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ABSTRACT: The total trans fatty acid content of 18 food prod- 
ucts was determined, after acid hydrolysis, extraction and 
methylation of fatty acids, by gas chromatography with a polar 
100% cyanopropylsiloxane capillary column and by single- 
bounce horizontal attenuated total reflection spectroscopy 
(SB-HATR). The trans fatty acid methyl esters (FAME) of 9-hexa- 
decenoate (9t-I 6:1 ), 9-octadecenoate (9t-I 8:1 ), and 9,12-oc- 
tadecadienoate (9t,12t-18:2) were identified by comparison of 
their retention times with those of known standards and quanti- 
tated. The isomers c,t- and t,c-18:2 were identified from their 
published retention times and included in the quantitation of 
trans FAME. Neat 50-1aL portions of the FAME that were used 
for gas-chromatographic analysis also were analyzed by 
SB-HATR. This technique requires neither weighing nor quanti- 
tative dilution of test portions prior to spectroscopic quantita- 
tion of isolated double bonds of trans configuration. A symmet- 
ric 966-cm -] absorption band on a horizontal background was 
obtained from unhydrogenated soybean oil FAME as the refer- 
ence material. For 9 of 11 products with trans fat content >5% 
of total fat, results obtained by SB-HATR were higher than those 
obtained by gas chromatography. Results obtained by the gas- 
chromatographic procedure were slightly to significantly higher 
than those obtained by SB-HATR for the six foods in which trans 
fat content was <5% of total fat. 
JAOCS 73, 1699-I 705 (I 996). 

KEY WORDS: Attenuated total reflection infrared spec- 
troscopy, capillary-column gas chromatography, trans fatty 
acids. 

Under Food and Drug Administration (FDA) regulations to 
implement the Nutrition Labeling and Education Act of 1990 
(NLEA), food labels are required to list fat and saturated fat 
content. The new labeling regulations define "fat" or "total 
fat" as total lipid fatty acids (FA) expressed as triacylglycerol 
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(TG). Food-label declarations of total fat must be expressed as 
the amount of TG that would provide the analytically mea- 
sured amount of total lipid FA in the food (1). Partially hydro- 
genated fats, which are ingredients in a wide variety of foods, 
contain t rans  isomers of unsaturated FA. Regulations to im- 
plement the NLEA do not permit t rans  FA labeling. Currently, 
t rans  fats are included in the definition of total fat but are not 
included in definitions of mono- and polyunsaturated FA. 

Trans  isomers have been reported to raise serum levels of 
low-density lipoprotein cholesterol (2,3). Judd et  al. (3) re- 
cently reported that, compared with oleic acid, the t rans  FA 
18:1 raised low-density lipoprotein cholesterol, although 
somewhat less than do saturates. Recent epidemiologic and 
clinical studies suggest that intake of t rans  FA may be a risk 
factor for cardiovascular disease (4,5). The Center for Sci- 
ence in the Public Interest (CSPI) petitioned FDA in 1994 to 
include t rans  fatty acids as part of saturated FA content for 
nutrition labeling, and the Malaysian Palm Oil Promotion 
Council (MPOPC) has also requested such labeling (6). 
MPOPC has requested separate labeling of t rans  fats, rather 
than inclusion of t rans  fat with saturated fat. The agency is 
currently reviewing these petitions. 

Continuing interest in issues of fat labeling and discussions 
of the nutritional significance of t rans  fatty acids have 
prompted efforts to optimize methods for determining t rans  F A  

in foods. Several methods are available for determining total 
t rans  content of oils by infrared (IR) spectroscopy. The IR de- 
termination measures the unique C-H out-of-plane deforma- 
tion absorption at 966 cm -1 for analytes that contain isolated 
t rans  double bonds after quantitatively dissolving the analytes 
in carbon disulfide, a volatile and toxic solvent. Usually, the 
t rans  band overlaps with other features in the IR spectrum and 
leads to a strongly sloping background that reduces the accu- 
racy of the quantitation, especially at t rans  levels near and 
below 2-5%. Although many changes, ranging from minor re- 
finements to major modifications, have been proposed, none 
has been fully satisfactory (7). Recently, an attenuated total re- 
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flection procedure was proposed (7). The capacity of the liquid 
cell used was about 1.5 mL. We investigated the potential util- 
ity of single-bounce horizontal attenuated total reflection 
(SB-HATR) spectroscopy because of the small test portion re- 
quirements (50 laL) and rapidity of analysis. 

We report for 18 food products the results of a comparison 
of analysis of trans fatty acid methyl esters (FAME) by capil- 
lary gas chromatography (GC) with a polar 100% cyano- 
propylsiloxane stationary phase vs. determinations by 
SB-HATR spectroscopy (8,9). Use of the novel SB-HATR 
technique requires only about 50-taL test portions of neat con- 
centrated FAME. It eliminates the need to weigh test portions 
and to quantitatively dilute them in solvent. The problem of 
severely sloping background was overcome by "ratioing" the 
single-beam spectrum of the FAME mixture under analysis 
against that of an unhydrogenated soybean oil FAME (7), thus 
exhibiting a symmetric trans IR band on a horizontal back- 
ground. 

MATERIALS AND METHODS 

Preparation of food samples. Eighteen food products were 
purchased locally. Total fat contents (calculated from label 
declarations) were <4% to about 30% (w/w). Products in- 
cluded breakfast foods, meat-containing products, meal-type 
products, snack foods, and infant formula powder. Foods 
were composited in a dual-speed blender and stored in tightly 
sealed glass containers. Composites were stored refrigerated 
or frozen as appropriate for the individual food item. All 
products were extracted and analyzed before their labeled ex- 
piration dates. 

Fatty acid standards. A mixture of FAME in n-heptane 
was purchased from Matreya, Inc. (Pleasant Gap, PA) (No. 
4210). Standards included the following FAME: octanoate, 
8:0; decanoate, 10:0; dodecanoate, 12:0; tridecanoate, 13:0; 
tetradecanoate, 14:0; 9-tetradecenoate, 14:1; pentadecanoate, 
15:0; hexadecanoate, 16:0; 9-hexadecenoate, 16:1 ; heptade- 
canoate, 17:0, octadecanoate, 18:0; 9-octadecenoate (elai- 
date) 18:1 t; 9-octadecenoate (oleate), 18:1; 9,12-octadeca- 
dienoate, 18:2; eicosanoate, 20:0; 9,12,15-octadecatrienoate, 
18:3; 1 l-eicosenoate, 20:1; docosanoate, 22:0; and 13-do- 
cosenoate, 22:1. Reference standards that consisted of mix- 
tures of cis and trans methyl esters of known composition, 
e.g., quantitative mixture no. K110 (#19050, Alltech Associ- 
ates, Inc., Deerfield, IL) and gas-liquid chromatography 
(GLC)-426 (Nu-Chek-Prep, Inc., Elysian, MN), were also 
used. Mixture GLC-426 contained methyl esters of fatty acids 
6:0 to 24:0. Quantitative mixture no. K110 Consisted of hexa- 
decanoate, 16:0; cis-9-hexadecenoate, 16:1c; trans-9-hexade- 
cenoate, 16:1t; octadecanoate, 18:0; trans-9-octadecenoate, 
18:1 t; cis-9-12-octadecadienoate, 18:2cc; and trans-9,12-oc- 
tadecadienoate, 18:2tt. Tridecanoin was used as an internal 
standard. 

Acid hydrolysis. The method was modified from that de- 
scribed by Ngeh-Ngwainbi and Lin (10) for their collabora- 
tive study and has been described in detail (11,12). About 2 g 

of the flesh (undried) food composite was weighed to 0.0001 
g into a test tube (20 x 150 ram), wetted with absolute ethanol 
(2 mL), and 1 mL tridecanoin internal standard (5.0 mg/mL) 
was added. The digestion test tube was swirled to moisten all 
particles of the material to prevent lumping with the addition 
of the acid. Then, l 0 mL of 6 N HC1 solution was added, and 
the tube was capped. Digestion was carried out for 40 min in 
an 80~ water bath with the tubes held in a shaker attachment 
set at 60 cycles/rain. Immediately after removal from the 
water bath, l0 mL of absolute ethanol was added, and the di- 
gestate was mixed on a vortex mixer. The digestate was 
cooled and quantitatively transferred to a 250:mL separatory 
funnel. The digestion tube was rinsed sequentially with di- 
ethyl ether and petroleum ether, and the rinses were added to 
the digestate. The digestate was then extracted with 100 mL 
of a mixture of equal parts of diethyl ether and petroleum 
ether. The aqueous layer was extracted twice more with 60 
mL of the diethyl ether-petroleum ether mixture. The ether 
layer was drawn through a filter, consisting of a pledget of 
fat-free cotton or glass wool covered with anhydrous sodium 
sulfate (approximately 25 g), into a 125-mL flat-bottom flask 
(preweighed), which contained boiling chips. The ether was 
evaporated slowly to near-dryness on a steam table under a 
stream of dry nitrogen in a ventilated hood. 

Preparation of FAME. FAME were prepared as described 
in AOAC method 969.33 (13,14) as follows: Methanolic 
NaOH solution and a boiling chip were added to the extracted 
fat. The flask was attached to a water-cooled condenser and 
refluxed for 10 min. Ten mL of BF 3 reagent was added 
through the condenser, and refluxing was continued for 2 min. 
Ten mL of n-heptane was added through the top of the con- 
denser, and reflux was continued for an additional 1 min. The 
flask was removed from the heat and allowed to cool to am- 
bient temperature. Five to seven mL of saturated salt solution 
was added to the flask to float the fatty acid esters in n-hep- 
tane. One mL of the upper layer, containing FAME in n-hep- 
tane, was transferred to a gas chromatography (GC) vial, and 
1 laL was injected into the GC. 

GC of FAME. GC was performed in a Shimadzu GC-14A 
chromatograph, equipped with a flame-ionization detector 
(FID) and a Shimadzu CR501 Chromatopac integrator (Shi- 
madzu Scientific Instruments, Inc., Columbia, MD). The 
method was described by Ngeh-Ngwainbi and Lin (10) who 
used a nonbonded 90% cyanopropyl, 10% phenyl siloxane 
capillary column, 30 m x 0.25 mm i.d., 0.2 lam film and the 
following temperature program: initial temperature, 120~ 
(hold 4 min); rate, 5.0~ final temperature 230~ final 
time, 5.0 min. However, we obtained better separation of iso- 
mers in our food samples by using a flexible fused-silica cap- 
illary column (100 m x 0.25 mm i.d., 0.20 lum film thickness; 
Supelco, Inc., Bellefonte, PA) and the following temperature 
program: initial temperature, 175~ (hold 14 min); then pro- 
grammed to 185~ at a rate of 5.0~ and held at this final 
temperature for 50 min. Using this column and temperature 
program, we obtained better resolution in the complex 18:1 
and 18:2 regions. The detector and injector port temperatures 
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were 225~ Helium was used as the carrier gas; linear veloc- 
ity, 23 cm/s at 175~ and nitrogen was used at 40 mL/min as 
the make-up gas to the FID. 

GC standardization~calibration. The calibration procedure 
used in the method described in this report required correc- 
tion response factors for each FAME based on elution of an 
external FAME standard mixture (Matreya No. 4210). The re- 
sponse factors (Ri)  for each FA were calculated as shown 
below, except that for any unknown or uncalibrated peak, the 
nearest calibrated FA response factors and conversion factors 
were used to calculate total, saturated, and tmsaturated fat 
(10). 

R i = Ai XWtl3:~ [1] 
AI3:0 x wti 

where R i = response factor for FA i, A i = peak area of the in- 
dividual FAME i in the standard, Wtl3:0 = weight of 13:0 
FAME in the standard, A13:0 = peak area of 13:0 FAME in the 
standard, and wt i = weight of individual FAME i in the stan- 
dard. 

GC calculations. The amount of each FA, Fi, in each test 
sample (as the corresponding methyl ester) was calculated ac- 
cording to the following equation: 

F i = Ai • wt13:0 [2] 
AI3:0 Ri 

where A i = peak area of the individual FAME i in the sample, 
wt13:0 = weight of 13:0 standard (ISTD) in the sample, Aci3:0 
= peak area of 13:0 standard (ISTD) in the sample, and R i = 
response factor. 

The amount of each FA, Fi, TG, in each sample (as the cor- 
responding TG) was calculated according to the following 
equation: 

Fi, TG = (F i x CFTGi) [3] 

where CFTG i is the factor for conversion of FAME to their 
corresponding TO (10). 

The amount of each FA, Fi, FA , in each sample (as the cor- 
responding FA) was calculated according to the following 
equation: 

Fi, FA = (F i X CFFAi) [4] 

where CFFA i is a factor calculated as follows: CFFA i = (mo- 
lecular weight free FA/)/(molecular weight FAME i). 

The amount of total fat (sum of all FA) in each test sam- 
ple, expressed as TG, was calculated according to the follow- 
ing equation: 

% total fat = ~"Fi'TC x 100 [5] 
Wtsample 

The amount of monounsaturated fat (sum of cis and/or 
trans FA) in the test sample as the corresponding FA was cal- 
culated individually according to the following equation: 

% monounsaturated fat = y~ monounsaturated Fi,FA X 100 [6] 
Wtsample 

The amount of polyunsaturated fat can be calculated in an 
analogous manner. Total unsaturated fat is calculated by sum- 
ming contributions from mono- and polyunsaturated FA. 

The trans FAME 9-hexadecenoate (9t-16:1), 9-octade- 
cenoate (9t- 18:1), and 9,12-octadecadienoate (9t, 12t- 18:2) 
were identified by comparison of their retention times with 
those of known standards and quantitated. The isomers c,t- 
and t,c-18:2 were identified from their published retention 
times on an SP-2560 column (Supelco, Inc.) under the fol- 
lowing experimental conditions: column temperature pro- 
grammed at rate of l~ from 125-175~ and held at 
175~ for 25 min; detector and injector temperatures, 235 and 
225~ respectively (15). They were included in the quantita- 
tion of trans FAME. 

SB-HATR spectroscopy. An FTS-60A Fourier transform 
infrared spectrometer (Bio-Rad, Digilab Division, Cam- 
bridge, MA), consisting of an SPC 3200 workstation with the 
IDRIS TM operating system and an optical console, was used. 
The optical bench included a Michelson interferometer with 
a quality air bearing, a potassium bromide (KBr) substrate 
beam splitter, and a DTGS detector. A Spectra-Tech (Shelton, 
CT) SB-HATR cell that requires about 50-pL test sample was 
used. This accessory contains a zinc selenide (ZnSe) crystal 
for high throughput sampling. It is pre-aligned in the factory, 
pre-attached to its baseplate that attaches to the floor of the 
Fourier transform infrared spectrometer sample compartment. 
Mounting holes and pegs in the baseplate ensure its proper 
positioning and alignment. 

SB-HATR procedure. Neat test samples (50 pL) of the 
FAME, prepared as described above, were placed without 
weighing on the horizontal (face-up) ZnSe sampling surface 
of the SB-HATR cell. For quantitative work, it is necessary 
for the test sample to cover all of the horizontal surface of the 
ZnSe crystal. Sixty-four scans were collected at 4 cm -l reso- 
lution. After a measurement was made, the surface of the 
crystal was cleaned by gently wiping it with a soft material to 
avoid scratching it. 

SB-HATR calibration and quantitation. SB-HATR quanti- 
tation was based on the measurement of the integrated area 
under the 966-cm -I absorption band between 990 and 945 
cm -l (7). A calibration plot of "area" vs. "percentage" trans 
isomers of octadecenoate was generated for reference mix- 
tures in the range of 0.592-54.15% ME in methyl oleate 
(MO). Refined, bleached, deodorized soybean oil was used as 
the reference background material. The regression line pa- 
rameters for the trans standards were 0.0021 (intercept) and 
0.0186 (slope). The correlation coefficient (R) was 0.99957. 
For test samples, the percentage trans was calculated from 
the area of the observed absorption band at 966 cm -l and the 
linear regression equation that describes the calibration plot. 
The lower limit of quantitation was about 1%. 

RESULTS AND DISCUSSION 

The ability of the "ratioing" procedure (7), coupled with the SB- 
HATR technique to measure ME, was tested by adding known 

JAOCS, Vol. 73, no. 12 (1996) 



1702 

TABLE 1 
Quantitation of Methyl  Elaidate (18:1 t) in Esterified Canola Oil 
by SB-HATR a 

L.H. ALl 

Methyl Canola Methyl elaidate Measured 

elaidate oil Calculated Measured (% 
(g) (g) (%) (%) of calculated) 

0.0079 1.0725 0.73 0.65 89.3 
0.0067 0.7092 0.94 0.87 93.0 
0.0234 0.9891 2.31 2.22 96.1 
0.0234 0.7098 3.19 3.10 97.2 
0.0238 0.4211 5.35 5.34 99.8 
0.0216 0.2099 9.33 9.36 100.3 
0.0250 0.1334 15.78 14.85 94.1 
0.0424 0.0710 37.39 36.28 97.0 
0.0690 0.0595 53.70 52.32 97.4 

aMixtures of methyl elaidate in canola oil were prepared by adding weighed 
amounts of methyl elaidate (trans 18:1 ) to methylated canola oil. Results of 
single-bounce horizontal attenuated total reflectance spectroscopy 
(SB-HATR) measurements of total trans fatty acids in the mixtures were com- 
pared to calculated values. Mean _+ SD for nine determinations was 96.0 -+ 
3.4%. 

amounts of ME to canola oil FAME and quantifying ME in the 
resultant mixtures (Table 1). In this experiment, the single-beam 
spectra of these mixtures were "ratioed" against the single-beam 
spectrum of canola oil FAME (reference material). The trans 

content of canola oil FAME (1.06%) did not affect the quantita- 
tion of ME in these mixtures. Recovery of ME, measured in 
nine such mixtures, was 96.0 _+ 3.4% (mean _+ SD). 

Transfat ty  acids in foods. Figure 1 represents the chro- 
matogram obtained for FAME prepared from breaded fish ill- 

ETAL. 

lets. Total fat content of the breaded fish fillets was 11%. 
Peaks of interest are identified according to the chainlength 
and number of double bonds present. Although the cis and 
trans 18:1 isomers in the food were not completely resolved, 
baseline resolution on the SP-2560 column was routinely 
achieved for mixtures of ME and MO as well as for other 
pairs of geometric isomers. This observation is in agreement 
with results of Ratnayake and Beare-Rogers (16). 

The results of analysis of 18 food products by the two tech- 
niques are shown in Table 2, with the food products listed in 
order of increasing total fat content. Total fat content of the 
products, calculated from the results of GC determinations of 
FA content, ranged from about 3 to 30%. Total trans fat con- 
tent determined by GC or calculated from SB-HATR values 
of trans fat as percentage of total fat ranged from about 1 to 
130 mg/g in the samples. Trans fat content, as percentage of 
total fat, ranged from less than 4 to more than 40% in the 
products. 

The trans isomers of 9-hexadecenoate (9t-16:1), 9-octade- 
cenoate (9t- 18:1 ), and 9,12-octadecadienoate (9t, 12t- 18:2) 
FAME were quantitated by GC in this study. These FA were 
present in foods at levels of (mg/g) 0.06 to 0.59 (9t-16:1); 
0.96 to 105.85 (9t:18:1); and 0.06 to 3.38 (9t,12t-18:2) (data 
not shown). 

In Table 3, the 18 food products are listed in order of in- 
creasing trans fat content, expressed as percentage of total 
fat. The percentage relative differences in results obtained by 
the two methods were calculated as follows: 

% = G C -  S B - H A T R  x 100  [7]  

SB-HATR 

t -  
O 
O_ 

r r  

I I I I 

6 16 

8 

14 
13 ~[15 

1l 104 IIA 

24 

17 23~ 
187 2o 22111 2s 

I I I 
15 20 25 30 35 40 

Retention time (min) 

FIG. 1. The C16 , C18 , and C20 regions of the gas chromatogram of fatty acid methyl esters prepared from breaded 
fish fillets that contained 11% total fat. Analysis was performed on an SP-2560 flexible fused-silica capil lary col- 
umn (100 m x 0.25 mm i.d.). Numbers correspond to: 1, 16:0; 2, 16:1 c; 3, 17:0; 4, 18:0; 5, 18:1 t; 6-8, 18:1 c [based 
on (14)]; 9, 18:1A12c; 10, 18:1A13c; 11, ?; 12, 18:2tt; 13, 14, 15, 18:2ct/tc; 16, 18:2A9c,12c; 17, 18:2A9c,15c; 18, 
?; 19, 20:0; 21,22, ?; 23, 20:1; 24, 18:3A9c,12c,15c; 25, 22:0. 
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TABLE 2 
Comparison of Values for Total trans Fatty Acids in Food Products, Determined by GC and SB~ Procedures 

1703 

Trans fat, mg/g b Trans fat, % of total fat b 

Total fat a SB-HATR d GC c 
Food product (%) GC c (calc) (calc) SS-HATR d 

1 Fat-free margarine 2.63 _+ 0.03 0.40 _+ 0.08 0.16 1.52 (0.63) 
2 Chicken pie 3.41 _+ 0.04 8.68 _+ 0.04 9.00 25.45 26.42 
3 Turkey gravy dressing meal 3.61 + 0 . 1 6  5.39_+0.39 6.49 13.92 1 7 . 9 7 + 0 . 2 6  
4 Beef raviol i  with sauce 3.77 -+ 0.11 1.88 _+ 0.23 1.32 4.96 3.49 -+ 0.21 
5 Chil i macaroni 4.21 -+0.10 1.61 _+0.11 1.19 3.82 2 .82-+0.50  
6 Cheese crackers 4.29 -+ 0.06 5.48 -+ 0.09 6.43 12.76 14.98 -+ 0.13 
7 Cereal with raisins 4.83 _+ 0.39 7.26 _+ 0.48 8.86 15.02 18.34 + 1.70 
8 Breaded fish fillets 11.20-+1.23 18.61 -+1.98 16.41 16.62 14.66_+0.53 
9 Taco dinner 11.55 _+ 0.98 34.32 _+ 1.53 38.29 29.72 33.15 _+ 0.56 

10 Chil i wi thout  beans 12.15 _+ 0.28 7.19 _+ 0.78 7.72 5.92 6.36 _+ 0.43 
11 Toddler formula 16.48 _+ 1.63 3.14 -+ 0.13 1.22 1.91 (0.74) 
12 Peanut butter cookies 21.53 _+ 0.72 3.64 _+ 0.36 1.47 1.69 (0.68) 
13 Crackers 21.53 _+ 0.97 30.44 +_ 1.23 31.19 14.14 14.49 -+ 0.04 
14 Blue cheese dressing 22.06-+0.92 12.07_+0.72 11.71 5.47 5.31 _+0.02 
15 Biscotti 23.44 -+ 0.44 7.36 -+ 1.08 5.63 3.14 2.40 -+ 0.59 
16 Peanut butter cracker sandwich 29.47 _+ 0.61 48.49 _+ 0.95 52.77 16.45 17.91 -+ 0.01 
17 Chicken f lavored crackers 30.55 _+ 0.90 131.2 _+ 1.70 132.65 42.89 43.42 -+ 1.03 
18 Chocolate bar with almonds 35.77 _+ 4.18 n.d. N/A N/A n.d. 

aTotal fat (%) was determined from gas chromatography (GC) analyses. 
bTrans fat is expressed as mg/g of the food product and as percentage of total fat in the products. Abbreviations: n.d., not 
detected; N/A, not applicable. 
CFor GC analysis: Values for total fat and trans fat determined by GC are means _+ standard deviations (SD) of two indepen- 
dent determinations. Mean values for trans fat as percentage of total fat were calculated from GC measurements. 
dFor SB-HATR analysis: With four exceptions, values for trans fat determined by SB-HATR as percentage of total fat are 
means + SD of two measurements on one of the two samples prepared for GC analysis. A single measurement was made 
on samples of fat-free margarine, chicken pie, formula, and peanut butter and grape cookies. Mean values for trans fat ex- 
pressed as mg/g product were calculated from SB-HATR measurements. Values in parentheses are below the lower limit of 
about 1% for quantitation by SB-HATR. 

The greatest relative differences between results obtained 
by the two methods were found for products in which t r a n s  

FA represented less than 5% of the total fat (e.g., fat-free mar- 
garine (product 1), peanut butter and grape cookies (peanut 
butter cookies; product 12), biscotti (product 15); chili maca- 
roni (product 5), and beef ravioli with meat sauce (beef ravi- 
oli with sauce, product 4). For these products, results obtained 
by the GC procedure were significantly higher than those ob- 
tained by the SB-HATR procedure. For 9 of 11 products with 
t rans  fat content greater than 5% of total fat, results obtained 
by SB-HATR were higher than those obtained by GC. 

For the IR procedure, it is desirable to use a reference 
background material that is as close as possible in composi- 
tion to that of the hydrogenated oil under analysis. Ideally, the 
corresponding unhydrogenated oil should be used. It is also 
important that such reference materials contain no t rans  dou- 
ble bonds. Bleaching and deodorization of vegetable oil un- 
avoidably produce low yet measurable levels of t rans  species. 
In practice, it is recommended that an appropriate reference 
material that contains the lowest possible level of t rans  

species be used. Palm or olive oils with relatively low levels 
of polyunsaturation may meet this criterion. However, their 
FA compositions are quite different from those of soybean or 
corn oils, which are much more commonly used in processed 
foods. 

Identification of a single reference material that is appro- 

priate for the analysis of all types of foods is difficult if not 
impossible because the exact composition of source oils (soy- 
bean, sunflower, palm, canola, cottonseed, safflower, etc.) 
used for hydrogenation and their relative proportions in 
processed food products will not be known and will differ sig- 
nificantly among different types of food products. 

The refined, bleached, deodorized soybean oil used as the 
reference background material in this study contained about 
0.5% t rans  fat as determined by capillary GC (7). The pres- 
ence of this level of t rans  fat in the background reference ma- 
terial may account for the lower t r a n s  values found by SB- 
HATR, relative to GC, for the food products in which t rans  

fatty acids represented less than 5% of the total fat (Table 3). 
The lower limit of quantitation by SB-HATR is about 1%. 

Another inherent source of error in the quantitation of total 
t rans  content by SB-HATR derives from the fact that all iso- 
lated t rans  double bonds in food products are assumed to be 
due to t rans  isomers of octadecenoate. However, the absorp- 
tivities of monounsaturated, diunsaturated, and other polyun- 
saturated t rans  species are different (17). Although most t rans  

FA in hydrogenated fats are monoenes, important quantities 
of t rans  dienes are also found and may be responsible for 
some of the observed discrepancies between SB-HATR and 
GC values. The extent of such deviations will depend on the 
relative proportions of t rans  polyunsaturated to monounsatu- 
rated FA present in the foods under analysis. 
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TABLE 3 
Relative Differences Between Total trans Fatty Acid Content of 18 
Food Products Determined by GC and SB-HATR Procedures 

GC SB-HATR b Relative 
(trans fat, (trans fat, difference c 

Food product a % of total fat) % of total fat) (%) 

Chocolate bar with almonds 0 0 N/A 
Fat-free margarine 1.52 (0.63) N/A 
Peanut butter cookies 1.69 (0.68) N/A 
Toddler formula 1.91 (0.74) N/A 

B iscotti 3.14 2.40 +30.83 
Chili macaroni 3.82 2.82 +35.46 
Beef ravioli with sauce 4.96 3.49 +42.12 

Blue cheese dressing 5.47 5.31 +3.01 
Chili without beans 5.92 6.36 -6.92 
Cheese crackers 12.76 14.98 -14.82 
Crackers 14.14 14.49 -2.42 
Turkey gravy dressing meal 14.92 17.97 -16.97 
Cereal with raisins 15.02 18.34 -18.10 
Peanut butter cracker 

sandwich 16.45 ~/7.91 -8.15 
Breaded fish fillets 16.46 14.66 +I 2.28 
Chicken pie 25.45 26.42 -3.67 
Taco dinner 29.72 33.15 -10.35 
Chicken flavored crackers 42.89 43.42 - I  .22 

aFood products are listed in order of increasing trans fat content expressed as 
percentage of total fat. The percentage relative differences in results obtained 
by the two methods were calculated from the trans fat results as follows: % 
= I I(GC)- (SB-HATR)/(SB-HATR)I x 100}. 
z, Because the lower limit of quantitation by SB-HATR is about t%, the val- 
ues in parentheses are listed for comparative purposes only. Relative differ- 
ences between results obtained by the two methods for such products were 
>140%. See Tables 1 and 2 (or abbreviations. 
~The large relative differences between methods found in products with trans 
levels below 5"/o may be due in part to the fact that the reference background 
material used in the SB-HATR procedure contains about 0.5% trans fat. This 
decreased SB-HATR measurements by about 0.5% and had the greatest 
impact on products with the lowest trans fat concentrations. N/A = not ap- 
plicable. 

Because of the numerous positional isomers present in par- 
tially hydrogenated vegetable oils, a satisfactory separation 
of 1 8 : l - t r a n s  isomers ( t rans  isomers of octadecenoate) as a 
group from the cis  isomers is not feasible on any capillary 
column. For example, Molkentin and Precht (18) reported 
that, with use of a 100-m CP-Sil column (Chrompack), the 
18:l-t isomers with A values up to 12 were separated from the 
18: l-c isomers, but the 18:1 -t isomers with high A values (i.e., 
A13-AI6) overlapped with the cis  isomers (18). Because of 
this overlap, the direct GC method underestimates total 18: l-t 
isomers in favor of the cis  isomers (19,20). At lower levels of 
t rans  (near 1%), GC may be more accurate than SB-HATR or 
ATR for quantitation of total t rans  FA. This is in agreement 
with observations of Mossoba et  aL (7). 

Numerous geometric and positional FA isomers are found 
in the majority of food products tested. Satisfactory separa- 
tion of all t rans  from cis  isomers, particularly in the 18:1 re- 
gion of the gas chromatogram, was not possible. Because of 
this overlap, the GC method underestimates total t-I 8:1 in 
favor of the cis  isomers. This could explain some of the 
differences between measurements obtained by the SB-HATR 

and GC procedures, particularly at high t rans  levels, be- 
cause all of the isolated t rans  double bonds gave rise to the 
966-cm -1 band (7). 

The SB-HATR procedure offers several advantages over 
the GC procedure. The analysis time is short: about 5 min are 
needed for the spectroscopic measurement, band area integra- 
tion, and calculation of the t rans  content from a linear regres- 
sion equation. Small quantiaties of test samples (about 50 pL) 
are required. The need for weighing and quantitatively dilut- 
ing test samples with solvent is eliminated with SB-HATR. 
However, because of the issues discussed above, additional 
studies with a wider range of food types are needed to deter- 
mine the applicability of this novel and rapid technique to the 
routine analysis of t rans  FA in foods, particularly at low t rans  

levels. Alternatively, a more limited number of different food 
types could be used to investigate the two methods if a vali- 
dated reference method (i.e., silver-ion LC-GC) were avail- 
able to provide "true" values of t rans  fat for comparative pur- 
poses. 
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