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Determination of mono- and diglycerides by 
capillary gas chromatography: results of a 
collaborative study and the standardized method 
Abst rac t  - A method f o r  t h e  de t e rmina t ion  o f  mono- and d i g l y c e r i d e s  by c a p i l l a r y  
g a s  chromatography has  been e l abora t ed  and t e s t e d  i n  a c o l l a b o r a t i v e  s tudy .  
The procedure  involves  convers ion  o f  t h e  mono- and d i g l y c e r i d e s  i n t o  more v o l a t i l e  
t r i m e t h y l s i l y l  e t h e r  d e r i v a t i v e s  us ing  N ,N-b i s ( t r ime thy l s i ly l )  t r i f l u o r o a c e t a m i d e  
(BSTFA) and t r i m e t h y l c h l o r o s i l a n e  (TMCST T3 : l )  i n  py r id ine .  n-Tetradecane was used 
a s  i n t e r n a l  s t anda rd .  C a p i l l a r y  g a s  chromatography wi th  s p l i t  o r  on-column i n j e c t i o n  
was app l i ed .  
The samples ana lysed  c o n s i s t e d  o f  two commercial mono-, d i g l y c e r i d e  e m u l s i f i e r s ,  
two mixtures o f  known composition o f  mono- and d i g l y c e r i d e s  p re sen t  i n  an excess o f  
t r i g l y c e r i d e s ,  and o f  r e f i n e d  sunflower o i l  sp iked  wi th  known amounts o f  mono- and 
d i g l y c e r i d e s .  
Bes ides  mono- and d i g l y c e r i d e s  o t h e r  components o f  f a t s  and o i l s  such a s  g l y c e r o l ,  
f a t t y  a c i d s ,  s t e r o l s  etc.  may be  conver ted  i n t o  t h e  t r i m e t h y l s i l y l  e t h e r  d e r i v a t i v e s  
and ana lysed  by t h e  same G C  procedure ,  For t h e  i d e n t i f i c a t i o n  o f  t h e  components 
coupled g a s  chromatography/mass spec t romet ry  is  advantageous.  

INTRODUCTION 

Mono- and d i g l y c e r i d e s  a r e  n a t u r a l  c o n s t i t u e n t s  o f  o i l s  and f a t s .  They a r e  a l s o  added a s  
e m u l s i f i e r s  t o  o i l s  and f a t s  and used a s  food a d d i t i v e s .  
According t o  IUPAC method 2.321 ( l ) ,  mono-, d i -  and t r i g l y c e r i d e s  a r e  sepa ra t ed  by s i l i c a  g e l  
colunn chromatography us ing  s o l v e n t s  o f  d i f f e r e n t  p o l a r i t y .  1-monoglycerides can be de te rmi-  
ned by ox ida t ion  wi th  p e r i o d i c  a c i d  s o l u t i o n  apply ing  IUPAC method 2.322 (1) .  
In o rde r  t o  ach ieve  f a s t  and more complete a n a l y s i s  o f  t h e  d i f f e r e n t  mono- and d i g l y c e r i d e s ,  
g a s  chromatographic methods have been desc r ibed .  The mono- and d i g l y c e r i d e s  a r e  usua l ly  d e r i -  
va t i zed  i n t o  t h e  more v o l a t i l e  t r i m e t h y l s i l y l  e t h e r  d e r i v a t i v e s .  For t h i s  d e r i v a t i z a t i o n  and 
replacement o f  a c t i v e  hydrogen atoms, v a r i o u s  s i l y l a t i o n  r eagen t s  have been used. In  a number 
o f  i n v e s t i g a t i o n s ,  Sahasrabudhe ( 2 ,  10) used hexamethyld is i lazane  (HMDS) and t r ime thy lch lo ro -  
s i l a n e  (TMCS) i n  pyr i d i n e  . A ' Alonzo ( 3  ) app l i ed  N , l - b i s (  t r i m e t h y l s  i l y  1) t r i f l uo roace tamide  
(BSTFA). The same reagent  was used by Soe (4), who, bes ide  mono- and d i g l y c e r i d e s ,  d e r i v a t i -  
zed o t h e r  e m u l s i f i e r s  such a s  a c e t i c  ac id - ,  l a c t i c  acid- and d i - 0 - a c e t y l t a r t a r i c  a c i d  esters 
o f  monoglycerides.  Goh ( 5 )  ana lysed  p a r t i a l  g l y c e r i d e s  i n  palm o i l  p repa r ing  t h e  TMS-deriva- 
t i ves  us ing  E-trimethylsilylimidazole. Fur the r  r eagen t s  and GC-conditions have been r epor t ed  
by o t h e r  a u t h o r s  (6-9) .  
In a f i r s t  i n t e r l a b o r a t o r y  s tudy ,  t h e  widely recommended combination o f  HM)S and TMCS was 
used f o r  s i l y l a t i o n  o f  mono- and d i g l y c e r i d e s .  These r eagen t s ,  however, have t h e  d isadvantage  
t o  form, a f t e r  r e a c t i o n ,  a p r e c i p i t a t e  o f  i n s o l u b l e  ammonium c h l o r i d e .  BSTFA g i v e s  c l e a r  
s o l u t i o n s ,  bu t  i t  r e a c t s  much more s lowly .  Af t e r  t r i a l s  and o p t i m i z a t i o n ,  t h e  combination 
BSTFA and TMS ( 3 : l )  i n  p y r i d i n e  was f i n a l l y  app l i ed .  This  combination g i v e s  f a s t  r e a c t i o n s ,  
c l e a r  s o l u t i o n s  and b e t t e r  d e r i v a t i z a t i o n  o f  subs t ances  such a s  sodium s a l t s  o f  c i t r i c -  and 
t a r t a r i c  ac id .  Also s u l f u r i c  and phosphoric a c i d s  a r e  d e r i v a t i z e d  and d e t e c t e d  by G C .  

COLLABORATIVE STUDIES 

In a f i r s t  i n t e r l a b o r a t o r y  s tudy  (1984) two commercial mono-, d i g l y c e r i d e  e m u l s i f i e r s  were 
d e r i v a t i s e d  wi th  HMDS and TMCS and ana lysed  by GC.  

In a second c o l l a b o r a t i v e  s tudy  (1985) ,  BSTFA and TMCS was used f o r  d e r i v a t i z a t i o n  and, 
bes ide  t h e  two above mentioned mono- and d i g l y c e r i d e  e m u l s i f i e r s ,  a d d i t i o n a l  s y n t h e t i c  compo- 
s i t i o n s  wi th  known amounts o f  mono- and d i g l y c e r i d e s  i n  t h e  presence  o f  an excess o f  t r i g l y -  
c e r i d e s ,  a s  well a s  r e f i n e d  sunflower o i l ,  sp iked  with mono- and d i g l y c e r i d e s ,  were ana ly-  
sed .  Recovery could  t h u s  be c a l c u l a t e d .  Results were ob ta ined  from 8 c o l l a b o r a t o r s .  

Samples and standards 
The fo l lowing  were provided  f o r  t h e  s tudy:  

Reference s t anda rds :  n - te t radecane  ( i n t e r n a l  s t a n d a r d ) ,  g l y c e r o l ,  pa lmi t  ic a c i d ,  a mixture  of 
n- te t radecane ,  1 -pa lmi t a t e ,  1 - s t e a r a t e ,  1 ,2 -d ipa lmi t a t e ,  1 ,3 -d ipa lmi t a t e ,  l , Z - d i s t e a r a t e ,  
(mass- ra t io  I 1:l:l:l:l:l) (see f i g .  1 A). 
Samples t o  be  ana lysed  ( i n  b r a c k e t s ,  percent  mass) were: 

1: mono-, d i g l y c e r i d e  e m u l s i f i e r  (100) (see f i g .  1 8); 
2: mono-, d i g l y c e r i d e  e m u l s i f i e r  ( d i s t i l l e d )  (100) ;  
3: 1 -pa lmi t a t e  (1.00), 1 ,Z-d ipa lmi t a t e  (1 .00) ,  1 , 2 - d i s t e a r a t e  (1 .00) ,  t r i m y r i s t a t e  (31.69),  

t r i p a l m i t a t e  (31.65),  t r i o l e a t e  (31.67);  
1154 
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4: l- inonopalmitate (1.77), l -monostearate (2.85), 1 ,Z-d ipa lmi ta te (2.06), 1,Z-distearate 
(0.68), t r i m y r i s t a t e  (25.03), t r i p a l m i t a t e  (16.33), t r i o l e a t e  (51.28) 

5: 1-monopalmitate (0.80), l -monostearate (1.54), 1,2-dipalmitate (1.09), 1 ,3-d ipa lmi ta te 
(1.39), 1,2-distearate (2.18), sunflower seed o i l  (93.00) 

6: i d e n t i c a l  sample 5. 

Instructions 
Each labo ra to ry  was prov ided w i t h  t h e  method and data sheets t o  r e p o r t  t h e  gas chromatogra- 
ph i c  apparatus, t he  i n teg ra to r ,  t he  column used, the  mode o f  sample i n j e c t i o n ,  t he  response 
fac to rs  and the  percent mass contents found i n  the  samples. Gas chromatograms o f  t he  referen-  
ce standards and o f  t he  mono-, d ig l yce r ide  emu ls i f i e r  (sample 11, obtained i n  the  co-ordi- 
n a t o r ' s  laboratory ,  were suppl ied (see f i g .  1) .  These two samples were suggested f o r  p r a c t i c e  
runs t o  become f a m i l i a r  with the method and t o  check GC condi t ions.  

A: Reference Standards 

6: Mono- and Oiglyceride, 
Sample 1 

L 

B 

. . . .  
0 i0 2 0 . .  - .  & -  . .  - io 

Retention Time (min) 

Fig. 1 G A S  CHROMATOGRAMS OF THS-DERIVATIVES OF MONO- A N D  DIGLYCERIOES 

Silylation. Sample: 1 0  mg; reagents: O.lml pyridine containing 
1.0 mg n-tetradecane, 0.2ml B S T F A ,  O.lml TMCS; reaction: 2 0  min at 
7 0  OC. 
Column. Fused-silica capillary, 25 m x 0.31 m m  (id), film thickness 
0.17 pm, 5% phenylmethyl silicon, Ultra 8 2 (Hewlett Packard). 
Operation conditions: Injector 320 O C ,  column initial 80 O C ,  
program 1 0  OC/min, final 360 O C ,  hold 1 5  min, detector 350 O C ,  
carrier gas 5 ml He/min (st 8 0  O C )  (see method). 
Peak identification. IS: tetradecane, 1: glycerol, 2: diglycerol, 
3: hexsdecanoic acid, 4: octadecanoic acid, 5: glycerol 1-tetra- 
decanoate, 6: glycerol 2-hexadecanoate, 7: glycerol l-hexadecanoa- 
te, 8: glycerol 2-octadecanoate, 9: glycerol 1-octadecanoate, 10: 
glycerol 1-icosanoate, 11: glycerol 1-docosanoate, 12: glycerol 
1-tetradecanoate )-hexadecanoate, 13: glycerol 1,2-dihexadecanoate, 
14: glycerol 1,3-dihexsdecanoate, 15: glycerol 1-hexsdecanoate 
2-octadecanoate, 16: glycerol 1-hexadecanoate 3-octadecanoate, 17: 
glycerol l,Z-dioctadecanoate, 18: glycerol 1,3-dioctadecanoate, 19: 
triglyceride C48, 20: triglyceride-CsO, 21: triglyceride Cs2, 22: 
triglyceride C S 4 .  
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The response f a c t o r s  o f  t h e  re fe rence  s tandards  vs. n- tetradecane were r e q u i r e d  t o  be  repo r -  
ted.  For  t h e  q u a n t i f i c a t i o n  o n l y  one c o n c e n t r a t i o n  l e v e l  ( 1  mg/ l )  had t o  b e  used. To c a l c u l a -  
t e  the  percentage o f  mass con ten ts  o f  t h e  components i n  t h e  samples, t h e  response f a c t o r s  o f  
t h e  r e f e r e n c e  s tandards  vs. n- tetradecane had t o  be  determined f i r s t  and, a f t e r  a d d i t i o n  o f  
n- tetradecane t o  t h e  sample and r e a c t i o n  wi th t h e  s i l y l a t i o n  reagents,  t h e  q u a n t i f i c a t i o n  by 
GC c o u l d  be  c a r r i e d  o u t  u s i n g  t h e  fo rmula  g i v e n  i n  t h e  method. D u p l i c a t e  r e a c t i o n s  w i th  each 
sample and two i n j e c t i o n s  pe r  r e a c t i o n  had t o  be c a r r i e d  ou t .  Resu l ts  had t o  be r e p o r t e d  t o  
t h e  co -o rd ina to r  by June 1985. 

RESULTS 

Operation conditions I 

I n s t r u n e n t s  and o p e r a t i n g  c o n d i t i o n s  a p p l i e d  by  t h e  c o l l a b o r a t o r s  a r e  shown i n  t a b l e  1. A l l  
l a b o r a t o r i e s  used f u s e d - s i l i c a  c a p i l l a r y  columns. 5 l a b o r a t o r i e s  a p p l i e d  s p l i t  i n j e c t i o n  and 
3 l a b o r a t o r i e s  on-column i n j e c t i o n s .  
Response factors 
Response f a c t o r s  o f  t h e  re fe rence  s tandards  vs. n - te t radecane were determined. A h i g h  respon- 
se f a c t o r  was r e p o r t e d  f o r  g l y c e r o l  due t o  d e r i v a t i z a t i o n  and TMS-groups p resen t  i n  t h e  
molecule.  

Operating conditions reported by collaborators Table 1: 

Lab. Ins t rument  Column Coat ing  Temperature Rate F i n a l  C a r r i e r  Gas I n j e c -  Samplc 
I n t e g r a t o r  I n j e c -  hi- oC/ m l / m i n  t i o n  S i z e  

m x mm t o r  t i a l  min a t  mode 
( i d )  80 O C  ( s p l i t )  

1 Hewlet t -Packard Fused U l t r a  = 2  320 80 10 360 He 5 1:20 1 p1 
5880 s i l i c a  
I n t e g r a t o r  2 5 ~ 0 . 3 1  

2 Perkin-Elmer Fused D imethy l  320 80 10 340 He 5 1:35 0.1 pl 
Sigma 2000 s i l i c a  s i l i c o n  
I n t e g r a t o r  1 5 ~ 0 . 5  0.5 pm - 

3 Hewlet t -Packard Fused U l t r a  = 2  350 80 10 360 He 5 1:40 1 p1 
5890A s i l i c a  
I n t e g r a t o r  3392A 2 5 ~ 0 . 3 1  

- ----- 
4 Hewlet t -Packard Fused U l t r a  = 2  320 80 10 360 He 5 1240 1 p l  

5890A s i l i c a  
I n t e g r a t o r  3392A 1 5 ~ 0 . 3 1  

5 Shimadzu GC-9A Fused U l t r a  =1 360 80 10 350 He 5 1:50 1 pl 
I n t e g r a t o r  C-RZX s i l i c a  

1 5 ~ 0 . 3 1  
-- - -- - 

6 k w l e t t - P a c k a r d  Glas SE30 80 10 340 H2 0.5 on co- 1 p1 
5890 1 8 ~ 0 . 2 5  lumn 
I n t e g r a t o r  3354 
Datasystem 

7 Carlo-Erba 5160 Pyrex SE3O 20/60 1 0  340 H2 0.75 on co- 1 p1  
Spect ra  Phys ics  18 0.07ym lumn 
4270 

8 Hewlet t -Packard Fused U l t r a  = 2  (350) 60 10 360 He 5 on co- 1 p l  
5890A s i l i c a  lumn 
I n t e g r a t o r  3392A 2 5 ~ 0 . 3 1  

T a b l e  2 :  R e s u l t s  f o r  s a m p l e  1, Mono- a n d  D i g l y c e r i d e s  ( E m u l s i f i e r s ) ,  
e x p r e s s e d  a s  p e r c e n t  b y  mass  o f  s a m p l e  

Gly- Palmi- Stearic 1 -My+ 1 -Pal- 1 -Stea- 1.3-Di- 1 -Palmitate- 1,3-Di- 
cerol tic acid acid state mitate rate palmitate 3-stearate stearate 

n - 7 8 8 8 8 8 7 7 7 
Mean 2 .45  0.67 0.96 0 .45  1 7 . 0 8  23 .62  6 .19  1 7 . 4 2  1 3 . 0 3  
S r  0 .03  0 .07  0 .07  0 .040  0 . 7 3  0 . 8 1  0 .28  0 .58  0 . 4 1  
WrX 1 - 0 3  10 .40  6 . 8 3  8 .91  4.25 3 .44  4.54 3 .33  3.17 
S R  0 .03  0 .09  0 .13  0 .04  1 . 8 6  3 .33  0 .98  4 .12  3 .02  
C _ ~ R X  1 . 4 0  1 3 . 0 2  1 3 . 9 0  9 .21  1 0 . 9 0  1 4 . 1 0  1 5 . 8 4  24 .16  23 .15  



Determination of mono- and diglycerides by capillary GC 1157 

T a b l e  3 :  R e s u l t s  f o r  s a m p l e  2 ,  Mono- and O i g l y c e r i d e s  ( E m u l s i f i e r s  
d i s t i l l e d ) ,  e x p r e s s e d  a s  p e r c e n t  b y  mass o f  s a m p l e  

Gly- Palmi- Stearic 1 -My+ 1 -Pal- 1 -Stea- 1,3-Di- 1 -Palmitate- 1,3-Di- 
cerol tic acid acid state mitate rate palmitate 3-stearate stearate Lab. 

S p l i t  i n j e c t  i o n  
1 0 . 4 2  0 . 2 5  

0 . 4 3  0 . 1 9  
2 0 . 4 5  0 . 2 1  

0 . 4 4  0 . 1 9  
3 0 . 4 4  0 . 2 2  

0 . 4 4  0 . 2 0  
4 0 . 4 3  0 . 1 9  

0 . 4 2  0 . 2 0  
5 0 . 4 1  0 . 3 0  

0 . 4 0  0 . 2 3  

0 . 7 2 2  1 . 6 6  
0 . 5 6 a  1 . 6 2  
0 . 5 8 -  1 . 7 7  
0 . 5 4  1 . 8 3  
0 . 6 3  1 . 6 7  
0 . 6 2  1 . 6 5  
0 . 5 8  1 . 5 5  
0 . 6 2  1 . 6 7  
0 . 5 4  2 . 3 8 2  
0 . 4 9  1 . 8 8 2  

2 5 . 2 4  5 4 . 3 5  
2 5 . 1 3  5 5 . 6 0  
2 8 . 2 4  6 5 . 4 3  
2 0 . 0 4  6 7 . 4 0  
2 4 . 6 7  5 2 . 5 2  
2 6 . 0 1  5 4 . 2 0  
2 3 . 5 3  5 0 . 6 4  
2 5 . 8 3  5 6 . 6 4  
3 0 . 3 2  6 5 . 1 0  
2 8 . 7 5  6 6 . 4 3  

0 . 2 0  
0.18 
0 . 3 1  
0 . 3 1  
0 . 1 8  
0.18 
0 . 1 7  
0 . 1 9  
0 . 2 1  
0 . 2 0  

0 . 7 0  0 . 8 7  
0 . 7 0  0 . 8 8  
0 . 9 7  1 . 6 6  
1.10 1 . 6 6  
0 . 6 6  0 . 9 4  
0 . 6 6  0 . 9 5  
0 . 7 3  0 . 9 4  
0 . 8 2  1.08 
0 . 6 7  0 . 9 6  
0 . 7 5  1.08 

On-column i n j e c t i o n  
6 0.50b 0 . 3 0  0 . 7 6  1 . 8 2  2 7 . 3 2  5 9 . 7 5  0 . 2 3  0 . 8 9  1 . 1 9  

0 . 5 0 E  0 . 3 2  0 . 7 9  1 . 8 1  2 7 . 2 3  5 9 . 5 3  0 . 2 3  0 . 9 0  1 . 2 1  
7 0 . 4 3  0 . 1 2  0 . 3 9  1 . 8 9  3 2 . 0 1  7 1 . 6 9  0 . 1 2  0 . 7 1  0.81 

0 . 4 0  0 .11  0 . 3 9  1 . 7 7  3 0 . 0 2  6 6 . 9 8  0 . 1 2  0 . 7 1  0 . 8 5  
8 0 . 4 4  0 . 2 6  0 . 5 7  1 . 7 3  2 6 . 5 7  5 8 . 5 3  0 . 3 0 2  1 . 0 2 2  1 . 3 2  

0 . 4 3  0 . 3 9  0 . 6 3  1 . 6 9  2 6 . 0 6  5 7 . 4 4  0 . 2 1 ~  0 . 7 5 2  1 . 1 0  

n 7 8 7 7 8 8 7 7 8 
Mean 0 . 4 3  0 . 2 3  0 . 5 8  1 . 7 2  2 7 . 1 8  6 0 . 1 4  0 . 2 0  0 . 7 8  1 . 0 9  
S r  0 .01  0 . 0 4  0 . 0 3  0 . 0 5  0 . 8 9  2 . 0 8  0 . 0 1  0 . 0 5  0 . 0 7  
WrX 2 . 4 4  1 7 . 9 2  4 . 7 4  2 . 9 9  3 . 2 8  3 . 4 7  4 . 6 4  6 . 0 5  6 . 7 5  
S R  0 . 0 2  0 . 0 7  0 . 1 2  0 .10  2 . 4 4  6 . 4 4  0 . 0 6  0 . 1 4  0 . 2 7  
C ~ R %  3 . 4 8  3 2 . 2 6  2 0 . 4 0  5 . 7 0  8 . 9 7  1 0 . 7 1  3 0 . 0 3  1 7 . 8 0  2 4 . 7 5  

- a R e s u l t s  r e j e c t e d  b y  t h e  Cochran t e s t  ( 9 5 %  c o n f i d e n c e  l e v e l )  
- b R e s u l t s  r e j e c t e d  b y  t h e  Oixon t e s t  ( 9 5 %  c o n f i d e n c e  l e v e l )  

T a b l e  4 :  R e s u l t s  f o r  s a m p l e  3 ,  T r i g l y c e r i d e s  s p i k e d  w i t h  Mono- and 
D i g l y c e r i d e s  ( E m u l s i f i e r s ) ,  e x p r e s s e d  a s  p e r c e n t  b y  mass o f  s a m p l e  

Lab. l -Palmi- 1 -Stea- 1,2-Di- 1,3-Di- 1,2-Di- Sum of compo- 
tate rate palmitate palmitate stearate nents analysed 

S p l i t  i n j e c t  i o n  
1 1 . 0 5  1 . 0 6  

1.10 1.10 
2 0 . 9 6  

1 . 0 1  
3 0 . 8 5  

0 . 8 4  
4 0.10 

0 . 9 6  
5 0 . 7 4  

0 . 7 8  

1 . 0 3  
1 . 0 7  
0 . 8 4  
0 . 8 3  
1 . 0 1  
0 . 9 6  
0 . 6 8  
0 . 7 7  

On-column i n j e c t i o n  
6 1 . 0 2  1 . 0 8  

1 . 0 1  1 . 0 5  
7 1 . 1 5  1.11 

1 . 0 5  1 . 0 9  
8 0 . 9 7  1 . 0 7  

0 . 9 6  1 . 0 2  

1 . 0 5  
1 . 2 6  
1 . 1 4  
1 . 0 2  
0 . 8 4  
0 . 8 1  
1 . 2 4  
1 . 2 3  
0 . 5 6  
0 . 5 2  

0 . 9 8  
0 . 9 6  
1 . 2 1  
1.15  
0 . 9 7  
0 . 9 5  

1 . o o  
1 .oo  
1 . 0 1  
0 . 9 7  
0 .80  
0 . 7 7  
0 . 9 5  
0 . 9 0  
0 . 5 7  
0 . 5 3  

1 . 1 9  
1 . 1 6  
1 . 0 3  
1 . 0 1  
0 . 9 8  
0 . 9 6  

0 . 9 6  
0 . 1 0  
1 .07  
0 . 8 9  
0 . 9 2  
0 . 8 6  
1 . 0 0  
1 . 0 4  
0 . 6 9  
0 . 6 5  

1 . 1 5  
1 . 1 4  
1 . 3 3  
1 . 2 3  
0 . 7 9  
0 . 8 8  

5 . 2 8  

5 . 0 7  

4 . 1 6  

5 . 1 4  

3 . 2 4  

5 . 3 6  

5 . 6 6  

4 . 7 6  

- n 8 8 7 8 8 8 
Mean 0 . 9 6  0 . 9 8  0 . 9 7  0 . 9 3  0 . 9 7  4 . 8 3  
Sr 0 . 0 3  0 . 0 3  0 . 0 4  0 . 0 2  0 . 0 6  
C!JrX 3 . 3 3  3 . 3 7  3 .97  2 . 5 4  6 . 2 1  
SR 0 . 1 2  0 . 1 4  0 . 2 4  0 . 1 9  0 . 1 9  0 . 7 8 4  
c_y R x 1 2 . 0 2  1 3 . 7 6  2 4 . 4 4  2 0 . 2 2  1 9 . 8 1  1 6 . 2 4  

a d d e d ( % )  1 . 0 0  1 . 0 0  1 . 0 0  1 . o o  1 . o o  5 . 0 0  

r e c o v e r y ( % )  9 6 . 0  9 8 . 0  97 .O 9 3 . 0  9 7 . 0  9 6 . 6  

- a R e s u l t s  r e j e c t e d  b y  t h e  Cochran t e s t  ( 9 5 %  c o n f i d e n c e  l e v e l )  
- b R e s u l t s  r e j e c t e d  b y  t h e  Oixon t e s t  ( 9 5 %  c o n f i d e n c e  l e v e l )  
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T a b l e  5 :  R e s u l t s  f o r  samp le  4 ,  T r i g l y c e r i d e s  s p i k e d  w i t h  Mono- and 
D i g l y c e r i d e s ,  e x p r e s s e d  as p e r c e n t  by  mass o f  samp le  

1 -Palmitate 1 -Stearate 1,2-Dipalmitate 1,2-Distearate Components analysed 1 I 
- n 8 8 7 8 
Mean 1 . 7 2  2 . 7 8  1 . 9 8  9 . 7 6  

0.08 0 . 1 4  0 . 0 6  0 . 0 6  
4 . 8 1  4 . 9 3  2 . 7 5  8 . 0 2  C-V_r/O 
0 . 2 3  0 . 4 0  0 . 5 3  0 . 2 0  s, 

C Y R %  1 3 . 3 7  1 4 . 4 8  2 6 . 9 2  2 6 . 1 5  

s r  0' 

8 
7 . 3 7  

1 . 2 8 2  
1 7 . 4 0  

a d d e d ( % )  1 . 7 7  2 . 8 5  2 . 0 6  0.68 

r e c o v e r y  ( 7; 9 7 . 2  9 7 . 5  9 6 . 1  111.8 

7 . 3 6  

100.1 

T a b l e  6 :  R e s u l t s  f o r  samp le  5 ,  S u n f l o w e r  seed o i l  ( r e f i n e d )  s p i k e d  w i t h  
Mono- and D i g l y c e r i d e s ,  e x p r e s s e d  as p e r c e n t  by  mass o f  samp le  

1 -Palmitate 1 -Stearate 1,2-Di- 1,3-Di- 1,2-Di- Components 
palmitate palmitate stearate analysed 

- n 7 7 6 6 6 8 
Mean 0 . 7 5  1 . 4 5  1 . 0 9  1 . 3 7  2 . 3 9  7 . 2 1  
S r  0.08 0 . 1 5  0 . 0 2  0 . 0 5  0 . 1 3  
c y r x  1 0 . 1 4  1 0 . 4 6  2 . 1 8  3 . 6 9  5 . 6 1  
2, 0 . 1 4  0 . 2 9  0 .11  0 . 0 9  0 . 7 4  1 . 6 5  
W R %  18.01 2 0 . 0 4  9 . 6 7  6 . 4 3  3 0 . 8 2  2 2 . 8 1  

added (76) 0 .80  1 . 5 4  1 . 0 9  1 . 3 9  2 . 1 8  7 . 0 0  

1 r e c o v e r y ( ? ; )  9 3 . 8  9 4 . 2  100.0 9 8 . 6  1 0 9 . 6  1 0 3 . 0  

T a b l e  7 :  R e s u l t s  f o r  samp le  6, S u n f l o w e r  seed  o i l  ( r e f i n e d )  s p i k e d w i t h  Mono- 
and D i g l y c e r i d e s ,  e x p r e s s e d  as  p e r c e n t  by  mass o f  samp le  

1 -Palmitate 1 -Stearate 1,2-Di- 1,3-Di- 1,2-Di- Components 
palmitate palmitate stearate analysed 

n_ 6 7 6 6 6 8 
Mean 0 . 7 2  1 . 4 2  0 . 9 5  1 . 3 4  2 . 3 7  6 . 7 8  

0 . 0 4  1 . 4 2  0 . 9 6  1 . 3 4  2 . 3 7  5r  c y r x  5 . 4 2  1 0 . 3 8  2 . 8 1  2 . 9 3  1 1 . 2 9  
0 . 1 4  0 . 2 9  0 . 2 4  0 . 1 5  0 . 7 6  1 . 5 4  S R  

C _ V R %  1 9 . 0 0  2 0 . 5 2  2 5 . 2 6  1 1 . 3 7  3 1 . 9 3  2 2 . 7 6  

a d d e d ( % )  0 .80  1 . 5 4  1 . 0 9  1 . 3 9  2 . 1 8  7 . 0 0  

r e c o v e r y ( % )  9 0 . 0  9 2 . 2  8 7 . 2 0  9 6 . 4  1 1 7 . 4  9 6 . 9  

The response fac to r  f o r  t he  f a t t y  ac ids were between 0.75 and 1. A higher response was found by 
l abo ra to r ies  a f t e r  deac t i va t i on  o f  the columns by s i l y l a t i o n  and using on-column i n j e c t i o n s .  One 
co l l abo ra to r  repor ted t h a t  i n  order t o  improve the response, the  septum and g lass i n l e t  was chan- 
ged every day. Experience shows, however, t h a t  c leaning may have adverse e f f e c t s ,  but  deactiva- 
t i o n  w i t h  s i l y l a t i n g  agents improves response. Response may be in f luenced by the apparatus used. 
No f u r t h e r  comments were made by co l l abo ra to rs  despi te  beeing i n v i t e d  t o  do so. 

Statistical evaluation 
S t a t i s t i c a l  ana lys i s  ( 1 1 )  o f  the  c o l l a b o r a t i v e  study r e s u l t s  are shown i n  tab les  2-7. Samples 3-6 
consisted o f  t r i g l y c e r i d e s  spiked w i t h  known amounts o f  mono- and d ig l yce r ides .  Recovery could 
thus be ca lcu lated.  The recover ies were the fo l lowing:  sample 3: 96.6%, sample 4: lOO.l%, sample 
5 :  103.0%, sample 6 :  96.92. 

The r e s u l t s  given i n  tab les 2-7 were ca lcu lated using the o r i g i n a l  experimental values w i t h  
three f i g u r e s  a f t e r  the decimal po in t .  I n  the  tab les  only  two f i gu res  are presented. Values ob- 
ta ined by i n d i v i d u a l  co l l abo ra t i ng  l abo ra to r ies  are given i n  t a b l e  3 (sample 2 )  and t a b l e  4 (samp- 
l e  3 ) .  These s t a t i s t i c a l  evaluat ions are a l so  presented i n  the  standardized method. F i n a l  s t a t i s -  
t i c a l  r e s u l t s  obtained f o r  the samples 1, 4 ,  5 and 6 a f t e r  r e j e c t i o n  o f  r e s u l t s  us ing the  Cochran 
and Oixon t e s t ,  both on the  95% l e v e l ,  are presented i n  tab les  2 ,  5 ,  6 and 7 .  

CONCLUSIONS 

On t h e  b a s i s  o f  t h e  r e s u l t s  t h e  Commiss ion d e c i d e d  t o  a d o p t  t h e  me thod .  The 
t e x t  o f  t h e  s t a n d a r d i z e d  p r o c e d u r e  i s  g i v e n  i n  t h e  f o l l o w i n g  pages .  



Determination of mono- and diglycerides b y  capillary GC 1159 

2.326 DETERMINATION OF MONO- AND DlGLYCERlDES BY CAPILLARY GAS 
CHROMA TOGRAPH Y 

1. SCOPE 

This  s t anda rd  d e s c r i b e s  a method f o r  t h e  de t e rmina t ion  o f  mono- and d i g l y c e r i d e s .  

2. FIELD OF APPLICATION 

The s t anda rd  is  a p p l i c a b l e  t o  mono- and d i g l y c e r i d e  c o n c e n t r a t e s  and mono- and d i q l y c e r i d e s  
i n  f a t s  and o i l s .  

3. PRINCIPLE 

Conversion o f  mono- and d i g l y c e r i d e s  wi th  N,N-bis( t r i m e t h y l s i l y l )  t r  i f luoroace tamide  (BSTFA) 
and t r i m e t h y l c h l o r o s i l a n e  (TMCS) i n  p y r i d i n e  i n t o  more v o l a t i l e  t r i m e t h y l s i l y l  e t h e r  
d e r i v a t i v e s  and q u a n t i t a t i v e  de t e rmina t ion  by c a p i l l a r y  g a s  chromatography us ing  an i n t e r n a l  
s t anda rd  (n- t e t  radecane) . 

4. APPARATUS 

4.1  Gas chromatograph, w i th  s p l i t  i n j e c t i o n  o r  on-colunn i n j e c t i o n  ( n o t e  l ) ,  oven tempera ture  
programming and flame i o n i z a t i o n  d e t e c t o r .  Recorder and i n t e g r a t o r .  

4.2 Column, c a p i l l a r y ,  g l a s s  o r  fused  s i l i c a ,  s u r f a c e  f u l l y  d e a c t i v a t e d  by s i l y l a t i o n  agent  
( n o t e  2), 15-25 m ,  0.25 - 0.35 mm i n t e r n a l  d i ame te r ,  c o a t i n g  SE-54 ( o r  phase wi th  s i m i l a r  
p o l a r i t y ) ,  f i lm  t h i c k n e s s  0.1 - 0.2 fim. 

4.3 Opera t ing  c o n d i t i o n s ,  s p l i t  i n j e c t i o n  ( s p l i t  r a t i o  1 : l O  - 1:50);  d i r e c t  i n j e c t i o n  
( s p l i t l e s s ,  ho ld  f o r  1 min); t empera tures :  i n j e c t i o n  p o r t  320 'C, o r  on-colunn i n j e c t i o n  
60 ' C ,  column i n i t i a l  80 "C ( o r  60 ' C ,  on-column), program 10 "C/min, f i n a l  360 'C, hold 
15 min, d e t e c t o r  350 ' C ,  c a r r i e r  g a s  flow 5 m l  He/min ( a t  80 "C) ,  i n j e c t i o n  volume 1 - 5 
p l .  An au tomat ic  sampler is advantageous.  

4.4 Screw cap v i a l s  (2.5 ml) o r  crimp top  v i a l s  for  a u t o  sampler ( e . g .  2.0 m l ) ,  w i th  Teflon 
faced  s e p t a .  

4.5 Heating dev ice  f o r  v i a l s ,  70 'C. 

5. REAGENTS 

5 . 1  N,N-b i s ( t r ime thy l s i ly1 )  t r i f l u o r o a c e t a m i d e  (BSTFA). 
5.2 T r h t h y l c h l o r o s i l a n e  (TMCS). 
5.3 Pyr id ine ,  p.a. ,  kep t  over K O H .  
5.4 n-Tetradecane, p .a . ,  ( i n t e r n a l  s t anda rd ) .  
5.5 n-Hexane, p.a. 
5.6 Reference s t anda rds .  G lyce ro l ,  p a l m i t i c  a c i d ,  1 -0-pa lmi toylg lycero l ,  1-0-stearoyl- 

g l y c e r c o l ,  1,2-di-~-palmitoylglycerol, 1,3-di-~-palmitoylglycerol, 1 ,2 -d i - i - s t ea roy l -  
g l  ycero 1. 

volumetr ic  f l a s k  and d i l u t e  t o  volume wi th  p v r i d i n e  (5 .3 ) .  
5.7 I n t e r n a l  s t anda rd  s o l u t i o n .  Accura te ly  weigh ca .  100 mg n- t e t r adecane  (5 .4 )  i n t o  10 m l  

5.8 Reference s o l u t i o n .  Accura te ly  weigh c a .  10O'mg o f  r e f e r e n c e  s t anda rd  (e .q .  g l y c e r o l ,  
f a t t y  a c i d ,  mono- and d i -0 -ace ty lg lyce ro l )  and a c c u r a t e l y  weigh c a .  100 mg o f  n - t e t r a -  
decane i n t o  a 10 m l  v o l u n e t r i c  f l a s k .  D i l u t e  t o  volume wi th  py r id ine .  A l t e r n a t i v e l y ,  
weiqh ca. 100 mg o f  a mixture  con ta in ing  several (e.g.  5)  r e f e r e n c e  s t a n d a r d s  and 
n- te t radecane ,  each component be ing  p r e s e n t  i n  about t h e  same q u a n t i t i e s ,  i n t o  a 2 m l  
vo lumetr ic  f l a s k  and d i l u t e  t o  volume wi th  py r id ine .  

6. PROCEDURE 

6.1 Sample solution 
Accura te ly  weigh ca .  10  mg o f  homogenized sample o f  e m u l s i f i e r  c o n c e n t r a t e s  or 50 mg o f  
o i l s  and f a t s  con ta in ing  e m u l s i f i e r s  i n t o  a 2.5 m l  screw cap v i a l  with Teflon faced 
s e p t a .  Add 0.1 ml o f  i n t e r n a l  s t anda rd  s o l u t i o n  (5.7) con ta in ing  1 mg n - t e t r adecane ,  0.2 
ml BSTFA and 0.1 m l  TMCS t o  t h e  sample ( n o t e  3 ) .  
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Humidity i s  s t r i c t l y  excluded. Close v i a l  and shake vigorously. Heat the  reac t i on  mixture 
i n  heat ing device a t  7 O o C  f o r  ca. 20 min. I n j e c t  1-5 pl of the react ion mixture i n t o  the 
gas chromatograph showing a s tab le  base l i n e  (note 1). 
Avoid delay o f  GC analysis. The reac t i on  i s  ca r r i ed  out twice and dup l i ca te  i n j e c t i o n s  a re  
made per react ion.  

6.2 Reference solution 
Transfer 0.10 m l  o f  reference s o l u t i o n  (5.8) t o  a v i a l  and add the  s i l y l a t i n g  agents 0.2 
m l  BSTFA and 0.1 m l  TMCS (no i n t e r n a l  standard s o l u t i o n  i s  added) and i n j e c t  as described 
above (note 1 and 3 ) .  
Use a concentrat ion range o f  reference standards s i m i l a r  t o  t h a t  o f  the substances t o  be 
q u a n t i f i e d  i n  sample so lut ion.  A p l o t  o f  response fac to r  vs. concentrat ion o f  reference 
standards may be use fu l  t o  check l i n e a r i t y .  
Check response factors  p e r i o d i c a l l y .  Response fac to rs  should be above ca. 0.5. Lower 
response fac to rs  i nd i ca te  some loss  or decomposition. Use concentrat ion range o f  0.5 - 10  
mg/ml o f  components i n  reference and sample so lut ions.  

6.3 Identification 
Analyse the  reference s o l u t i o n  under the same operation condi t ions as the  sample 
so lu t i on .  I d e n t i f y  peaks by comparison o f  r e t e n t i o n  t ime w i t h  known substances or  apply 
coupled GC/MS. 

7. CALCULATION A N D  EXPRESSION OF RESULTS 

7.1 Response factor 

Calculate the response fac to rs  o f  the reference substances vs. i n t e r n a l  standard using the  
reference standard chromatogram. The value o f  t he  response fac to r  i s  given by the  
formula: 

= (mis/*) x (&/A i s )  

where: 
: 
: mass, i n  mg, o f  i n t e r n a l  standard 

response fac to r  o f  reference standard x 

5 : mass, i n  mg, o f  reference standard x 
& : peak area o f  reference substance x 

peak area o f  i n t e r n a l  standard : 

7.2 Calculation of sample component content 

Calculate percentage o f  mass content o f  component x i n  the sample by the formula: 

where: 
m', 
3is : mass, i n  mg, o f  i n t e r n a l  standard i n  sample 
m', : mass, i n  mg, o f  sample 
TIx : peak area o f  the component x i n  sample 
El is : 

: per cent (m/m) of mass o f  component x i n  sample 
: response fac to r  o f  component x i n  sample 

peak area o f  the i n t e r n a l  standard i n  sample 

8. QUALITY ASSURANCE 

8.1 For general p r i n c i p l e s  o f  a n a l y t i c a l  q u a l i t y  c o n t r o l  see the sect ion on Qual i ty  Assurance 
i n  the i n t roduc to ry  p a r t  o f  the Compendium o f  the Standard Methods. 

8.2 F o r  s p e c i f i c  app l i ca t i ons  o f  a n a l y t i c a l  q u a l i t y  c o n t r o l  see the Annexe t o  t h i s  standard 
method. 

9. NOTES 

1. For on-column i n j e c t i o n ,  or  d i r e c t  i n j e c t i o n ,  d i l u t e  50 p1 o f  reac t i on  mixture (6.1; 6.2) 
w i t h  1 m l  hexane and i n j e c t  ( 1  ~ 1 ) .  
I n  order t o  lengthen the l i f e  t ime o f  the columns when apply ing on-column i n j e c t i o n s ,  a 
pre-column i s  usefu l .  On-column i n j e c t i o n  g ives b e t t e r  response factors .  

2. Use a length o f  column requi red t o  separate 1,2- from 1,3-diglycerides. 
3. For automatic samplers w i t h  2 m l  cr imp top  v i a l s ,  i t  i s  convenient t o  double the  amount o f  

sample and reagents. 
4. Beside mono- and d ig l yce r ides  other  components such as g l yce ro l ,  f a t t y  acids, s t e r o l s  e tc .  

can be analysed by the same method. 
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APPENDIX 

ANALYTICAL QUALITY CONTROL 

1. Repeatability 

When the mean o f  the values obtained from two s i n g l e  determinations c a r r i e d  out i n  r a p i d  
succession by the same operator, using the  same apparatus under the same cond i t i ons  for  t h e  
analys is  o f  the same t e s t  sample, l i es  w i t h i n  the range o f  the mean values c i t e d  i n  the tab les  
below, the  d i f f e rence  between the  two values obtained should n o t  be greater  than the  
r e p e a t a b i l i t y  l i m i t  ( r ) ,  which can genera l ly  be deduced by l i n e a r  i n t e r p o l a t i o n  from the  
values i n  the  tab les.  

2. Reproducibility 

When the values f o r  the f i n a l  r e s u l t ,  obtained by operators i n  d i f f e r e n t  l abo ra to r ies  us ing 
d i f f e r e n t  apparatus under d i f f e r e n t  condi t ions,  from the  ana lys i s  o f  t he  same laboratory  
sample, l i e  w i t h i n  the range o f  mean values c i t e d  i n  the tab les  below, the d i f f e rence  between 
the values f o r  t he  f i n a l  r e s u l t  obtained by those operators should n o t  be greater  than t h e  
r e p r o d u c i b i l i t y  l i m i t  ( e ) ,  which can genera l ly  be deduced by l i n e a r  i n t e r p o l a t i o n  from the 
values i n  the tab les.  

3. Results of the interlaboratory test 

An i n t e r l a b o r a t o r y  t e s t  c a r r i e d  out  a t  an i n t e r n a t i o n a l  l e v e l  i n  1985 by the IUPAC Commission 
on O i l s ,  Fats and Der ivat ives,  i n  which 8 l abo ra to r ies  pa r t i c i pa ted ,  each ob ta in ing  two t e s t  
r e s u l t s  f o r  each sample, gave the s t a t i s t i c a l  r e s u l t s  (evaluated i n  accordance w i t h  IS0 
5725-1986 ( 1 1 )  summarised i n  the  fo l l ow ing  tab les  f o r  mono- and d i g l y c e r i d e  concentrates 
( t a b l e  A) and f o r  mono- and d ig l yce r ides  i n  o i l s  ( t a b l e  8 ) .  
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Table A 5 t a t i s t i c a l  Analys is  o f  Kesu l t s  f o r  Mono- and Oig lyce r ide  Concent ra tes  
(expressed  a s  pe rcen t  o f  mass o f  sample) 

-----------I_-----_--- -------I____-__-____-_-_---_____ ____. 

I-Ny- 1-Palmi- 1-Stea- 1 ,3-0 i -  1-Pal- 1 , 3 4 1 -  
r 1- t a t e  r a t e  palmi- mi ta -  s t e a -  
s t a t e  t a t e  te-3- r a t e  

s t e a  
rate 

Number o f  l a b o r a t o r i e s  8 
Number o f  results 16 
Number of l a b o r a t o r i e s  

r e t a i n e d  a f t e r  elimi- 
na t ion  o f  o u t l i e r s  7 

s u l t s  14  
Number o f  accepted  re- 

M E A N  V A L U E  (g/100 g sample) 1.7 

Hepea tab i l i t y  s t anda rd  

R e p e a t a b i l i t y  r e l a t i v e  

Hepea tab i l i t y  l i m i t  ( r )  

Heproduc ib i l i t y  s t anda rd  

Keproduc ib i l i t y  r e l a t i v e  

Reproducib i l  i t y  1 imit 

d e v i a t i o n  ( & )  0.05 

s t anda rd  d e v i a t i o n  3.0 

[2.83 x ~ r ]  0.14 

d e v i a t i o n  ( b ~ )  0.1 

s t anda rd  d e v i a t i o n  5.7 

( B )  [ 2 . 8 3  x S H ]  0 . 3  

8 8 8 8 
16 16 16 16 

8 8 7 7 

16 16 14  14 

0.8 

0.9 

3 .3  

2.61 

2.4 

8.9 

6.8 

27.2 60.1 0.2 

2.1 0.01 

3.5 4.6 

5.91 0.31 

6.4 0.06 

0.7 30.0 

8.1 0.2 

0.05 

6.0 

0.14 

0.1 

7.8 

0.4 

8 
16 

8 

16 

1.1 

0.07 

6.8 

0.20 

0.3 

24.8 

0.8 
I_- 

Table I3 S t a t i s t i c a l  Analys is  o f  Resu l t s  f o r  Mono- and Oig lyce r ides  in  O i l  
( exp res sed  a s  percent  o f  mass o f  sample) 

1-Palmi- 1-Stea- 1 , Z - O i -  1 ,3-0 i -  1 , Z - D i -  
t a t e  r a t e  palmi- palmi- s t e a -  

t a t e  t a t e  - r a t e  
-I___---- -- 
Nunber o f  l a b o r a t o r i e s  8 8 8 8 8 
Number o f  r e s u l t s  16 16 16 16 16 
Number o f  l a b o r a t o r i e s  

r e t a i n e d  a f t e r  elirni- 
na t ion  o f  o u t l i e r s  8 8 8 8 8 

a u l t s  16 16 16 16 16  

MLAN VALUE (g/lO0 y sample) 0.96 0.98 0.97 0.93 0.97 

Hepea tab i l i t y  s t anda rd  

Hepea tab i l i t y  r e l a t i v e  

Hepeatab i l  i t  y lirni t ( r )  
Reproduc ib i l i t y  s t anda rd  

Keproduc ib i l i t y  r e l a t i v e  

Reproduc ib i l i t y  limit 

Number o f  accepted  re- 

d e v i a t i o n  (sr) 0.03 0.03 0.04 0.02 0.06 

s t anda rd  d e v i a t i o n  3 . 3  3.4 4.0 2.5 6 .2  

[ 2 . 8 3  x &]  0.08 0.08 0.11 0.06 0.17 

d e v i a t i o n  (SH) 0.12 0.14 0.24 0.19 0.19 

s t anda rd  d e v i a t i o n  12.0 13.8 24.4 20.2 19.8 

( & )  [2 .83 X SR] 0.34 0.40 0.68 0.54 0.54 




