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Individual Lipids and  Proximate Analysis of Various Foods. 
4. Commercial Cake Mixes 

Theodore S. Rudolf, Willard D. Hubbard,* David R. Newkirk, and Alan J. Sheppard 

Commercially prepared cake mixes were purchased from several supermarkets. Samples were analyzed 
for water, protein, total fat, ash, fatty acids, sterols, and &,&-methylene interrupted polyunsaturated 
triglycerides. The data indicate that in the process of making cake mixes the manufacturer used either 
vegetable oil alone or a mixture of animal and vegetable fat. Animal fat alone was not used in the mixes 
tested. The amount of total fat ranged from 8.2 to 15.3 g/100 g of product and the cholesterol from 
0 to 22 mg/100 g of product. 

Many consumers now use commercially prepared cake 
mixes. Therefore, information concerning the content of 
cholesterol and saturated vs. polyunsaturated fatty acids 
would be helpful to the consumer in the selection of these 
mixes. Some consumers may add a small amount of fat 
or oil to enhance flavor or texture and/or use milk instead 
of the water which is specified in the instructions. 
However, these additions probably would not significantly 
alter the quantity of sterols or fatty acids found in the cake 
mixes as prepared by the manufacturer. 

Division of Nutrition, Food and Drug Administration, 
Washington, D.C. 20204. 

MATERIAL AND METHODS 
Eighteen cake mixes were selected from seven different 

brands for the analyses. The brands were: Betty Crocker, 
Duncan Hines, Mrs. Wright’s, Giant Food, Grand Union, 
Ann Page, and Washington. The following types of cake 
mixes were included in the study: yellow (No’s. 2, 5, 7 ,  9, 
13, 14, and 161, white (No’s. 4, 11, and 181, chocolate (No’s. 
1, 6, 8, 10, 12, 15, and 17), and spice (No. 3). 

The samples were homogenized in a Waring blender 
using chloroform-methanol extractant (2:1, v:v), as pre- 
viously described by Sheppard et  al. (1974). The fatty 
acids were esterified using boron trifluoride-methanol 
according to the Association of Official Analytical Chemists 
(AOAC, 1975) procedure as modified by Solomon et  al. 

This article not subject to US. Copyright. Published 1978 by the American Chemical Society 



Lipid Analysis of Cake Mixes 

Table I. Fatty Acid and cis, cis-Methylene Interrupted Polyunsaturated Fatty Acid Content (g/100 g of Product) 
of Commercial Cake Mixesa 
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Fatty acid methyl esters Cake cis,cis- 
mix C12 C14 C14: l  C16 C16: l  C18 C18: l  C18:2 C18:3 Trilinolein 

1 N D ~  0.3 
2 ND 0.3 
3 0.4 0.2 
4 ND 0.1 
5 ND Tr 
6 ND Tr 
7 0.2 0.3 
8 ND 0.3 
9 ND 0.3 

10 ND 0.2 
11 0.1 Tr 
1 2  0.1 Tr 
1 3  0.1 Tr  
1 4  Tr 0.2 
1 5  0.1 0.1 
1 6  Tr 0.1 
17  Tr 0.1 
1.8 Tr 0.2 

a Average of duplicate analyses. 

ND 2.6 ND 2.3 3.9 0.5 ND 
ND 2.5 ND 2.1 3.8 0.5 TrC 
ND 1.0 ND 1 .3  3.8 0.8 ND 
ND 1.0 ND 1.2 3.9 0.9 ND 
ND 1.0 ND 0.8 6.0 1.7 Tr  
ND 1.7 ND 1.3 9.2 2.5 0.1 
ND 2.2 ND 1.9 3.3 0.3 Tr 
ND 2.5 ND 2.2 3.8 0.4 ND 
ND 2.4 ND 2.0 3.6 0.5 Tr  
ND 2.3 ND 2.2 3.5 0.4 ND 
ND 1.3 ND 1.2 3.1 1.7 0.2 
ND 1.3 ND 1.4 2.9 1.5 0.2 
ND 1.2 ND 1.2 2.6 1.4 0.1 
Tr 2.0 0.2 2.1 2.9 1.0 0.1 
ND 1.3 Tr 1.6 3.3 0.9 ND 
Tr 1.5 0.2 1 .5  2.0 0.5 0.1 
ND 1 .6  0.1 1.7 2.2 0.8 0.1 
Tr  1.6 0.2 1.4 2.3 0.7 0.1 

ND = none detected. Trace = <0.1 g / lOO g of product. 

Table 11. Proximate Analysis and Sterol Content of Commercial Cake Mixesa 

0.5 
0.6 
0.8 
0.6 
1.7 
2.6 
0.5 
0.5 
0.5 
0.5 
2.1 
1.8 
1.8 
1.0 
0.6 
0.8 
0.7 
0.7 

Proximate analysis, g/100 g of product Sterol, mg/lOO g of product 
Cake Total Choles- Campes- Stigma- Sito- 
mix Water Protein Ash fat terol terol sterol sterol 

1 3.9 4.6 3.5 11.3 11 
2 3.4 4.1 2.2 10.8 1 2  
3 3.9 4.5 2.6 9.2 1 
4 3.9 5.0 1 .8  8.6 ND 
5 4.6 5.2 1 .4  10.1 ND 
6 3.4 5.2 1.6 15.3 ND 
7 
8 
9 

1 0  
11 
1 2  
1 3  
14  
1 5  
1 6  
17  
18 

3.6 
3.7 
3.0 
3.3 
4.3 
3.9 
3.8 
3.7 
3.2 
4.7 
3.9 
4.2 

4.1 
4.7 
4.2 
4.8 
4.0 
4.7 
3.9 
4.0 
4.7 
4.0 
4.6 
4.0 

2.3 
3.2 
2.2 
3.7 
2.0 
2.5 
2.1 
2.2 
2.6 
2.1 
2.4 
2.2 

9.7 
11.7 
10.3 

9.6 
10.8 

9.5 
8.8 

11.8 
10.2 

8.2 
8.5 
8.7 

8 
1 2  
10 
10  
ND 
ND 
ND 
22 
ND 
14 
20 
20 

a Average of duplicate analyses. Conversion factor for Drotein is 6.25. 
g of product. 

(1974). A method described by Sheppard et al. (1974) was 
used to prepare the butyrate derivatives for sterol analysis. 
Official methods of AOAC (1975) were used for the 
proximate analysis. Methods described by Sheppard et  
al. (1974) were used for the lipoxidase analyses. 

RESULTS AND DISCUSSION 
Tables I and I1 present average values of duplicate 

analyses for each cake mix as purchased from the su- 
permarket. (Data are given in g/100 g of product; a serving 
size is one-seventh of an 8-in. diameter cake, approximately 
70 g.) Seven of the cake mixes contained only plant sterols, 
indicating that only vegetable oils were used in their 
manufacture. The remaining cake mixes contained both 
cholesterol and plant sterols, confirming the presence of 
both animal and vegetable fats. No product contained 
cholesterol alone. This demonstrates that none of the cake 
mixes was made solely with animal fat. Some cake mixes 
require the addition of one or two eggs. This would, of 
course, increase the cholesterol content of the cakes sig- 
nificantly. 

There was no appreciable variation in the results of the 
analyses; therefore, we conclude that not only the types 

2 
3 
7 
8 
7 
8 
2 
2 
3 
2 

1 8  
17  

NDC 
ND 

4 
5 
4 
5 

ND 
ND 
ND 
ND 
1 7  
16  

10  
9 

16  
16  
1 8  
1 9  

9 
10  
10  

9 
29 
27 

1 6  15  26 
1 3  ND 20 
16  Trd 25 
13  ND 22 
1 4  ND 21 
1 5  14  20 

ND = none detected. Trace = <0.1 g / lOO 

of cakes within brands but also the different brands are 
made with approximately the same formulation. 

Polyunsaturated fatty acids determined by using gas- 
liquid chromatography compared closely with those ob- 
tained by the lipoxidase method. The largest deviation 
between results from the two methods was 0.3 g/100 g, 
which is within experimental error; this indicates that both 
the trans and conjugated fatty acid content were below the 
detectable level in the products examined. 

The fatty acids and proximate analysis data obtained 
in this study agree with those in the U S .  Department of 
Agriculture Handbook No. 8 (Watt and Merrill, 1963). 
However, Handbook No. 8 does not provide cholesterol or 
other sterol data for cake mixes. The present study 
provides information for use by nutritionists, dietitians, 
and medical personnel in designing diets for specialized 
applications. 
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Iron Absorption by Rats from Nonprescription Dietary Iron Supplements 

Phyllis E. Johnson* and Gary W. Evans 

Absorption of iron from seven nonprescription dietary iron supplements was measured in both iron-replete 
and iron-depleted rats by use of the extrinsic label technique. Both ferrous and ferric forms of the 
radioactive extrinsic tracer iron were used; the iron was in the form of 59FeS04, 59FeC13, or f e r r ~ u s - ~ ~ F e  
gluconate. Of six products tested with both ferrous and ferric labels, significant differences in absorption 
measured by the two different labels were found for three products. This suggests that there is incomplete 
exchange between the intrinsic and extrinsic iron pools. Iron-deficient animals absorbed significantly 
more iron than iron replete animals when the ferrous label was used in both experiments. Although 
iron-replete animals discriminate among iron sources, absorption is always less than in iron-deficient 
animals. The results with iron deficient animals show the true bioavailability of the iron. The use of 
the extrinsic label may not always be valid when the metal in question can exist in more than one oxidation 
state. 

The absorption of iron from various food products has 
been estimated by use of an extrinsic radioactive iron 
tracer (Bjorn-Rasmussen et  al., 1972, 1973; Bjorn-Ras- 
mussen, 1973; Monsen, 1974). The extrinsic iron exchanges 
with the intrinsic non-heme iron of the food and can thus 
be used to determine absorption. However, much of the 
iron in some foods, especially breads and cereals, is present 
as inorganic iron which is added as fortification, rather 
than being biosynthetically incorporated into the food. 
The use of supplementary iron salts in tablet form is 
widespread. We wished to examine the use of the extrinsic 
label method to measure absorption of such inorganic iron 
which is not necessarily in the same chemical form as the 
radioactive tracer. We chose to examine iron absorption 
from a number of over-the-counter dietary iron supple- 
ments that contained iron in various forms and varying 
amounts of vitamins, other minerals, binders, sweeteners, 
and alcohol. Absorption was measured in iron replete rats 
with the use of radioactive tracers in both the ferrous and 
ferric state and in iron-deficient animals with the use of 
a ferrous label. 
MATERIALS AND METHODS 

Iron supplements were purchased from local super- 
markets and drug stores. Solubility of the iron in the 
nonliquid iron supplements was measured in HC1 and in 
water. One tablet of a supplement was placed in 25 mL 
of 1.5 M HCl and shaken at  37 “C for 18 h. Disintegration 
of the tablets was checked a t  5-minute intervals for 1 h, 
at  2 h and at  18 h. After 18 h, any large particles remaining 
were pulverized. One hour later the solutions were filtered, 
and iron was determined by atomic absorption. We 

Human Nutrition Laboratory, U.S. Department of 
Agriculture, Science and Education Administration, 
University Station, Grand Forks, North Dakota 58201. 

calculated the percent solubility using the iron content per 
tablet given on the label as the 100% value. Solubility of 
the iron in water was determined by grinding the tablets 
with a mortar and pestle, quantitatively transferring the 
powder to a graduated cylinder, and mixing it with a 
known amount of water for 20 min. The iron in solution 
was measured by atomic absorption spectrophotometry 
and the percent solubility was calculated as for the HC1 
solutions. 

To  determine whether ferrous iron had been oxidized, 
solid samples were ground and mixed with water as in the 
solubility tests. Liquid samples were diluted with water 
to appropriate concentrations for analysis. Total iron was 
determined using 1,lO-phenanthroline (Sandell, 1944) with 
hydroxylamine hydrochloride as a reducing agent. Ferrous 
iron was determined using 1,lO-phenanthroline in assay 
mixtures without addition of hydroxylamine hydrochloride. 
Ferric iron was determined by difference. 

The f e r r ~ u s - ~ ~ F e  gluconate was prepared from jgFeSO4 
(ICN Pharmaceuticals, Inc., Chemical and Radioisotope 
Division). Dowex-1 anion-exchange resin, chloride form 
(Sigma Chemical Co.) was washed with 1 N NaOH until 
the addition of AgN03 to the wash showed no further 
elution of chloride ion. It was then washed with water until 
pH <9 and with 1 N gluconic acid until pH <2. I t  was 
rinsed with water until pH >4 before the sample was 
applied. A column 2 cm tall was packed in the lower 
portion of a Pasteur pipet. Approximately 50 pg of 59Fe 
as FeS04 was applied to the column and eluted with 0.05 
M gluconic acid. To check that the iron was eluted as 
ferrous gluconate, a larger column (1 X 13.5 cm) was 
prepared and 0.14 g of FeSO4.7H2O in 0.5 mL of H20 was 
applied and eluted in the same manner. The iron in the 
effluent gave a positive test for ferrous ion with potassium 
ferricyanide. A test for sulfate ion with 5% BaCl, was 
negative. 
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