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SUMMARY

Total and free fatty acids in general ranging from lauric to nervonic acid <ove separated
and quantitated based on an internal standard method as methyl esters by “on column"”
methylation with trimethyi{e,2,a-trifluoro-m-tolyl) ammonium hydroxide (TMTFTH) in a
gas chromatographic system. This study represents an application ef a method puhtished by
MacGee and Allen and a change to an internal standard technique. For the determination of
the total fatty zcids the samples were saponified with KOH—CH,OH, acidified with H,Q,,
and then the fatty acids were extracted into hexane. An aliquot of the hexane extract was
then extracted with TMTFTH and chromatographed. For determination of free fatly zcids
-the sample was acidified with H,PO,, immediately extracted with hexsne and processed as
described earlier. The relztive standard deviation of 1.4 to £.2% illustrates the precision of
the method and the recovery of the fatty acids ranged from 88.5 to 100.6%. This method
was applied to the determination of fecal fatty acids ir conjunction with an interdepart-
mentzl study on “High protein diet in colon cancer’ at the University of Missourt. In addi-
tion, the applicability of the znalyticzal procedure (with small modifications) was shown fora
wide variety of biologicat materials {serum, milk, skin tissue, fungal spores, foad homog-
enates, beef tissues, aud tumor ceil cultures). The analyses were performed on different gas

chromstographs by different analysts.

INTRODUCTION

- A wide variety of analytical techniques have been developed and used for the
separstion and quantitation of fatty acids in biclogical materials [1, 2]. These
techniques have usually produced relisble data. In conjunction with 2 nutri-
tional studv at the University of Missouri, concerned with the effect of high
protein (beef} diet on anaerobic and aerobic flora and chemical compaonents of
humarn feces, & large number of fecal specimens and food homogenates were
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analyzed for total and free fatty acids. A summary of the resulis is published by
Hentg&s et al. {3] and tkus study is des‘.naed in furﬁher detail by Flynn et al.
[41.

A method that ailowed for the rapid reliable determination of fatty acids
from a large number of samples by “on column” methylztion in a gas chromato-
giaphic system was published by MacGee and Allen [5]. After saponification
of the sample with KOH—CH;OH, acidification with E;PO,, and extraction of
saponifiable fatty acids into hexane, the acids were extracted from hexane with
a small amount of trimethvl{e,.x c-triflucra-m-tolyl)ammonium hydroxide
(TMTFTH) as their quaternary ammonium salts. The salf solutions were injected
together with a mizture of methyl pmpmnate—methancl into a gas chromato-
graph at an injection port temperature of ca. 260°. This procedure was adapted
for the analysis of fatty acids in fecal specimens, food homogenates, and modi-
fied to an internal standard method (heptadecanoic acid was used as internel
standard). In addition, a variety of other biclogical materials were analyzed
including serum (human, dog, and rat), tumor cell culture media, milk (shrew
and cow), rat skin, and fungal spores.

EXPERIMENTAL

Apparatus

During the course of fatty acid ana!yses the following gas chromatographs,
equipped with hydrogen - flame detectors, were used: Barber-Colman 5000
(Barber-Colman, Rockford, I, U.S.A.); Tracor 222 (Tracor, Austin, Texas,
U.S.A)), and Packard 7300 (Packard Instrument, Downers Grove, Ill., U.S.A.).
The electrometers of these instruments were interfaced with a Hewlet{-Packard
&352B lzboratory data system (Hewlett-Packard, Avondale, Pa., US.A)) for
identification and quantitation of the fatty acids.

The samples were znalyzed on a column packed with 15% HI-EFF-1BP on
1006—120 mesh Chromosorb W (AW), glass, 2m X Z2mm L.D.,,or25m X 2 mm
1.D. The injection port temperature was maintained, in general, at 260°, the
detector temperature at 245°. The column oven temperature was usually kept at
155°, and varied slightly (140—155°) depending on the instrument used and
the type of anpalysis performed. In general, a linear carrier gas flow (Nitrogen)
of 20 ecm/sec was used. To determine the average linear carrier gas flow, methane
was injected into the column. Methane gas traveled practically with the same

speed as the carrier nitrogen gas. The velocity was calculated by dividing the
length of the column {em) by. the t:me {sec} measured with a stop watch from
injection to detection.

The samples were stored in a R.e?co Ultra-low-temperature freezer at - 70°
{Revco Fre&er fmm Sctentlﬁc Prad&cix St Lcms, Mo, U.S.A L. '

Reagents = - - ’ S '
All fatty acids (of hxghest pzznty avaﬂab!e), f.he pze—fested phase HI-EFF-iBP
(diethylene gigco! sucemste} ané Chzemosor& W AW were obﬁnmed ftcm




Applied Science Labs. {State College, Pa., U.S.A.). Potassium hydroxide (ACS
grade}, methanol (ACS grade), and silver oxxde {purified} were purchased from
Fisher Scientific (St. Louis, Mo., U.S.A.}). Iodomethane (99% purity) and 3-
aminobenzotriflucoride, 99+% (a,x.c-friffuoro-m-toluidine)} were purchased
from Aldrich (Milwaukee, Wis., U.S.A.). Methyl propionate was obfained from
Eastman-Kodak (Rachester, N.¥., U.S.A.}). Phosphoric acid (85%, analytical
reagent) was obtained from Mallinckrodt (St. Louis, Mo., US.A.). Hexane
(high purity) was purchased from Phillips Petroleum (Borger, Texas, U.S_A.).
TMTFTH was prepared as described by MacGee and Allen [5].

Procedure ‘

' Analysis of saponifiable fecal fatty acids. All specimens were stored at - 70°.
For the analysis, samples were thawed, homogenized, ca. 100 mg weighed, the
exact weight recorded, and then placed in 2 12-m! centrifuge tube with a PTFE-
lined cap. The original sample was immedistely refrozen at - 70°. The internal
standard {£.S.),heptadecanoic acid (50 pg) in hexane, was then added and the
hexane completely evaporated using a stream of pure nifrogen gas at room
temperzature. To the sample were added 2 mi of KOH—CH; OH solution{(15¢g
KOH in 100 ml CH, OH). After purging with nifrogen gas, the centrifuge tube
was capped tightly, sonicated briefly and saponified in a dry-bath at 65° for 1
h. Buring the saponification the contents of the tubes were mixed briefly on 2
Vortex-Genie every 10 min.

After 1 h the centrifuge fubes were cooied to rcom temperature and 3 m! of

1 M H,PO. were added. The fatty acids were then extracted three times with 5-
ml portions of hexane. For each extraction the centrifuge tube was shaken
vigarously for I min by hand and centrifuged for 10 min. The vpper hexane
layer was drawn off with a Pasteur pipet and the exfracts were pooled in a ea.
20-ml cuiture tube, and mixed well. A 5.0-ml aliquot was transferred into a
5-mi glass-stoppered centrifuge tube (Pyrex No. 8061), and 10 ul of TMTFTH
(0.5 X) were added. The centrifuge tube was then shaken vigorausly for  min
and centrifuged at approximately 600 g for 1 min. For chromatography 1 gl of
the TMTFTH extract was taken from the bottom of the centrifuge tube with a
10-z] syringe. The 1-ul TMTFTH extract was sandwiched between a methyl
propionate—methanol mixture (1:2} and injected info 2 gas chxomatogzaph at
an inlet tempersture of 260°.

Analvsis of free fecal fatty acids. The samples were prepared as described
for the determination of total or saponifiable acids with the exception that
the KOH—CH:OH saponification step was omifted, then the sample was
acidified with 8 m! of 1 M H.PO.. The centrifuge tube was closed tightly and
carefully mixed on & Vortex-Genie, and sonicated briefly. Distilled water (2 ml)
was added to the sample, mixed again, and then extracted with hexane and

processed as described previously.

Total fatty ccids in food homogenate. The 100-mg samples of food homog-
enates were analyzed for saponifiable fatty acids in the same manner as de-
,scnbeci fetsagomﬁahie fecal fatfy acids.

o Sapomf&:bfe fatty acids in spores of fungus Helmmtizosponum. A mzxiz;re

.—of }’.QO zng of spores and I,OG pg heptaﬁecanoxc acui €LS.} was sapomﬁed with 2




ml KOH—CH;OH at 75° for 2 h and then treated ss described for sapomﬁab!e
fatty acids.

Total fatty ecids in shrew milk. Shrew mr}k {100 mg) was pmcessed as de-
scribed for saponifiable fatly acids.

Total fatty acids in rat serum and rat skm To 100 gl rat serum or 100 mg rat
skin and 58 ug heptadecanoic acid (1.8.) 0.5 ml RKOH—CH;OH (15 g KOH in
100 mi CH,0H) were added. The centnfuge tube was purged with pure mf:ro-
gen gas, capped tightly, and saponified at 65° for 3@ min. After cocling, 0.7
of 1 M H;PO, were added, and the assay was carried out as described for
saponifiable fecal fatty acids.
 Total fatty acids in cell culture medium. A 2.00-ml sample contemmg 50 ug

heptadecanoic acid (£.S.) was lyophilized to dryness, then 1 mt of KOH—CH;OH
(ca. 2 N) was added. The 12-ml centrifuge tube was purged with pure nitrogen
gas, capped tightly, and heated at 65° in & dry-bath for 30 min. The samples
were then treated as described for saporifiable fecal fatty acids. )

RESULTS AND DISCUSSION

Calculations

The quantitation of the fatty acids (FA) wes based on an internal standard
method using heptadecanoie acid as internal standard.

The amount of each fatty acid in a sample was calculated as follows:

"Areaps X ugis
uz FA per sample = . : {samples)
. Arears X RWRpags

where:

Areapy X ngrs
RWRpp/Is=——— , (standard)
ugra X Areagg .

The -relative weight response (RWR) values of each fatty scid from C12:0 to
C20:4 were determined by repeated analyses of cakbratxen standards of the
combined fatty gecids.

A computer interfaced mth the GC mstmmentatxon determined the pesk
area of the identified fatty acids and was pmgrammed fc calcu!ate the amount
of each fatty acxd. per samp!e .

Precision and recavery
The reliability of the method was cantmuausly mnmtared dunng the course
of analysis of the different biological materials. In Table I the refative standard
deviations (R.S.D.) are listed from. mdependenﬁ analyses of five: types of .
biological samples: food homogenates fecaE spemmens, shrew mz!k, rat mm,
and tumor cell media. " s :

The Iast coiunm in Tab!e E shows the avetage af ﬁve Rs,gf “g These




TABLE I
PRECISION OF FATTY ACID ANALYSIS IN DIFFERENT BIOLOGICALS

In most samples C20:1, €20:2, €20:3, and €20:4 appeared in trace tounde'tectahie amaunts.
NA = Not analyzed, ND = nat detected, TR = trace amount.

R.8.D. (%)
Fatty .
acid Food Fecal Shrew Rat Cell Mean*
homogenate specimen mitk serum culture
€12:0 29 6.4 0.7 NA& NA 3.3
Ci4:0 2.0 4.1 1.6 NA NA 2.6
C16:0 3.2 2.2 1.% 1.5 1.1 1.8
C16:1 8.3 TR 1.3 5.2 1.8 4.2
C1i8:0 7.2 24 1.6 2.3 0.3 2.7
C18:1 6.9 1.2 1.4 1.9 2.2 2.4
C1i8:2 9.5 » 5.4 1.4 8.5 2.8 21
C18:3 2.8 ND 0.0 ND ND 1.4
C20:1 ND ND TR ND ND -
C20:2 ND ND 0.0 ND ND -
C20:3 ND ND . NA ND TR -
C20:¢ KNP ND 2.8 0.9 70 3.5

*Represents the average of relative standsrd deviations of five different biological samples.
The R.S.D. for each individual biological is calculated from at least three independent anai-
yees. The different biolagicals were analyzed on different gas chromatographs with different
columuns (same type of pscking) on different days by different analysts.

R.S.D. values ranged from 1.4 tc 4.2%. The values of the precision study were
obtained from at least three independent analyses of each different biological
sample performed on different gas chromatographs with differeni types of
columns (same type of packing)} by different analysts on different days.

The percent recovery for each fatty acid added to five different biologicals
is listed as the average in Table I which ranged from 88.5 to 100.5%. Columns
three and four in this table show the standard deviation of the averaged recov-
ery values and R.S.P. ranging from 3.3 to 7.5%.

Chromatography and analytical results
A& good separation of all fatty acids of interest was achieved on a pre-tested
Hi-EFF-IBP (diethylene glycol succinate} liquid phase as fllustrated in Figs.
1—4. The epplicability of the analytical procedure was shown for 2 wide
variety of hiological materials with different matrices in Table L. ‘
Fig. 2 shows & representative chromatogram of a standard mixture with fatly
acids ranging from capric to nervonic. Shrew milk was analyzed over 2 wide
renge from capric to nervonic acids. The fatty acids of longer chain-length than
- grachidénic appeared ususily in trace to undetectable amounts and are not
listedinTebles T, HandOL . -
- Generslly, the samples were ographed isothermally at 140 or 155°.
" To: determine the fatfy acidz in ‘shrew milk ranging from capric (C10:0) to
‘nervonic acids (C24:1); chrcmatography was starfed at 65°. The temperature
~ was then raised by 7°/min to.176° to obtain well shaped peaks especially for
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'}.‘ABLE 11
) REGOVERY OF FA'ETY ACEDS ADDED TO DIFFERENT BIOLOGICALS

Fatty acid : Moan recavery (%) : Standard deviation R.8.D.(%)
C12:0 88.5 : 2.9 s.3
C14:0 ) - 839.8 ’ 6.3 7.0
C16:0 -95.0 5.2 ' 54
€16:1 s 95.0 . . 5.5 5.8
C18:0 -973 6.2 6.3
Ci8:1 - 956 5.1 5.4
C18:2 87.7 6.9 .3
C18:3 190.5 : 6.4 6.4
C20:1 g98.8 6.0 6.1
C20:2 99.3 7.4 7.5
Cc2a:3 86.9 ' 5.8 6.0
C20:4 97.4 3.2 3.3
AV. 86.0 ] 5.6 5.8

«Represents at least two independent runs for each of five differant biolagical samples per-
formed on different gas chromatographs with different columns (same type of packing), on
cifferent days by different analysts.

the long chain acids in a reasonable time. To avoid excessive column bleeding
and shifting of the baseline the column temperature was not increased higher
than 175°.

A good example for the efficiency of the method by MacGee and Allen [5]
is shown in Fig. 1 depiciing the fatty acid compositian of a fecal specimen.
Practically no interference from background was observed. The extraction of
the fatty acids from the acidic methanol—water phase into the hexane phase
and the bhack-exfraction of the acids from the superna‘ at hexane info the
aqueous system containing Ozkes and Willis base TMTFT}i [6] functions as a
very efficient cleanup step. A further advantage inherent in this method is the
concentrating effect [5] by exfracting the fatty acids out of 5 ml hexane into
10 1l TMTFTH. This is illustrated in Fig. 4, where low lavels of fatty acids were
determined in cell culture media. To ensure complete saponification of fungal
spores the samples were heated at 75° for 2 h. The completeness of saponifica-
tion of the pellet was defermined by resaponifying and analyzing. No fatty
acids were found. For the determination of the fatty acids in raf serum, rat skin
tissue, and all culture media s&mples were sapomfied for 3G mmutes w!nch WEs
sufficient.

Fig. 3 shows the ch;omatcgrsm of the fatty amci pattemmratsezum Only
smal! samples were necessary for the determination. The samples were cbtained
from Dr. Boyd L. ODell' who is conducting nutritional fatty acid deficiency
studies; note in Fig. 3, the low level of 8,11,14-eicosatriencic acid (C20:3w6})
and the high level of sbnormal 5.8, Ii-excesatnenexc acid (020 38} which
appears when essential fatty acid deficiency in certain mammals is mduced {for
the explanation of the sbbreviated fatty acid formulae seelegend to Fig.: 35and S
. Press-et.al. {7}- -Since '5,8,11 eicosatrienoic acid ‘was Hot- available as & ref.
s compotmd we. had to deduce the presence of this shnormal acid
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Fig. 1. Gas—liquid chromatographic analysis of saponifiable fecal (human} fatty acids as
- methyl esters. Sample, 100 mg (amount of sample injected into instrument, ca. 3 mg).
Column: 15% HI-EFF-1BP on 160—128 mesh Chromosorb W AW, 2.5 m: X 2 mm LD, giass;
volume injected, § ul of TMTFTH extract sandwiched between a2 mixture of methyl pro-
pionate—methanol (1:2); column temperature, 149° (isothermal}; detector temperature,
210°; and injection temperature, 240°. Gas chromatograph: Barber-Colman 5900.
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: F‘tg. 2. Gas—hqmd dxromatagnp&g of fatty acids as- met!zy! esters in & standard mizture,
ranging from cauric to nervonic acid. Volume injected, I xt of TMTFTH extract, 200 ng of
" each fatty acid. Column and sandwiching as in Fig. 1. Initial column temperature 65°, iso-
thermal for 28 min, programmed 7°/min, final tempetature 175" Injector temperatute
: 250" deiectos temperamre 210° . Instrument Tracor
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Fig. 3. Gas—liquid chromatography of saponifisble fatty acids as methy! esters in serum of
rafs with essential fatty acid deficiency manifested by the presence of zbnormal 5,8,11-eico-
satriencic acid (C20:3.9), the practicsl disappearance of §,11,14-eicgsatrienoic actd (C20:
3.:6) and 2 rather low level of grachidonic scid (C20:4). Sample: 109 ul, sample size in-
jected c2. 3 ul. Chromatographic conditions: volume injected, 1 u! TMTFTH ' extract; the
2 m X 2 mmn LD. glass eqlumn was packed with 15% Hi-EFF-1BP on Chromosorb W AW
{100—120 mesh); column temperature 155" (isothermatl), detector temperature 246° gnd
inlet temperature 260°. Gas chromatograph: Packard 7303. The abbreviated formula (C20:
3w9) indicates the number of carbon atoms and the numbers of double bonds. The position
of the double hond nesrest to the methyl terminug, counting CH, ss 1, is indicated by the
symbol w. '

Fig. 4. Gas—liquid chromatographic analysis of saponifiable fatty acids as methyl estersin a
cell culture medium of prostzte (human} cancer. Sample: 2.00 m!, sample size injected ca.
50 ul. Lyophilized to dryness; volume injected, 1 ul TMTFTH extract. Gas chromatagraph:
Packard 7300. See legend to Fig. 3 for further details.

Based on the elution pattern of a chromatogram published by Press et al.
{7]. The 5,8,11-eicosatrienaic acid was quantitated on the assumption that its
RWR factor would be similar {o that of the isomer 8,11,14-eicosatrienoic acid.
Based on our experience, this should be & reasonable approach.

. Occasionally “memory” peaks were observed when samples of relative
high fatty acid concentration were analyzed prior to those of lower concen-
tration. Repeated injections of a mixture of TMTFTH and methyl propionate—
meﬂ:anol eliminated the “ghosting” effect.

“When the hexane solufion of the infernal standard has been added to the
: _sampte it is very important ta remove alt hexane by use of a gentle stream of
" ‘pure nitrogen gas to- avmd mcompiete -saponification under the given experi-
m..ntal condxtmns. SRR
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" The deseribed internal standerd method proved to be rapid and reliable for
the determination of fatty acids at low levels in a variety of biologicals. Sample
praparation and analysis requires approximately 1% h. The TMTFTIH exfrac-
tion of the acids from the orgznic phase functions as a cleanup and concentra-

tion step. Good precision and accuracy of the method was demonstrated by use
of different instrumentation and different analysts.
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