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 AGE, CNE-DIMENSICNAL nim LAYER 
C-C M'EZ'HCD FOR SEPARATICN OF 

LIPID CIASSES 

JOel Bitman, D. L. W o c d  and John M. Ruth 
M i l k  Secretion and Mastitis Laboratory 
and Organic C h e m i c a l  Synthesis Laboratory 

U.S.  Deparbent of Agriculture, SEA-AR 
Beltsvi l le ,  Maryland 20705 

A thin-layer chrcmatographic (TLC) technique was developd for routine 
analysis of l ip id  classes of blccd, m i l k ,  t i ssue a d  egg yolk. 
provided rapid and reproducible separations su i tab le  for  i n  s i t u  quantitation 

This procedure 

densitanetry 
The s p t t e d  TLC plate  was subjected to two developnents i n  one dimension 

to separate,  in  ascerding order f ran the origin: phospholipids, 
monoglycerides, f r e e  f a t t y  acids,  cholesterol, 1,2-diglycerides, 
l , W i g l y c e r i d e s ,  tr iglycerides,  ard cblesterol esters. Developnent 1: 
chloroform:methanol:acetic acid (98:2:1) to 17.0 an. Developnent 2: 
hexane:ethyl ether:acetic acid (94:6:0.2) to the top of the plate.  After air 
drying, the plate  was dipped i n t o  a solut ion of 3% cupric acetate i n  8% 
p h o s m r i c  acid for  3 seconds, and heated a t  130% for  30 minutes to char 
the  separated l i p i d  classes. The chrana togrm were scanned a t  350 m. 

appearance of dis tor ted kidney-shaped spots. 
explanation for  the shape of these dis tor ted spots was describeti. 

Overloading of TLC plates  with sample using the spot ter  resul ted i n  the 
A mathematical model and general 

IrnrnrnICN 
Numerous reports describing TIC techniques for  l i p i d  class separation have 

a p a r e d  i n  tb l i t e r a t u r e  (1, 2, 3, 4 ) .  Several of these procedures were 
studied, but, i n  our hands, did not provide sa t i s fac tory  separations. 
the objective of the present work w a s  to develop a rapid, sensi t ive,  specif ic ,  
and reprcducible ?cc procedure for measuring l i p i d  classes of blood, m i l k ,  

Thus, 
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1008 B I l ” ,  WOOD, AND RUTH 

tissue and egg yolk.  An additional requirement of th i s  methcd w a s  that the 
separated zones muld be suff ic ient ly  discrete  an3 non-diffuse to be sui table  
for i n  s i t u  quantitation by densitmetry. 

Thin Layer Chranatugraphic Plates 

Readily available standard ccmnercial silica gel  plates  (Type K5 20x20 an 
plates, 25011 thick, without ul t raviolet  ilsdicators and w i t h o u t  preadsorbent 
zone manufactured by Whatman, Inc., Clifton, New Jersey) were used. The 
plates were uniform i n  thickness and surface and reproducible resul ts  €ran 
package to package were obtained. This silica gel  formulation is designed for 
the separation of moderately polar to strongly polar substances. The K 5  p la te  
has a recomnended temperature limitation for charring of 130OC. 

The K 5  plate contains an organic polymer binder which presented a problem 
in quantitation of the l ipids .  The solvents used i n  separating the l i p i d s  
caused the organic binder to mve at OT near the solvent f ront .  
binder gave rise to color when phosphanolyMic acid, cupric acetate or 
dichlorofluoresoein were used to visualize the l ipids .  
quantitative estimation of the cholesterol es te r  f ract ion which also mved 
near the solvent front. 
developnent with ethyl  ether of all K5 plates  i n  a mn-saturated tank, to the 
top of the plate ,  thus moving the interfering organic bincier ahead of the 

cholesterol esters. 

The organic 

T h i s  interfered with 

This problem was eliminated by a preliminary 

Sample A g p l i c a t i c n  

The Kontes Chranaflex 12-pcsition s p t t e r  was used for  routine application 
The en t i re  spotter of l ip id  samples anl standards onto the  thin layer plates. 

was placed on a Themlyne  Type 2200 hot plate  with a plate  temprature 
maintained a t  15OoC. Because of heat loss to the bed of the ChrQnaflex 

spotter ard to the glass ‘IW plate ,  temperatures of the p la te  did not exceed 
5&6O0C. 

A mixed standard containing 7 pg of each of the l i p i d  classes was spotted 
at pos i t im 6 of the  12-positicn spotter. The canposition of the standard 
mixture was designed to approximate a l i p i d  of biological relevance to our 
experimental samples. Accordingly, the standard mixture w a s  canposed of 
l ip ids  containing equal amounts of C18 monounsaturated (oleic) and 
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TLC SEPARATION OF LIPID CLASSES 1009 

p lyunsa tu ra t ed  (linoleic) f a t t y  acids i n  t h e  l i p i d  m i e t y  (Table 1). The 
phospholipid standards were purchased f r an  Supelm, Inc., Bellefonte,  PA. All 
other l i p i d  standards were purchased f r a n  Nu Chek Prep, Inc., Elysian,  MN. 

Lipids were extracted with chloroform:methanol (2:l) by t h e  method of 
Folch et al. (5) fran CUM, calf , rabbi t ,  chicken, lamb, and rat plasma, 
chicken, cow, and rat l i v e r ,  hman and bovine m i l k ,  corn oil, and egg yolk. 
Aliquots of these experimental l i p i d  samples and standards are aFplied as 

d i l u t e  s o l u t i m s  i n  chloroform 2.3 an f r an  the bottan edge of the plate .  
usual ly  about 1.0 m l  of solution was spotted and canplete t r ans fe r  required 
10-15 minutes. A i r  f lm ve lcc i ty  was approximately 27 l i ters/minute.  under 

TABU31 
C a p x i t i o n  of Lipid Class Standard Mixture 

RF value after 
developnent i n  solvent 

Code Lipid Class c a n p u r d  1 2 

CE 

TG 

1,3 M; 

1,2 M; 

C 

FFA 

rG 

PL 

Cholesterol 
ester 

Triglycer- 
ide 

1,3-diglyc- 
eride 

1.2-diglyc- 
e r ide  

Cholesterol 

Free f a t t y  
acid 

M O n o g l Y c  
er ide 

P h c s p b  
l i p i d  

50% chol. oleate 
50% chol. limleate 

50% tr  io l e in  
50% t r i l i m l e i n  

50% 1,3-diolein 
50% 1 ,3 -d i l imle in  

50% 1,2-diolein 
50% l r2 -d i l im1e in  

cholesterol  

50% oleic acid 
50% l i n o l e i c  ac id  

50% 2-moncolein 
50% 2-mnolinolein 

50% phosphatidyl 

50% p h p h a t i d y l  
choline 

ethamlami ne 

0.71 

0.71 

0.66 

0.60 

0.52 

0.40 

0.22 

0.00 

0.80 

0.70 

0.62 

0.57 

0.50 

0.39 

0.22 

0.00 

Solvent 1: CNoroform:methanol:acetic acid 98:2:1. Developnent dis tance 
( f r m  bottan of plate): 17.0 an. Time: 40 min. 

Solvent 2: Hexane:ethyl ether:acetic acid 94:6:0.2. Developnent dis tance 
(fran bottrm of plate): 20.0 an. T h e :  38 min. 
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1010 BITMAN, WOOD, AND RUTH 

these conditions and a plate  temperature of 50-60°C, both sample and 
standard spots were canpact, with a diameter of 4 mn. 

g e  Phases ard Developnent 

The chranatcgram was developed in  the ascending rode i n  a Brinlanann 
rectangular developing tank (30 x 1 0  x 23 an) containing 200 rnl of 
ch1oroform:methanol:acetic acid (98:2:1) under saturated conditions (tank 
lined with f i l t e r  paper ad equilibrated for  30 min) a t  25OC. 

remved when the solvent f ront  had advanced to a height of 17 an. 
drying for  1-2 min, the plate was placed i n  a secoM tank (saturated 
corditims) containing 200 m l  of kxane:ethyl ether:acetic acid (94:6:0.2). 

The plate  was r m v e d  when the solvent f rcn t  had advanced to the top of the 
plate  and a i r  &id for 10 f i n .  Mobile phases were prepared fresh each day 
and discarded af te r  use.  

The p la te  was 
After a i r  

visualization 

The s e p a t e d  l i p i d s  were v i s u a l i z d  by use of a cupric acetate-@os@oric 
acid reagent with subsequent heating to prcrduce charred spots ( 6 ) .  After 
developnent and air drying, the TLC plate  was dipped for  3 sewnas i n  a 
solution of 3% cupric acetate i n  8% aqueous phosphoric acid contained in  a 
Kontes Chromaflex dipping tank (5 x 170 x 475 mn).  
2 min, the back of the plate  was wiped, and heated i n  an oven at 13OoC for 
30 min. After raraval frCtII the oven, sane fading of charred spots occurred 
(6) .  S p t  densi t ies  were greatest  imnediately a f t e r  heating, attained 
constancy af ter  several hours, a d  were relat ively s table  for  several days. 
FOK routine analysis, plates  were scanned 18 hours a f te r  heating. 

The p la te  was drained for 

Quant i ta t im 

The m u n t  of l i p i d  i n  the charred spts was quantified by densi tmetry i n  
s i t u .  Plates were scanned with a Shimadzu Dual-wavelength TLC Scanner Model 
-910 using the deuteriun lamp a t  a single wavelength (350 m) i n  
transnissicn or reflectance modes. Plates were scanned l inear ly  with a beam 
width of 0.3-1.0 mn and length of 10  mn or by a zigzag method using a 1.25 x 

1.25 mn l i g h t  beam. 

plate  containing 1, 2, 4, 7, 10, 25 and 35 pg of the standard l i p i d  mixture. 
The dens i tmet r ic  areas were f i t t e d  by cunmter to a linear regression model. 

The ooefficient of determination, r 2 r  was always 0.98-1.00, indicating that  

Standard cal ibrat ion curves were constructed every two days f ran  a TLC 
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TLC SEPARATION OF LIPID CLASSES 1011 

t he  quality of fit achieved ty the  regressicn was good. 
sample was inc ludd  on every experimental p la te  to establ ish an adjustment 
factor to correct for  any deviations fran the standard cal ibrat ion curve. 

A 7 ug standard 

RESULTS AND DISCUSSION 

Non-uniform Distr i txt ion of Solute in  Sample Awlicat icn 

Although spot diameters were cunpact using the Kontes Chranaflex sp t te r  
as described abve t h e  separated l ip ids  sanetimes assuned kidney-like shaps 
as the chrmatogram developed. Fig. 1 shows the separation of 1, 2, 4, 7 ,  10, 

FICUm 1. Separat im of l i p i d  class standards on a Whatman K 5  TLC p la te  by 
t h e  twc-stage, one-dimensional technique. 
methano1:acetic acia (98:2:1) to 17.0 an. h d  so1vent:hexane:ethyl 
ether:acetic acid (94:6:0.2) to top of plate. Detecticn was with cupric 
acetate-@os@oric acid charring reagent. FrQn l e f t  to right: 1, 2, 4, 
7, 10, 25 a d  35 rig of each l i p i d  in  each ver t ica l  lane. 

1st so1vent:chloroform: 
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1012 BITMAN, WOOD, AND RUTH 

25, and 35 pg of the standard l i p i d  mixture. 
some of the separated l i p i d s ,  p a r t i c u l a r l y  a t  higher concentrations,  suggested 
t h a t  overloading was one of the  causes of t h i s  p h e m e n m .  

The kidney shape a p e a r a n c e  of 

Under ideal  mrditions, each separated l i p i d  sbould migrate i n  a 
symnetrical fashion, ard remain a6 a c i r cu la r  spot,. 
behavior could a r i s e  because of overloading with so lu t e ,  uneven d i s t r i b u t i o n  
of the sorbent,  changes i n  temperature, demixing of a m u l t i a m p n e n t  phase, 

change i n  f l w  rate, or uneven so lu t e  d i s t r i b u t i o n  (7).  

Deviations f r a n  idea l  

Uneven solute d i s t r i t u t i o n  ard o v e r l o d i n g  appeared to be t h e  predgninant 
f ac to r s  giving rise to these c h a r a c t e r i s t i c  shapes. 

(8) described t h e  aFpearance of "rings" caused by overspotting, i.e., solvent  
washing of sample to the outer edges of the  appl icat ion area when applied too 
rapidly.  
the appl icator  neecile also results i n  d i s to r t ed  spots ( 9 ) .  

phenanencn was not due to in t e rac t ions  between const i tuent  ccmponents of t h e  
l i p i d  mixture. 
TIC plate an3 developing with a s ing le  solvent,  e thy l  e ther .  

Touchstone and w b b i n s  

A hole i n  t h e  layer  caused by excessive pricking of t h e  surface by ' 

The kidney-shaped. 

This  was ve r i f i ed  by spot t ing a l a r g e  t r i g lyce r ide  simple on a 

Fig. 2 

A B C 

FIm 2. successive s tages  i n  migration of a mixed trig1ycerj.de smnple on a 
Whatman K5 silica g e l  plate developed with e t h y l  e ther .  
has  reached or igin.  B. 
f r o n t  an3 assuned t he  kidney shape. C .  
plate, fu r the r  e m a s i z i n g  t h e  kidney shape. 

A. Solvent f r o n t  

Solvent f ron t  has advanced up t h e  
Sample has mved f r a n  o r i g i n  with the solvent 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
3
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



TLC SEPARATION OF LIPID CLASSES 1013 

denonstrates tha t  the l i p i d  mved fran the or ig in  as a s ingle  spot and assmed 
the character is t ic  kidney shape. 

Figures 3-5 represent sciiematically our concept of the fac tors  causing the 
kidney shaped spots. 
the TLC plate.  
sorbent surface cause rapid evaporation of solvent ard rapid deposition of 
solute  at the psrimeter. Adsorption of a canpound f ran a solut ion onto a 

solid surface t a k e s  place at the air-liquib-sorbent interface.  
evaporates (Fig. 3B), deposition of solute  mlecules occurs a t  the perimeter 
or circumference of the drop. More of the solution then m v e s  onto the  
perimeter arid the process is continually repeated, resul t ing i n  severe 
oversaturation of the sorbent at the per hneter . 

Figure 3A shows a cross-section of a drop of sample m 
The high air f l m  impinging on the drop perimeter and heated 

As solvent 

Mathematical Model of Uneven Solute Distribution 

Mathematical consideration of uneven solute  d is t r iku t ion  is based upa7 the  
schematic nodel represented i n  Fig. 4. 

spot w i l l  be considered tut similar relationships hold for  a l l  quadrants. 
the most extreme case, according to the model concepts just o u t l i n d  for  
solute  d i s t r i t u t i o n ,  the asswrpticn can be made t h a t  a l l  of the  solute  is 
dis t r ibuted a t  the perimeter of the spot. The direct ion of flm of the 
solvent is fran the  bottan to the top of the spot of Fig. 4. 

I n  the graph only one quadrant of the 

I n  

The solvent can 

A i  U 
8 

A i  

0 VI 
Solute 

Sorbent . 
4 4 4 4  H e o 1 - m  ' late 

Hooting block 

A 

H e a t i n g  block 

B 

mc.xIRE 3. Cross-section of drop of sample on TLC pla te  during evaporation of 
solvent. 
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1014 BITMAN. WOOD, AND RUTH 

/ 
4 2" ... 6 

in-z 

\ 
0 

w 

W I 

I -2 
e x  Orig in  

FIC.URE 4. Schematic mathematical model of sample spot i l l u s t r a t i n g  uneven 
solute  dis t r ibut ion i n  perimeter of spot. 

be considered to be ascending ver t ica l ly  along an extremely l a r g e  number of 

strips or colunffi of dsorbent .  
perimeter can be calculated fran the relationships outlined i n  Fig. 4. 
= t h e  n h e r  of strips of equal width w through one quadrant of the c i r c l e ,  as 
shown i n  Fig. 4. 

Derivation of the  a u n t  of material  i n  the 
L e t  n 

r = n w  (1 )  

In general ,  the l i n e  PmQm, where m i s  any of the  subscr ip ts  from 1 to  

n, i s  para l le l  t o  the  y-ax is ,  so t h a t  the  angle (0, t o2 t . . . t Om) o r  

Q,O@,, i s  eaual to  the angle OO,P,. Therefore 

s i n  (ol  + o2 + . . . + 0 ) = F -  
r nw 

s i n  ( o l  + 0 2 t  . . . t om) = - m 
n 
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1016 BITMAN, WOOD, AND RUTH 

shows that  the arc a t  the outermost edge, Sn, is 4.5 times t h a t  of the most 
central arcs. There is l i t t le difference in  the arc length of the f i r s t  s i x  
arcs (1-6) fran the center, and, consequently, i n  the amcunt of solute. 
Towards the edge of the circle, hOwever, the a rc  lengths, and amount of 
material increases greatly. 
of the circle, resulting in  uneven so lu t e  d i s t r i b t i o n ,  i.e., accumulation of 
large m u n t s  of sample a t  the s ides  of the sp t .  

spot becane occupied, and the sor tent  aasorbs less than proportional 
quant i t ies  of s o l u t e  ( 7 ) .  
l e a s t  resistance (8) ard migration rates  of the solvent and s o l u t e  a t  the 
center are greater. This behavior resul ts  i n  ta i l ing  a t  lateral cages as 
canpared to the center, and i n  formation of s p l i t  bands ilnd the charac te r i s t ic  
kidney shape sham i n  Fig. 1. 

Similar conditions prevail i n  the  other quadrants 

During developnent, adsorption sites in the sorbent a t  the edges of the 

The mobile phase solvent flows through points of 

Experimental support for t h i s  explanation was derived. Macro spots (A, 30 
mn diameter; B, 40 mn diameter) were obtained on a K 5  plate  & rapidly 
spotting a large vol~pne of l i p i d  standard dropjise f ran  a pipet (1 mn bore) 
with continual drying (Fig. 5).  One quadrant of each spot w a s  analyzed: Spot 
A radius w a s  subdivided into 4 equal s q w n t s ,  Spot B radius i n t o  5 segnents. 
After the en t i re  quadrant w a s  ruled off in to  squares of silica gel, individual 
areas were scraped into test tubes ,  and the l i p i d  extracted and determined 

<-30 m rn- <-4Om& 

A B 

E'IC~.IRE 5. Schematic representation of two model macro l i p i d  spots obtained cn 
a K5 plate. 
solution; Spot B, f ran 700 ug of standard i n  7 ml of soluticn. 

Spot A was obtained f ran  800 ug of l i p i d  standard i n  8 ml of 
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TLC SEPARATION OF LIPID CLASSES 1015 

Taking t h e  i n v e r s e  f u n c t i o n  o f  each s i d e  o f  equa t ion  ( 2 )  

I f  t h e  sunanation i s  stopped a t  m-1 i n s t e a d  o f  m, t h e  p reced ing  member o f  

t h e  sequence i s  ob ta ined :  

0 t o2 t . . . + 9 = a rc  s i n  1 m- 1 

To f i n d  om, equa t ion  ( 4 )  i s  s u b t r a c t e d  f rom equa t ion  ( 3 ) :  

( 4 )  

L e t  S ,  be t h e  l e n g t h  o f  a r c  corresponding t o  t h e  ang le  em. Then 

S = r O m  (6) 

S u b s t i t u t i o n  o f  t h e  va lue o f  om f r om equa t ion  ( 5 )  i n t o  equa t ion  ( 6 )  g i ves  

s,, = r [a rc  sin(;) - a r c  s i n  (q-) 3 ( 7 )  

In  Fig .  4 the  radius  was a r b i t r a r i l y  divided i n t o  10  equal segments of 
width, w, creat ing 1 0  p a r a l l e l  mlmns. The in t e r sec t ion  of these  equal ly  
spaced l i n e s  with t h e  circumference creates a series of 10  arcs, the  lengths  
of which are proportional to t he  amount of so lu t e  i n  the perimeter. Table 2 

m B L s 2  
Calculated Arc Lengths of Perimeter of 

me1 Sample Spot 
-II- 

Column !!! na Arc sin- 0, o r  5 
number r 

m 

1 ., 
L 

3 
4 
5 
6 
7 
8 
9 

10  

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 

i n  rad ians  

0.1 0017 
0.20136 
0.30469 
0.41152 
0.52359 
0.64350 
0.77540 
0.92730 
1 .ll977 
1.57080 

i n  rad ians  

0 .lo017 
0.10119 
0.10333 
0.10683 
O.ll207 
0.11991 
0.13190 
0.15190 
0.19247 
0.45103 

a n=10: quadrant radius  has been aiviaed i n t o  1 0  equal v e r t i c a l  strips. 
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TLC SEPARATION OF LIPID CLASSES 1017 

spectrophotanetrically using t h e  sulfophospbvanillin reaction (10). The 
resu l t s  in  Table 3 indicate a close mrrespndence between the mount of l i p i d  
determined and the length of t h e  arc or s ize  of the angle, 0. Analysis of the 
more central squares demonstrated m u n t s  that  were only 1/3 to 1/4 of the 
l i p i d  at t h e  edges. 

The spot dis tor t ions observed occur because of the nature of sample 
applicaticn using the Kontes Chranaflex spotter. The phenanenon, hcwever, is 
a general one. 
causes overloading a t  the spot edges, ard is followed ty normal TL13 

developnent i n  a ver t ica l  mcde. 
applies generally to distorted spots of t h i s  physical shape. 

The kidney shaped spots arise whenever rapid solute adsorption 

The mathematical treabnmt described thus 

Selection of the Plobile Phase. "w Stage Solvent Developnent 

Separation of t h e  l ip ias  &per& upcn select icn of a sui table  mobile 
phase. 

sorbents, and solutes, the rationale for  choice of a mobile phase is still 
empirical. 

I n  sp i te  of extensive kncwledge of the properties of solvents, 

Table 4 shsws l i p i d  c l a s s  separations obtained with several 

?aBIE3 
Lipid i n  Perimeter of M c d e l  Spots 

Spot A (30 nun diameter) 

F r a c t i o n  
m 

m 
n 
- 

L i p i d  

a r c  sin(:) (OD u n i t s )  

1 0.25 0.25268 0.25268 148 
2 0.50 0.52360 0.27092 172 
3 0.75 0.84806 0.324% 206 
4 1 .oo 1.57080 0.72274 440 

Ratio 4 : l  2.86 2.97 - - 
n =  4 

Spot B (40 mn diameter) 

1 0.2  0.20136 0.20136 88 
2 0.4 0.41152 0.21016 UO 
3 0.6 0.64350 0.23198 106 
4 0.8 0.92730 0.28380 130 
5 1 .o 1.57080 0.64350 34 5 - 3.20 3.92 a t i o  5:l - 

n =  5 
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1018 BITMAN, WOOD, AND RUTH 

h 

1, 

0 O N  * e n 

FIGURE 6. TLC separat ion of lipid classes. Lanes f r a n  l e f t  to r ight :  1, egg 
yo lk ;  2, chicken plasna; 3, chicken l i v e r ;  4,  4 ug l i p i d  standard; 5 ,  
human m i l k ;  6 ,  m s  m i l k .  

solvent systems. Hexane/ethyl e ther /acet ic  acid,  80:20:1, or two other  
r a t i c s ,  d id  not separate cholesterol frcm lr2-diglycerides.  The tm-stage 

developnent system of Freeman and West (3)  d id  not separate cholesterol f r a n  
f r e e  f a t t y  acids  (No. 2A and B, Table 4 ) .  

l i p i d s  i n  a s ing le  developnent (Table 4,  No. 3 ) ,  leaving unresolved only the  
tm least polar so lu t e s ,  t r i g lyce r ides  ad cholesterol esters, which m v e  
together near the solvent front. 

well with several  other  mobile phases (Table 4, No. 1, No. 2A). A canbination 
of two mobile phases, therefore ,  was able to m p l e t e l y  resolve the  
8-CEmponent mixture i n t o  a R r o p r i a t e  l i p i d  classes (Table 4, No. 4A ad No. 
4B). The spotted TLC plate was f i r s t  developed i n  chlorofonn/mthanol/acetic 
acid, 98:2:1, to 17 cm frcm t h e  bottcm of the plate. 
p l a t e  was developed i n  hexane/ethyl e ther /acet ic  acid,  94:6:0.2, to the  top  of 
the plate. 

A mixture of chlorofonn/methaml/acetic acid, 98:2:1, separated 6 of t h e  8 

These two canpounds, however, had separated 

After a i r  drying, the 
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TLC SEPARATION OF LIPID CLASSES 1019 

Separation of 8 Lipids  i n t o  Classes  on 
Whatman K 5  P l a t e  

--I - 
No. System Separation 

1. Hexane/ethyl e ther /acet ic  acid Did not separate CH3L f r a n  
80:20:1 1,2-DG 

70: 30:l 

60:40:1 

II 

I 

2. A .  Ethyl ether/benzene/ethaml/ 
acetic acid 40:50:2:0.2 

B. Hexane/ethyl e ther  94:6 

8. Hexane/ethyl e ther /acet ic  
or 

acid 8 0 : M : l  

3. 

4. 

CNorc D m  
98:2:1 

hanol/ace ic id 

A. Chloroform/methanol/acetic 
acid 98:2:1 

B. Hexane/ethyl e ther /acet ic  
ac id  94:6:0.2 

Did not separate CHOL f r a n  FFA 

Did not separate FFA fran 
1 , 3 G  

Did not separate CHOL f r a n  
1,2-ffi 

Did not separate TG f r a n  CE 

Develop to 17  cm 
All l i p i d s  except TG/m 
separate 

Air dry. 
Develop to top of plate. 
separates fran TG 

CF, 

Omtitat ion of Lipid C l a s s e s  

The r e l a t ionsh ip  between concentration of t he  8 standard l i p i d  classes and 
response is given i n  Table 5 for concentrations between 1-35 11 g. 
va r i a t ion  i n  s t r u c t u r e  and molecular weight of the l i p i d s  i n  t h e  l i p i d  classes 
results i n  d i f f e rences  i n  y i e lds  of carbcn f o r  equal ~l loun t s  of  d i f f e r e n t  
Lipids. 
cupric acetatephosphoric  acid charr ing procedure. Transmittance measurements 
yielded respnse areas t h a t  were ca 2.8 x higher than ref lectance measurements. 

The w i d e  

Precis ion and reproducibi l i ty ,  however, have been obtained with t h e  
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Quant i ta t im of Lipid Classes: 
Respmse vs Concentration 

Concentration of Lipid 
Class 1 2 4 7 10 25 35 

PL 3 
M; 4 
FFA 18 
C 22 
1,2-DG 6 
1,3-DG 9 
TG ll 
CE 22 

15 
14 
38 
46 
19 
22 
24 
42 

22 
30 
77 
80 
40 
46 
51 
69 

36 46 
47 59 
120 156 
11 3 140 
65 80 
74 91 
79 98 
102 126 

69 77 
125 158 
310 407 
240 310 
166 211 
186 247 
196 264 
276 334 

a scanning oonditions: 

Single 350 nm Reflectance measurement 

Zigzag s m i n g :  Beam, 1.25 x 1.25 mn 
Scanning speed, 20 mn/min 

Application of the  TLC Separation Procedy3 to Biological Samples 
The TLC separation procedure has been a s l i e d  to a variety of biological 

Lipids f ran chicken, cm an3 rat l ivers  have been separated 
samples. 
ken separated. 
anii analyzed, as w e l l  a s  h m  and cow's m i l k ,  corn oi l  and egg yolk. Fig. 6 

shcNJs a chranatccjram of l i p i d  classes fran e s  yolk, chicken plasma, chicken 
l i v e r ,  human m i l k  and ccw's m i l k .  The procedure we have described has proved 
to give excellent reproducibility. It is relat ively simple to perform, it is 
re la t ively sbr t ,  and uses readily available carmercial materials. 

Lipids fran cow, c a l f ,  rabbit, chicken, lamb and r a t  plasma have 

EwlmTE5 

Reference to brand or firm name does not cons t i tu te  endorsement by the 
U.S. Deparbnent of Agriculture over others of a similar name not mentioned. 
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