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Abstract Thirty-one samples of vegetable oils were

analyzed for free fatty acid (FFA) concentration by titration

against sodium hydroxide and by trimethylsilyl (TMS)

derivatization followed by gas chromatography (GC). In

preliminary experiments, two silylation chemistries and

three GC stationary phases were tested for TMS fatty acid

ester formation and separation. No ideal combination of

conditions was identified; however, hexamethyldisilazane

with an acid catalyst and a non-polar J & W DB-5 column

were chosen for comparison of the two approaches. Over

the range of FFA values studied (0.04–12%), the results

from the two methods were highly correlated (R > +0.996)

and were generally in good agreement. However, values

from the chromatographic method were slightly lower than

values obtained by titration for the crude oil samples

(which had higher FFA levels). For oils with >0.4% FFA,

the GC approach was slightly less reproducible (average

coefficient of variance of ~3%) compared with the titration

approach (average coefficient of variance of ~1.4%). For

oils with <0.4% FFA, the coefficients of variance were

higher (8–9%) and comparable between the methods.

Introduction

Free fatty acids (FFA) are formed in mature oilseeds before

and after harvesting because of weathering or handling.

Generally, they follow triglycerides through the oil

extraction process. These acids must be removed from the

crude oil either by chemical refining with caustic soda or

by physical refining with vacuum steam distillation [1].

During chemical refining, the FFAs react with sodium

hydroxide to form soap molecules that emulsify hydratable

components in the crude oil to form soapstock. Some

neutral oil is entrained in the soapstock and is considered as

a processing loss. Consequently, FFA concentration affects

oil recovery, and it is an element in the grading and market

price of oilseeds and crude oils [2]. Accurate measurement

of FFA is needed to support seed grading, to determine the

amount of caustic to add during refining, and to estimate

processing oil losses.

Traditionally, FFA concentration in crude vegetable oil

is measured by dissolving a known amount of oil into

ethanol and titrating the mixture against a solution of

sodium hydroxide [3]. The method is reproducible and

reliable, but lacks specificity. All acidic components of the

sample are measured, including compounds that may not

be derived from glyceride hydrolysis. In addition, titration

generally assumes an ‘‘average’’ fatty acid molecular

weight in converting from a molar acidity to a weight basis,
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and the method provides no information on the distribution

of the individual fatty acids.

Several alternatives to direct titration have been reported

in recent years, including supercritical fluid chromatogra-

phy [4, 5], electrochemical detection [6], and spectroscopic

detection [7]. One relatively simple approach is to deriv-

atize the acids to increase their volatility and use gas

chromatography (GC) to separate and quantify the indi-

vidual fatty acid derivatives. Trimethylsilylation (TMS) is

a mild derivatization method that displaces the active

hydrogen atoms of hydroxyl and carboxyl groups to form

silyl ethers and esters that are usually more volatile than

the underivatized compounds. If strong silylation reagents

are used, the hydrogen atoms of primary and secondary

amines can also be exchanged [8]. This chemistry, how-

ever, should not hydrolyze glycerides, and therefore allows

for the analysis of fatty acids in glyceride containing

materials.

Silylation of lipids in combination with GC has been

used to help identify the positioning of specific fatty acids

on the glycerol backbone [9], for identifying fatty acids in

plasma samples [10], and for derivatizing hydroxylated

fatty acid esters for mass spectral analysis [11]. In recent

years, it has also been used to characterize crude vegetable

oils [12, 13] and related co-products, including soapstock

[14–16], acid water [17], and deodorization distillate [16,

18].

This work was undertaken to compare FFA values

determined by silylation/GC with traditional titration.

Optimal silylation conditions for crude oils, the most

appropriate commercially available capillary column, and

an efficient elution profile were determined for most

common vegetable oils. Thirty-one samples of refined and

crude oils covering a wide range of FFA levels were then

evaluated by both techniques, and the results were com-

pared.

Materials and Methods

Oil Samples

Except for one rice bran oil sample that was extracted in

the pilot plant of our facility, all other vegetable oils were

obtained from commercial sources. Thirty-one samples

of ten different oil types were studied (Table 1). These

included canola, coconut, corn, cottonseed, palm, peanut,

high erucic acid rapeseed, rice bran, soybean, and sun-

flower oil samples. Samples were stored at –20 �C in

replicate vials. Most samples were allowed to warm to

room temperature before being thoroughly mixed and

sub-sampled. The coconut and palm oils samples, however,

were melted at 60 �C before mixing and sampling.

Chemicals

Solvents examined for dissolving the oils included acetone,

acetonitrile, chloroform, cyclohexane, dimethyl sulfoxide,

ethyl acetate, hexane, methylene chloride, methyl ethyl

ketone, pyridine, and toluene. All solvents were supplied

by J. T. Baker Chemical Co. (Phillipsburg, NJ, USA). N,O-

bis(trimethylsilyl)acetamide (BSA), hexamethyldisilazane

(HMDS), and trifluoroacetic acid (TFA) were purchased

from Pierce Chemical Co. (Rockford, IL, USA). Fatty acid

standards and cholesteryl methyl ether (CAS# 1174-92-1)

were purchased from Sigma-Aldrich (St Louis, MO, USA).

FFA Determination by Titration

The experimental procedure described in AOCS method

Ca 5a-40 [3] was followed to determine the percent FFA in

each sample. Briefly, oil was weighed into a flask followed

by neutralized 95% ethyl ethanol and a phenolphthalein

indicator. The mixture was then titrated against a sodium

hydroxide solution until a permanent pink color persisted

for at least 30 s. Weight percentage of FFA was calculated

on either an oleic, palmitic, or lauric acid basis, depending

on the type of oil being analyzed. Each sample was titrated

in duplicate.

Silylation Chemistry

In preliminary experiments, several solvents and two si-

lylation reagents were tested for compatibility and stability.

To test for solvent compatibility, ~100 mg of soybean oil,

1 mL of solvent, and either 1 mL of BSA or HMDS and

100 lL of TFA was mixed and heated at 60 �C for 45 min.

Trifluoroacetic acid was used as an acid catalyst with

HMDS. After reaction, the solutions were allowed to cool

and were observed for formation of multiple phases that

might result in partitioning of the fatty acids.

To study the stability of silylated oil samples, ~100 mg of

crude soybean oil was precisely weighed into a Pierce 5 mL

septum-capped reaction vial, followed by addition of 1 mL

of pyridine containing a known amount of cholesteryl methyl

ether (as internal standard) and either 1 mL of BSA or

HMDS plus 100 lL of TFA. Mixtures were heated to 60 �C

for 45 min and then cooled to room temperature. Stability of

the resulting silyl esters was studied by repeated injection

and quantification of the fatty acids over 3 days on a DB-5

chromatography column (described below).

GC

A Hewlett-Packard gas chromatograph (model: HP5890

series 2 plus) was used for separating individual silyl fatty

acid esters. Elution profiles were determined on three
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commercially available stationary phases. DB-5HT and

DB-17HT columns (both 15 m · 0.25 mm id. · 0.15 lm

film thickness) were purchased from J & W Scientific

(Folsom, CA, USA). (These columns are currently avail-

able from Agilent Technologies, Santa Clara, CA, USA.)

An UltiMetal CP-TAP-CB column (25 m · 0.25 mm ·
0.1 lm film thickness) was purchased from Chrompack

International (Raritan, NJ, USA). Derivatized fatty acids

were separated on each stationary phase under similar GC

conditions. In each case, the carrier gas was helium flowing

at a linear velocity of ~30 cm3/s. Injector and detector

temperatures were set at 360 �C, and the injector split ratio

was set to 1:50. For testing the separation of individual

TMS fatty acid esters, the column temperature was held at

75 �C for 3 min, then increased to 150 �C at 10 �C/min,

then increased to 250 �C at 5 �C/min, then increased to

300 �C at 10 �C/min. Inlet pressure control was used to

maintain the carrier gas flow rate as the column tempera-

ture was increased.

GC Determination of FFAs

Oil samples and fatty acid standards were derivatized as

described above for soybean oil with pyridine as the sol-

vent and HMDS/TFA as the silylation reagent. Oil samples

were analyzed on the DB-5 column. The same GC condi-

tions were used for these analyses, except that the column

temperature was extended to elute triglycerides. For these

Table 1 Free fatty acid concentrations by titration and by GC after silylation for a series of vegetable oils

Source Type FFA, titration (n = 2) FFA, GC (n = 3) DFFA

Acidity basis Ave. ± SD (%) CV Ave. ± SD (%) CV (Tit. – GC) (%)

Palm Kernel RBD Lauric 0.04 ± 0.01 22.2 0.045 ± 0.003 6.7 –0.005

Palm Kernel RBD Lauric 0.05 ± 0.00 0.0 0.053 ± 0.002 3.8 –0.003

Cottonseed R Oleic 0.12 ± 0.01 8.3 0.076 ± 0.001 1.3 0.044

Palm RBD Palmitic 0.05 ± 0.00 0.0 0.07 ± 0.01 16.9 –0.02

Soybean R Oleic 0.04 ± 0.00 0.0 0.08 ± 0.02 31.6 –0.04

Cottonseed RB Oleic 0.11 ± 0.03 27.3 0.089 ± 0.009 10.1 0.021

Cottonseed RB Oleic 0.12 ± 0.01 8.0 0.14 ± 0.01 8.1 –0.02

Palm Olein RBD Palmitic 0.14 ± 0.01 7.4 0.137 ± 0.001 0.7 0.003

Cottonseed RBD Oleic 0.06 ± 0.01 18.2 0.137 ± 0.007 5.1 –0.077

Canola RB Oleic 0.12 ± 0.01 8.0 0.140 ± 0.008 5.7 –0.020

Rapeseed RB Oleic 0.12 ± 0.01 8.3 0.141 ± 0.004 2.8 –0.021

Cottonseed R Oleic 0.26 ± 0.01 3.8 0.2 ± 0.2 84.9 0.06

Soybean DC Oleic 0.42 ± 0.00 0.0 0.41 ± 0.01 2.9 0.01

Canola C Oleic 0.57 ± 0.01 1.8 0.43 ± 0.02 3.9 0.14

Soybean DC Oleic 0.52 ± 0.01 1.9 0.46 ± 0.02 5.2 0.06

Rapeseed DC Oleic 0.61 ± 0.01 1.6 0.48 ± 0.02 4.5 0.13

Canola C Oleic 0.94 ± 0.03 3.2 0.78 ± 0.02 2.3 0.16

Cottonseed C Oleic 1.28 ± 0.02 1.6 1.22 ± 0.09 7.5 0.06

Cottonseed C Oleic 1.48 ± 0.08 5.4 1.24 ± 0.03 2.2 0.24

Sunflower C Oleic 1.58 ± 0.01 0.6 1.43 ± 0.01 0.6 0.15

Peanut C Oleic 1.84 ± 0.02 1.1 1.79 ± 0.02 1.3 0.05

Sunflower C Oleic 2.48 ± 0.04 1.6 2.38 ± 0.06 2.5 0.10

Peanut C Oleic 2.78 ± 0.02 0.7 2.62 ± 0.07 2.8 0.16

Corn C Oleic 3.16 ± 0.02 0.6 2.97 ± 0.04 1.3 0.19

Cottonseed C Oleic 3.16 ± 0.03 0.9 3.03 ± 0.08 2.5 0.13

Coconut C Lauric 3.36 ± 0.02 0.6 3.1 ± 0.2 5.8 0.26

Coconut C Lauric 3.7 ± 0.1 2.9 3.2 ± 0.1 3.8 0.50

Rice Bran C Oleic 4.40 ± 0.01 0.2 3.80 ± 0.05 1.4 0.60

Palm C Palmitic 4.64 ± 0.00 0.0 4.21 ± 0.09 2.1 0.43

Rice Bran C Oleic 7.84 ± 0.02 0.3 7.0 ± 0.2 3.2 0.84

Cottonseed C Oleic 12.6 ± 0.2 1.4 12.2 ± 0.1 0.9 0.40

R refined; RB refined and bleached; RBD refined, bleached, and deodorized; DC degummed crude; C crude
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samples, the final temperature ramp was from 250 �C at

10 �C/min to 370 �C (instead of 300 �C) and the column

was held at 370 �C for 10 min. TMS fatty acid esters were

identified by comparing elution times with the elution

times of standards. Each oil sample studied was silylated

and analyzed in triplicate.

Relative response factors were developed for each fatty

acid of interest. Pyridine solutions of each fatty acid and

cholesteryl methyl ether were prepared in known concen-

trations. A series of solutions was then prepared by

weighing known amounts of the fatty acid and internal

standard solutions. The mixtures were silylated (as de-

scribed above) and subjected to analysis by GC. Relative

response factors were calculated as described by Kaiser

and Debbrecht [19].

In prior work [14, 15] where quantification of different

types of compounds was required, we used cholesteryl

methyl ether as an internal standard. This compound does

not co-elute with other oil components (including expected

phytosterols); its detector response is similar to fatty acid

esters (i.e., relative response factors near 1); and it is

available in pure crystalline form. Of course, other stan-

dards, e.g., odd carbon number fatty acids, would be

equally suitable.

Statistics

The experimental design was a randomized complete block

with two treatments (FFA concentration by GC and titra-

tion), where the treatments were blocked by oil type. As the

distribution of FFA values was skewed toward low values,

the FFA means were log transformed. Analysis of variance

was performed on the log transformed data, and the treat-

ments were compared by least significant difference (LSD)

(P £ 0.05).

Results and Discussion

Crude soybean oil was used to study silylation conditions.

Pyridine, methylene chloride and chloroform were found to

be acceptable solvents for silylating soybean oil with BSA,

and pyridine and chloroform were found to be suitable

when silylating with HMDS/TFA. All other solvents yiel-

ded multiple phases after reaction. Both the BSA and

HMDS/TFA silylation chemistries yielded similar fatty

acid results, but when BSA was used as the agent, the

concentration of fatty acids tended to rise slowly over time.

Because BSA is considered a strong silylation reagent,

there was some concern that this change (~1% increase

over several hours and ~3–5% increase over 2–3 days)

might have resulted from unwanted side reactions. The

concentrations obtained with HMDS/TFA were more

stable over several hours. From these tests, pyridine was

chosen as the solvent and HMDS/TFA was chosen as the

derivatization agent for further work.

Pure fatty acid standards were used to assess the elution

pattern and the resolution of the derivatized fatty acids for

each of the three tested columns. None of the columns

provided baseline separation for all of the fatty acid esters

of interest. The DB-17HT column gave good separation for

palmitic and palmitoleic acid esters, and linoleic and a-

linolenic acid esters, but the silyl esters of stearic and oleic

acids co-eluted. Another concern for this column was that

its upper temperature limit was 350 �C, which might not

permit elution of triglycerides in a timely fashion. The ulti-

metal CP-TAP-CB column provided acceptable separation

of the silyl derivatives of palmitic and palmitoleic acids.

However, as for the DB-17HT column, silyl esters of

stearic and oleic acids were not separated. Durant et al. [16]

have recently reported GC results with the silica version of

this column on canola oil by-products. Stearic acid was not

discussed in this work. Because this acid is present in ca-

nola oil at concentrations of ~1–3% [20], these authors may

have also had difficulty with the separation of this fatty

acid ester. On the DB-5HT column, most of the TMS fatty

acid esters were well resolved with the exception of the

oleic and a-linolenic esters, which co-eluted. Although

none of the three columns provided an ideal separation for

all the silyl fatty acids of interest, the DB-5HT column was

able to separate most of the FFA esters found in common

vegetable oils and was used for the remaining experiments

in this study. However, for work on oils containing higher

levels of a-linolenic acid than stearic acid, e.g., canola and

soybean oils, the TAP column might be preferable.

Gas chromatographic conditions and temperature pro-

grams (described in the ‘‘Methods’’ section) were chosen to

separate both low molecular weight fatty acids (as would

be expected in palm kernel and coconut oils) and high

molecular weight fatty acids (as would be expected in high

erucic acid rapeseed oil). To achieve the best separation of

fatty acids and elution of the triglycerides, the temperature

program can be modified as needed. Relative response

factors for most of the TMS derivatized fatty acids were

similar and varied by less than 5% from 1.0, with the

exception of the low molecular weight fatty acids (e.g.,

caproic and caprylic acids), which showed response factors

closer to 0.9. In this regard, the relative response factors

for oleic and a-linolenic acids were essentially the same.

Hence, it is reasonable to use the co-eluted chromato-

graphic peak to estimate the sum of these components.

Chromatograms for soybean, palm, and coconut oils on

the DB-5 stationary phase illustrate the elution patterns of

the TMS silylated FFAs, TMS silylated diglycerides,

sterols, and triglycerides (Fig. 1). Total concentration of

free fatty acids was determined from the integrated peak
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areas correcting for response factor differences (Table 1).

A strong correlation (R = +0.996) was found between FFA

levels determined by silylation/chromatography and titra-

tion (Fig. 2). Generally, the distribution of free fatty acids

determined by silylation/GC resembled the distributions of

the total fatty acids of the corresponding oil (Table 2), but

a few pronounced differences existed. Several factors can

influence the FFA distribution. Lipases tend to act on the

terminal positions of glycerides and glycerides have pref-

erentially positioning of fatty acids, which will affect the

distribution of free fatty acids. Extraction conditions are

also known to affect both the amount and composition of

the FFAs in the resulting crude oil [12]. Because we spe-

cifically asked for oils with variable levels of fatty acids

(i.e., problem oils), we also expect that a few of our sam-

ples were either improperly stored or were otherwise

contaminated and that these factors contributed to some of

the distributional differences observed.

Coefficient of variance (CV) was determined for each

FFA value measured by both procedures (Table 1).

Repeatability of the titration method is limited to the
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increments of the buret even when a low normality of alkali

is used. For low acid samples, this results in a fairly coarse

gradation of the CV (Table 2). Regarding the precision of

the titration method, AOCS method Ca 5a-40 notes an

inter-laboratory CV for titrated fatty acid levels in the 0–

0.05% range of 34% and in the 0.05–0.1% range of 12.7%.

Even for a FFA range of 0.1–1.0%, the expected CV is

9.9%. Although our analysis is limited by having con-

ducted only duplicates, our results tended to be a little more

reproducible, which we believe is because of the experi-

ence of our operator. At low FFA levels (<0.4%), titration

yielded an average CV of 9.3%. At higher FFA levels

(>0.4%), titration yielded an average CV of 1.4%. Esti-

mation of the repeatability of the GC results was less

coarse, as the samples were analyzed in triplicate and the

peak area measurement of the flame ionization detector is

much finer. For samples below 0.4% FFA, the average CV

was 8.4% by chromatography. (One sample was excluded

from this average as its CV was strangely high and sug-

gestive of an error in sample labeling.) For FFA levels

greater than 0.4%, the average CV was 3% by chroma-

tography (Table 2). The results suggest that the repeat-

ability of the determination is comparable between the two

approaches when the acid level is low and slightly better by

titration when the acid level is high. Regardless of the

differences, both methods are precise enough for most

applications.

Analysis of the LSD over the complete dataset indicated

that there was no significant difference between the two

techniques. However, the same analysis conducted on only

the crude oil samples (which had higher FFA levels)

indicated a significant difference in the measurement

techniques, with the values obtained by derivatization/

chromatography being slightly lower than values obtained

by titration. This difference appears to result from the

presence of small concentrations of low molecular weight

acids and minor fatty acids that were measured by titration

but were excluded in the GC analyses and a small sys-

tematic difference caused by the assumption of a single

fatty acid in converting titrated acidity to a weight basis.

On this point, the comparative study by Lau et al. [13] on

crude palm oil samples differs. In this report, silylation/

chromatography yielded slightly higher levels of fatty acids

than did titration. This difference may be related to the

silylation chemistry, as their reagent, N,O-bis(trimethylsi-

lyl)trifluoroacetamide (BSTFA), is stronger than the

HMDS/TFA used in this work. It is possible that the same

drift in the results that we observed with BSA could also

occur with BSTFA, which may contribute to the higher

FFA levels obtained by this method compared with titra-

tion.

In summary, none of the stationary phases tested yielded

baseline-to-baseline separation of all the TMS fatty acid

esters that would be expected to occur in silylated

vegetable oils. The DB-5 stationary phase provided the

best separation for most cases, co-eluting only oleic and

a-linolenic acids. As an analytical method, silylation

followed by GC yielded FFA values that are comparable to

those obtained by titration over a wide range of acid levels.

The GC method discussed in this report can be recom-

mended as an alternative approach to titration for deter-

mining FFA levels in most vegetable oils. Because the

technique also provides information on the distribution of

FFAs, it may also be useful as a research tool for

agricultural researchers studying oilseed chemistry.

Acknowledgments The authors thank S. M. Pelitire (Southern

Regional Research Center, USDA) for help with the analytical work

and D. L. Boykin (Jamie Whitten Delta States Research Center,

USDA) for help with the statistical analysis.

References

1. Farr WE (2000) Refining of fats and oils. In: O’Brien RD, Farr

WE, Wan PJ (eds) Introduction to fats and oils technology, 2nd

edn. AOCS, Champaign, pp 136–157

2. Trading rules (2001) National cottonseed products association

Inc., Memphis, pp 50–54, 59–65

3. Free fatty acids (1998) In: official methods and recommended

practices of the American Oil Chemists Society, vol 5a. 5th edn.

AOCS Press, Champaign, p 40

4. King JW, Snyder JM (1997) Supercritical fluid chromatography:

a short-cut in lipid analysis. In: McDonald RE, Mossoba MM

(eds) New techniques and applications in lipid analysis. AOCS,

Champaign, pp 139–162

5. Hayes DG (1997) Analysis of unusual triglycerides and lipids

using supercritical fluid chromatography. In: McDonald RE,

Mossoba MM (eds) New techniques and applications in lipid

analysis. AOCS, Champaign, pp 163–182

6. Takamura K, Fuse T, Arai K, Kusu F (1999) A review of a new

voltammetric method for determining acids. J Electroanal Chem

468:53–63

7. Muik B, Lendl B, Molina-Dı́az A., Ayora-Canada MJ (2003)

Direct, reagent-free determination of free fatty acid content in

olive oil and olives by Fourier transform Raman spectroscopy.

Anal Chem Acta 487:211–220

8. Pierce AE (1968) Silylation of organic compounds. Pierce,

Rockford, pp 1–26

9. Tallent WH, Kleiman R (1968) Bis(trimethylsilyl)acetamide in

the silylation of lipolysis products for gas-liquid chromatography.

J Lipid Res 9:146–148

10. Kuksis A, Myher JJ, Marai L, Geher K (1976) Estimation of

plasma free fatty acids as the trimethylsilyl esters. Anal Biochem

70:302–312

11. de Souza Schneider RS, Baldissarelli VZ, Trombetta F, Martinelli

M, Carmao EB (2004) Optimization of gas chromatographic–sass

spectrometric analysis for fatty acids in hydrogenated castor oil

obtained by catalytic transfer hydrogenation. Anal Chim Acta

505:223–226

12. Wan PJ, Dowd MK (2000) Comparative study of the extraction

and measurement of cottonseed free fatty acids. J Am Oil Chem

Soc 77:23–27

13. Lau HLN, Pauh CW, Choo YM, Ma AN, Chuah CH (2005)

Simultaneous quantification of free fatty acids, free sterols,

J Amer Oil Chem Soc (2007) 84:701–708 707

123



squalene, and acylglycerol molecular species in palm oil by high-

temperature GC-flame ionization detection. Lipids 40:523–528

14. Dowd MK (1996) Compositional characterization of cottonseed

soapstocks. J Am Oil Chem Soc 73:1287–1295

15. Dowd MK (1998) Gas chromatographic characterization of

soapstocks from vegetable oil refining. J Chromatogr A 816:185–

193

16. Durant AA, Dumont MJ, Narine SS (2006) In situ silylation for

the multicomponent analysis of canola oil byproducts by gas

chromatography–mass spectroscopy. Anal Chim Acta 559:227–

233

17. Johansen SL, Sivasothy A, Dowd MK, Reilly PJ, Hammond EG

(1996) Low-molecular weight organic compositions of acid wa-

ters from vegetable oil soapstocks. J Am Oil Chem Soc 73:1275–

1286

18. Verleyen T, Verhe R, Garcia L, Dewettinck K, Huyghebaert A,

de Greyt W (2001) Gas chromatographic characterization of

vegetable oil deodorization distillate. J Chromatogr A 921:277–

285

19. Kaiser MA, Debbrecht FJ, (1977) Quantitative and quantitative

analysis by gas chromatography. In: Grob RL (eds) Modern

practice in gas chromatography. Wiley, New York, pp 151–211

20. Eskin NAM, McDonald BE, Przybylski R, Malcolmson LJ,

Scarth R, Mag T, Ward K, Adolph D (1996) Canola oil. In: Hui

YH (eds) Bailey’s industrial oil and fat products, vol 2. Edible oil

and fat products: oils and oil seeds, 5th edn. Wiley, New York, pp

1–96

21. Padley FB, Gunstone FD, Harwood JL (1994) Occurrence and

characteristics of oils and fats. In: Gunstone FD, Harwood JL,

Padley FB (eds) The lipid handbook, 2nd edn. Chapman and Hall,

London, pp 47–223

22. Gaydou EM, Raonizafinimanana R, Bianchini JP (1980) Quan-

titative analysis of fatty acids and sterols in Malagasy rice bran

oils. J Am Oil Chem Soc 57:141–142

708 J Amer Oil Chem Soc (2007) 84:701–708

123


	Trimethylsilyl Derivatization/Gas Chromatography as a Method to Determine the Free Fatty Acid Content of Vegetable Oils
	Abstract
	Introduction
	Materials and Methods
	Oil Samples
	Chemicals
	FFA Determination by Titration
	Silylation Chemistry
	GC
	GC Determination of FFAs
	Statistics

	Results and Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


