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The results of the Q UASIM EM E lipid intercomparison 
exercise were evaluated in relation to the Bligh & Dyer 
(1959) total lipid extraction method. M ost of the 
participants provided detailed information on their 
methods and a comparison was made based on the 
following parameters: drying temperature; subsampling; 
sample intake; solvent composition of the extraction— and 
partition mixture; the use o f a second extraction; mixing 
method; and the use o f filtration. Only a small number of 
laboratories applied conditions which conformed strictly 
to the original method o f Bligh & Dyer (1959). Although 
these conditions were originally specified for cod muscle 
tissue, they are applicable to mussel tissue as well. Some 
differences in the results could be attributed to deviations 
from the original method, but none of them were 
significant with the exception o f subsampling. The latter 
resulted in significant differences between laboratories 
that used the same extraction method, caused by an 
inappropriate compensation for the amount of organic 
phase absorbed by the tissue (Smedes & Thomasen, 
1996). Copyright ©  1996 Elsevier Science Ltd

T he im portance o f  a  reliable and  reproducible lipid 
determ ination  m ethod has been recognised within the 
Q U A SIM E M E  project (Bailey & Wells, 1994). L abora­
tories involved in the p ro ject were, as a  first step, invited 
to take p a rt in a lipid intercom parison exercise. A 
mussel hom ogenate w as d istribu ted  to the participating 
laboratories, together w ith  a questionnaire to establish 
the detail o f the m ethods used. The results o f the 
exercise were discussed during  a  w orkshop in Dublin, 
held on 13-16 O ctober 1994. O ne o f  the conclusions o f 
the w orkshop was the recognition o f the Bligh 8c Dyer 
(1959) to tal lipid extraction  m ethod (B&D) as the m ost 
reliable m ethod currently  available (Bailey & Wells, 
1994). In the 30 years since the in troduction  o f B&D, 
m any adaptations have been m ade to the original 
m ethod (de Boer, 1988). As B&D is an operationally

Vlaams Instituut voor de Zee
defined m ethod, su c fP 'd'óViátFdñé'^Mim the original 
m ethod can lead to variable results. Smedes & 
Thom asen (1996) recently evaluated the m ethod and 
discussed the im pact o f changes on the analytical result 
by applying a theoretical extraction model. They found 
th a t the kinetics o f  the extraction are prom oted by a 
multi-step approach  (first dissolve then extract), and by 
a  higher m ethanol conten t in the solvent m ixture. This is 
another key param eter in determ ining the yield o f the 
extraction. One o f  the m ain sources o f  reduced 
extraction efficiency was absorption  o f the organic 
phase (containing lipids) by the tissue.

The observed variability o f  the intercom parison 
exercise (CV on the to tal lipid determ inations, 12.6%; 
Bailey & Wells, 1994) could be explained in part by 
modifications o f the original m ethod (B&D) by the 
participants. The variability obtained seems small when 
com pared to those obtained  in contam inant analysis, 
but m uch better results have already been obtained in 
food analysis. H ollm an et al. (1993) obtained a relative 
standard  deviation o f  2%  during a  certification o f milk 
powder and pork  muscle. A  m uch better overall CV 
than 12.6% should therefore be possible, especially 
considering the relative simplicity o f the B&D method. 
It was suggested, therefore, th a t a thorough evaluation 
may indicate which o f  the changes m ade are responsible 
for the variation in data.

Experimental
The questionnaire circulated during the exercise did 

no t provide adequate inform ation on the m ethods used 
by the participants, and  they were subsequently asked to 
supply a  detailed description o f  their m ethod. O f the 33 
participants w ho attended the meeting, 25 responded. 
The different m ethods used by the participants were 
then com pared to the m ethod o f Bligh & D yer (1959) 
with a special emphasis on a num ber o f param eters 
which were considered im portan t for the efficiency of 
the m ethod namely:
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9 D rying tem pera tu re  
® Subsam pling 
® Sam ple in take
•  C om position  o f  the  extraction and  partitio n  m ixture
•  The use o f  a  second extraction step 
® M ixing m ethod
•  W hether filtra tion  was used 
® O ther conditions

Results and Discussion
General

A n overview o f  the  different m ethods th a t w ere used 
by the  partic ipan ts and  the key param eters is given in 
T ab le  1. The lipid contents determ ined are show n in 
Fig. 1. N o t all o f  the descriptions th a t were supplied 
contained  sufficient detail to allow  a proper com parison 
o f m ethods. T he partic ipants were unable to  use the 
sam e volum es as those given in B&D because o f  the 
lim ited am oun t o f  sam ple used in the exercise, b u t only 
a lim ited num ber o f  laboratories used a dow nscaled 
version o f the orig inal m ethod, w hilst still re ta in ing  the 
orig inal solvent p roportions (L10, L Í50, L230, L430, 
L440, L460, L500, L560, L650, L770a, L810, L840 and 
LOO) and  perform ing  a re-extraction (L10, L Í 50, LOO; 
Fig. 1). The results in Table 1 o f laboratories L790 and 
L810 im m ediately stand out. The la tter labora to ry  
reported  the d a ta  on  a freeze dried weight basis which 
explains the high result. The low result o f  L790 cannot 
be explained. T he results o f bo th  laboratories were 
excluded from  fu rther evaluation. The variability  
betw een the laborato ries using B&D, respecting the

original solvent ratios, w as 9% . The o ther laboratories 
deviated from  the B & D  m ethod m ainly by using a 
different partition  m ix tu re , sam ple in take and by using 
dichlorom ethane in stead  o f chloroform .

Drying temperature
B&D suggested a  d ry in g  tem pera tu re  o f  60°C which 

was also considered to  b e  the m inim um  tem perature  at 
the Q U A SIM E M E  lip ids w orkshop in D ublin  (Bailey & 
W ells, 1994). M ost labo ra to ries used tem peratures 
below 60°C, possibly to  prevent evaporation  o f  the 
lipids. Free fatty  acids will slowly evaporate  a t  higher 
tem peratures, bu t o th e r lipids, such as the triglycerides, 
can  act as a keeper thereby  m inim izing the evaporation. 
Smedes (unpub. data) n o ted  a weight reduction o f  only 
1% when the drying tem pera tu re  was increased to 
100°C. Free fatty  acids can also ac t as a keeper for 
w ater if  lower tem pera tu res are used.

Considering th a t one  lab dried  the sam ple a t room  
tem perature, and  a n o th e r ‘un til no m ore solvent was 
smelled’, the results o f  the  in tercom parison  exercise do 
n o t show  the drying tem pera tu re  to have a pronounced 
effect on the results. A  m inim um  drying tem perature  of 
60°C seems, therefore, to  be advisable. Also, the shape 
o f  the drying container can  be im portan t. T o  allow  for 
proper evaporation  petri-d ishes o r alum inium  cups 
should be used.

Subsampling
A num ber o f labora to ries used subsam pling to 

determ ine the lipid co n ten t in the extract. This can be 
done in tw o ways, referred  to  as ‘m easured subsam-
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Fig. 1 Overview  o f  th e  lip id  con ten ts  ob ta ined  by  the different 
p artic ipa ting  labs w ith  a  num ber o f  key  param eters:
B D  =  p artitio n  m ix tu re  confo rm ing  to  the orig inal B& D 
m ethod , SE  =  only  a  single ex trac tion  step w as perform ed ,
R E  =  a  second ex trac tio n  w as perfo rm ed , BS =  w hen blind 
subsam pling  (cf tex t) w as used. T h e  bars o f  th e  labs using  the 
original p a rtitio n  m ix tu re  a re  in  a  lighter colour.
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pling’ and ‘blind subsam pling’. In  m easured subsam ­
pling the recovered organic phase volum e is measured 
and an a liquot is taken in w hich the lipid content is 
determ ined. T he lipid conten t fo r the sample is then 
calculated fo r the to tal volum e o f  the recovered organic 
phase (Bligh & Dyer, 1959). In  blind subsam pling, the 
lipid conten t is determ ined in  a subsam ple o f the 
organic phase and  the to ta l volum e is considered to be 
equal to the added chloroform  (de Boer, 1988; Randall 
et al., 1991). Smedes & Thom asen (1996) dem onstrated 
th a t absorption  o f  the organic phase by the tissue 
prevents full recovery o f  the organic phase. As a 
consequence, this results in an  incom plete isolation o f 
the lipids a lthough they were originally completely 
extracted to  the organic phase. M easured subsampling 
does no t correct fo r the am oun t o f organic phase th a t is 
lost in this way, whereas blind subsam pling accidentally 
com pensates for this loss. In  addition, Smedes & 
Thom asen (1996) calculated th a t the chloroform  layer 
of m ixture P  in B&D, which Bligh & D yer (1959) 
considered to be pure chloroform , actually contained 
10.7% o f  m ethanol, and  th a t the volum e o f  the organic 
phase was 4%  higher than  the added chloroform  in a 
procedural b lank. The actual volum e o f  the organic 
phase is thus higher, b u t losses th rough  evaporation 
during the extraction will decrease the volume. Using 
the to tal volum e o f  added chloroform  to  recalculate for 
subsam pling tends to even ou t b o th  effects although this 
is uncontrollable. Using blind subsam pling will there­
fore result in higher, though  p robably  m ore correct, 
lipid data. T he latter is clearly illustrated  by com paring 
the results o f  the laboratories L430 (1.34% ) and L440 
(1.60% ). B oth laboratories used an  identical procedure 
b u t L430 m easured the lipid con ten t in the recovered 
organic phase, whereas L440 subsam pled using the 
second m ethod. Recalculating the  result o f  L430 to the 
assum ed volum e o f  20 ml leads to  a lipid content of 
1.60%, which is the same as determ ined by L440. Other 
laboratories (L90, L480, L690) used subsam pling, but 
these da ta  could n o t really be com pared  as the m ethods 
differed in m ore ways th an  ju s t their use o f subsampling 
(Table 1). L abora to ry  L90 applied a high sample intake 
which resulted in a slightly low er m ethanol content in 
the organic phase, and hence a  lower yield (see later). 
The m ixtures applied by laboratories L480 and L690 
contained a higher am oun t o f  chloroform , bu t since the 
m ethanohw ater ra tio  was n o t dram atically different 
from  B&D, the m ethanol conten t o f  the organic phase 
was no t expected to be different. The efficiency of 
extraction should, therefore, be com parable. The results 
(1.59%  for L480 and  1.53% fo r L690) are indeed close 
to those o f L440. N ote  also th a t L690 used shaking as 
the mixing m ethod  which m ight n o t be entirely efficient 
(see later).

Sample intake
A  high sam ple in take can, fo r the same volume of 

organic phase, result in a lower extraction  efficiency 
(Smedes & Thom asen, 1996), due to  increased absorp­
tion  by the tissue, o r the lim ited solubility o f the lipids 
in the organic phase. How ever, in the case o f  the mussel 
tissue (a lean tissue) the effect is n o t expected to be

dram atic. This is dem onstra ted  by the results o f 
laboratory  L90 who used the h ighest sam ple-to-chloro- 
form -ratio  (1:1). This did no t resu lt in a very low result 
(1.51% ) when com pared  w ith the o ther laboratories 
th a t applied blind subsam pling. Considering the result 
o f  laboratory  L340 (1.56% ) w hich applied a sam ple to 
solvent ratio  o f 1:20 and elim inated absorption o f 
organic phase th ro u g h  three sequential extractions, it 
seems unlikely th a t the  sam ple to solvent ra tio  is an 
im portan t param eter. C onsequently, the solubility o f 
the organic phase seems sufficient fo r mussel tissue, and 
adsorp tion  o f lipids to  the tissue appears to be 
negligible.

Composition o f  the extraction!partition m ixture 
The com position o f  the extraction- an d /o r partition- 

m ixture is very im p o rtan t if an  optim al yield is to be 
obtained (Bligh & D yer, 1959). Smedes & Thom asen 
(1996) have also show n th a t the  m ethanol conten t is a 
key param eter. Since the optim um  com position in B&D 
o f the m ixture was defined fo r cod muscle tissue, it 
could be questioned w hether applying the same m ixture 
in this exercise w ould result in adequate  extraction. The 
mussel tissue th a t w as used fo r the intercom parison 
contained a higher lipid con ten t (about four times 
higher), and  the com position o f  the m ixture called 
‘lipids’ was also different from  cod muscle. The 
optim um  m ethanol content could, therefore, be 
different. The results (given in T able 1) show  that 
insufficient solubility in the organic phase is unlikely. 
Participants (L10, L Í 50, L250, L340, L500, L690 and 
L770) w ith a lower m ethanokchloroform  ratio  obtained 
results bo th  com parable to o thers, and also higher. This 
was especially true fo r L Í 50 th a t obtained a  relatively 
high lipid value (1.78% ), and used a relatively high 
chloroform  to w ater ra tio . By contrast, L340 (1.56%) 
used a partition  m ixture th a t finally had  a  m ethanol 
content o f a round  12% , which is higher than  the P 
m ixture o f  B&D. This could be regarded as the m ost 
exhaustive extraction. F u rther p ro o f th a t the original 
B&D partition  m ixture results in a sufficient perfor­
m ance is found in the results o f  a  second extraction  by 
L430 and  L770 (see later). Only 8-10%  o f  additional 
lipids were recovered (B&D recovered 6% ). One 
laboratory  (L770) experim ented with higher volumes 
o f  chloroform  (up to  factor o f 1.5) and found a  slight 
increase in lipid content. As they did no t apply 
subsam pling, a larger fraction o f organic phase could 
be recovered, and  this m ay explain the increase. Finally, 
three laboratories (L140, L Í80 and  L250, m arked with a 
D  in T able 1) substitu ted  dichlorom ethane fo r chloro­
form . Clearly, this will result in a  som ew hat different 
extraction system due to the change in solvent polarity, 
bu t the results for L Í80  (1.34% ) and L250 (1.48% ) 
certainly suggest an equal extraction potential.

Second extraction  
A  second extraction w ith ch loroform  (as p roposed  by 

B&D) yielded, in their case, 6%  additional weight of 
lipid. I f  the first extraction has com pletely extracted the 
lipids, then the second extraction recovers only the 
residual chloroform  adsorbed to  the tissue (see also
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subsam pling). Tw o laboratories (L430 an d  L770) 
rep o rted  a separate  result for a  second extraction. 
A fte r their single step extraction, the sam ple was again 
subjected  to  the sam e procedure. C om pared  to  the first 
ex traction , 8 -10%  additional lipid was obtained. 
C onsidering th a t ab o u t 20%  o f  the  organic phase is 
abso rbed  to  the tissue (see subsam pling), it  can be 
concluded th a t the non-recovered ch loroform  phase 
seems n o t to  contain  the same lipid co n ten t as the 
p rim ary  recovered chloroform  phase. This is further 
su pported  by com paring the lipid p a tte rn  o f  the first 
and  second extraction by H P L C  analysis. A lthough  all 
lipids th a t are presen t in the first ex tract are also present 
in the second extract, the m ore po lar lipids are 
d o m in an t (Smedes & Thom asen, 1994). The procedure 
fo r the second extraction as p roposed  by B& D (step 5) 
is n o t expected to be very effective fo r po lar lipids, and 
so it is n o t clear w hether it will yield the sam e am o u n t of 
lipid as a  subsequent prim ary extraction. W hen 
com paring  the results o f  L430A +  B (1.47% ) and 
L770A  +  B (1.48% ) with the results o f  LOO (1.48% ) 
and  L460 (1.45% ), it seems th a t either m ethod  can give 
sim ilar results. Three subsequent extractions m ay  yield a 
slightly higher result (L340, 1.56% ). Smedes (unpub. 
d a ta ) extracted the m ethanol-w ater phase (after separa­
tion  from  the tissue) twice w ith chloroform , b u t gained 
only 1% o f the to ta l extracted weight. F u rth e r H PLC  
analyses o f  the ex tract showed th a t only non  lipids were 
presen t. I t  can be concluded, therefore, th a t  lipids 
ex tracted  the second time will originate only from  the 
tissue and  th a t the aqueous phase can be discarded after 
the first extraction.

M ixing
M ost partic ipants applied U ltra  T urrax  for mixing. 

P ro longed  stirring will yield sim ilar results (L Í00  and 
L250). Shaking was applied by th ree  participants (LÍ 80, 
L650 an d  L690) bu t resulted in a  som ew hat low er lipid 
con ten t, particularly  for L650. L ab o ra to ry  L690 used 
extensive shaking, ( 3 x 7  min), w hich yielded a high lipid 
concen tration . The la tter result could  also be explained 
as a  resu lt o f  an overestim ation, as blind subsam pling 
was used  to  determ ine the final lipid con ten t (see earlier) 
and  considerable evaporation  o f  solvent m ay have 
occurred  as a result o f  the long shaking time. U ltrasonic 
ag ita tion  by a sonoprobe (no t an  ultrasonic bath , which 
im parts  lower energy) also accom plishes an effective 
ex traction . I f  continued fo r a long tim e it may result in 
the  fo rm ation  o f  very fine particles o f  tissue which could 
en ter the  organic phase and  contribute to  the 
ex tractab le  weight, particu larly  i f  centrifugation is 
used. In  the absence o f cooling, extended ultrasonica- 
tion  can  also denature  the tissue. This denatured  tissue 
can fo rm  a hom ogenous m ixture w ith the chloroform  
layer, so it can no longer be separated  by centrifugation.

Filtration
M o re  th an  h a lf o f  the partic ipan ts used filtration, on 

glass fibre as well as paper filters, to rem ove the 
rem aining tissue. As filtration  is a  ra ther laborious 
process some partic ipants chose centrifugation as an

alternative. W hen filtra tion  is applied, the rem aining 
tissue should be w ashed  to recover the residual organic 
phase. This results fo r a  single extraction step, in solvent 
ratios th a t are d ifferen t from  the original partition  
m ixture (see Table 1). N ote th a t in the B&D m ethod 
washing is only app lied  in the re-extraction, and 
chloroform  is no t ad d ed  to  the partition  mixture. 
From  the present resu lts, it can be concluded th a t as 
long as a given techn ique does no t interfere w ith  the 
partition  m ixture, it c a n  still be regarded as valid.

Other conditions 
Two laboratories (L230 and  L460) filtered the organic 

extract over N a2S 0 4. This step removes w ater and 
particulate m atter fro m  the extract. D espite using only a 
weak second ex trac tion  (washing o f  the residue) their 
results (1.42 and 1.45% , respectively) dem onstrate  that 
filtration over N a2S 0 4 does n o t lower the yield. I t  is, 
therefore, expected to  be a valuable con tribu tion  to  the 
robustness o f  the ex traction  m ethod, especially when 
centrifugation is applied.

Conclusions
A lthough some differences between the results could 

be attribu ted  to the m ethods, m ost proved insignificant. 
Blind subsam pling an d  re-extraction resulted in some­
w hat higher results com pared  to  the original single step 
m ethod o f  Bligh & D yer (1959), as the original m ethod 
does n o t recover all the  lipids present.

R andall et al. (1991) dem onstrated  a  very small 
variation  between th ree  laboratories, all applying the 
same m ethod including blind subsam pling. I t  is, 
therefore, highly likely th a t had  laboratories used 
equal B&D m ethods in the Q U A S IM E M E  intercom ­
parison exercise, the variability  am ong the results w ould 
have been smaller. H ow ever, better com parability  of 
results does no t guaran tee th a t the true  lipid conten t has 
been determ ined.

Both subsam pling and  re-extraction yielded higher 
lipid contents, the form er being partly  due to  the 
evaporation  o f the solvent during extraction. The true 
lipid content could, therefore, be stated to  be in the 
range between b o th  sets o f  results. The true  lipid 
conten t is likely to  be ab o u t 1.5%. However, although 
blind subsam pling perform ed well in this exercise, it 
canno t be recom m ended for regular use. E vaporation, 
an uncertain phase volum e, an d  variations in the  lipid 
pa tte rn  in the recovered and  absorbed  organic phase 
m ake it difficult to con tro l effectively. A  B&D m ethod 
with a subsequent second extraction is therefore 
recom m ended. F o r a  com plete yield, the sam ple intake 
should be chosen in  such a  way th a t a t least 90%  o f the 
organic phase can be recovered w ith each extraction.

Even though the extraction described by Bligh & 
D yer (1959) proved to  be suitable for the mussel 
hom ogenate, this does n o t im ply th a t th is will be the 
case for all biological tissues. A s B&D rem ains an 
operationally  defined m ethod, any deviation from  the 
defined procedure can yield a different lipid result. 
F u rther w ork should, therefore, n o t only focus on the
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com parability  o f  the m ethod, bu t also on its validity for 
norm alization  o f  contam inant data.

F inally , th e  au th o rs  w ish to  th a n k  all th e  p artic ip an ts  o f  the exercise 
a n d  th e  peo p le  o f  the Q U A S IM E M E  office fo r  their co-operation .
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