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ments were made for ally deviations introduced by 
the volume of oil or oil residue, and calculations were 
made in the following lnanner : ~g gaslma- tocopherol 
originally present  in sample a l i q u o t =  (A1) (~g 
gamma-tocopherol  added per  a l i q u o t ) / ( A . , - - A ~ ) ;  
where A~ is the absorbance of corn oil and A2 is the 
absorbanee of corn oil plus added gamma-tocopherol. 
Kauni tz  and Beaver (7) used similar calculations. 

Application of the Method. The method has been 
applied successfully to the analysis of a immber  of 
corn inbreds and crosses and has served to show tha t  
a several-fold range exists in toeopherol content. Some 
examples are shown in Table I I [ .  I t  has been ob- 
served that  the absorbance d r i f t  usually falls close 
to the a rb i t r a ry  value of 10% suggested by Baxter.  

Summary 

A method has been developed to overeonle diffienl- 
ties in tbe analysis of corn oil for  toeopherol. The 
poor  recovery of tocopherol added to corn oil pr ior  
to the Parker -McFar lane  t rea tment  does not occur 
with the present  method, and the absorbance dr i f t  
which occurs when crude corn oil reacts with iron and 
dipyr idyl  is largely eliminated. 

The interfer ing substance responsible for  the dr i f t  
(lid not distill apprec iably  in a molecular still at  
170~ and a t tempts  to remove it f rom the oil by  
selective adsorption or solvent extraction were un- 
successful. I t  was extractable with dilute potassium 
hydroxide from a hexane solution of ~he oil and could 
be t ransfer red  f rom the alkaline extract  to benzene. 
I f  the alkaline extract  were acidified and then shaken 

with benzene, a much larger amount  of the substance 
conld be t ransferred.  Extracts  containing the sub- 
stance showed strong absorption at  wave-lengths be- 
tween 290 and 315 millimicrons. 

Alkali t rea tment  of the oil and subsequent adsorp- 
tion on diatomaeous earth reduced the content of 
in terfer ing constituents to permi t  analyses for total 
toeopherol by tile Emmerie-Engel  method. By using 
this method, it was found that  the oil f rom different 
corn inbreds and crosses varied over a six-fold range 
in tocopherol content. 
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The Use of Coloring Ingredients in Fatty Food Products. 
Their Physiology, Chemistry, and Stability 
JOHN J. GEMINDER and E. EVERETT MACDONOUGH, Technical Service Department, 
Chos. Pfizer and Company Inc., Brooklyn, New York 

T 
HERE IS RFLATIVELY little s t ruc tura l  similari ty in 
the chemical stru(.tures of the four coloring ma- 
terials, ethyl bixin, beta-carotene, Yellow AB, 

and Yellow OIL to account for  the similari ty of visi- 
ble and ultraviolet  spectra (except for  double-bond 
conjugation and the similari ty of Yellows AB and 
OB). 

Table ] shows that  other physical propert ies  of 
the compounds are equally dissimilar and presents 
the relative solubilities of these compounds. 

On turn ing  to the coloring values of these com- 
pounds, there is a ra ther  wide variat ion in amounts  
of the pure  substance necessary to color a ton of 
margarine.  Based on extinction coefficients, Espoy 
and Barne t t  (6) reported the following equivalence: 

1 g. beta-carotene ---- 4 g. F D & C  Yellows 3 and 4 
(mixed) ---- 0.7 g. ethyl bixin. 

On the basis of actual  visual examination they re- 
ported the following ratio::: 

1 g. beta-carotene =-- 3.3 g. FD&C Yellows 3 and 4 
(mixed) ~ 0.5 g. ethyl bixin. 

Analyses of many  samples have shown there was up 
to 30% variat ion in the amount  of color present ;  
this has bcen confirmed by our cxperience with the 

quant i ty  of color specified by various manufac turers  
(Table I) .  

F igure  1 shows the ultraviolet spectra of the com- 
merc.ial colors as determined in our laboratories. 
These da ta  agree with curves repor ted by Espoy and 
Barne t t  (6) in 1955. 

Stabi l i ty  Studies 

Until  a short t ime ago fat-soluble annatto colors 
were prepared  by extract ing the fat-soluble color 

TABLE I 

Empirical formula  
Molecular w e i g h t  
Melting point 
Form 

Solubility 
W a t e r  
Ethanol 
Ethyl e ther  
I-Iexane 
A c e t o n e  
CeHs 
CCh 
V e g e t a b l e  oils 

Experience use  
level, g./ton 

Ethyl Bixin 

C27H.~O4 
422.54 
149~ 

Red rhombic 
crystals 

I 
S1.S. 
S1.S. 

S 
S 
S 

SI.S.  

2.7-3.5 

Carotene 

C4o~E8 
536,85 

181-182~ 
Red rhombic 
leaflets, deep  
purple p r i s m s  

I 
I 
S 
S 

S 
S 

V. S1. S. 

7.2 

Yellow AB 

247.29 
I02-104~ 
Orange pow 
der, orange-  
red plate lets  

I 
S 
S 

S 
S 

S 

10-12 a 

Yellow OB 

C,TH15N~ 
261.31 

125-126~ 
Orange pow. 
der, orange-  
red platelets  

I 
S 
S 

S 
S 

S 

10-12 a 

a A s s u m i n g  equal  parts  of  each  are u s e d  a c c o r d i n g  to usual practice. 
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FIG. 1. Ultraviolet spectra of crystalline ethyl bixin, crystal- 
line synthetic beta-carotene, crystalline FD&C Yellows 3 and 
4, and annatto extract;  solvent, carbon tetrachloride. 

fraction f rom annatto beans. These color concen- 
trates were not completely suitable, owing to stand- 
ardization difficulties. Climatic, temperature,  and soil 
changes resulted in variations in color intensities and 
shading characteristics and are variations to be ex- 
pected from any natural  product.  Barnicoat  (3, 4) as 
well as various margarine technologists (1) have re- 
ported that  these annatto colors f requent ly  produced 
red and other "off -colors"  dur ing storage in finished 
margarines and dairy products. 

The s t ructural  formula of bixin, the principal color 
component of annatto, contains nine double bonds. 
Viebrock (17), in oxidation studies, reported that  
two of these double bonds are especially susceptible 
to oxidation, resulting in a deep red-colored com- 
pound. F u r t h e r  tests indicated that norbixin and 
methyl bixin behave in a similar manner ;  however 
the oxidation rate apparent ly  is much slower. Iver- 
son (9) reported that  spectral examinations of freshly 
extracted annat to  colors, heated samples of annatto 
colors, and commercial a n n a t t o  but ter  color prepara- 
tions showed the presence of various amounts of 
bixin as well as various t ransformat ion products  of 
bixin. The t ransformation products had varying 
tinctorial properties,  f rom red through orange and 
yellow and finally ~o colorless compounds. 

Based on these findings, a more standardized and 
stable form of annatto color would prove more desir- 
able for coloring fa t ty  foods. In order to overcome 

, 4~ C,. Nitrosen Headspace . .  Z0% 

37~ C., Nitrogen 

~ 4  ~ C,,  A/r Headspace . .  Cryst~lline 

3 
STOI~XOE, ~ONTIIS 

FIG. 2. Color retention (expressed as percentage of 
initial ~~ E~r ~ 2930) of crystalline ethyl bixin and color 
retention (expressed as percentage of initial E~o .  = 600) 
of  20% suspension ethyl bixin in cottonseed oil during 
varying storage coz~litions. 

these tinctorial variations, ethyl bixin and several 
forms of beta-carotene were evaluated and found to 
be acceptable as margarine colorants. E thy l  bixin is 
a color-standardized product  which eliminates color 
variations resulting from natura l  product  variation.  
In  addition, it is a relatively stable product  which is 
more resistant to oxidation and which does not pro- 
duce "off-colors"  in stored margarine. Synthetic 
beta-carotene and highly refined forms of natural  
beta-carotene concentrates are equally acceptable for  
this use. 

Pure  crystalline ethyl bixin is an extremely un- 
stable compound even when s t o r ed  under  an inert  
atmosphere with refrigeration,  as shown in Figure  
2. In addition, the relatively low order of solubility 
of this compound is a problem because of the .short 
agitation time prescribed before the margarine enters 
the churn and the Votators. Therefore  a fine crystal- 
line product  suspended in a protecting m e d i u m  is 
needed. This condition is also t rue of pure crystal- 
line beta-carotene. 

Microcrystalline suspensions of ethyl bixin or syn- 
thetic beta-carotene in vegetable oils were prepared. 
The solubility rates were improved by this prepara-  

100 
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< 

~, 9o 
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~ 85 
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. ~ a t  t o Ext ~,ct 

4~ Nitrogen He~dspxce 
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Fzm 3. Color retention (expressed as percentage of 
i~itial ~% :Ez .... ~ 75) of 2.5% suspension ethyl bixin with 
added vitamin A in cottonseed oil (batch-size) and of 
annatto extract with added vitamin A in cottonseed oil 

E~r ~ 1 0 3 ;  batch-size) during varying stor- (initial ~~ 
age conditions. 
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Fi~. 4. Color retention (expressed as percentage of 
iltitiai E~%,. ~ 40) of 2.5% suspension synthetic beta- 
carotene with added vitamin A in cottonseed oil (batch- 
size), of 24% paste synthetic beta-carotene in cottonseed 
oil (initial El%,. ~ 600), of natural beta-carotene solu- 
tion (initial E~%,. ~ 9.6), during varying storage condi- 
tions. 

tion, and the prescribed quant i ty  of color could be 
dissolved in warm margarine oils with less than five 
minutes of agitation time (]6) .  Figures 2, 3, and 4 
show the relative storage stability of a 20% oil sus- 
pension of crystalline ethyl bixin, an annatto extract  
in oil, and a 2.5% oil suspension of ethyl bixin, and 
oil suspensions of synthetic crystalline beta-carotene 
under  air or nitrogen headspaces. By  prepar ing  the 
suspension in oil, the color crystals were protected 
from atmospheric oxidation. For  the margarine in- 
dust ry  these products packed with an air headspace 
have suitable stability t ime; however, by using an 
inert  gas in the headspace of the packages, stability 
is markedly improved. Packaging with a nitrogen 
headspace and storing under  refr igerat ion provides 
ideal stability for these compounds. 

Metallic Ion Contamination. Metallic ions play an 
important  role as pro-oxidants in fats and oils. In  
preparing a microerystalline suspension, milling is 
necessary to reduce crystal size, and high quality, 
stainless steel equipme~t is necessary. Stabil i ty stud- 
ies were made or1 milled samples containing added 
contaminants of metallic copper and iron. Figure  5 

~ - -  G o m r o l  

10 p p m  or  100 p p m l t o n  

95 10 p p m  C o p p e r  

90 

e5  

o = 

10O p p m  Coppe r  

STORAGE, I~AY$ 

FIG. 5. Color retention (expressed as percentage of 
initial E ] ~ .  ~---75) of 2.5% suspension ethyl bixin in 
cottonseed oil and o~ 20% suspension ethyl bixin in cot- 
tonseed oil (initial E ~ .  ~ 600) with added copper and 
iron, stored at 45~ 

shows loss in tinctorial properties of 2.5% and 20% 
oil suspensions of ethyl bixin, caused by isomerization 
of the compound when copper and iron were added. 

These tests confirm previous reports that  copper is 
a much more active pro-oxidant than iron (11). 

Beta-Carotene Coloring Suspensions. Beta-carotene 
is available in a variety of physical forms for  food 
coloring purposes. Synthetic  beta-carotene, highly 
refined forms of natural  beta-carotene, and other 
natural  carotenes, which contain small quantities of 
xanthophylls carried over during processing from the 
source material, were tested for  color stability and 
tinctorial properties. 

Previous stability studies (5, 13-15) of carotene in 
various suspending mediums showed that  a number 
of factors were responsible for  the decompositio~t of 
carotene. Carotene extracted from carrots by vege- 
table oils showed an 8% loss af ter  storage for four  
nlonths at room temperature.  Identical sample~ lost 
23% when stored for four  months and exposed to 
sunlight. All test samples were stored under carbon 
dioxide. As expected, ultraviolet rays are detrimental  
to the stability of beta-carotene (14). 

Reported stability studies on natural  carotene in 
various oils demonstrated the effects of these oils on 
the carotene. Af te r  37 weeks of storage in the dark 
at 0 to 5~ the carotene content of the oil solutions 
showed a 14% loss in cottonseed oil, 23% loss in apri- 
cot kernel oil, 25% loss in olive oil, and 30% loss in 
sunflower seed oil. Variations in the acid number, 
oxidation number, and iodine value of the oils used 
did not affect the loss of carotene (15). However 
mixtures of carotene (beta and alpha) when stored 
with crude, refined, or hydrogenated peanut  oils at 
37~ indicated highest loss of carotene in refined 

o i l  and lowest loss in hydrogenated oil (13). This 
experiment suggested that  the loss was catalyzed by 
peroxides contributed from the oil fraction. Again 
acid values and iodine number  variations had no 
effect on the carotene stability. Ear l ier  work (5) on 
this problem indicated that  refined cottonseed oil was 
a superior solvent for carotene at 4~ This s tudy 
concluded that, although the acidity of the oil may 
influence the stability, it is not necessarily a major  
factor. Carotene losses were higher in corn oil with 
an acid number of 0.2 than in coconut oil with an 
acid number of 19.0; however carotene losses were 
highest in wheat germ oil having an acid number 
of 40. 

Various forms of carotenes have been tested in our 
laboratories for  stability under  various conditions. 
During recent years the so-called batch-size cans con- 
taining sufficient color and vitamin A for one batch 
of margarine have become increasingly popular. The 
greatest demand for these colors in oil comes from 
the margarine industry,  and stability studies were  
conducted on these mixtures. Synthetic beta-carotene, 
natural  beta-carotene, natural  beta-carotene (contain- 
ing approximately 12% xanthophylls,  62% beta-caro- 
tene, and 26% alpha-carotene), and a mixture of 
ethyl bixin and the natural  beta-carotene containing 
xanthophytls  and alpha-carotene were each mixed 
with preformed vitamin A and suspended in cotton- 
seed oil in batch-size proportions. The mixture of 
natural  beta-carotene and ethyl b~xin was prepared 
to provide a specific color balance in finished marga- 
rine: These samples were stored under  air and nitro- 
gen atmospheres at 37~ and 4~ to determine the 
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color stability of these mixtures. This s tudy showed 
that  natural  beta-carotene and the mixture of na tura l  
beta-carotene and xanthophylls  were stable. Results 
with synthetic beta-carotene are shown in Figure  4. 

All of these coloring compounds when stored with 
the usual precautions (refr igerat ion and sealed pack- 
ages) are relatively stable. All mixtures showed the 
best stability of carotene when stored under  nitrogen 
at 4~ Losses of 3 to 10% of the color af ter  six 
months '  storage are not highly significant, consider- 
ing an inherent error  of 1 to 5% in the assay. 

Coloring Suspensions in Margarine. The stability 
of the color in the consumer product  is of prime im- 
portance to the margarine manufac turer  since he is 
responsible for  the saleability and consumer accep- 
tance of his product.  Margarines were colored with 
ethyl bixin, with beta-carotene (natural  or synthetic) ,  
and with a mixture  of natural  beta-carotene (contain- 
ing xanthophylls  and alpha-carotene) and ethyl bixin 
to the usual t inctorial  level. These products were 
fortified with 15,000 U.S.P.  units of vitamin A per 
pound. The margarine samples were held at 140~ 
for  six hours;  the samples were emulsified, cooled, 
recrystallized, and stored at 70~ for  stability stud- 
ies. The temperature  and holding time were selected 
to simulate the extreme limits reported in the indus- 
t ry.  A margarine sample containing equal parts  of 

I00 FD & r Yellow 3 and 4 ~ te.e 

,~ 85 

so ~ 

STORAGE. MONTHS 

FIG. 6. Color retention (expressed as percentage of initial 
optical density = 1.00) of margarines colored with ethyl bixin, 
natural beta-carotene, synthetic beta-carotene and a mixture 
of natural beta-carotene and ethyl bixin during storage. 
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0,95 

Ethyl  Dlgtn 

Natura l  B e t a * C a r o t e n e  
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SXORAGE DAYS 

FIG. 7. Color retention of margarines colored with ethyl 
bixin, natural beta-carotene, and FD&C Yellows 3 and 4 dur- 
ing exposure to daylight. 

F D  & C Yellows 3 and 4 was used as a known stability 
standard. 

F igure  6 shows that  all samples had good color 
stability, and there was 98% retention of vitamin A 
af ter  storage for six months. Melnick et al. (12) 
reported good stability of vitamin A and natural  
beta-carotene in margarine under  storage at 74~ 
for  one month. 

Ultraviolet Decomposition. The ultraviolet compo- 
nent  in daylight produces oxidation in fats, oils, and 
vegetable colors. Color fade tests were made by using 
quarter-pound prints  of commercially colored mar- 
garine (natural  beta-carotene, F D & C Yellows 3 and 
4, and ethyl bixin) and were exposed to daylight. 
These tests a t tempted to simulate household condi- 
tions. Previous studies (10) of margarine colored 
with beta-carotene indicated good carotene and vita- 
min A stability under  these conditions. 

F igure  7 shows relatively no loss of color in mar- 
garines colored wi th  natura l  beta-carotene, FD&C 
Yellows 3 and 4, or ethyl bixin af ter  10 days of ex- 
posure to daylight. All samples had a slight surface 
darkening, approximately 1/s in. deep. 

To determine if p H  was the cause of darkening, 
commercial margarines colored with a mixture of 
natural  beta-carotene and ethyl bixin and with FD&C 
Yellows 3 and 4 were tested. A similar darkening 
effect occurred in margarines with p i t  ranging from 
4.5 to 6.5, confirming work by Anti la  (2). 

The problem of surface darkening in colored mar- 
garines is ra ther  prevalent  throughout  the industry.  
Previous investigations (1, 8) have suggested this 
effect may be caused by surface dehydration,  result- 
ing f rom permeabili ty of packing materials, by a 
preponderance of hardened oils, by crystallization in 
the container, and by excessive working of the crys- 
talline product.  

Margarines, commercially prepared and colored 
with F D & C Yellows 3 and 4 or with a mixture of 
na tura l  beta-carotene and ethyl bixin, were stored 
at 80~ in darkening studies. The prints  were 
wrapped in parchment  in an accelerated temperature  
study. 

Each month surface scrapings of 1/s in. f rom t h e  
prints  were melted, and optical densities were deter- 
mined on the oil f ract ion to measure any variation in 

c o l o r  or shift in peak wavelength. No variations in 
optical density were detected; however a visual sur- 
face color darkening occurred on all prints. Com- 
parisons were made on cut and uncut  surfaces. The 
over-all color was appreciably darker  in all pr ints ;  
however no off-colors, such as green or red tints, were 
detected when the pr ints  were compared against con- 
trols stored at - -20~ 

Deep-Fat Frying: Oils. Our laboratories studied 
the stability of color in f a t t y  products exposed to 
high heats. Highly colored popping oils and hydro- 
genated fats are used not only for  the production of 
edible and nutr i t ious food but  also for  aesthetic color 
which they impart  to the products  in which they are 
used. Various colors were added to liquid oils and 
hydrogenated fats, and the stabilities of these colors 
were evaluated under  normal use conditions. 

Samples of cottonseed oil were colored to 20 Red 
Lovibond, using synthetic beta-carotene, ethyl bixin, 
and FD&C Yellows 3 and 4. These colored oils 
were used to pop popcorn under  normal household 
conditions. Results showed synthetic beta-carotene at 
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30 rag. per pound of oil and ethyl bixin did not 
survive the high-heat and moisture conditions en- 
countered in the popping operation. The desired 
yellow color usually associated with popcorn was not 
achieved. When the level was raised to 60 rag. of 
beta-carotene per pound of oil, the popcorn had a 
color about that  of the sample prepared using FD&C 
Yellows 3 and 4. With  a level of 75 rag. of beta- 
carotene per pound of oil fu r the r  increase in color 
intensity was obtained while a level of 120 rag. of 
beta-carotene per pound of oil yielded a very  good 
butter-yellow color. 

Samples of cottonseed oil colored with synthetic 
beta-carotene or ethyl bixin also were studied, using 
an oil colored with F D & C  Yellows 3 and 4 as a con- 
trol. The oils were heated to 365~ (usual deep-fat 
f ry ing  temperature)  and were held at this tempera- 
ture for  10 min. The results of these tests (Figure  
8) indicate again that  all colors except FD&C Yel- 
lows 3 and 4 isomerize and decolorize at these high 
temperatures.  

1 .20  

~0.90 

0.60 

0 .3o  

~o ~ ~ Y| 3 ~n~ 4 

at  ~6s o F .  

FIG. 8. C o l o r  r e t e n t i o n  o f  c o t t o n s e e d  o i t s  c o l o r e d  w i t h  e t h y l  
b i x i n ,  s y n t h e t i c  beta-carotene,  a n d  F D & C  Y e l l o w s  3 a n d  4 
h e a t e d  a t  3 6 5 ~  f o r  10  ra in .  

Deep-Fat Frying: Shortening. Samples of hydro- 
genated shortening composed of a mixture of soya 
bean and cottonseed oils were colored with synthetic 
beta-carotene, ethyl bixin, and FD&C Yellows 3 and 
4. These samples were held at 375~ for one hour 
to simulate the extremes of household, deep-fat fry-  
ing practices. F igure  9 shows the instability of ethyl 
bixin and synthetic beta-carotene as coloring agents 
in f ry ing  fats. 

Shortening. Although baking operations involve 
rather  high temperatures,  the car ry-over  of color 
when using carotenoid-colored shortenings was quite 
good. Silver layer cakes were used because this recipe 
does not include egg yolks, thus eliminating one pos- 

1,50 

1.20 

0.9r e 

r, 
~ 0.6l 

o. 3( 

�9 FD & C Yellow 3 and �9 

SYnthetic Be ta  -Carotene  

1 Hoar 
at  37~ o F ,  

FIG. 9. C o l o r  r e t e n t i o n  o f  h y d r o g e n a t e d  s h o r t e n i n g s  c o l o r e d  
w i t h  e t h y l  b i x i n ,  s y n t h e t i c  beta-carotene, a n d  F D & C  Y e l l o w s  
3 a n d  4 h e a t e d  a t  3 7 5 ~  f o r  one  h o u r .  

sible color variation. The cakes were baked at 350~ 
for 25 min., and cut surfaces were visually examined 
and Compared with a control cake prepared with the 
same recipe using uncolored shortening. Color carry- 
over was excellent when beta-carotene or ethyl bixin 
was used to color the shortening. Similar results have 
been reported by Fellers (7).  

Summary 
Vegetable oil suspensions of ethyl bixin and beta- 

carotene, to which vitamin A may be added, have 
excellent stability and are readily adaptable for use 
in coloring margarine and other f a t ty  food products. 
Based on normal finished product  turnover  these 
colorants maintain adequate stability. In  f ry ing  fats 
and popcorn oils only FD&C Yellows 3 and 4 are 
completely stable. 
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