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 Most packaged food products must contain trans-fat labelling; however unpackaged snacks 
such as cookies, donuts, and muffins at supermarkets, gas station convenience stores, and 
bakeries often do not have or require nutrition fact labels. Hence, consumers are not aware of 
the trans-fat content in unpackaged food products. It is well-known within the health and 
scientific community that diets high in trans-fat can lead to a host of health problems, namely 
coronary heart disease (CHD).  The purpose of this study is to conduct a preliminary study of 
the trans-fat content in unpackaged baked goods, particularly unpackaged glazed donuts.  To 
accomplish our objective, we determined the % trans-fat in oil extracted from glazed donuts 
obtained from several supermarkets, gas stations and bakeries across Northwest, Indiana. 
Variable Filter Array (VFA) IR spectroscopy was used to assess the trans-fat content of oil 
extracted from food samples.  In this paper, we present our preliminary findings. 
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1. Introduction     

      A trans-fat (Fig. 1) is a fat molecule containing one or more unsaturated fatty acids in the trans 
configuration. Although trace amounts may be found in milk and meat products, unhealthy levels of 
trans-fats are generated industrially in fats and oils during a process called hydrogenation.  
Hydrogenation is a process that transforms unsaturated liquid vegetable oil into a partially 
hydrogenated semisolid fat that has an increased oxidative stability and shelf life1.  Studies have shown 
that diets that are high in industrially generated trans-fats raise "bad cholesterol” also known as low-
density lipoprotein (LDL), decrease high-density lipoprotein (HDL) and increase the risk of strokes 
and coronary heart disease (CHD).  Sudden death, adiposity, type 2 diabetes, obesity, and other chronic 
illnesses have also been linked to trans-fat consumption2-4.  Americans intake an average of 5.8 grams 
of trans-fat a day and according to the American Heart Association, and an intake of just 5 grams of 
trans-fat a day is linked to a 25 percent increase in the risk of ischemic heart disease5-7.   Hence, the 
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American Heart Association recommends limiting the amount of dietary trans-fat consumption to less 
than 2 grams a day8.   
 

 
 

 
       In 2003 the U.S. Food and Drug Administration (Food and Drug Administration 2003) required 
that “…trans fatty acids be declared in the nutrition label of conventional foods and dietary 
supplements” to help consumers make healthy dietary choices5.  In November of 2013, the FDA 
published the following notice: “…partially hydrogenated oils (PHOs), which are the primary dietary 
source of industrially-produced trans fatty acids, or trans-fat, are not generally recognized as safe…”9.  
Although U.S. health officials are very close to completely eliminating trans-fat from the American 
diet; presently there are no federal regulations of trans-fat labelling for unpackaged food products2-4.  
New York City, Boston (Massachusetts), Chicago (Illinois), Albany County of New York, King County 
of Washington, Colorado, Philadelphia, and California have all adopted some form of legislation that 
regulate, limits, or bans the use of industrially produced trans-fats10-13. In some cases, the regulations 
do not apply to baked goods, such as donuts. 
 
       In a previous study, our lab developed a method for rapid VFA-IR spectroscopic analysis of trans-
fat in neat oil samples extracted from fast food French fries14.  The purpose of this study is to conduct 
a preliminary analysis of trans-fat content in unpackaged baked goods, particularly unpackaged glazed 
donuts. The donuts were purchased from supermarkets, gas stations, and bakeries in northwest Indiana. 
When possible, we compared our findings with the percent trans-fat found in restaurant literature 
(nutrition fact table).   
 
       Rapid VFA-IR spectroscopy is used to determine the total isolated trans-fatty acids in oil samples 
extracted from LJS’s food items14-19. This type of IR analysis is based on a C-H “out-of-plane” 
deformation that is characteristic of all compounds containing an isolated trans double bond 
configuration. The trans configuration results in a unique IR absorbance band at 966 cm-1 and the 
intensity of this absorption band can be used to determine trans-fat content in a variety of fat samples16.    

2. Results and Discussion 
 
       We have chosen not to associate the data in our study with the corresponding establishments; 
therefore all establishments in our results (data tables, graphs, and charts), discussion and conclusion 
will be identified by the numbers 1 through 15. Table 1 and Fig. 2 show the experimental mean (and 
standard deviation from mean) of three trials (two trials for Establishments 3 and 8) of the %trans-fat 
and %fat in oil extracted from glazed donuts. The mean values for donut oil purchased from 
Establishments 3 and 8 were the averages of Trials 2 and 3. In Trial 1 (April), oil extractions from 
donuts purchased from Establishment 3 contained 41.0% trans-fat and by Trial 2 and 3 (June and July) 
no trans-fat was detected.  The oil extraction from donuts purchased from Establishment 8 on the other 
hand, went from 4.0% in Trial 1 to over 30.0% by Trial 2.  The drastic differences seen in Trial 1 
compared to Trials 2 and 3 may be due to a difference in method of preparation, specifically the type 
of oil or fat used. 
 

(cis/trans configurations) formula of fat A   1. .Fig 
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       Three out of the 15 locations studied had donut nutrition fact tables (trans-fat information) 
available for consumer viewing: Establishment 5 (26.7%), Establishment 14 (0.0%) and Establishment 
15 (0.0%).  Establishment 5 reported 26.67% compared to our findings of 30.7% ± 3.2; and 
Establishments 14 and 15 reported 0.0%, which is in agreement with our findings.  All other locations, 
Establishments 1 – 8, 10, 11 and 13 had no information available for comparison.   The average percent 
of trans-fat found in donut oil extracts were over 30% for the following locations of donut purchase: 
Establishment 10 (40.5 ± 4.5), Establishment 9 (39.1 ± 5.3), Establishment 6 (36.5 ± 2.2), 
Establishment 12 (36.5 ± 2.4), Establishment 13 (35.2 ± 1.0), Establishment 5 (30.7 ± 3.2), and 
Establishment 8 (37.6 ± 4.8).  Statistically, Establishments 1, 2, 4, 7, 11, 14, and 15 had no significant 
or no detectable levels of trans-fat (Table 1).   
 
       The total percent fat in each donut sample was also obtained; however there were no restaurant 
literature available for comparison.  Donuts purchased from Establishments 1 – 4, 7, 11, 14 and 15 
contained less than 4.0% fat. Donuts purchased from all other location had a fat content between 30.0 
and 40.0%.  
 
Table 1.  A comparison of the experimental and literature values for %trans-fat and %fat in oil 
extracted from glazed donuts purchased from select establishments across Northwest Indiana. For all 
locations, except Establishments 3 and 8, the mean value of three trials is shown.  *The mean value for 
Establishments 3 and 8 were the averages of Trials 2 and 3  

Establishments 
%Trans-fat in Glazed Donuts %Trans-fat 

Experimental 
Mean (n = 3) 

%Fat 
Experimental 
Mean (n = 3) 

Trial 1 
(April) 

Trial 2 
(June) 

Trial 3 
(July) 

Establishment 1 1.0 0.0 1.34 0.8 ± 0.7 14.1 ± 2.7 
Establishment 2 3.0 0.6 0.35 1.3 ± 1.5 12.2 ± 0.6 
Establishment 3* 41.0 0.8 0.0 0.4 ± 0.5 12.3 ± 1.2 
Establishment 4 0.0 0.7 0.83 0.5 ± 0.5 15.0 ± 1.1 
Establishment 5 29.0 34.4 28.8 30.7 ± 3.2 14.7 ± 4.5 
Establishment 6 34.0 38.0 37.6 36.5 ± 2.2 16.9 ± 1.7 
Establishment 7 3.0 0.00 0.0 1.0 ± 1.7 18.9 ± 3.5 
Establishment 8* 4.0 34.26 41.0 37.6 ± 4.8 16.9 ± 9.8 
Establishment 9 33.0 41.2 43.0 39.1 ± 5.3 12.3 ± 1.6 

Establishment 10 35.0 42.6 43.8 40.5 ± 4.5 14.6 ± 2.5 
Establishment 11 3.0 1.6 0.8 1.8 ± 2.4 17.1 ± 0.5 
Establishment 12 39.0 34.3 36.2 36.5 ± 2.4 15.5 ± 1.2 
Establishment 13 35.2 36.0 32.8 35.2 ± 1.0 15.4 ± 1.6 
Establishment 14 7.0 0.2 1.31 2.8 ± 3.6 23.4 ± 1.7 
Establishment 15 5.0 4.0 2.6 3.9 ± 0.0 13.6 ± 0.8 

 

 

Fig. 2. %Trans-fat and %fat values for donuts purchased from supermarkets, convenience stores, and 
bakeries in Northwest Indiana.  Each establishment is identified by the numbers 1 – 15 in order to 
disassociate the data from the corresponding establishment 
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3. Conclusions  
 

        Based on the results of our study, there is a considerable amount of trans-fat in unpackaged glazed 
donuts purchased from bakeries, convenience stores and supermarkets across Northwest Indiana.  In 
most cases, the nutrition fact tables were not even available for consumer review.  There are no U.S. 
federal regulations governing the labeling of unpackaged baked goods; hence establishments are not 
obligated to provide the trans-fat content in their baked goods.   We propose that there is a need for 
federal regulation of trans-fat labelling of unpackaged baked foods so that consumers are able to make 
healthy and informed choices regarding the purchase of unpackaged food products.  Lastly, it should be 
noted that the results presented in this preliminary study should be approached with some caution since 
a recent study found that other constituents in edible oils can interfere with the absorption band at 966 
cm-1, specifically at trans-fat levels below 2% of total fat21.  Future studies are needed to confirm that 
our adopted methodology gives reliable results.   
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4. Experimental 
 
4.1. Materials and Methods. A detailed method for fat extraction and trans-fat analysis is described in 
a previous paper14; however a brief description is given here.   

 
4.2. Fat Extractions. Donuts were purchased from 15 different grocery, bakery, and/or convenience 
store locations within cities of Northwest Indiana (Michigan City, South Bend, Valparaiso, and 
Westville). Glazed donuts were purchased at approximately the same time of day from the following 
locations:   Al’s Supermarket (Michigan City), BP gas station (Westville), Casey’s (Westville), Chuck’s 
Bakery (Valparaiso), Dunkin Donuts (Michigan City), Family Express (Michigan City), Gas City 
(Michigan City),  
Jewel (Michigan City), Kroger (South Bend), Martin’s Supermarket (South Bend), Meijer (Michigan 
City), Speedway (Michigan City), Town & Country (Valparaiso), Walmart (Michigan City), and 
Wiseway (Valparaiso). 
 
For all locations, three trials were done over a period of three months in 2010.  Trial 1 was done in 
April, Trial 2 in June, and Trial 3 in July.  Fat extractions and trans-fat analysis were performed within 
24 hours of each purchase.  The total fat content was determined using an extraction method described 
by Jenkins, et al.14.  For each experiment, one whole donut was homogenized in ligroine (petroleum 
ether) using a stainless steel blender. The solvent was decanted into a large evaporating dish and the 
extraction was repeated three times in order to maximize fat extraction.  The oil extracts were pooled 
into one large evaporating dish and the solvent was evaporated over low heat (60⁰C)14-19 on a hot plate.  
Solvent evaporation over low heat had little to no effect on our trans-fat data and results14.  All oil 
extracts were stored in dark containers at -20°C until IR analysis.  See previous study for detail 
methodology14-16. 
 
4.3 VFA-IR Trans-fat Analysis. Trielaidin (trans-fat standard) and triolein (cis-fat standard) were 
purchased from Nu-Check-Prep, Elysian, MN. Triolein is an oleic acid triglyceride containing only cis 
double bonds, and trielaidin is an elaidic acid triglyceride containing only trans double bonds.  Eight 
trans-fat calibration standards were prepared by mixing trielaiden and triolein to give percentages of 
trans-fat between one and 50% by mass.  The standards were used to calibrate the Wilk’s InfraSpec 
Variable Filter Array (VFA) IR spectrometer, which was used to determine the total isolated trans fatty 
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acid in all neat oil extracts14,17.  VFA-IR  trans-fat  analysis can only be applied  to oils and fats with 
trans-fat  levels equal  to  or  greater  than  about  1.0%. 
 
Previous papers have described methods of rapid trans-fat analysis using various IR spectroscopic 
techniques14,17-20.  Unlike most FTIR spectrometers, the Wilk’s InfraSpec VFA-IR represents a new 
concept in mid-IR instrumentation.  The instrument has no moving parts, an insignificant optical air 
path, weighs about 0.450 kg and is a portable instrument that can be used in the field for onsite %trans-
fat analysis. The Wilk’s InfraSpec VFA-IR is equipped with custom software that allows for multiple 
calibrations and data storage.  Prior to trans-fat analysis of oil extracts, calibration tables were created 
and stored in the InfraSpec VFA-IR software; then using approximately 100 ul of a neat oil sample, 
trans-fat content was determined in less than one minute17.  
 
The trans-fat absorption bands of standards and samples occurred at 956 cm-1 instead of 966 cm-1 which 
was within the was 25 cm-1 resolution of the InfraSpec VFA-IR instrument.  The area under the 956 
cm-1 absorbance band was integrated between the limits of 990 and 945 cm-1 (Figure 3).  Triolein (cis 
fatty acid standard) was used as the background spectrum for all VFA-IR18-20. Figure 3 shows the VFA-
IR absorbance spectra of the eight trans-fat standards and oil samples extracted from the donuts.  The 
calibration of curve of the percent trans-fat versus peak area (945 – 990 cm-1) of the standards yielded 
a linear equation of y = 4.77 x 10-5 x + 1.23 x 10-4, R2 = 0.990414.  This calibration was stored in the 
instrument as the calibration for all trans-fat analyses. 
 

 
 

Fig. 3. VFA-IR Absorption Spectra of donut oil extractions (A) and Standards (B). The calibration of 
curve of the percent trans-fat versus peak area (945–990 cm-1) of the standards (not shown) yielded a 
linear equation of y = 4.77 x 10-5 x + 1.23 x 10-4, R2 = 0.9904.  
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