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QUANTITATION OF LONG CHAIN FATTY A C I D S  

AS THE METHOXYPHENACYL ESTERS 

Robert A .  M i l l e r  
Norman E. Busse l l  
Char les R i c k e t t s  

D i v i s i o n  o f  Oral B i o l o g y  
U. S. Army I n s t i t u t e  o f  Denta l  Research 

Wal ter  Reed Army Medical Center 
Washington, D.C.  

ABSTRACT 

I n  recent  years High Performance L i q u i d  Chromatography has 
been used f o r  t h e  separa t i on  o f  long c h a i n  f a t t y  ac ids .  T h i s  
s tudy e s t a b l i s h e s  a procedure f o r  t he  q u a n t i t a t i o n  o f  t h e  major  
f a t t y  a c i d s  found i n  o r a l  b a c t e r i a .  The a c i d s  s t u d i e d  were C-10, 
C-12, C-14, C-16, C-18, C-18:1, C-20, and C-22. The samples were 
e s t e r i f i e d  w i t h  a-Bromo-m-methoxyacetophenone, separated by 
reversed phase chromatography and mon i to red  a t  b o t h  254nm and 
280nm. The f a t t y  a c i d s  have approx ima te l y  t h e  same l i n e a r  absorb- 
ance range a t  254nm from 100 picomoles t o  50 nanomoles. Whi le  
the  l i n e a r  absorbance range was s i m i l a r ,  t h e  response f a c t o r s  
v a r i e d  by more than  40% when u s i n g  peak heightspcompared t o  l e s s  
than a 15% v a r i a t i o n  when u s i n g  peak areas.  Several A-NHI f a t t y  
a c i d  re fe rence  m i x t u r e s  were used t o  assu re  t h e  r e l i a b i l i t y  
(average r e l a t i v e  e r r o r  = 3.72%) o f  t he  method. Subsequent 
a n a l y s i s  o f  a b a c t e r i a  sample was made by b o t h  High Performance 
L i q u i d  Chromatography (HPLC) and Gas L i q u i d  Chromatography (GLC) i n  
o rde r  t o  f u r t h e r  s u b s t a n t i a t e  the  v a l i d i t y  o f  t he  technique.  

INTRODUCTION 

Prev ious l y ,  i t  has been e s t a b l i s h e d  t h a t  f a t t y  a c i d  a n a l y s i s  

(as we1 1 as o t h e r  c e l l u l a r  components and metabol i c  by-products)  

can be a u s e f u l  chemotaxonomic a i d  for t h e  d i f f e r e n t i a t i o n  o f  
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 microorganism^.'-^ 

f o r  bac te r ia l  f a t t y  ac id  analysis,  but a recent a r t i c l e  by 

Bussel l ,  et has demonstrated the advantages o f  using HPLC 

over GLC i n  the f a t t y  ac id  ana lys is  o f  microorganisms. HPLC 

ana lys is  o f  the  phenacyl esters of f a t t y  acids, which was i n t r o -  

duced by Borch,‘ and subsequent ana lys is  by Jord i  ,’ both p e r t a i n  

t o  the separation o f  the long chain ac id  es ters  and no t  

t h e i r  quant i ta t ion .  

In  the past, GLC has been used ex tens ive ly  

An i n i t i a l  study on q u a l i t a t i v e  ana lys is  o f  bac te r ia l  f a t t y  

acids i n  our laboratory ind ica ted  tha t  there was poor c o r r e l a t i o n  

i n  quan t i t a t i on  by d i r e c t  comparison o f  HPLC peak heights t o  GLC 

peak areas.’ 

analysis should meet the fo l l ow ing  c r i t e r i a :  the standard curve 

should be l i nea r  over a wide concentrat ion range and the method 

should e x h i b i t  good prec is ion  as we l l  as be accurate. 

reports on the quan t i t a t i on  o f  long chain f a t t y  acids by HPLC. 

In  order t o  be a good q u a n t i t a t i v e  technique, the 

This paper 

MATERIALS AND METHODS 

The f a t t y  acids used f o r  standards i n  t h i s  study were quan- 

t i t a t i v e  grade w i t h  a p u r i t y  greater than 99+%. M y r i s t i c ,  p a l -  

m i t i c ,  and s tea r i c  acids were obtained from Polyscience Corp. and 

arachidic and behenic acids were obtained from Sigma Chemical Co. 

Quan t i t a t i ve  A-NHI reference mixtures and boron t r i c h l o r i d e  k i t s  

were obtained from both Supelco, Inc. and A l l t e c h  Associates, Inc. 

The UV tag (a-bromo-m-methoxyacetophenone) was obtained from 

P f a l t z  and Bauer, Inc. and the c a t a l y s t  (N,N-di i sopropy le thy l -  
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QUATITATION OF LONG CHAIN FATTY ACIDS 293 

amine) was obtained from A ld r i ch  Chemical Co. UV-Grade ace 

n i t r i l e  and dimethylformamide (DMF) were obtained from Burd 

and Jackson Laboratories, Inc. 

0- 

ck 

The f a t t y  ac id  es ters  were prepared by a mod i f i ca t i on  o f  

Borch's procedure6 f o r  UV tagging. 

UV tag and a fou r - fo ld  excess o f  c a t a l y s t  were added t o  the f a t t y  

acids i n  DMF, sealed i n  a reac t ion  . v ia l ,  and heated t o  60°C i n  a 

water bath f o r  one hour. The samples were then f i l t e r e d  on 0.5pm 

f luoropore ( M i l l i p o r e  Corp.) f i l t e r s  p r i o r  t o  i n j e c t i o n  i n t o  the 

HPLC. 

A two-fold molar excess o f  

Separations were performed using a Waters High Performance 

L iqu id  Chromatograph (HPLC) Model 244, w i t h  a solvent pro- 

g ramer .  The standards and samples were separated on two 

u-Bondapak C i s  reverse phase columns i n  ser ies  (Waters Asso- 

c ia tes ,  inc.) i n  conjunct ion w i t h  an ODS guard column (Whatman, 

Inc.) .  

absorpt ion and a t  280nm f o r  decreased s e n s i t i v i t y .  

jacke t  maintained the columns a t  a constant temperature o f  38°C 

i n  order t o  improve the r e p r o d u c i b i l i t y  o f  the t R  values i n  the 

met hod. 

The f a t t y  acids were monitored a t  254nm f o r  maximum 

A water 

The f a t t y  ac id  esters were e lu ted  by an ace ton i t r i l e /wa te r  

solvent system a t  a f low r a t e  o f  lml/min. The solvent system was 

programed from 40/60 ace ton i t r i l e /wa te r  i n i t i a l l y  t o  100% aceto- 

n i t r i l e  over a 3 hour period, using a g rad ien t  curve No. 5 on the 

solvent programer.  
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294 MILLER, BUSSELL, AND RICKETTS 

Standard so lu t ions  o f  each tagged f a t t y  ac id  were prepared 

a t  various concentrat ions i n  order t o  cover a range o f  100 p ico-  

moles t o  1 micromole per i n j e c t i o n  ( 1 0 ~ 1 ) .  These standards were 

chromatographed a t  various absorbance ranges t o  es tab l i sh  the 

l i nea r  working range. 

F i f t y  micromoles of  each o f  the f i v e  f a t t y  acids standards 

were weighed i n t o  a v i a  

weights were recorded. 

known quan t i t i es  o f  f a t  

on an a n a l y t i c a l  balance and t h e i r  exact 

This was repeated u n t i l  10 v i a l s  w i t h  

y acids were obtained. The standards 

were then e s t e r i f i e d  as prev ious ly  described i n  l O m l  DMF g i v i n g  

a f i n a l  concentrat ion o f  25nmoles/5pI, which was in jec ted  i n t o  

the HPLC. Both peak heights and peak areas were determined in  

order t o  compare the prec i s ion  o f  the method. The 

fac to rs  were determined using peak heights.  

Fa t ty  ac id  A-NHI mixtures w i t h  known composit 

e s t e r i f  ied and chromatographed as prev ious ly  descr 

response 

ons were 

bed. The i r  

percent composition was determined by using peak heights i n  com- 

b ina t i on  w i t h  the predetermined response fac to rs .  The amounts 

determined exper imental ly were then compared to  the known con- 

cent r a t  ion. 

F ina l l y ,  a bac te r ia l  sample (S. rn- ATCC 27175) 0.3gm 

wet weight was saponif ied i n  lOOml 5% KOH i n  50% aqueous metha- 

no1 f o r  15 min a t  90°C i n  a water bath. The so lu t i on  was a c i d i -  

f i e d  and ex t rac ted  w i t h  200ml CHCI,. A 4ml a l i q u o t  was removed, 

taken t o  dryness, and tagged f o r  HPLC. The remaining so lu t i on  

was taken t o  dryness, and methylated by the boron t r i c h l o r i d e  
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QUANTITATION OF LONG CHAIN FATTY ACIDS 295 

technique.  T h i s  sample was analyzed u s i n g  a Var ian  Gas Chromato- 

graph Model 2860 equipped w i t h  a Flame I o n i z a t i o n  D e t e c t o r  (FID) 

and a Var ian CDS 101 I n t e g r a t o r .  The separa t i ons  were c a r r i e d  

ou t  i s o t h e r m a l l y  on a 10% DEGS-PS Supelcopor t  100/120 mesh 12'X 

&" (OD) X 0.2mm ( I D )  g l a s s  column a t  185°C. The c a r r i e r  gas was 

p u r i f i e d  he l i um a t  a f l o w  r a t e  o f  20ml/min w i t h  t h e  i n j e c t o r  and 

d e t e c t o r  temperatures a t  205°C and 210°C r e s p e c t i v e l y .  The 

r e s u l t s  from t h e  GLC a n a l y s i s  were compared t o  the  HPLC r e s u l t s .  

RESULTS 

The l i n e a r  absorbance range a t  254nm was 100 p icomoles t o  50 

nanomoles. The range o f  l i n e a r i t y  a t  280nm i s  i l l u s t r a t e d  i n  

F ig .  1 .  L a u r i c  (C-12), m y r i s t i c  (C-14), and p a l m i t i c  (C-16)  a c i d s  

have a l i n e a r  absorbance range f rom 2.5nM to  500nM and s t e a r i c  

(C-18) a c i d  has a range f rom 2.5nM t o  15OnM. 

behenic a c i d s  (C-22) have t h e  sma l les t  range f rom 25nM t o  100nM. 

The p r e c i s i o n  o f  t he  f a t t y  a c i d  a n a l y s i s  i s  shown i n  Tables 

The average p r e c i s i o n  u s i n g  peak h e i g h t  was 4.80% com- 

A r a c h i d i c  (C-20) and 

1 and 2. 

pared t o  7.02% u s i n g  peak area.  The r e l a t i v e  response f a c t o r s  

were c a l c u l a t e d  u s i n g  the mean peak h e i g h t s  and a r e  as f o l l o w s :  

C - 1 0 ~  1.154, C-12= 1 .OOO, C-14= 0.833, C-16= 0.789, C-16:1 = 0.821, 

c -18=  0.672, C-18:l  = 0.863, C-20= 0.691, and C-22= 0.712. 

There i s  a s i g n i f i c a n t  decrease i n  response f a c t o r s  (40%) f r o m  

C-10 t o  C-18. 

a c i d s  C-lO+C-22 had a v a r i a t i o n  of l e s s  than  15%, n d i c a t i n g  

t h a t  a p o r t i o n  o f  t he  decrease i n  response (peak he g h t )  was due 

t o  peak broadening. 

The response f a c t o r s  u s i n g  peak area f o r  t he  f a t t y  
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20 I 

is i io  250 500 
n MOLES 

150 ID00 

F i g u r e  1 .  

Standard cu rve  a t  280nm f o r  l a u r i c  a c i d  C-12, s t e a r i c  a c i d  c-18, 
and behenic a c i d  C-22. 

F i g u r e  2 i s  a r e p r e s e n t a t i v e  chromatogram o f  t h e  q u a n t i t a t i v e  

A-NHI m i x t u r e s  which were analyzed t o  determine t h e  accuracy o f  

the  method. A n a l y s i s  o f  the  A-NHI m i x t u r e s  as summarized i n  

Table 3 showed an average r e l a t i v e  e r r o r  o f  3.72%. The composi- 

t i o n  o f  t h e  major f a t t y  a c i d s  i n  a b a c t e r i a  sample, analyzed by 

b o t h  GLC and HPLC i s  shown i n  Tab le  4. The average r e l a t i v e  

e r r o r  between t h e  techniques was 7.2%. The HPLC chromatograph 

o f  t he  b a c t e r i a  sample i s  shown i n  F i g u r e  3.  

DISCUSSION 

The HPLC method used f o r  t h i s  s tudy had a wide l i n e a r  work- 

i n g  range when t h e  UV absorbance o f  t h e  phenacyl f a t t y  a c i d  
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QUANTITATION OF LONG CHAIN FATTY ACIDS 29 7 

RUN NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Mean 

Standard Deviation 

Precision 

TABLE 1 

Precision of Fatty Acids 

(25 n M Sample) 

Corrected Peak Heights fcm) 

c-12 

14.15 

13.37 

13.45 

13.45 

13.08 

13.34 

13.21 

13.09 

13.07 

12.92 

13.31 

f .3448 

2.59% 

- C-14 - 
1 1.95 

11.70 

11.05 

11.20 

10.99 

10.92 

10.73 

10.83 

10.82 

10.71 

11.09 

f .4188 

3.78% 

C-16 - 
10.63 

11.58 

10.38 

10.99 

10.35 

10.42 

10.12 

10.28 

10.16 

10.09 

10.50 

? .4646 

4.42% 

C-18 

9.26 

8.85 

8.84 

9.61 

8.60 

9.01 

9.19 

8.83 

8.48 

8.83 

8.95 

- 

,331 1 

3.69% 

c-20 

9.07 

9.33 

9.19 

9.58 

9.18 

9.23 

9.35 

8.69 

8.75 

9.68 

9.20 

?r .3153 

3.42% 

c-22 

9.13 

9.14 

9.83 

9.86 

8.41 

9.91 

9.82 

9.48 

8.75 

10.48 

9.43 

? .6221 

6.56% 

- 

e s t e r s  a t  b o t h  254nm and 280nm was moni tored.  The n o n l i n e a r i t y  

o f  t h e  long cha in  a c i d s  ( x - 1 8 )  a t  h i g h  c o n c e n t r a t i o n s  may have 

been due t o  the  decrease i n  t h e  f a t t y  a c i d s  s o l u b i l i t y  i n  t h e  

e l u e n t  o r  f rom column ove r load  o f  these a c i d s .  T h i s  c o u l d  

p o s s i b l y  be e l i m i n a t e d  by u s i n g  a l e s s  p o l a r  s o l v e n t .  

The e l e v a t i o n  i n  p r e c i s i o n  f rom 4.08% u s i n g  t h e  peak h e i g h t  

technique to 7.02% u s i n g  t h e  peak area techn ique  i s  due t o  t h e  

d i f f e r e n c e  i n  average r e l a t i v e  p r e c i s i o n  of measurement (1-29; f o r  

peak h e i g h t  and 3% f o r  peak a rea ) . *  However, when comparing t h e  
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RUN NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Mean 

Standard Deviation 

Precision 

TABLE 2 

Precision of Fatty Acids 

(25 n M Sample) 

Corrected Peak Areas (in.’) 

c-12 

.281 

- 

- -  
.243 

.262 

.252 

.300 

.252 

.251 

.238 

.233 

.257 

k0214 

8.33% 

C-14 C-16 

.233 

,222 

.266 

.244 

.225 

.276 

.216 

-21 7 

,237 

.229 

.237 

k.0203 

8.57% 

.266 

.271 

.205 

.242 

.231 

.277 

.223 

.226 

.229 

.257 

.243 

f0239 

9.84% 

C-18 - 
.231 

.221 

.221 

.210 

.208 

,210 

.232 

.211 

.223 

.210 

.218 

LOO9 

4.1 8% 

c-20 

.254 

.243 

,220 

.227 

.234 

.226 

.236 

.223 

.243 

.255 

.255 

2.012 

- 

5.39% 

c-22 

.231 

.234 

.258 

.254 

.229 

.253 

.224 

.236 

.224 

.257 

.240 

f .014 

- 

5.80% 

response fac to rs  f o r  the peak area technique versus peak he igh t  

technique, on ly  a 15% v a r i a t i o n  was observed using peak area com- 

pared t o  a 40% decrease i n  response from C-10 t o  C-18 f o r  peak 

height. 

area would be the method of choice w i t h  no response co r rec t i on  

necessary f o r  f a t t y  acids C-lO*C-22. 

response fac to rs  must be used f o r  both methods o f  measurement, but  

on peaks w i t h  poor reso lu t ion ,  as shown by C-18 and C-2O:l i n  

For semi-quant i tat ive ana lys is  w i t h  good reso lu t ion ,  peak 

For q u a n t i t a t i v e  ana lys is  
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A-NHI-C 

Certified 

Experimental 

Relative Error 

A-NHI-D 

Certified 

Experimental 

Relative Error 

A-NHI-F 

Certified 

Experimental 

Relative Error 

TABLE 3 

Fatty Acid Mixture Composition 

(Weight %) 

C-12 C-14 - -  

6.28 12.62 

5.91 12.57 

5.89% 0.40% 

24.33 

25.19 

3.53% 

4.71 

5.14 

9.13% 

C-16 - 

20.31 

19.88 

2.12% 

48.66 

48.43 

0.47% 

7.93 

8.06 

1.63% 

C-18 C-20 C-22 - - -  

26.07 34.76 

27.36 34.21 

4.95% 1.58% 

27.01 

26.38 

2.33% 

13.77 25.66 47.93 

14.85 26.52 45.42 

7.84% 3.35% 5.23% 

Average Relative Error - 3.72% (0.4% - 9.13%) 

TABLE 4 

Major Fatty Acid Composition of 

Sthttreptococc u6 m utam 2 71 75 

(Weight %) 

C-16 C-18 C-18:1 - - -  
HPLC Analysis 61.0 16.6 22.5 

GLC Analysis 64.2 15.8 20.0 

Relative Error 5.1% 4.8% 11.8% 

Average Relative Error 7.2% 
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302 MILLER, BUSSELL, AND RICKETTS 

F i g u r e  3, peak h e i g h t  measurement would be t h e  method o f  choice.  

Caution i s  emphasized because, i n  a p rev ious  s tudy,  i n t e r - l a b o r a -  

t o r y  exchange o f  response o r  c o r r e c t i o n  f a c t o r s  had been shown t o  

be a s i g n i f i c a n t  source o f  e r r o r s  i n  GLC a n a l y s i s . ’  

Bussel 1 ,  eX d.’ have i n d i c a t e d  t h a t  b a c t e r i a l  f a t t y  a c i d  

q u a n t i t a t i o n  by HPLC d i d  n o t  show good c o r r e l a t i o n  w i t h  data 

ob ta ined  by GLC. In  t h i s  s tudy we have demonstrated t h e  accuracy 

o f  f a t t y  a c i d  q u a n t i t a t i o n  i n  known m i x t u r e s  o f  f a t t y  a c i d s  and 

by comparison o f  HPLC t o  GLC a n a l y s i s  o f  b a c t e r i a .  The poor 

c o r r e l a t i o n  p r e v i o u s l y  seen was due t o  t h e  combinat ion o f  d i f f e r -  

en t  response f a c t o r s  f o r  each a c i d  and s l i g h t l y  d i f f e r e n t  e x t r a c -  

t i o n  techniques i n  sample p r e p a r a t i o n  f o r  HPLC and GLC. For example, 

i n  p r e p a r a t i o n  f o r  GLC o n l y  one e x t r a c t i o n  o f  200ml o f  C H C I ,  was 

made o f  l O O m l  s a p o n i f i e d  b a c t e r i a  w h i l e  for HPLC, 2ml o f  t h e  saponi -  

f i e d  m i x t u r e  was e x t r a c t e d  5 t imes w i t h  lOml o f  CHCI, .  The e x t r a c -  

t i o n  volume 

ence by i t s e  

a c i d s  seen. 

cedure, HPLC 

a t i o  was 1:2 f o r  GLC and 1:25 for  HPLC. T h i s  d i f f e r -  

f cou ld  account f o r  t h e  d i f f e r e n t  q u a n t i t i e s  o f  f a t t y  

By e l i m i n a t i n g  the  v a r i a b l e s  i n  t h e  e x t r a c t i o n  p ro -  

a n a l y s i s  showed good c o r r e l a t i o n  w i t h  GLC. 

CONCLUSION 

A s p e c i f i c  method f o r  t h e  q u a n t i t a t i o n  o f  l o n g  cha in  f a t t y  

a c i d s  i n  b a c t e r i a  has been d iscussed.  The method has a broad 

l i n e a r  absorbance range which i s  r e q u i r e d  f o r  a n a l y s i s  of b a c t e r i a  

s ince  the re  a r e  a few major  components and many t r a c e  components 

w i t h i n  the  microorganisms. Only f a t t y  a c i d s  w i t h  even carbon 

numbers were discussed, b u t  t h i s  was s u f f i c i e n t  enough t o  demon- 
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QUANTITATION OF LONG CHAIN FATTY ACIDS 

s t r a t e  the  l a r g e  decrease i n  UV response o f  t h e  d i f f e r e n t  f a t t y  

a c i d  e s t e r s  u s i n g  peak h e i g h t s .  The technique had p r e c i s i o n  

303 

f rom 2.59% f o r  C-12 t o  6.56% f o r  C-22 which i nc  

weighing samples, e s t e r i f i c a t i o n ,  s y r i n g c i n j e c t  

and peak h e i g h t  measurement w i t h o u t  u s i n g  an i n  

udes e r r o r  f rom 

on, U V  d e t e c t i o n  

e r n a l  s tandard.  

The a n a l y s i s  had an average r e l a t i v e  e r r o r  o f  3.72% f o r  ana ly -  

s i s  of known m i x t u r e s  and a r e l a t i v e  e r r o r  of 7.2% for a n a l y s i s  

o f  a b a c t e r i a  sample. The s i m p l i c i t y  i n  the  p r e p a r a t i o n  o f  t he  

e s t e r  coupled w i t h  t h e  chromatographic separa t i on  and t h e  quan- 

t i t a t i o n  o f  t h e  f a t t y  a c i d s  should make t h i s  method a u s e f u l  

a i d  i n  the  d i f f e r e n t i a t i o n  o f  microorganisms. 

J; >L J; >k >k ;r: 

Commercial m a t e r i a l s  and equipment a r e  i d e n t i f i e d  i n  t h i s  

r e p o r t  t o  s p e c i f y  the  i n v e s t i g a t i v e  procedure. Such i d e n t i f i c a -  

t i o n  does n o t  imply  recommendation o r  endorsement o r  t h a t  t h e  

m a t e r i a l s  and equipment a r e  n e c e s s a r i l y  t h e  bes t  a v a i l a b l e  f o r  

t h e  purpose. Furthermore, t h e  o p i n i o n s  expressed h e r e i n  a r e  

those of t h e  au tho rs  and a r e  n o t  t o  be const rued as those  o f  t h e  

Army Medical Department. 
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