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Introduction 
Fats and oils from a large variety of sources are 
widely employed by the food industry and serve 
as feedstock for the rapidly developing biodiesel 
sector. Free fatty acids (FFAs), present in the 
crude oils, are detrimental to oil quality and 
functionality, and accordingly FFA content is an 
important parameter in edible oil refining and 
biodiesel production. In addition, FFAs are 
formed during prolonged frying operations and 
are a key determinant of frying oil quality. For 
all these reasons, simple, rapid and reliable 
means of determining FFA content are required. 
To meet this need, analytical methods for the 
determination of FFAs by FTIR spectroscopy 
have been developed as alternatives to the 
traditional time-consuming titration procedures.  
However, since the purchase of an FTIR 
spectrometer for the purpose of implementing a 
single analytical method is unlikely to be cost-
effective, a simple, low-cost variable filter array 
(VFA) IR spectrometer is better suited for 
dedicated applications of this type, provided that 
it offers the requisite analytical performance. 
This application note describes methodology for 
the rapid and accurate determination of FFAs in 
oils using the Wilks Enterprise InfraSpec VFA-
IR spectrometer. 
Characteristics of the InfraSpec  
The InfraSpec is a miniature IR spectrometer that 
operates in either the ATR or the transmission 
mode.  Because it is based on variable filter array 
technology, it has no moving parts. It utilizes a 
cool electronically modulated (pulsed) source 
and a pyroelectric detector, and a spectrum is 
generated with each source pulse. Consecutively 
collected spectra are co-added automatically to 
increase the S/N ratio. The spectrometer module 
is readily linked to a computer or PDA via a 
USB connector and comes with dedicated 
software to drive the system and process spectral 
data. Some key instrument specifications are 
listed below.  
 

Dimensions 5� ´ 5� ´ 1.5�  
Weight 3.5 lbs 
PC Interface RS 232 
Power  9V DC, 2.0 amps 
Power supply AC/DC converter  
Detector array 64-pixel pyroelectric  
Spectral ranges 2.5-5 � m, 5.5-11 � m  

 
The InfraSpec spectrometer employed in the 
present work was configured to cover the 
wavelength range of 5.5-11 µm (~1800-900 cm-1) 
at a spectral resolution on the order of 30 cm-1. 
To obtain optimal analytical performance for 
FFA determinations and facilitate sample 
throughput, we equipped it with a 100-µm CaF2 
transmission flow cell (Figure 1). Because the 
source is cool, the cell could be positioned very 
close to the source to maximize energy 
throughput. 
 

 
Figure 1. The Wilks Enterprise InfraSpec VFA-
IR  spectrometer. 
 
Methodology 
The ability of the InfraSpec to determine FFAs 
in oils was evaluated by implementing the novel 
FTIR methodology described in ref. (1). The 
basic procedure involves the extraction of FFAs 
from the oil into methanol containing sodium 
hydrogen cyanamide and their stoichiometric 
conversion to sodium salts: 
NaHNCN + R-COOH �  R-COO-Na+ + H2NCN 
IR quantitation is based on measurement of the 
strong n(COO-) absorption at ~1570 cm-1 relative 
to a suitable baseline, and a calibration equation 
relating this measurement to FFA content 
(expressed as % oleic acid) is devised using 
standards prepared by gravimetrically spiking 
known amounts of oleic acid into an FFA-free 
oil. In both calibration and sample analysis 
procedures, 6.5 ml of the methanol reagent is 
added to 5 g of oil in a 20-ml vial; after shaking 
on a vortex mixer for 30 sec, the phases are 
allowed to separate, and the methanol layer is 
analyzed in a 100-µm transmission cell.  
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This FTIR procedure is considered one of the 
most specific, sensitive and versatile methods for 
FFA analysis. To adapt this methodology to the 
InfraSpec, ethanol was substituted for methanol 
so as to obtain more energy in the measurement 
region. The ethanol extracts were loaded into the 
cell by aspiration, using a stainless steel needle 
(Figure 1). A valve controlled the loading and 
emptying of the cell, and a solvent trap was 
located in the outlet line.  The InfraSpec was 
evaluated under a variety of scanning regimes as 
well as various source positions; the optimal 
conditions were 32 co-added scans, with the 
source placed within 1 cm of the cell window.   
For comparative purposes, the InfraSpec was run 
side-by-side with a FTIR spectrometer (WorkIR, 
ABB Bomem), sharing the same cell and cell 
loading assembly. The FTIR spectra were 
collected at a resolution of 4 cm-1 by co-adding 
16 scans and were ratioed against a background 
spectrum collected with the ethanol reagent 
solution in the cell to eliminate its contributions 
from the spectra of the samples.  
Results 
Figure 2a presents typical differential spectra 
obtained by FTIR spectroscopy for oils spiked 
with oleic acid and treated with the 
ethanol/sodium hydrogen cyanamide reagent. 
Figure 2b illustrates the resulting standard curve 
covering the range of 0-5% added oleic acid, the 
regression equation obtained being:  
 
%FFA = -0.001 + 0.06204*Abs (1571/1799 cm

-1
)   

SD = 0.045 R2 = 0.999      [1] 
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Figure 2. Calibration spectra (a) and calibration 
standard curve (b) obtained by FTIR spectroscopy. 
 
The corresponding spectra obtained by using the 
InfraSpec are shown in Figure 3a. The bands in 
these spectra are much broader owing to the 
much lower spectral resolution (~30 cm-1 vs. 4 
cm-1 for the FTIR spectra). Despite the limited 
resolution, good quantitative data can still 
extracted as indicated by Figure 3b and its 
resultant regression equation: 
 

%FFA = 0.249 + 22.445*Abs(1600/1687cm
-1

)   
SD = 0.075  R2 = 0.998      [2] 
 
As noted above, it was determined that in a 100-
mm cell, methanol absorbed much of the 
available energy in the spectral region of interest, 
whereas the lower absorptivity of ethanol 
resulted in a substantive increase in the amount 
of residual energy to work with in measuring the 
FFA signal. This issue arises because the 
InfraSpec’s pulsed IR source is substantially 
weaker than the FTIR spectrometer’s Globar 
source. On the other hand, when a lower range of 
FFA concentrations (0-1%) was examined, this 
effect was not evident as a result of the lower 
FFA absorption, and excellent regression SDs 
were obtained with both the methanol reagent 
and the ethanol reagent (Table 1).  
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Figure 3. Calibration spectra (a) and calibration 
standard curve (b) obtained using the InfraSpec. 
 
Table 1. Regression statistics  

FFA 0-1%a FFA 0-5%b  
R2 SD R2 SD 

InfraSpec 0.997 0.029 0.998 0.075 
FTIR 0.998 0.015 0.999 0.045 

.aMethanol reagent. bEthanol reagent. 
Conclusion 
Based on the results of this assessment, the 
InfraSpec is capable of replacing a conventional 
FTIR spectrometer to analyze for FFA content in 
oils using the method developed by Al Alawi et 
al (1), but modified to use ethanol as the 
extraction solvent. As such, it can be used as a 
dedicated analyzer, providing a simple and 
economical instrumental means by which to 
monitor FFA levels in crude and refined edible 
oils and in biodiesel feedstocks. In a flow cell 
configuration, one can readily analyze 20-30 
samples/hr once the samples have been prepared 
for analysis.  
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