whole oil samples are also included. 
h i  both series the absorbancy of the vi tamin A con- 
eentrate was determined versus the solvent used to 
set the ins t rument  at 100% transmission while the 
absorbaney of the fortified margar ine  oil was deter- 
mined versus the proper  unfortified oil of the same 
concentration in the indicated solvent. The unsaponi- 
fiable extract  of the vi tamin A concentrate was pre- 
pared  according to the USP  X I V  procedure (1), and 
that  of the margar ine  oils by  the method described 
by  Rice and associates (3). 

I t  will be noted that,  in the spectrophotometrie tests 
of either the whole oil or unsaponifiable extract, the 

4By ext inct ion ra t io  is mean t  the quot ien t  obtained by d iv id ing  the 
absorbancy a t  each wave length  by the absorbancy obtained a t  328 m/z 
for  the same concentrat ion.  The va lue  of p lo t t ing  ext inct ion rat ios  ra the r  
than  ext inct ion coefficients or absorbancy read ings  has  been.  t reated 
elsewhere (6) .  

T A B L E  I I  

Ex t inc t ion  Rat ios  of the Whole  Oils and  Unsaponif iabIe  Ex t r ac t s  of the Vi t amin  A Concentrate,  the For t i f ied  M a r g a r i n e  Oil, 
and  the Oil Separated From Margar ine  

W a v e  Leng th  

m/z 
805 ...................................................................... 
3 1 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

315 ...................................................................... 
320 ...................................................................... 
325 ...................................................................... 
328 ...................................................................... 
330 ...................................................................... 
335 ...................................................................... 
340 ...................................................................... 
345 ...................................................................... 
350 ...................................................................... 

Tests on Whole  Oils Tests on Unsaponi f iab le  Ext rac ts  

Marga r ine  0 i l  in V i t am in  A Marga r ine  Oil in  
V i t amin  A Concentrate  Cyclohexane Concentrato I sopropanol  

I n  Isopro- 
panol  a 

I n  Cyclo- 
hexane b 

.67 

.79 
.88 
.93 
.99 

1.00 
.99 
.94 
.85 
.75 
.64 

Fort i f ied Separated 
Oil P r i o r  to Oil F r o m  
C h u r n i n g  r M a r g a r i n e  d 

.67 .67 

.77 .78 
.86 .86 
.92 .92 
.98 .97 

1.00  1 .00  
1 .00  1 .00  

.96 .96 

.88 .88 

.78 .78 

.67 .66 

I n  Isopro- 
panol  e 

.71 

.84 
.89 
.95 

1.00 
.99 
.96 
.87 
.78 
.66 
.53 

Fort i f ied 
Oil P r i o r  to 
C h u r n i n g  t 

.75 

.85 
.89 
.95 

1.00 
.98 
.96 
.88 
.79 
.66 
.54 

.69 

.82 
.89 
.94 

1.00 
1.00 

.98 

.93 

.83 

.73 

.62 

Separated 
Oil F rom 

Margar ine  g 

.75 

.84 
.90 
.96 

1.00 
.98 
.96 
.87 
.78 
.65 
.52 

a 0 . 0 0 6 0 0 %  solu t ion;  absorbancy a t  328 m/z ~ 0.66;  v i t amin  A content  = 208,400 U S P  uni t s  per  gram.  
b 0 . 0 0 6 0 0 %  solu t ion;  absorbancy a t  828 m/z ~ 0 .66;  v i t am in  A content  = 208,400 U S P  un i t s  per  gram. 
e20 .0% solu t ion;  absorbancy at  328 m/z ~ 0 .51;  v i t a min  A content = 17,500 U S P  uni t s  per  lb. marga r ine .  
a 2 0 . 0 %  solut ion;  absorbancy a t  328 m/z ~ 0 .515;  v i t am in  A content  ~ 17.700 U S P  un i t s  per  lb. margar ine .  
e0 .00720% solut ion (or ig ina l  oil b a s i s ) ;  absorbancy at 325 m/z ~- 0 .79;  v i t amin  A content ~ 207,500 U S P  un i t s  per  gram. 
r 2 0 . 0 %  solution (or ig ina l  oil ba s i s ) ;  absorbancy at  325 m/z = 0 .49;  v i t amin  A content  ~ 16,900 U S P  un i t s  per  lb. margar ine .  
g20 .0% solution (or ig ina l  oil b a s i s ) ;  absorbancy at 325 m/z ~- 0 .49;  v i t amin  A content  ~ 16,900 U S P  un i t s  per lb. margar ine .  



T I l E  J O U R N A L  OF TI-IE A M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y ,  A P R I L ,  1 9 5 2  1 2 3  

ultra-violet absorption curves obtained with the forti- 
fying' concentrate and the fortified oils are practically 
identical when the same solvent is used. Thus there 
would appear to be no need to conduct the speetro- 
photometric  test on the unsaponifiable extract. The 
absorbaney at 328 m~ of like concentrations of the 
whole vi tamin A concentrate is the same when isopro- 
panol or eyelohexane is used as the solvent. No sig- 
nificant difference (less than 1%) is noted in assays 
of the whole oil and the unsaponifiable extract of the 
vi tamin A concentrate. On the other hand, the assay 
values of the unsaponifiable extracts of the margarine 
oils are 0-6% less than those of the respective whole 
oils. (For  more data on this point, see Table VI . )  
Since the absorption curves of the unsaponifiable ex- 
tracts of the vitamin A concentrate and of the forti- 
fied margarine oils are the same, it can be concluded 
that the lower values on the unsaponifiable extracts 
of the margarine oils are due to mechanical  losses in 
preparing these extracts. Vi tamin A losses of this 
small magnitude are not surprising since the proce- 
dure used for preparing the unsaponifiable extract 
calls, of  necessity, for saponification of a large test 
sample, 10 grams. 

The data in Table III  demonstrate why  an identical 
control oil must  be used in the speetrophotometrie  as- 
say of a given margarine oil. Absorbaney values on 
six samples of unfortified whole margarine oil and 

TABI,1 t] I l l  

A b s o r t m n e y  Va lues  on Unfort i f i ed  (Iontrot O i l sa - -2 (L( l% OiI S o l u t i o n s  
in C y c l o h e x a n e  Versus Cyclohexane 

Sample  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

,5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

" M a r g a r i n e  oils w i t h o u t  a n y  addit ives .  

Absorbency at 328 m/x 

VChole Unsa l l en i  - 
Oil fiable 

0.3~ 0.2:1 
0.36 0.18 
0.48 0.23 
0.42" 0.24 
O . 4 3 ,  0 . 2 8  

0.58 I 0.37 

their unsaponifiable fractions are listed. It should be 
noted that in the case of the unfortif ied whole oils, a 
spread as great as 0.26 in absorbancy values, corre- 
sponding to an apparent vitamin A content of ap- 
proximately  8,940 units  per pound of margarine, is 
olltained. The spread in absorbancy values when the 
test is conducted on the unsaponifiable fractions is 
somewllat less, but still very much significant, cor- 
responding to an apparent vitamin A content of ap- 
proximately  6,540 units  per pound of margarine.  It 
is therefore evident that no one oil can be used as a 
universal  or standard control in the spectrophotomet- 
ric assay for vitamin A in margarine.  

Colorimetric (SbCl:,) Procedure for Vitamin A 
Assay of Margarine 

Forty  samples of margarine were analyzed for vita- 
min A content, using the colorimetric method (3) and 
the speetrophotometric procedure described in this 
paper. For  the eolorimetric assays the unsaponifiable 
extract of the separated margarine oil was assayed 
with no correction made for irrelevant chromogenic 
material. The blue color developed was translated 
into vi tamin A unitage, using a vi tamin A reference 
or calibration curve rather than the increment or 

internal standard procedure (7) .  That margarines 
contain substances which interfere with the reaction 
between v i tamin A and ant imony trichloride has been 
adequately demonstrated by Rice and associates (3) .  
The latter authors point  out that the inhibitory effect 
of impurit ies  in the unsaponifiable material  is about 
the same as the colorimetric value on  the unfortif ied 
margarine oil. This has led to "the  tacit assumption 
by  some analysts  that the blank compensates for in- 
hibition of color formation and that values may be 
calculated directly from a calibration curve without  
consideration of the blank."  In the present study 
this s impl i fed  version of the colorimetric test was 
eva luated /  

In Table IV  are presented the results of the assays 
of the 40 margarine samples. It will  be noted that 
mean eolorimetric value is 590 U S P  units of vitamin 

T A B L E  I V  

Compar i son  of  Colorimetr ie  a n d  S p e c t r o p h o t o m e t r i c  A s s a y  V a l u e s  on 
Oils S e p a r a t e d  from Mar a r i n e  in E s t i m a t i n g  V i t a m i n  A Conten t  

Colorimetr ic  S p e c t r o p h o t o .  
Tes t  m e t r i c  T e s t  

S a m p l e  
U S P  Uni t s  V i t a m i n  A 

per lb. M a r g a r i n e  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 .......................................... 
7 .......................................... 
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 .......................................... 
11 .......................................... 

13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

14 .......................................... 
15 .......................................... 
16 .......................................... 
17 .......................................... 
18 .......................................... 
1 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20 .......................................... 
21 .......................................... 

23 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~ 5  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

26 .......................................... 
27 .......................................... 
28 .......................................... 
2 ! }  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

30 .......................................... 
3 ] .......................................... 
3 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 3  .......................................... 
3 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

;15 .......................................... 
,qi 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 8  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

M e a n  ................................... 

S t a n d a r d  D e v i a t i o n  ............... 

19,500 
18,400 
17,700 
17,600 
16,90(~ 
18,1)00 
17,200 
1 7 , 5 0 0  
17,200 
1 9 , 1 0 0  
18,200 
18,2OO 
17,50O 
17,400 
17,2o0 
17,700 
18,500 
20,000 
17,(;00 
] 7,000 
19,400 
17,800 
19,000 
17,20O 
17,800 
! 7,200 
17,500 
17,9O0 
17,40O 
18,300 
17,800 
18,000 
17,800 
17,006 
17,800 
19,800 
17,200 
17,400 
17,800 
18,400 

17,970 

_ 7 7 5  

17,000 
17,000 
17,000 
16,700 
17,300 
17,900 
17,200 
16,800 
17,600 
17,300 
10,400 
17,000 
16,800 
17,400 
17,200 
16,700 
17,000 
19,700 
17,5O0 
17,200 
I 8,9OO 
17,500 
18,000 
114,000 
16,800 
17,800 
16,400 
18,000 
17,500 
17,200 
17,800 
17,200 
17,700 
16,600 
18,000 
17,100 
17,500 
16,400 
17,700 
18,400 

17,380 

+ 6 7 2  

A per pound of margarine in excess of the mean spec- 
trophotometric  figure. ]Iad the spectrophotometrie  
test been conducted on the unsaponifiable extract, 
values about  700 U S P  units per pound of marga- 
rine less than those found in assays of  the whole 
separated margarine oil would have been obtained 
due to mechanical  losses of the vi tamin A in prepar- 
ing the unsaponifiable extracts. This was discussed 
earlier ( further  supporting data are presented in Ta- 
ble V I ) .  It should fol low therefore that similar losses 
of vi tamin A should have occurred in preparing the 

5 I n  just i f icat ion of our se lect ion of the  s implif ied co lor imetr ie  method,  
it  should  be  po in ted  out  that  the  c o m p e n s a t i n g  errors  m e n t i o n e d  are of 
re la t ive ly  smal l  m a g n i t u d e ,  f rom 500  to 800 U S P  u n i t s  of v i t a m i n  A 
p e r  p o u n d  of  m a r g a r i n e ,  c o n t a i n i n g  not  less  than  15,000 LISP unigs,  
a n d  that  these  errors  c a n n o t  be addi t ive  but are  a l w a y s  se l f  neutra l i z ing .  
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unsaponifiable extract  for  colorimetric assay. Never- 
theless for the difference between the mean values 
noted in Table IV " t "  ~ 3.63, which is highly sig- 
nificant since the t value for p = 0.001 is 3.55. I t  
is of interest to note that  colorimetric values on the 
unsaponifiable extract  can exceed a p p r e c i a b l y  the 
spectrophotometrie figures derived f rom assays of 
the whole oils. Values of 1,000 USP  units  and more 
above the spectrophotometric estimates are not un- 
common (15 of the 40 samples).  

Another  group of 20 margar ines  were assayed col- 
orimetrieally, p repar ing  the test solutions by  two 
different methods. In  one series the unsaponifiable 
extracts of the whole margar ine  samples were tested; 
in the other series the unsaponifiable extracts of the 
separated margar ine  oils were assayed. The difference 
in assay values was only 150 USP  units of v i tamin 
A per  pound of margar ine  and was not statistically 
significant ( " t "  ~ 0.27). Hence either procedure 
for p repar ing  the test solution for  colorinletric assay 
may be used. 

On the basis of the values reported in Table IV, 
it is evident that  the colorimetric assay is useful in 
checking on the reliabil i ty of the spectrophotometric 
results obtained in plant  control. At times low spec- 
t rophotometrie  values have been obtained in checking 
plant  operations. Colorimetric assays have shown in 
these cases that  proper  fortification had been made. 
Colorimetrie assays of the supposedly unfortif ied oils 
have revealed the presence of significant amounts of 
v i tamin A in such oils. I t  was shown that  whenever 
this had occurred, unfortif ied oil had been pumped  
into a storage tank not completely drained of previ- 
ously fortified oil. Samples of this composite, pr ior  
to fortification of the added oil, were then submit ted 
to the laboratory as the blank control for the spee- 
t rophotometric  test. 

The data in Table IV  also indicate that  the eol- 
orimetrie test is useful for screening open-marke t  
samples of margar ines  by  state and federal  labora- 
tories pr ior  to scheduling biological assays. These 
tests would serve to indieate maximal  vi tamin A 
potencies. I f  the discrepancy between eolorimetrie 
and spectrophotometrie assay of the degree noted can 
occur in assays of margar ines  fortified with quali ty 
vitamin A concentrates, it would follow that  the use 
of for t i fy ing  oils of high ratio of colorimetrie to USP 
X I V  speetrophotometrie values can increase substan- 
tially the size of the diserepaney (2). 

I t  was shown in the previous paper  (2) that  the 
eolorimetric value in assaying the unsaponifiable ex- 
t ract  of qual i ty vi tamin A concentrates is only slightly 
greater,  if at all, than the speetrophotonletric estimate 
based on assay of the whole concentrate. However  in 
testing margar ine  fortified by  such concentrates by  
the simplified version of the colorimetric test, it is not 
uncommon to note a substantial  discrepancy between 
the results obtained by  the two assay methods;  the 
eolorimetric values being the greater  of the two de- 
spite use of the unsaponifiable extract  as the test so- 
lution. Parallel  eolorimetric and spectrophotometrie 
assays conducted on the unsaponifiable extracts of 
a) the unfortified margar ine  oils, b)  the vi tamin A 
concentrates, e) the fortified margar ine  oils, d) the 
oils separated f rom the finished margarine,  e) the 
cultured milk phase pr ior  to churning, f)  the whole 
margarine,  and g) the separated aqueous phase, using 
both a vi tamin A calibration curve and the increment 

( internal  s tandard)  procedure in the colorimetric as- 
says, failed to reveal what factors were responsible 
for the somewhat higher colorimetric estimates. I t  is 
tentat ively suggested that  some conversion of vi tamin 
A to the unsa tura ted  hydrocarbon,  anhydro vi tamin 
A, occurs in nlargarine m a n u f a c t u r e  and storage. 
The p H  of margar ine  made with cultured milk is 5.0. 
Dur ing churning some benzoic acid ~- ( f rom the added 
sodium benzoate) and lactic acid migrate  into the oil 
phase. In  the presence of acid, v i tamin A in a non- 
aqueous medium loses a molecule of water  to form 
anhydro vi tamin A. This derivative is pract ical ly free 
of biological activity (8),  has an absorbancy at 32S 
mg, about one-half that  of vi tamin A, but  reacts with 
ant imony trichloride to almost the same degree as 
vi tamin A itself (9). Hence the format ion of such a 
compound in margar ine  could readily explain the 
lower spectrophotometric values relative to those ob- 
tained colorimetrieally, despite equivalence in assays 
of the concentrates. In  support  of this hypothesis are 
the results of studies in progress on less acid marga-  
rines ( p H  5.5-6.0). The agreement  between colori- 
metric values and those obtained by  the recommended 
spectrophotometrie procedure is excellent in assays of 
the freshly prepared  margarines,  t towever,  following 
storage, viz., one month at 75~ there is a measur- 
able decrease in vi tamin A content by  speetrophoto- 
metric assay of about 8r while the apparen t  loss of 
vi tamin A on colorimetrie assay is somewhat less than 
one-half the true loss. 

Assay of Margarines for Vitamin A Content, 
Using the USP XIV or Morton-Stubbs 

Correction Procedure 

The applicabi l i ty  of the Mor ton-Stubbs  (10) cor- 
rection to spectrophotometric assays of the unsaponi- 
fiable extract  of fortified margar ine  oils has also been 
evaluated. In  the absence of unfortified oil blanks 
the Morton-Stubbs correction yields impossible val- 
ues (see Table V) .  Hence the unsaponifiable extracts  
of the fortified oils were read against  the unsaponifi- 
able extracts  of the corresponding unfortif ied oils. 
The spectrophotometric data were then " c o r r e c t e d "  

T A B L E  V 

Inapp l i cab i l i t y  of the  Mor ton-S tubbs  Correc t ion  of Spec t rophotomct r ic  
E s t i m a t e s  of the  V i t a m i n  A Content  of M a r g a r i n e s  W h e n  Assays  

Are Conducted  in the Absence  of the Unfor t i f i ed  Oil B l a n k s  

Margar ino  No. 

T r u e  
Vitamin  

A 
Conten t  a 

A p p a r e n t  V i t a m i n  A 
Content  ; M a r g a r i n e  
U n s a p .  E x t r a c t  vs.  

I sopropano l  

Uncor-  a~I-S 
rected Corrected b 

U S P  A p p a r e n t  U S P  
un i t s / lb .  Un i t s / lb .  

1 ........................................... 17,200 25,500 - -19 ,300  
2 ........................................... 17,500 26,900 - -22 ,100  
3 ........................................... 16,800 26,200 - -24 ,800  
4 ........................................... 18,000 22,700 - -  6,200 
5 ........................................... 17,500 24,800 - -  6,200 

A v e r a g e  ................................ 17,400 I 25 ,200 - -15 ,700  

" A cco r d ing  to the spec t ropbotomet r ic  method  descr ibed  in th is  p a p : r ,  

i nvo lv ing  E [ ~ .  328 m/z r e a d i n g s  on the separated  margar ine  oils ver-  

sus  the  c o r r e spond ing  unfor t i f ied  oil b lanks  the reby  cor rec t ing  for  i r rele-  
v a n t  absorpt ion .  

b Note n e g a t i v e  va lues  fol lowing Mor ton-Stubbs  correct ion.  The  f a i l u r e  
of the  Mor ton-S tubbs  p rocedure  to g ive  rel iable va lues  in these tests is 
due to the fact  that  the i r r e l e v a n t  absorp t ion  between the 310 and  334 
my  f ixat ion points  is not  a s t r a i g h t  line. Th i s  is a p p a r e n t  f rom the 
fo l lowing  typical  ext inct ion ra t ios  fo r  the  unsaponi f iab le  ex t r ac t  of the 
unfortified margar ine  oil: E 3 1 0 / 3 2 5  mg----2.38,  E 3 2 5 / 3 2 5  m ~ l . 0 0 ,  
E 3 3 4 / 3 2 5  mu  ~ 0.83.  
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T A B L E  V I  

Appl ica t ion  of the Morton-S~ubbs Correc t ion  to Spee t ropho tomet r i c  Assays  of the  Unsapon i f i ab le  E x t r a c t s  of S e p a r a t e d  
M a r g a r i n e  Oils in  E s t i m a t i n g  V i t a m i n  A Conten t  

125 

M ~ r g a r i n e  b~o. 

k v e r a g e  ............................. 

Po tency  of V i t a m i n  A 
Concen t ra te  

Whole  Oil Unsaponi f i -  
1% able E x t r a c t  

E ,  era. Af t e r  Mor ton  
328 m/z Stubbs  
Value(A) I Correction(B) 

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

211 ,000  180,900 

212 ,000  179,400 

213 ,000  177,500 

212 ,000  179,900 

V i t a m i n  A in M a r g a r i n e  

Spect ropheto-  
m e t r i c  Assay  Calcula ted  : 
Whole  Oil a C X B / A :  

(C)  t O )  

U S P  un i t s  )er  p o u n d  

A p p a r e n t  V i t a m i n  A in M a r g a r i n e  ; 
A s s a y s  on Unsapon i f i ab le  E x t r a c t  

Mor ton-S tubbs  
Cor rec ted  r 

(F) 

U S P  un i t s  per  p o u n d  

Spectrophoto-  
m e t r i c  b 

(E) 
Colori- 
m e t r i c  (G) 

16,500 I 15,100 I 18,300 

16,500 [ 14,400 I 17,800 

16,800 I 14,400 1 1 7 , 8 0 0  

17,200 14,800 

17,500 15,000 

16,800 14,200 

18,000 15,000 

17,500 14,600 

17,400 14,700 

17,200 I 13,800 117,200 
16,5oo I 13,80o I 17,800 
16,700 I 14,300 I 17,800 

" Based  upon the spec t ropho tomet r i c  method  descr ibed  in th is  p a p e r  i n v o l v i n g  E~c]n. 328 m/z r e a d i n g s  on the sepa: ' a ted  m a r g a r i n e  oils v e r s u s  the  

c o r r e s p o n d i n g  unfor t i f ied  oil b lanks  thereby  co r r ec t i ng  for i r r e l e va n t  absorp t ion .  

b B a s e d  upon E]~] , .  325 mp~ r e a d i n g s  of the  unsaponi f iab le  ex t r ac t s  of the  m a r g a r i n e  oils v e r s u s  the  unsapon i f i ab le  ex t r ac t s  of the  c o r r e s p o n d i n g  

unfor t i f i ed  oil b lanks .  Mechanica l  losses of v i t a m i n  A in p r e p a r i n g  the  unsapon i f i ab le  ex t r ac t s  have  been shown to be respons ib le  for  the a v e r a g e  4 %  
lower  va lue  when  compared  wi th  the  a v e r a g e  v a l u e  in  a s says  of the  wholo oils (Column C) .  

cE~,~, .  325 m/z correc ted  : (7 X E~e~n. 325 m/L) - -  (2 .025 X E ~ n .  310 m / z ) - -  (4 .375 E ~ .  334 m/z).  

for irrelevant absorption. The results are presented 
in Table VI.  

I t  was previously shown that  the ultra-violet  ab- 
sorption curve for the separated margar ine  oil (read 
versus the corresI)onding unfortif ied oil blank) is 
essentially tile same as that  for the vi tamiu A con- 
centrate. Thus justification exists for mul t ip lying 
the speetrophotometrie, assay value on the margari l le  
(('~olllmn C of Table V I )  by the ratio of tile Morton- 
S tubbs  to the '% E~,. .... 328 m~ whole oil vahle (In the 
concentrate in order tt) obtain a theoretical Morton- 
S tubbs  vahie for the margar ine  (Cohnnn 11 of Table 
VI ) .  The found Morton-Stubbs value, followillg cor- 
rection of the spectrophotometric~ figure obtailletl ill 
test ing the unsaponifiable extract  of the separated 
margar ine  oil versus the unsapouifiable extract  (if the 
e, orresI)onding unfortifietl oil blank, is ill very good 
agreement  with the cah.ulated value (compare fig- 
ares  ill Column F with those in Column D).  The 
average calculated figure is only 400 USP units per  
l)ound of margar ine  (3%)  above that  actually found. 
This too supports  tile conclusion previously drawn 
that  in p repar ing  the unsaponifiable extract  from 0 
to 6% (If vi tamin A is lost. I Iere  also it may be noted 
that  the average spectrl)photometrie assay valne on 
the unsaponifiable is somewhat less (4%)  than the 
value obtained in testing the whole margar ine  oil 
(coml/are values in ('(lllmm E with those in Column 
C). The tendeney of the coh)rimetrie procedure to 
overestimate the vitanlin A content of margar ine  is 
again noted. 

Biological Confirmation 

The preceding paper  (2) and the data presented 
in this report  have emphasized the reliabil i ty of the 
speetrophotometrie assay of the whole margarine oil 
by the procedure recommended for estimating biolog- 
ically-active vitamin A unitage. Multiple level bio- 
logical assays on two margarine samples demonstrated 
(2) that the Morton-Stubbs procedure gives errone- 
ously low values in estimating vi tamin A content. In  
Table V I I  are presented the results of nine more bio- 
logical assays. Here  again it is noted that  very good 

agreement  is obtained between the values obtained 
by spectrophotonletric, test and those derived f rom 
biological assay. When eorreeted by  the Morton- 
Stubbs procedure, the speetrophotometr ic  values av- 
erage about  14,400 I~S1 ) units, a value which is obvi- 
ously tot) low. Not one of the biologieal assay values 
indicates a sanlple containing les~ than  15,000 I ;SP  
Inlits of vi tamin A per pound despite the poor pre- 
cisioll of the biohlgieal assay. The s tandard  deviation 
of the average bin-assay wlhle oblaine(l ill testing the 
nlargarines liste(t ill Table VI I - -a l l  of the same vita- 
min A content as note(| froni tlle spe(;trophotometrie 
f indings-- is  _+ 2,100 ITSl' units per pound or +_ 12%. 
The ten(lency of tile e~ohlrinletric method to overesti- 
nlate vi tamin A content is again note(l. 

The excellellt correlation note(l above between the 
results obtaiued ill spe('trol)hotonletri(~ assay t)f tile 
whole margar ine  oil by the r(,commended procedure 
is obtainable only when the for t i fy ing  concentrates 

T A B L E  V I I  

Rel iab i l i ty  of Non-Biological  Assay  P r o c e d u r e s  in E s t i m a t i n g  tho 
Vi t amin  A Conten t  of Uncolored  M a r g a r i n e  

Sample  No. 

1 .......................................... 
2 .......................................... 
3 .......................................... 
4 .......................................... 
5 .......................................... 
6 .......................................... 
7 ........................................... 
8 ........................................... 
9 ........................................... 

A v e r a g e  ................................ 

Non-Biological  Assay  of 
Sepa ra ted  Oil 

Biological  
Color imetr ic  Assay  of 

Spcetropho-  (SbCla) b M a r g a r i n e  ~ 
t~  a (Unsapen i f i -  

(Whole  Oil)  able E x t r a c t )  

U S P  U n i t s  of V i t a m i n  A i i e r  lb. of Margari~le- 

18,000 
17,500 
17,500 
17,000 
17,500 
17,200 
17,4(}0 
17,600 
17,20(} 

17,400 

18,100 15,100 
18,800 17,700 
19,200 17,500 
16,700 15,500 
18,800 15,900 
18,900 17,100 
19,200 18,600 
19,000 15,600 
18,100 2"1,300 

18.500 17,100 

aE]~m.  328 m/z va lue  of cyclohexane solution >( 1,894 wi th  the  Beck- 

m a n n  Spec t ropho tomete r  set a t  1 0 0 %  t r a n s m i s s i o n  wi th  the a p p r o p r i a t e  
unfor t i f i ed  control  oil;  ca lcula t ions  on the basis  of 8 0 %  fa t  in m a r g a r i n e  
(see t ex t ) .  

bEssen t i a l ly  the  same va lues  w e r e  obta ined fo l lowing saponi f ica t ion  of 
the  whole m a r g a r i n e .  

e E s t i m a t e  ob ta ined  by in t e r i : o l a t ing  the  a v e r a g e  g r o w t h  response  of 
the  a s s a y  a n i m a l s  (one g r o u p )  on the  a v e r a g e  log-dose response  cu rve  
obta ined wi th  f eed ings  at  two levels of the U S P  R e f e r e n c e  Oil. 
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are of high quality such as those evaluated in the 
previous report  (2). A manufacturer  using a con- 
centrate of lower quality, i.e., one containing more 
irrelevant light-absorbing materials at 328 mt~ and 
more irrelevant chromogenic materials in the SbC13 
test, must establish for himself a correlation between 
biological and non-biological assay results before us- 
ing the latter methods exclusively in controlling the 
vitamin A fortification of his product. 

Summary 
A simple and precise spectrophotometrie proced- 

ure has been described for the control of vitamin A 
fortification of margarine made in the plant. This 
method involves readings taken at 328 m/~ of the 
whole margarine oil dissolved in cyclohexane. The 
speetrophotometer was set at 100% transmission with 
the corresponding unfortified oil at the same concen- 
tration in cyclohexane. Physieo-chemical and biologi- 
cal assay data have been presented demonstrating 
that the spectrophotometric method is the most reli- 
able procedure for assaying margarine for vitamin 
A following fortification with quality vitamin A con- 
centrates. It is far more precise than the biological 
assay method and equally as specific for vitamin A 
when the fortifying concentrates used satisfy the 
requirements set forth in the preceding paper (2). 

The colorimetric procedure, involving the reaction 
of vitamin A in the unsaponifiable extract of mar- 
garine with antimony trichloride, tends to overesti- 
mate on the average by about 600 USP units per 
pound the true v~amin A content of the margarine. 
However it is not at all unusual for the overestimates 

to exceed 1,000 USP units. The colorimetric method 
is useful as a screening test on open-market samples 
for  estimating maximal vitamin A potencies and as a 
check on the reliability of the unfortified oil blanks 
used in the spectrophotometric assay. Reasons were 
given for the belief that some conversion of vita- 
min A to the biologically-inactive anhydro vitamin A 
occurs in margarine and that the presence of this 
derivative is responsible in large par t  for  the discrep- 
ancy between colorimetric and spectrophotometric 
estimates. 
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Iodine Number Determinations by Dead-Stop Titrimetry 
J. A. DUKE and J. A. MASELLI, Department of Organic Chemistry and Enzymology, 1 
Fordham University, New Yark, New York 

T H E  methods  for the determination of iodine 
numbers indicating the degree of unsaturat ion 
of fats and oils are well established analytical 

procedures. The routine procedure in our laboratory 
is that  by  Hanus  (1, 2). The Wijs method (3) is 
recommended by the American Oil Chemists' Society. 
A recent development (4) modifies the Rosenmund- 
Kuhnhenn procedure by  using a pyridine sulfate 
dibromide solution in conjunction with mercuric ace- 
tate as a catalyst. This reduces the reaction times 
to one minute for nonconjugated and 30 to 120 min- 
utes for  highly conjugated oils (5). The starch end- 
point is employed throughout.  

I t  was thought  desirable to apply the amperomet- 
ric (dead-stop) t i t rat ion procedure (6) to the above 
methods and compare the results obtained, using a 
variety of fa t ty  acids and oils which differ in their  
degrees of unsaturation. 

Apparatus 
The instrument  used in these determinations was 

the one previously described (6),  modified in such a 
way that  a rb i t ra ry  readings on the galvanometer in- 
dicated the potential at the electrodes (see Figure  1). 

~Communication No. 249: 

This secured a uniform potential and served to check 
the correct functioning of the instrument. A Fisher 
Model A galvanometer with a sensitivity of 0.10 mi- 
croamps per ram. was employed. 

~ A  

FIG. 1. Dead-stop titration apparatus. 
A. 2 K-ohm variable resistor. 
B. 1.5 volt dry  cell. 
C. 20-ohm variable resistor. 
D. Double pole th row switch. 
E. 5 K-ohm var iable  ~esister. 
F. Pt .  electrodes in cell (coiled p la t inum wire) .  
G. Galvanometer.  
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