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Abstract 
Analyses of the fat ty acid composition of 2 

methyl ester mixtures and 13 oils, obtained by 
collaborators from the AOCS Smalley Gas 
Chromatography Check Program, were treated 
statistically. The statistical data may be inter- 
preted to indicate groups of analysts who made a 
good, satisfactory or poor analysis. The data also 
indicate the relative degree of difficulty of 
analyzing the various oils. Coconut oil was the 
most difficult to analyze while safflower oil offered 
the least difficulty. A comparison of the precision 
of results employing the thermal conductivity 
detector and the flame ionization detector shows 
no difference. 

Introduction 
Gas liquid chromatography (GLC) is universally 

accepted as the fastest and most reliable way to deter- 
mine the fa t ty  acid composition of fats and oils. 
Today, after a decade of common usage, we are con- 
tinually asking "how good or how accurate are these 
analyses ?" 

The Smalley Gas Chromatography Subcommittee 
of the American Oil Chemists' Society is composed of 
a group of analysts from industrial, independent, uni- 
versity and government laboratories from the United 
States, Canada and Sweden. I t  has as its objective the 
promotion of better and more uniform analyses. 
Organized four years ago, it was first faced with the 
task of estimating the true composition of an oil and 
grading the analysts. This was accomplished in  the 
following manner: a median was chosen by arranging 
the reported percentage of each component from the 
least value to the greatest value. The median is the 
percentage found in the position determined from the 
formula (n + 1)/2, where n is the number of values 
reported. I t  was found that the median usually gave 
a better value than the arithmetic mean, because it 
is not affected by extremes. Later we will demonstrate 
that a trimmed mean is equally as good and is more 
amenable to statistical analysis. For each collaborator, 
the deviation from the median was determined for 
each component of the sample; the sum of the devia- 
tions of all components by a collaborator resulted in 
a total deviation which represented the number of 
percentage units that the collaborator differed from 
the median. The sum of the medians approximates 
100% of the sample, so when the total deviation was 
subtracted from 100, we obtained a percentage which 
represented the accuracy of the collaborator in deter- 
mining the median values. Only those components of 
the sample that were reported by at least one half 
of the collaborators were retained for calculation of a 
grade. 

This procedure was reasonably satisfactory for 
grading purposes, but the results did not indicate how 
well one made an analysis except in relation to the 
other collaborators. I t  did not indicate the percentage 
of collaborators making a satisfactory analysis or, 
for that matter, indicate what is a satisfactory 
analysis. 

The present paper will describe a procedure which 

1 Presented at the AOCS ~[eeting, minneapolis, October 1969. 
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will indicate the accuracy of analysis, how well a 
collaborator has analyzed the sample, and a measure 
of the relative degree of difficulty in analyzing an 
oil. The data would enable any analyst to compare 
his results with those of the Smalley group. 

Experimental Procedures 
Analyses by GLC were made employing a wide 

variety of columns and conditions. The AOCS 
Smalley Gas Chromatography collaborators were per- 
mitted to use the procedure they found best in their 
laboratory. Table I shows the variety of instruments, 
liquid phases, supports, column dimensions and con- 
ditions reported by the collaborators in the 1968-1969 
series. This data is similar to that reported previously 
(1). I t  has been shown that these differences will not 
affect the results, provided one uses a reference sample 
for standardization and employs good analytical 
techniques (1). 

The mode of integration employed had little or no 
effect on the results of the analyses. I f  we consider the 
four best analyses of each of the 13 oils reported, 
we find that 25 collaborators used a disc integrator, 
19 an electronic integrator, 5 employed triangulation, 
2 used the equation peak height × retention time, and 
1 collaborator employed a planimeter. These ratios 
are in the approximate proportion that these proce- 
dures were employed by all collaborators. 

Discussion 
The data reported by the collaborators were ex- 

amined to determine which fat ty acids were deemed 
to be present. I t  was arbitrarily decided that data 
for all acids reported by at least 50% of the col- 
laborators would be retained. Data were punched on 
cards and fed to an 1130 IBM computer, programmed 
to make the following calculations: 

1. Normalize the results from all analysts, since 
analyses may not add to 100% as a result of discarding 
some reported acids. 

2. Calculate a mean, deviation from the mean, and 
standard deviation for each acid. Discard all values 
exceeding two standard deviations and recalculate a 
new mean. 

3. Normalize the trimmed means since they may not 
add up to 100% after discarding some values. [It 
was found that the means adjusted in this manner 
agreed exceptionally well with the known composition 
of standard mixtures (Tables I I  and IV).] 

4. CMculate the collaborator's deviation from the 
trimmed means. (When known mixtures are analyzed, 
the deviations from the known values are calculated.) 

5. Calculate the standard deviation around the 
trimmed mean for each acid. Only data from separated 
acids are used. I f  two acids are reported as one acid, 
as in the case of coincident peaks, these data are 
rejected for these determinations. 

6. Add the standard deviations for each component 
of the oil to give a value similar to a standard deviation 
of the total sample. (Analysis of each acid is de- 
pendent on every other acid in the oil and, therefore, 
the errors are additive.) This value indicates the 
accuracy expected for an analysis and the degree 
of difficulty in analyzing the oil. 
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TABLE II 

Normalized Fatty Acid Analysis; SGC 19 ~Ie Ester ~ ix ture  AOCS 
Smalley Gas Chromatography Series, 1968 -69  

Laboratory 14 :0 ,  I6:0,  16:1 .  18:0, 18 :1 .  % % % % % 

2C a 11.76 23.46 6.24 13.24 45.30 
3 0  12.02 23.35 7.45 12.71 44.47 
5C 11.53 23.54 6.11 14.15 44.67 
6t~ 11.54 23.77 6.48 12.52 45.70 
7C 11.62 23.32 6.32 12.36 46.37 
8 R  - -13 .15  - -25.34 7.31 12.57 - -41.63 
91~ 11.20 23.92 6.57 13.34 44.96 

10 11.61 23.61 6.99 13.03 44.75 
11 11.72 22.96 6.99 14.06 44.27 
12C 11.41 23.14 6.34 13.45 45.66 
13C 11.74 24.13 6.38 13.25 44.49 
14C 12.74 23.30 6.95 13~10 43.90 
15 11.45 23.64 6.81 13.51 44.59 
16C 11.48 23.61 6.59 13.67 44.66 
17R 12.31 24.45 6.71 12.68 43.85 
18 11.39 23.28 7.16 14.18 44.00 
1 9 0  11.89 23.76 6.83 12.94 44.58 
210  11.69 24.40 6.54 12.96 44.40 
22C - -13 .37  23.76 - -10 .71  12.17 - -39 .98  
23 11.63 23.35 7.11 13.45 44.45 
250  12.04 23.49 6.79 12.82 44.86 
26C 11.19 22.78 7.25 13.66 45.13 
27 12.62 24.45 6.81 13.12 43.00 
28 12.18 23.73 7.34 13.04 43.76 
30C 12.52 24.13 7.08 12.74 43.53 
31R 11.60 23.70 6.79 13.34 44.58 
32C 12.25 23.89 8.33 12.32 43.21 
33C 11.12 24.37 6.12 11.62 46.77 
34 - -13 .45  - -26.66 6.20 - -6 .57 47.12 
35C 11.84 23.52 6.96 13.12 44.56 
36 11.42 23.43 6.79 12.61 45.75 

Trimmed means 11.76 23.66 6.81 13.05 44.72 

Known values 11.80 23.60 6.90 13.10 44.60 

Difference 0.04 0.06 0.09 0.05 0.12 

Abbrev ia t ions  : C, corrections applied ; R, 
response of de~ector checked; and --, values 
trimmed mean) .  

no corrections but 
rejected (to obtain 

7. Calculate the total deviation of each analyst by 
summing the deviation of each component of the 
sample. 

8. Grade each analyst by subtracting the total devia- 
tion from 100. The value is equal to the collaborator's 
accuracy in determining the composition of the total 
sample. 

Table II shows a part of the computed data. It 
presents the results of the analysis of a known mixture 
of methyl esters. Throughout this paper shorthand 
designation will be given to various fatty acids, i.e., 
16:0, 18:0 and 18:1, where the number to the left 
of the colon indicates the number of carbons in the 
chain and the number to the right indicates the num- 
ber of double bonds. The values are the average of 
duplicates and have been normalized to 100%. The 
mixture is a reference standard recommended by the 
AOCS for use when analyzing corn, cottonseed, soy- 
bean, safflower, sunflower, sesame, poppyseed, walnut, 
kapok and rice bran oils to obtain correction factors, 
if necessary, and is designated as SGC 19 in this study. 
Table II shows rejected values by applying the 
restriction that values should lie within two standard 
deviations. The known composition is compared with 
the trimmed, normalized means which are in amazingly 
good agreement. It should also be pointed out that the 
laboratory numbers are those assigned each year, and 
the same number does not designate the same labora- 
tory throughout; further, gaps in numbers are not 
laboratories eliminated for some reason, but simply 
mean that the laboratory assigned to that number did 
not report an analysis. 

Table III shows deviations from known values (in 
the case of oils, they would be from the mean). M~nus 
signs indicate rejected deviations when calculating the 
standard deviation of each component. The calcula- 
tion of the standard deviation of each component is 
made using the equations- standard deviation 
(known) = ~ / ~ ( d ) 2 / n  where d = deviation from 
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14:0 ,  16 :0 ,  16 :1 ,  18 :0 .  18 : I ,  Tot.  Dev. ,  Grade ,  Orde red  grades ,  L a b o r a t o r y  % % % % % % % % 

2C a 0 .040 0 .140 0 .658 0.138 0.701 1.677 98,32 99.76 
3 0  0.220 0 .250 0.550 0.390 0.130 1.540 98.46 99.50 
5 0  0.271 0.061 0.785 1.051 0.066 2 .234 97.77 99.49 
6R 0.261 0.168 0.421 0.581 1.095 2 ,526 97.47 99.34 
7C 0.178 0 .275 0.579 0,738 1.769 3.539 96,46 99.09 
8R - -1 .350  - -1 .740  0.410 0.530 - -2 .970  7.000 93.00 99.00 
91~ 0.599 0.322 0 .329  0.241 0.364 1.656 98.14 98.88 

10 0.189 0.012 0.091 0,069 0.154 0 .515 99.49 98.73 
11 0.080 0.640 0.090 0.960 0.330 2 .100 97.90 98.64 
120  0.390 0,460 0.560 0.350 1.060 2.820 97.18 98.46 
130  0.056 0.527 0.518 0.154 0.107 1.362 98.64 98,39 
14C 0.941 0.298 0.051 0.001 0.696 1.987 98.01 98.32 
15 0.348 0.043 0.095 0.411 0.011 0.908 99.09 98.20 
160  0,322 0.005 0.311 0,567 0.061 1.267 98.~3 98.14 
17R 0.510 0.850 0.190 0.420 0.75,0 2 .720 97.28 98.01 
18 0.411 0.322 0.259 1.079 0 .604 2.576 97.32 97,90 
19C 0.086 0.162 0.067 0.164 0.018 0 .496 99.50 97.77 
21C 0.198 0 .804  0.363 0.187 0.196 1.609 98.39 97.70 
22C - -1 .573  0.163 - -3 .812  0.926 - -4 .622  11.097 88.90 97.47 
23 0,168 0.246 0.214 0.346 0.146 1.118 98.88 97.32 
25C 0.240 0.110 0.110 0.280 0.260 1.0O0 99.00 97.28 
26G 0.612 0.820 0.349 0,558 0.525 2.864 97.14 97,18 
27 0.820 0.85,0 0.090 0.020 1.600 3.380 96,62 97,14 
28 0.331 0.129 0.439 0.063 0.837 1.799 98.20 97.14 
3OC 0.720 0.530 0.180 0.360 1.070 2.860 97,14 96.62 
311~ 0.202 0.095 0.111 0.237 0.019 0.665 99.34 96.46 
32C 0.446 0.292 1.434 0 .784  1.888 4 .344 95.66 95.66 
33C 0.680 0.770 0.780 1.480 2.170 5.880 94.12 94.12 
34 - -1 .650  - -3 .060  0.700 - -6 .530  2.520 14.460 85.54 93.00 
35C 0 .044 0.083 0.058 0.021 0.039 0.245 99.76 88.90 
36 0.380 0.170 0.110 0.490 1.150 2.300 97.70 85 .54  
SD b 0.42 0.43 0.47 0.58 0.96 

a Abbrev ia t ions :  C, correct ions  appl ied ;  R,  no  correct ions  bu t  response  of detector  checked;  and  -- ,  values  re jected ( g r e a t e r  t h a n  2 S D ) .  
b S u m  of the  s t a n d a r d  deviat ions,  2 .86.  

k n o w n ,  o r  s t a n d a r d  d e v i a t i o n  ( m e a n s )  = 
~ / 2 ( d ) 2 / ( n - 1 )  where  d = dev i a t i on  f r o m  means  a n d  
n = n u m b e r  of  co l labora tors .  The  s u m  of the  s t a n d a r d  
dev ia t ions  ( 2 S D )  of each c o m p o n e n t  is shown in  the  
Table .  The  va lue  is a measu re  of the  degree  of ac- 
c u r a c y  of an  ana lys i s  when  a k n o w n  m i x t u r e  is 
a n a l y z e d  or a measu re  of p rec i s ion  when  an  oil  is 
ana lyzed .  I t  is also va luab le  as a measu re  of  the  de- 
gree  of d i f f icul ty  of the  ana lys i s  when  c o m p a r i n g  
ana lyses  of  a n u m b e r  of oils. The  sum is ana logous  
to the  s t a n d a r d  dev ia t i on  of the  t o t a l  d e t e r m i n a t i o n  
and ,  there fore ,  i nd ica t e s  t h a t  a b o u t  68% of  the  col- 
l a b o r a t o r s  shou ld  have  a t o t a l  d e v i a t i o n  f r o m  the  
k n o w n  va lues  fo r  each c o m p o n e n t  of  2 .86% or  less. 
Th is  is the  t o t a l  e r r o r  in  the  ana lys i s  a n d  when  th i s  
p e r c e n t a g e  is s u b t r a c t e d  f r o m  100, the  a c c u r a c y  of  
t he  ana lys i s  is ob ta ined .  Th i s  is 97.14%, w h i c h  is  the  

ana lys i s ,  five a n a l y s t s  f a i l ed  to s e p a r a t e  18:3 f r o m  
20:0  ( l ino len ic  ac id  f rom a r a c h i d i c  a c i d ) .  These 
va lues  were  no t  u sed  in  the  d e t e r m i n a t i o n  of the  
s t a n d a r d  dev i a t i on  of each componen t ,  as i n d i c a t e d  
in  the  c o m p u t e r  p r o g r a m  above. However ,  t hey  were  
used  to ca lcu la te  the  co l l abo ra to r ' s  t o t a l  dev i a t i on  and ,  
as a resu l t ,  t he i r  g r a d e  fo r  the  ana lys i s  was low. 

W h e n  oils a re  ana lyzed ,  the  t r ue  compos i t ion  is no t  
k n o w n  a n d  the  m e a n  va lue  for  each c o m p o n e n t  m u s t  
be employed .  However ,  when  the t r i m m e d  m e a n  va lues  
a re  so close to  the  k n o w n  compos i t ion  of two mix tu re s ,  
as  is d e m o n s t r a t e d  above,  i t  is qu i t e  l i ke ly  t h a t  t h e y  
w o u l d  also r e su l t  in  va lues  close to  the  t r u e  com- 
pos i t i on  of  a n  oil. 

TABLE IV 

Normal ized  F a t t y  Acid Ana lys i s ;  SGO 20 Me E s t e r  Mix tu re  AOCS 
Smal ley  Gas  C h r o m a t o g r a p h y  Series,  1 9 6 8 - 6 9  

m i n i m u m  a c c u r a c y  which  shou ld  be a t t a i n e d  b y  68% Laboratory 1~0. t8:0. 18:1, 18:2. 18:3, 20:0. 
of the  co l labora tors .  A c t u a l l y ,  22 of  31 co l l abo ra to r s  % % % % % 
have  a t  l eas t  th i s  g rade ,  or  70.9% ; two o the rs  in  the  2c, 6.05 3.00 3 4 . 9 1  50.02 3.99 3.03 30 0 . 2 7  2 . 7 0  3 5 . 0 8  49.15 3.38 3.43 
Table  a p p e a r  to have  a t t a i n e d  th i s  g rade ,  b u t  these  50 6.12 3.03 3 5 . 5 3  49 .18  xo.13 xo.oo 
a r e  the  r e s u l t  of r o u n d i n g  off of  f igures,  The  ind i -  7c68 6.045"35 2.812'5° 38.4935"°6 51.615°"76 3.283.40 2.658'1° 
v i d u a l  co l l abo ra to r  g rades  a r e  o b t a i n e d  b y  s u b t r a c t i n g  8R 6.08 3.03 86.43 49.38 1.88 2.71 

9 R  6.24 2.70 84.40 51.89 x5.27 xo.oo 
t h e i r  to t a l  dev i a t i on  f rom 100. The  g r a d e  is ind ica -  10 5.92 3.09 84.98 50.21 2.76 3.09 
t i r e  of the  cor rec tness  of the  analys is .  A r b i t r a r i l y ,  12cll 6.775"75 2.892'95 35.0584"°8 50.255°"72 2.953'1° 3.098'4° 
i t  was dec ided  t h a t  a n a l y s t s  w i th  a t o t a l  dev i a t i on  130 5.59 2.56 -30.05 -54.99 3.77 8.04 140 5.81 2.84 3 3 . 9 6  51.50 3.03 2.80 
equa l  to  or  less t h a n  the  sum of  the  s t a n d a r d  devia -  15 6.05 3.00 35.42 49.88 2.00 3.07 
t ions  of a l l  the  componen t s  have m a d e  a good ana lys i s .  17R160 0.285"89 2.892"95 36.5084"75 49.0050"21 2,293'28 2.973..09 

A n a l y s e s  w i th  a t o t a l  dev ia t i on  more  t h a n  the  sum, 18 0.18 3.18 3 5 . 7 4  50.07 2.26 2.57 
190  --2-.88 2.45 - -29 .71  - -56 .59  3.77 2.65 

b u t  no t  g r e a t e r  t h a n  twice  t he  sum of  the  s t a n d a r d  210 5.76 2.87 3 4 . 2 0  50.0o 3.79 3.32 
dev ia t ions  a r e  sa t i s f ac to ry .  A n a l y s e s  wi th  a t o t a l  22023 6.106"48 3.083"77 35.1834"07 48.7047"88 X7.713.09 X0.003,73 

dev ia t i on  g r e a t e r  t h a n  twice the  s u m  of t he  s t a n d a r d  250 5.87 2.84 33 .13  51.01 x7.15 xo.oo 
2 6 0  6.17 2.91 34.80 49 .88 3.27 2 .97  

dev ia t ions  a r e  cons ide red  poor .  This  is ana logous  to 27 6.78 a.oo 3 6 . 3 2  48.75 2.80 2.29 
d i f f e r ing  b y  one, two, or  more  t h a n  two s t a n d a r d  30028 0.416.13 2.882.82 35.7235.34 49.9250.09 x5.022"22 x0.002"85 
dev ia t ions .  3 1 R  6.07 2.99 35.71 49 .48 2.76 3.00 820 6,02 3.40 -30,87 49 .86  -4.46 -5,40 

Tab les  I V  a n d  V show s i m i l a r  d a t a  fo r  the  ana lys i s  330 -7.82 2.80 3 4 . 4 7  48.85 3.32 2.68 
84 6.89 - -0 .60  - -39 .25  49 .69  - -0 ,85  2.72 

of r e fe rence  m i x t u r e  D r e c o m m e n d e d  b y  the  N a t i o n a l  350 5.82 2.87 3 4 . 6 2  50.31 3.29 3.08 
I n s t i t u t e s  of  H e a l t h  (2)  a n d  d e s i g n a t e d  as  SGC 20 3o 5.9.0 2.99 3 4 . 4 1  50.28 8.28 8.19 
in  th i s  s tudy .  A g a i n ,  the  t r i m m e d  m e a n  is in  exce l l en t  Trimmed means 6.09 2.93 3 5 . 0 0  49.97 3.02 2.99 
a g r e e m e n t  w i th  the  known  values.  The  ~ S D  of  the  K n o w n  va lues  6.04 3.05 3 4 . 9 2  49.86 3,06 3.06 
s a m p l e  is  s l i g h t l y  g r e a t e r  t h a n  w i th  m i x t u r e  SGC 19. Difference 0.05 0.12 0.08 0.11 0.04 0.07 
This  would  be expec ted ,  s ince the  m i x t u r e  con ta ins  
a h igh  pe r cen t age  of p o l y u n s a t u r a t e d  acids.  I n  th is  

a Abbrevia t ions ,  C, correc t ions  appl ied;  R, no  corrections but 
response of detector  checked;  -- ,  va lues  re jec ted  (to obta in  t r i m m e d  
m e a n ) ;  and  X, va lues  re jec ted  (over lapped  peaks ,  18 :3  a n d  2 0 : 0 ) .  
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N O V E M B E R ,  1 9 7 0  4 1 9  H E R B  A N D  M A R T I N :  G L C  A N A L Y S E S  O F  O I L  

T A B L E  VIII 

F a t t y  Acid Ana lys i s ;  SGC 14 0peanu t  Oil AOCS Smalley Gas  Chromatography  Series,  1 9 6 7 - 6 8  

Lab.  6:0. 8:0, 10:0,  12:0,  14 :0 ,  16:0,  18:0 ,  18:1 ,  18:2 ,  Tot. Dev. 
% % % % % % % % % % 

2C a 0.57 8.11 6.38 47.71 17.16 8.04 2.70 8.40 0.94 4.86 
4C 0.00 9.09 6.55 47.63 17.05 8.27 2.54 6.32 2.56 4.49 
5 0.19 7.62 6.77 48.69 17.57 8.47 2.61 6.11 1.97 3.59 
6R 0,54 8.21 6.45 46.65 17.46 8.72 2.71 6.86 2.40 1.86 
8R 0.0O 4.57 5.43 43.30 21.83 11.07 3.34 8.30 2.16 17.64 
9(~ 0.76 9.81 6.87 46.24 16.89 8.60 2.47 6.35 2.02 5.20 

11C 0.74 9.22 6.46 48.22 16.64 8.15 2.50 5.99 2.09 5.03 
] 3 0.O.0 5.67 5.38 47.12 20.24 10.62 2.79 6.67 1.50 9.19 
14 0.00 8.47 6.29 45.80 17.35 8.87 2.91 7.26 3.05 5.01 
15C 0.80 7.96 6.96 46.57 17.42 8.11 2.72 6.84 2.62 3.07 
16 1.25 9.07 6.74 46.95 16.84 8.29 2.54 6.15 2.18 4.57 
17 0.00 14.77 9.34 49.32 15.84 4.24 1.49 3.44 1.58 23.92 
18C O.O,O 12.54 6.74 45.00 16.57 8.09 2.54 6.34 2.19 10.35 
19/~ 0.22 5.90 5.02 43.72 19.86 10.60 3.51 8.40 2.78 14.53 
20C 0.00 3.35 4.66 46.78 19.73 10.85 3.46 8.54 1.64 14.68 
24C 0.90 7.63 6.68 45.03 17.64 8.62 2.89 7.83 3.69 6.40 
25 1.71 6.42 3.42 49.66 18.41 8.77 2.78 6.85 1.97 8.96 
27R  0.60 6.05 4.89 48.72 17.78 8.83 3.49 7.40 2.25 6.60 
28R  1.60 7.84 6.42 47.58 17.91 8.70 2.30 6.15 1.51 3.23 
29 0.O0 9.08 7.10 48.59 17.02 7.89 2.33 5.96 2.04 6.61 
30C 0.48 9.21 6.96 46.65 17.72 8.40 2.43 6.06 2.08 4.20 
31 6.43 8.99 7~38 52.71 16.85 6.60 1.66 4.20 1.27 15.05 
32 0.37 6.80 6.22 48.72 18.08 8.88 2.56 6.32 2.06 4.09 
33 0.00 4.38 6.78 53.43 16.66 8.24 2.82 5.90 1.78 13.32 
34C O.00 10.56 7.21 49.17 16.60 7.36 2.09 5.20 1.81 10.96 

Tr immed means  0.66 7.80 6.38 47.28 17.61 8.74 2.70 6.71 2.12 
SD b 0.39 2.10 0.76 1.73 1.09 1.08 0.44 1.06 0.44 

a C, corrections appl ied ;  R, no corrections bu t  response of detector checked. 
b Sum  of the s t anda rd  deviat ions,  9.09. 

Tables VI, VII and VIII show the complete data 
for the analysis of several oils analyzed by the AOCS 
Smalley collaborators. Safflower oil is an example of 
an easily determined oil, soybean oil, an average oil, 
and coconut oil is an example of oil which is analyzed 
with difficulty. The averages of duplicates are given 
for component fat ty acids along with the trimmed 
mean, the standard deviation of each component, the 
sum of the standard deviations of each sample, and 
the total deviation for each laboratory. In all figures, 
the letters accompanying the laboratory number stand 
for the following: C indicates that calibration factors 
have been employed, R indicates that response of the 
detector has been checked (it was decided that calibra- 
tion factors were not necessary), while no letter in- 
dicates that no factors were used and the detector 
response was not checked. When the first oil was 
analyzed (SGC 9, cottonseed), only six collaborators 
employed calibration factors, while only five collabora- 
tors did not use factors or check their response when 
the most recent oil (SGC 24, linseed) was analyzed. 
Tables IX and X show the composition of the fat ty 
acids for various other oils as determined from the 
trimmed means and the standard deviations for each 
acid. 

In the calculations applied to the data, all values 
over 2 SD are discarded in the calculation of the 
trimmed means. Therefore, when comparing the col- 
laborator's total deviation with the final ~SD, we 

would expect 68.3% of the remaining 95.5% col- 
laborators, or 65.2% (95.5 × .683), to have a good 
analysis, and 91.2% (95.5 × .955) to have an ac- 
ceptable analysis. For certain oils these figures will 
not hold since additional collaborator's values are re- 
jected in the calculation of the trimmed means when 
overlapping peaks are unresolved. In general, how- 
ever, these are the approximate percentages found. A 
collaborator, by comparing his total deviation with the 
~SD, can immediately determine whether he has made 
a good, satisfactory or poor analysis, using the stan- 
dards suggested by this treatment of the data. The 
~SD will also reveal the degree of difficulty in 
analyzing the oil. From the data, good analyses of 
the oils range from an error of up to 3.0% (2SD) in 
the determination of the means for safflower oil to 
an error of 9.1% (~SD) for coconut oil. Satisfactory 
analyses for the same oils range from an error of 
5.9% (2 × ~SD) aand 18.2% (2 x 2SD), respectively. 
Much of the error in the analysis of coconut oil can 
be attributed to the presence of short chain acids 
which are lost or partially lost in the conversion to 
methyl esters. 

I t  has been suggested that, when a method is sub- 
jected to collaborative study to determine how good 
it is, the collaborators should be screened by determin- 
ing how well they could analyze a known sample, 
and only those agreeing within certain limits should 
be chosen for testing the method. Eight collaborators, 

T A B L E  I X  

Fatty Acid Anaiyses  of Var ious  P i t s  AOCS Smalley Gas  Chromatography  Series  

F a t t y  
acid 

Cottonseed oil 
SGC 22 

Tr immed  SD, 
mean, % % 

Cottonseed oil Olive oil L a r d  P e a n u t  oil 
SGC 9 SGO 16 SGQ 21 SGC 13 

Tr immed  SD, Tr immed  SD, Tr immed  SD, T r immed  SD, 
mean, mean, mean, mean,  % % % % % % % % 

1 0 : 0  . . . . . . . . . . . . . . . . . . . . . .  
12 :O . . . . . . . . . . . . . . . . . . . . . .  
1 4 : 0  0.74 0.09 0.85 
16:0  20.45 0.81 23.56 
1 6 : 1  0.64 0.17 0.63 
1 7 : 0  . . . . . . . . . . . . . . . . . . . . . .  
1 7 : 1  . . . . . . . . . . . . . . . . . . . . . .  
]8  :O 2.46 0.31 2.33 
1 8 : 1  18A5  0.65 17.64 
18 :2  57.28 1.34 54.31 
18 :3  . . . . . . . . . . . . . .  0.36 
20:0  . . . . . . . . . . . . . .  0.32 
2 0 : 1  . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 0  . . . . . . . . . . . . . . . . . . . . . .  
2 4 : 0  . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  0.~08 0.04 
. . . . . . . . . . . . . .  0.09 0.04 1.01 0.16 

0.11 1.40 0.13 0,39 0.07 
0.95 11 .90  0.66 25.14 0.52 9.75 0.43 
0.18 1.00 0.17 2.88 0.28 . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  0.35 0.11 . . . . . . . . . . . . . .  

0.27 0.10 
61~3 "~ici~ 0'.~ 13.84 0.83 ~ 61~ii 
0.77 74.63 1.34 44.80 0.74 5].58 1.33 
1.00 8.38 0.96 10.19 0.67 26.97 1.31 
0.24 0 .68  0.16 0.97 0.46 
0.19 0 .35  0.16 . . . . . . . . . . . . . .  1.39 0.26 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.52 0.26 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.33 0.36 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.43 0.51 
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T A B L E  X 

F a t t y  Acid  Analyses  of X/arious Oils  AOCS Smalley Gas  Chromatography  Series 

Fatty 
acid 

Tall  oil Linseed oil Corn oil Rapeseed oil Rapeseed oil 
SGO 15 SGC 24 SGC 18 SG(3 12 SGC 23 

Tr immed  SD, T r im m ed  SD, Tr immed SD, Tr immed  SD, T r immed  SD, 
mean, mean, mean, mean, mean, % % % % % % % % % % 

1 4 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  

1 6 : 0  . . . . . . . . . . . . . .  6.01 0.48 11.64 1.26 
1 6 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 8 : 0  2 .74  0.49 4.05 0.57 2 .16  0.46 
18 : 1 62.94 1.76 19.7,0 1.08 26.78 1.33 
1 8 : 2  27.61 1.39 15.29 0.78 57.98 2.82 
1 8 : 3  . . . . . . . . . . . . . .  54.95 3.22 0.89 0.35 
20:0 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.55 0.26 
2 0 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 : 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
24:1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Conj. 

18:2 ,  C-O 0.97 0.26 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Con,L 

18 :2 ,  C-T 2.40 0.48 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Conj. 

18:2, T-T 1.82 0,56 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~, 1.52 0.69 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . .  . 0.06 0.02 
3.07 0.30 3.09 0.19 
0.21 0.10 0.21 0.09 
1.18 0.13 1.27 0.28 

14.75 1.09 16.18 0.92 
15.88 0.69 16.63 0.96 
10.31 0.52 11.02 0.84 

0.72 0.11 0.70 0.17 
9.29 0.74 10.03 0.53 
0.68 0.16 0.66 0.23 
0.45 0.19 0.48 0.25 

41.52 2.35 38,03 2.83 
0.77 0.52 0.54 0.31 
1.17 0.67 1.09 0.57 

who had  analyzed all samples and scored well, were 
singled out and the sum of the s tandard  deviations of 
the sample determined for  this group. A comparison 
of all collaborators with this select group is shown in 
Table XI .  Calculated values are also shown. The 
method for the calculation of these will be explained 
later  in the text. The order of difficulty in analyzing 
an oil is reflected in the ~SD of the sample. The 
oils are listed in the Table in the order of increasing 
difficulty, as determined by the da ta  f rom all col- 
laborators.  The order of difficulty for the select group 
and  the total  group differ, but  the order for  the select 
group should be more accurate because of their selec- 
tion. This difference is probably  due to more ex- 
perience and possibly overall care in analyzing the 
sample. Again,  considering tha t  results within 2 × 
2SD are indicative of a sat isfactory analysis and that  
the adjusted mean is the t rue  composition, the select 
group has an error  of 3.5% (2 × 2SD)  for  the analysis 
of safflower oil compared to an error  of 5.9% for the 
total  group. Coconut oil was analyzed by the select 
group with an error  of 12.4%, whereas the total  group 
had an error  of 18.2%. 

The data for  all the oils were used to determine an 
average coefficient of var ia t ion (c.v. = SD/means  × 
100) for  differing percentages of methyl  palmitate,  
methyl  stearate, methyl  oleate and methyl  linolenate. 
The coefficients for  these components were reasonably 
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close at  equivalent percentage levels. Therefore, the 
data were combined to obtain average values. The 
total curve is shown in F igure  1. Typical  average c.v. 
values are 1% -- 16.5 ; 5% = 10.7 ; 10% --- 7.2 ; 20% = 
4.1; 30% = 3.1; 40% = 2.8; 60% --= 2.2; 80% -= 1.8. 
The curve shown in F igure  1 can be used as a guide 
to determine the approximate  error expected for the 
analysis of an oil in the following manner :  c.v. × 
means / ]00  = SD. Using c.v. f rom the curve and the 
determined percentage of each component of any 
mixture  as the means, the calculation will be the 
approximate  SD and the 2SD should approximate  
those determined by all the collaborators. Shown in 
Table X I  are values calculated in this manner.  Many 
agree well with the experimental  data. Most of those 
which do not can be explained in one way or another. 
Fo r  example, SGC 14, coconut oil has an experimental  
value of 9.09, but  the calculated value is 5.47. Because 
of the short  chain acids present  in this oil, many  col- 
laborators lost a port ion in the methylat ion procedure 
and thus, for this oil, they had a relatively large 
s tandard  deviation for  each component  compared to 
the average of all oils. This would result in a large 
difference. SGC 12 and 23 are both rapeseed oils. 
This oil contains a number  of components with a 
retention t ime greater  than  the C18 acids. The peaks 
represent ing these acids are usually broad and of 
small height on the chromatogram. These peaks are 
difficult to measure ; again  the s tandard  deviations are 
greater  than the averages given and result  in larger 
values than  calculated. Bu t  the calculated s tandard 

T A B L E  X I  

Relative Difficulty of Analysis 

Sum of SD of each acid 

Sample  All eollabo- Select Calcu- 
raters ,  g r °up ' a  lated, % % % 

SGC 10 Saf~ower oil (22)  b 2.97 1.73 3.33 
SGC 22 Cottonseed oil (28)  3,38 2.19 3.66 
SGC 9 Cottonseed oil (24)  3.69 2,82 3.72 
SGC 16 Olive oil (26)  3.87 2.85 3.70 
SGC 21 L a r d  (28)  3.91 3.40 4.77 
SGC 13 P e a n u t  el l  (24)  5,00 3.06 4.60 
SGC 15 Tal l  oll (24)  5,64 4.86 3.61 
SGO 17 Soybean oil (27) 5.78 4.10 3.98 
SGC 24 Linseed oil (27)  6.14 2,57 4.07 
SGO 18 Corn  oil (27)  6.48 2,80 3.53 
SGC 12 Rapeseed oil (22)  7.58 4.65 5.47 
SGC 28 Rapeseed  oil (27)  7.71 5.01 5.49 
SGC 14 Coconut oil (25)  9,09 6.19 5.47 
SGC 19 Me ester mix tu re  (31)  2.86 2.30 4.12 
SGC 20 Me ester mix tu re  (31)  3.13 2.87 4.09 

E i g h t  colIaborators (see t ex t ) .  
b Figures in parentheses are the total number of collaborators. 
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TABLE XII 
Comparison of Fatty Acid Analysis Using Thermal Conductivity or Flame Ionization Detectors 

Acids a 

SGC 9 Cottonseed SGC 10 Safflower 
Mean b SD ~:ean c SD 

TC, FI, TC, FI, TC, FI,  TC, FI,  
% % % % % % % % 

14:0 0.83 0.88 0.12 0.1O 0.12 0.13 0.03 0.06 
16:0 23.85 23.16 0.98 0.85 6.92 6.77 0.49 0.21 
16:1 0.62 0,66 0.18 0.19 0.15 0.15 0,08 0.07 
18:0 2,24 2.39 0.23 0.23 2.74 2.78 0,32 0.35 
18:1 17.43 17.79 0.62 0.72 11.73 11.67 0.59 0.62 
18:2 54.35 54.39 1,03 0.99 77.55 77,66 1.51 1.35 
18:3 0.31 0.45 0.11 0.40 0.39 0.43 0.28 0.17 
20:0 0.37 0.28 0.17 0.20 0.40 0.41 0.18 0.21 
ZS.D, 3.44 3.68 3.48 3.04 

a Number to left indicates carbon number; number to right indicates double bonds. 
b TC used by 14 collaborators; FI by 10 collaborators. 

TC used by 12 collaborators: FI  by 11 collaborators. 

devia t ion  does give a reasonable guide to the degree of 
accuracy  one migh t  expect to have for  a n y  sample,  
p rov ided  the analys is  was de te rmined  wi th  a t  least  
average care. 

I n  an  earl ier  r epor t  (3) i t  was ind ica ted  t ha t  when  
us ing  a flame ioniza t ion  detector, the precision was no t  
as good as tha t  ob ta ined  wi th  the use of a the rmal  con- 
d u c t i v i t y  detector. Subsequen t ly  i t  was repor ted  t ha t  
this difference had  been e l imina ted  (1) .  Table  X I I  
shows a compar ison  of two oils ana lyzed  by  chroma- 
tographs  employ ing  these two detectors• These two 
oils, SGC 9 (cottonseed) and  SGC 10 (safflower) are 
compared  because the n u m b e r  of col laborators  u s ing  
each type  of detector  are n e a r l y  equal. The differences 
in  the sum of the s t a n d a r d  devia t ion  are no t  con- 
s idered s ignif icant  and  subs tan t i a t e  the observat ion 
t h a t  differences have been e l iminated .  

E m p l o y i n g  the procedure  p resen ted  to de te rmine  
the col laborators '  to ta l  deviat ion,  i t  would  seem pos- 
sible for  a n y  a n a l y s t  to compare  his analyses  wi th  
those obta ined  by  the AOCS Smal ley  collaborators.  
This  c o u l d  be done by  compar ing  the i r  ana lys i s  of 
the k n o w n  mix tu re s  (SGC 19 a n d  SGC 20, which are 
avai lable  commercia l ly)  wi th  the group  analys is  in  
the fol lowing m a n n e r :  (a) Ana lyze  the known  mix-  
ture.  (b)  Calcula te  the devia t ion  f rom the k n o w n  

composit ion.  (c) S u m  the devia t ions  of each com- 
ponent .  (d) Compare  th is  va lue  wi th  the sum of the 
s t a n d a r d  devia t ions  of the known  m i x t u r e  ob ta ined  
by  the A O C S  Smal ley  collaborators.  

I f  the observed to ta l  devia t ion  is no grea te r  t h a n  
2 × ~SD obta ined  by  the collaborators,  i t  is probable  
tha t  the accuracy  of the i r  analys is  of comparable  oils 
would be expected to fa l l  w i th in  2 × ~SD f o u n d  by  
the col laborators  for  t ha t  p a r t i c u l a r  oil. 

The s ta t i s t ica l  p rocedure  presen ted  here should have 
app l i ca t ion  to most  col laborat ive s tudies  invo lv ing  gas 
l iqu id  chromatography .  
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