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ABSTRACT 

Samples of corn beef hash, frozen turkey pie, fro- 
zen beef pie, and beef stew were extracted by eight 
methods. Methyl esters of the fatty acids contained in 
the extracted fat residue were prepared with BF 3- 
methanol reagent and measured quantitatively by gas 
liquid chromatography. A 4N HC1 digest followed by 
ethyl ether extraction was the most effective extrac- 
tion method. Total lipid extracted, fatty acid distri- 
bution, and triglyceride recovery were the primary 
evaluation criteria. Recovery studies were carried out 
on eight different foods ranging from high meat con- 
tent to pure vegetable shortening. 

I NTRODUCTION 

A series of proposals relating to labeling of foods with 
information on fat composition has been published in the 
Federal Register (1-2) in recognition of the desire and need 
of many consumers for such nutrit ional information. This 
information might help persons to make changes in their 
diet which could have potential health benefits. 

In view of the forthcoming requirements for product 
labeling (3), laboratories will require methods for deter- 
mining the fatty acid content of a wide variety of 
readily available foods. Over the years, a number of meth- 
ods has been published, each of which deals with the fatty 
acid analysis of a particular type of food or food product. 
Generally, the method performs quite well when applied to 
that product. 

This need for analytical methods and procedures to 
carry out the anticipated analytical requirements of the 
new regulation prompted us to undertake the current 
study. This study is the first of a series to develop method- 
ology that will fill the need of industrial and governmental 
laboratories to either comply with or enforce the recently 
published final regulation (3). 

The initial samples used in this study were selected for 
the anticipated difficulty of successfully extracting them. If 
an extraction method proved successful with these samples, 
it then was expected that the method probably would have 
wide applicability. The successful method then was sub- 
jected to additional testing on four other foods possessing 
widely different physical and chemical characteristics. For 
the purposes of the regulation, the method of choice should 
be widely applicable, simple, direct, reproducible, and capa- 
ble of handling a large number  of samples quickly. Eight 
methods, some of which are used widely, were selected for 
this evaluation study. 

PROCEDURES 

Materials 

The following commercial products were purchased off 
the shelf in local supermarkets: Libby's corned beef hash; 
Manor House frozen beef pie; Manor House frozen turkey 
pie; Dinty Moore canned stew; Skippy peanut butter; Mrs. 

1 Presented at the AOCS Meeting, New Orleans, May 1973. 
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Filbert's Golden Quarters margarine; and Heinz mayon- 
naise. A vegetable shortening that is distributed by the 
USDA as "A Section 416 Commodity for Distribution to 
Eligible Outlets" also was used. The first four products 
were utilized in the first experiment to screen out the least 
desirable methods and the latter four were used for further 
studies of the best method. 

Methods 

Sample preparation (.4): The first four products listed 
above were passed through a meat grinder and thoroughly 
mixed before sampling. 

Dry matter (B): Dry matter (DM) determinations were 
made in duplicate at 60 C and 26 in. vacuum. 

Extraction (C), method 1 (4): The Association of Ana- 
lytical Chemists' (AOAC) Continuous Extraction-Crude 
Ether Extract Method involves extracting the dried sample 
4 hr with anhydrous ethyl ether, using a thimble with po- 
rosity permitting rapid passage of ether. The extract then is 
dried, cooled, and weighed. 

Method 2 (5): This method originally was applied to 
liver samples. The sample is ground in 95% ethanol; diethyl 
ether is added to make Bloor's reagent, and the mixture is 
brought to a rolling boil on a magnetic stirring hot plate. 
The extract is filtered and the process repeated twice more. 
The combined solvents are removed on the steam bath. 

Method 2A: Same as Method 2 but with HC1 predigest as 
outlined under Method 3. Methanol was used in place of 
ethanol. 

Method 3 (6): This method was applied originally to 
sausage meat. The sample is digested with 4N HC1 for 30 
min at 60 C and then on a 90 C water bath for 30 min. The 
fat is extracted three times with ethyl ether; the combined 
extracts are washed with water; and the solvent is removed. 

Method 4 (7): The method involves digestion of the sam- 
ple in concentrated HC1 by boiling 1 hr. Methanol and CC14 
are added, and the fat is extracted into the CCI 4 layer by 
shaking. The CC14 layer is removed by distillation. 

Method 5 (8): In this method, the sample first is warmed 
in dilute NH4OH; then HC1 is added; and the mixture is 
boiled. After cooling, the mixture is transferred to a Mojon- 
nier flask where it is extracted first with ethyl ether and 
then with petroleum ether. The ether layer is drawn off and 
the solvent evaporated. 

Method 6 (9): The sample is homogenized with a 2:1 
chloroform-methanol mixture and filtered. The crude ex- 
tract is washed with water; the chloroform layer is sepa- 
rated; and the solvent is removed. 

Method 6A: Same as Method 6 but with HC1 predigest, 
as outlined under Method 3. 

The total lipid extract yield was determined for all ex- 
traction methods. 

Preparation of Methyl Esters 

The fat residues from the various methods were dis- 
solved in petroleum ether; the solutions were transferred to 
100 ml volumetric flasks and diluted to mark with petro- 
leum ether. Fatty acid methyl esters were prepared by the 
boron trifluoride method as outlined by the AOAC (10). 
Aliquots containing 350 mg lipid content were used. Dupli- 
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T A B L E  I 

T o t a l  Fa t  in F o o d s  as Pe r cen t  o f  S t a r t i n g  Mate r ia l  as R e c e i v e d  a 

E x t r a c t i o n  
m e t h o d  b H a s h  T u r k e y  pie Beef  pie S t e w  

1 7.9  9 .3  10 .3  3 .4  
2 15 .8  11.2  9 .6  4 .7  
3 12 .3  11.1 11 .8  4 .4  
4 13 .9  12 .2  13 .3  3 .5  
5 14 .2  12 .2  10.1 3.2 
6 11 .2  10 .7  12.1 3.7 
2 A  15.2  9 .3  11 .2  3 .6  
6 A  14 .4  10 .6  9 .2  2 .6  

a M e a n  o f  dup l i ca t e s .  

bSee  t e x t  f o r  d e s c r i p t i o n  o f  p a r t i c u l a r  m e t h o d .  

T A B L E  II 

F a t t y  A c i d  M e t h y l  Es te r s  ( g ) / 1 0 0  g S t e w  a 

E x t r a c t i o n  m e t h o d  b 
M e t h y l  
es ters  1 2 3 4 5 6 2 A  6 A  

1 4 : 0  
14:1  
16 :0  
16:1  
1 8 : 0  
18:1 
18 :2  
1 8 : 3  
2 0 : 0  

0 . I 0  0 . 0 8  0 .12  0 .08  0 . 1 0  0 . 1 0  0 . 1 0  0 . 0 8  
0 . 0 4  0 . 0 2  0 . 0 4  0 . 0 4  0 . 0 4  0 . 0 4  0 . 0 4  0 . 0 2  
0 . 6 0  0 .45  0 . 6 4  0 .54  0 . 5 8  0 .61  0 . 6 0  0 . 4 5  
0 . 0 9  0 . 0 7  0 . 1 0  0 , 0 7  0 . 0 9  0 . 1 0  0 , 0 9  0 . 0 6  
0 . 4 6  0 . 3 6  0 . 5 0  0 .41  0 . 4 6  0 . 4 7  0 . 4 7  0 , 3 6  
0 . 7 4  0 . 5 6  0 . 8 0  0 .59  0 .71  0 . 7 8  0 . 7 0  0 .51  
0 .21 0 .28  0 . 3 0  0 .23  0 . 2 8  0 . 3 0  0 .31  0 . 1 3  
0 . 0 6  0 . 0 8  0 . 1 4  0 .08  0 ,11 0 .12  0 . 0 9  0 .05  
Tr  c Tr  Tr  Tr  Tr  Tr  N o n e  d Tr  

a M e a n  o f  dup l i ca t e s .  

bSee  t e x t  fo r  d e s c r i p t i o n  o f  p a r t i c u l a r  m e t h o d .  

CTrace = less t h a n  2% ful l  scale  d e f l e c t i o n  on  gas l i qu id  c h r o m a t -  
o g r a p h i c  c h a r t .  

d N o t  d e t e c t e d .  

cates were used throughout the study, and, when solvents 
needed to be removed, a stream of nitrogen was used. The 
fatty acid methyl ester solutions were filtered into 10 ml 
volumetric flasks and diluted to the mark with n-hexane. 
Gas liquid chromatographic (GLC) analyses were performed 
directly on these solutions. Quantitative recoveries were a 
major problem with the AOAC method. It was found that 
350 mg or larger samples gave ca. 100% yields (11). 

GLC 

For GLC analyses, the following were used: a Barber- 
Colman 5000 instrument equipped with H 2 flame detector; 
6 ft x 4 mm Pyrex column packed with 15% ethylene 
glycol succinate; column, 182 C; detector, 252 C; injector, 
244 C; argon carrier gas, 14 psi; H 2 pressure, 20 psi; air 
pressure, 40 psi. These operating parameters fall within the 
general GLC conditions outlined by the AOAC (12). The 
calibration procedure used is not that prescribed by the 
AOAC, since the regulation calls for actual fatty acid wt, 
rather than percentage distribution. The gas chromatograph 
was calibrated by injecting four levels of a mixture of equal 
wt of 6 pure fatty acid methyl esters into the GLC and 
preparing standard curves in which /ag of methyl esters 
served as the abscissa and response in ram2 as the ordinate. 
Th~ extracts then were analyzed by GLC; the response was 
calculated (mm2); and the wt of the particular fatty acid 
ester was obtained directly from the individual fatty acid 
methyl ester calibration plots by reading the wt correspond- 
ing to peak area (response) from the graph. The amount of 
the individual fatty acid methyl esters then was calculated 
back to the total ether extract and finally to 100 g product. 
The volume of sample injected ranged from 1.9-3.0/aliter. 
Appropriate changes in attenuation were made to ensure 
good measurable peaks. Peak areas were calculated by the 
method of ht x wt at half the peak ht. 

T A B L E  I l i  

F a t t y  A c i d  M e t h y l  Es ters  ( g ) / 1 0 0  g B e e f  Pie a 

E x t r a c t i o n  m e t h o d  c 
M e t h y l  
es ters  b 1 2 3 4 5 6 2 A  6 A  

14 :0  0 . 1 7  0 .15  0 . 1 7  0 . 1 0  0 .17  0 . 1 9  0 . 1 7  0 . 1 3  
1 6 : 0  1 .68  1 .43  1 ,79  0 .95  1 .64  1 ,83  1 .48  1.31 
16:1  0 . 1 8  0 . 1 3  0 . 1 8  0 . 1 0  0 . 1 8  0 . 1 9  0 . 1 5  0 . 1 2  
1 8 : 0  1 .19  0 . 9 4  1 ,20  0 .71  1 .12  1 .25  1 .02  0 . 9 7  
18:1  2 . 4 3  1 .88  2 . 4 3  1 .25 2 .32  2 .55  1 .86  1 .66  
1 8 : 2  1 .26  1 .00  1 .25  0 . 6 4  1 .15 1.21 0 . 9 3  0 . 8 9  
2 0 : 0  Tr  d Tr  T r  Tr  Tr  Tr  T r  Tr  

a M e a n  o f  dup l i ca t e s .  
b N o  14:1  or  1 8 : 3  was  f o u n d  in a n y  o f  t he  samples .  

CSee t e x t  f o r  d e s c r i p t i o n  o f  p a r t i c u l a r  m e t h o d .  

d T r a c e  = less t h a n  2% ful l  scale  d e f l e c t i o n  on  gas l i qu id  c h r o m a t -  
o g r a p h i c  c h a r t .  

T A B L E  IV 

F a t t y  A c i d  M e t h y l  Es te r s  ( g ) / 1 0 0  g T u r k e y  Pie a 

E x t r a c t i o n  m e t h o d  c 
M e t h y l  
es ters  b 1 2 3 4 5 6 2 A  6 A  

1 4 : 0  0 . 0 8  0 , 1 5  0 , 1 3  0 . 0 8  0 . 1 2  0 . 1 5  0 , 1 0  0 . 1 3  
1 6 : 0  1.21 1 .86  1.71 1 .09  1 .49  1 .85  1 .19  1 .65  
16:1  0 . 1 3  0 . 1 8  0 .22  0 .12  0 . 1 8  0 . 1 5  0 . 1 6  0 . 1 6  
18 :0  0 . 9 0  1 .32 1.11 0 .81  0 . 9 7  1 .22  0 . 7 9  1 .09  
18:1  1 .66  2 . 0 0  2 . 4 4  1 .47  2 . 1 0  1 .92  1 .97 1 .90  
1 8 : 2  1 .05  0 . 6 6  1.31 0 .95  1 .18 0 .11  0 . 7 8  0 . 5 7  
1 8 : 3  0 .11  0 . 2 6  0 . 5 3  0 .09  0 .45  0 .11  0 . 1 7  0 . 2 0  
2 0 : 0  Tr  d 0 .02  Tr  Tr  Tr  T r  Tr  Tr  

a M e a n  o f  dup l i ca t e s .  

b N o  14:1  in a n y  o f  t h e  s a m p l e s .  

CSee t e x t  f o r  d e s c r i p t i o n  o f  p a r t i c u l a r  m e t h o d .  

d T r a c e  = less t h a n  2% ful l  scale  d e f l e c t i o n  on  gas l i q u i d  c h r o m a t -  
o g r a p h i c  c h a r t .  

T A B L E  V 

F a t t y  A c i d  M e t h y l  Es te r s  ( g ) / 1 0 0  g H a s h  a 

E x t r a c t i o n  m e t h o d  c 
M e t h y l  
es ters  b 1 2 3 4 5 6 2 A  6 A  

1 4 : 0  0 .31  0 . 3 3  0 . 5 0  0 .21  0 . 4 0  0 . 4 2  0 . 5 4  0 . 4 0  
14:1  0 . 0 8  0 . 1 3  0 . 1 7  0 . 0 8  0 .15  0 . 1 5  0 .21  0 . 1 3  
1 6 : 0  1 .88  1 .86  2 . 7 3  1 .15 2 , 1 9  2 . 3 2  2 . 8 9  2 . 1 9  
16:1  0 .22  0 . 3 6  0 .51  0 .22  0 . 4 0  0 .43  0 . 5 4  0 . 4 0  
1 8 : 0  1 .49  1 .32  1 .75  0 .79  1 .52  1 .57  1.81 1 .50  
18:1  2 . 0 6  2 . 6 0  3 ,94  1 .68  3 .10  3 .31 4 .21  3 .12  
18 :2  0 .05  0 . 7 7  0 .95  0 . 3 4  0 . 6 6  0 .85  1 .10  0 . 8 9  
1 8 : 3  0 . 0 8  0 . 3 2  0 .71  0 .21  0 . 5 7  0 . 3 9  0 . 4 8  0 . 4 4  

a M e a n  o f  d u p l i c a t e s .  

b N o  2 0 : 0  d e t e c t e d  in a n y  samples .  

CSee t e x t  f o r  d e s c r i p t i o n  o f  p a r t i c u l a r  m e t h o d .  

Lipoxidase 

The Canadian Food and Drug Directorate FA-59 method 
(13) was used to measure any change in the double bond 
configuration, i.e. trans- vs cis; during studies designed spe- 
cifically to determine the extraction effects, if any, of the 
extraction method of choice. 

RESULTS AND DISCUSSION 

The results for DM were as follows: hash 31.9%, turkey 
pie 17.3%, beef pie 39.0%, and stew 17.3%. 

A summary of the total fat extracted expressed as per- 
cent of the original starting material is presented in Table I 
for all methods on all foods. Method 1 yielded the lowest 
amount of total lipids of all methods for two foods (hash 
and turkey pie) and the third lowest for beef pie and stew. 
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TABLE VI 

Ranking of Methods: Fatty Acid Methyl Esters/100 g of Product 

Food Extraction method a 
product 1 2 3 4 5 6 2A 6A 

Stew 5 7 1 b 6 4 2 3 8 c 
Turkey pie 7 2 1 b 8 c 3 4 6 5 
Hash 7 c 6 2 8 c 4 3 I b 5 
Beef pie 3 6 2 8 c 4 lb  5 7 

aSee text for description of particular method. 
bSignificantly high at P<0.05. 
CToo low to be considered as part of the group, P<0.05. 

Me thods  2, 3, and  4 gave the  h ighes t  overal l  yields of  to t a l  
fa t .  

The  g f a t t y  acid m e t h y l  e s t e r ( s ) / 100  g food ,  as re la ted  to  
the  var ious e x t r a c t i o n  m e t h o d s ,  is s u m m a r i z e d  in Tables  
II-V. The  resul ts  in  these  tables  are a c u l m i n a t i o n  of  the  
var ious  effects  previous ly  e x a m i n e d  ind iv idua l ly ,  i.e. t o t a l  
fa t  e x t r a c t e d  and  t he  f a t t y  acid c o m p o s i t i o n  of  the  fat  
ex t r ac t  as a f fec ted  by  the  ex t r ac t i on .  I t  can  be readi ly  seen 
t h a t ,  of  the  e ight  e x t r a c t i o n  m e t h o d s ,  M e t h o d  3 cons i s ten t -  
ly gave the  second  h ighes t  values in  t he  a m o u n t s  o f  f a t t y  
acids f o u n d  for  beef  pie,  t u r k e y  pie, and  hash  ex t rac t s  and  
t he  highest  values for  s tew ex t rac t s .  M e t h o d  3 gave the  bes t  
overal l  p e r f o r m a n c e  in the  essent ia l  f a t t y  acid g roup ,  indi-  
ca t ing  t h a t  the  e x t r a c t i o n  was quan t i t a t i ve l y  super io r  and  
less damaging  to  the  18 :3  doub le  b o n d s  t h a n  the  o t h e r  
seven e x t r a c t i o n  sys tems .  

Table  VI p resen t s  the  r ank ing  of  the  var ious e x t r a c t i o n  
m e t h o d s  as re la ted  to  the  respect ive  f o o d  p roduc t s .  The  
m e t h o d s  are r a n k e d  w i th  the  m e t h o d  showing  t he  h ighes t  
recovery  of  f a t t y  acids as n u m b e r  1, e tc .  For  the  purposes  
o f  this  phase  o f  the  s tudy ,  the  a s s u m p t i o n  t ha t  the  h ighes t  
f a t t y  acid values are the  mos t  desirable  was a d o p t e d .  The  
r ank ing  and  d e t e r m i n a t i o n  of  out l ie rs  were p e r f o r m e d  by  
the  m e t h o d  o f  Y o u d e n  (14) .  M e t h o d  3 gave s ignif icant ly  
h igher  f a t t y  acid values for  s tew and  t u r k e y  t h a n  any  o t h e r  
m e t h o d .  M e t h o d  3 was r a n k e d  n u m b e r  2 for  the  r ema in ing  
foods.  No o t h e r  m e t h o d  e x h i b i t e d  the  overal l  sus ta ined 
r ank ing  values of  M e t h o d  3. 

Based u p o n  the  resul t s  discussed above ,  M e t h o d  3 ap- 
pea red  to  be the  m e t h o d  of  choice .  To f u r t h e r  evaluate  the  
m e t h o d ,  two  recovery  s tudies  us ing k n o w n  wt  of  t r ipa lmi-  
t in  and  t r i l ino le in  were c o n d u c t e d .  K n o w n  a m o u n t s  o f  each  
t r iglycer ide were a d d e d  to  weighed samples  o f  the  above 
indiv idual  foods  plus four  add i t i ona l  foods  and  ex t r ac t ed  
by  M e t h o d  3. Con t ro l s  were indiv idual  f o o d  samples  of  the  
same size wi th  n o  a d d e d  t r iglycer ides .  The  recover ies  were 
d e t e r m i n e d  gravimetr ica l ly .  The  resul ts  of  the  t w o  recov- 
e ry  s tudies  are summarized in  Table  VII .  The  recoveries  
were exce l len t  b o t h  for  the  u n s a t u r a t e d  and  p o l y u n s a t u -  
r a t ed  t r iglycer ides ,  f u r t h e r  s u p p o r t i n g  the  prev ious  indica-  
t ion  t h a t  M e t h o d  3 was the  m e t h o d  of  choice .  

One f inal  e x p e r i m e n t  was c o n d u c t e d  to d e t e r m i n e  
w h e t h e r  M e t h o d  3 was caus ing any  d e s t r u c t i o n  a n d  damage  
to  t he  p o l y u n s a t u r a t e d  f a t t y  acids. Samples  of  pure  (99% 
plus)  m e t h y l  l ino lea te  were sub jec t ed  to  the  r igors of  the  
M e t h o d  3 e x t r a c t i o n  sys tems w i th  n o  p r o t e c t i o n ,  such  as 
the  use o f  an t i ox idan t s .  Three  such  e x p e r i m e n t s  were per-  
f o r m e d  before  and  a f te r  t r e a t m e n t  on  the  m e t h y l  l inoleate .  

TABLE VII 

Recovery of Added Tripalmitin and Trilinolein 
(Single Recoveries) 

Tripalmitin Trilinolein 
Food product % % 

Hash 99.1 99.$ 
Turkey pot pie 97.4 99.8 
Beef pot pie 97.0 102.3 
Stew 97.6 97.8 
Mayonnaise 102.2 99.9 
Peanut butter 97.9 100.9 
Vegetable shortening 99.5 99.6 
Margarine 99.5 99.8 

Mean 98.8 100.0 

B o t h  m e t h o d s  of  analysis  s h o w e d  t h a t  n o  de s t ruc t i on  or 
b o n d  sh i f t ing  occu r r ed  dur ing  the  M e t h o d  3 e x t r a c t i o n  pro-  
c e d u r e .  T h e  G L C  a n d  l ipox idase  analyses  y ie lded  
98 .4  + 0.4% and  98 .9  -+ 0.4%, respec t ive ly ,  for  the  t rea ted  
samples .  

One  final  c o n s i d e r a t i o n  was the  ease of  pe r fo rming  the  
var ious  m e t h o d s  in  t he  l abo ra to ry .  M e t h o d  3 ut i l izes s tan-  
dard  l a b o r a t o r y  glassware and  is more  easily appl ied  be-  
cause of  i ts  s impl ic i ty ,  t h a n  mos t  of  t he  o t h e r  seven me th -  
ods tes ted .  

Final ly ,  M e t h o d  3 is the  m e t h o d  o f  cho ice  based u p o n  
ease o f  app l ica t ion ,  f a t t y  acid analysis ,  recovery  s tudies ,  

and  lack o f  f a t t y  acid a l t e ra t ion  dur ing  the  e x t r a c t i o n  
process .  
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