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Introduction
Vegetable fixed oils and fats have multiple valuable 
applications in food, cosmetics, pharmaceutical 
preparations, bio-fuel (biodiesel) production, and 
other areas.1, 2 In pharmaceutical industry, vegetable 
oils are used as an excipient to achieve improved 
stability and bio-availability and thus better consumer 
acceptability. They are used as a green solvent in drug 
formulations and extraction of bio-active compounds. 
Type I hydrogenated oils, which have high melting 
point and low iodine values, are used as lubricant in 
tablet and capsule formulation and as an alternative 
to hard waxes in topical pharmaceutical formulations.3 
Furthermore, vegetable oil generated nanostructured 
lipid particles can also be used as a carrier in lipid-
based formulations. Besides having neutraceutical 
values, vegetable oils also have a number of 
pharmacological and therapeutic applications, such 
as antimicrobial, antitumor, anti-inflammatory, and 
anitoxidant agents.4

Vegetable oils and fats are liquids or semisolids which 
primarily consist of triacylglycerols (TAGs, ~95%), 
diacylglycerols (DAGs, < 5%), tocopherols and other 
vitamins (<1%), and phytosterols (~1%).5 The main 
component, TAGs, are made up of three fatty acyl 
chains substituted to a glycerol backbone. The fatty 
acyl chains can have 6-24 carbon atoms and be either 
saturated and unsaturated. Saturated fatty acids do not 
have a double bond while monounsaturated fatty acids 
have one double bond and polyunsaturated fatty acids 
have two or more (up to 6) double bonds.6 A TAG can 
have three of the same or different fatty acyl chains. In 
Figure 1 is a typical TAG consisting of stearyl (C18:0), 
stearyl (C18:0), and oleyl (C18:1n9cis) fatty acyl 
chains shown.

Figure 1. Structure of a typical TAG with stearyl, stearyl, and oleyl 
(SSO) fatty acyl chains.

Fatty acid profiling is one of the most common ways 
of characterizing a vegetable oil. In pharmaceutical 
industries, USP general chapter <401> for Fats 
and Fixed Oils is a common way to conduct the 
esterification process.7 However, this method suffers 
from a number of limitations. First, it is a two-step 
esterification process that uses toxic chemicals, such 
as boron trifluoride (BF3). Second, and perhaps the 
most important one, from a practical standpoint, 
the method uses refluxing such that parallel sample 
preparation requires investment in the glasswares, 
such as condenser, round-bottom (RB) flasks, etc., 
and lab space.7 As a result, the method might be low-
throughput and it may not be applicable for routine 
QC analysis.

The objective of this application note thus is to develop 
and validate a simple, safe, and complete altenative 
esterification method that is highly accurate, consistent, 
and capable of parallel processing for esterification of 
multiple vegetable oil and fat samples and also has 
applicability in quality control (QC) process.
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Experimental

Method 

Development of an alternative esterification method

A single-step, acid-catalyzed esterification process that 
utilizes anhydrous acetyl chloride solution (2%, v/v) in 
methanol to make methanolic hydrochloride reagent 
was improved and validated for vegetable oils.8 

Preparation of methanolic hydrochloride reagent 

To prepare the methanolic hydrochloride reagent 
solution, 2 mL of acetyl chloride (Cat. No. 00990) 
was mixed with 18 mL of methanol (Cat. No. 34860). 
The resulting mixture produces approximately 2 M 
methanolic hydrochloride (anhydrous).

Caution should be taken when adding acetyl chloride 
to methanol. Sudden contact with water and alcohols 
should be avoided. This is a highly exothermic process 
and can build heat and pressure if not handled 

appropriately. To avoid the hazard, about 5 mL of 
methanol was added to a 40 mL amber vial with a PTFE 
septum lined cap. Acetyl chloride was added slowly 
with constant mixing and cooling of the vial in cold 
water. The pressure was vented slowly, and the vial 
was cooled throughout the addition of acetyl chloride. 
Once all the acetyl chloride was added, the rest of the 
methanol (~13 mL) was added into the mixture. The 
vial was sealed and stored free from exposure to water. 
The reagent can be saved for future use also if stored 
in a refrigerator in a properly sealed air-tight container.

Esterification reaction 

About 25 mg of neat corn oil sample (Cat. No. PHR2897) 
and 2 mL of the methanolic hydrochloride reagent were 
mixed in a clear glass reaction vial with conical bottom. 
The reaction mixture was then heated in a digital two-
block heater at 80 °C for 20 min. The reaction vials 
were then allowed to cool to room temperature. An 
acid-catalyzed general esterification reaction of a TAG to 
produce fatty acid methyl esters is shown in Figure 2.

Extraction

To carry out the liquid-liquid extraction, 2 mL of 6% (w/v) 
Na2CO3 (Cat. No. 222321) solution in water was added 
to the cooled reaction mixture and vigorously shaken. 
One volume of 2 mL n-heptane (Cat. No. 650536) was 
added as the extraction solvent. After adding heptane 
and shaking, the mixture was allowed to stand at room 
temperature until the phases had completely separated. 
The hydrophobic fatty acid methyl esters partitioned 
into upper heptane phase, of which 1 mL was carefully 
transferred to an autosampler vial and 1 µL was injected 
on to a GC-FID (Agilent, 7890 A GC) equipped with a 
Supelco® SUPELCOWAX™ 10 column 30 m x 0.53 mm ID,  
0.5 µm (Cat. No. 25325) for chromatographic separation. 
The general workflow for the esterification and detection 
process is shown in Figure 3. The details of the  
GC-FID detection method are presented in Table 1 and a 
representative chromatogram of a corn oil FAME profile is 
shown in Figure 4.
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Figure 2. Acid-catalyzed methyl esterification of a TAG with stearyl (C18:0), stearyl (C18:0), and stearyl (C18:0) [SSS] fatty acyl chains to 
produce methyl stearate.

Column: SUPELCOWAX™ 10, 30 m × 0.53 mm I.D., 
0.50 µm film thickness (25325)

Detector: FID @ 280 °C

Inlet: 220° C

Column temp: 70 °C (Hold 2 min) @ 5 °C/min to 240 °C 
(Hold 8 min)

Flow: 4.8 mL/min

Carrier gas: Hydrogen

Injection: 1 µL - Split injection with 20:1 split ratio

Liner: 78.5 mm x 6.3 mm, 4.0 mm I.D., Split/
Splitless, Single Taper FocusLiner™, wool 
packed (2879825-U)

Sample diluent: Heptane

Table 1. Chromatographic conditions used to separate FAMEs from 
vegetable oils

https://www.sigmaaldrich.com/product/sial/00990
https://www.sigmaaldrich.com/product/sigald/34860
https://www.sigmaaldrich.com/product/sial/PHR2897
https://www.sigmaaldrich.com/product/sigald/222321
https://www.sigmaaldrich.com/DE/en/product/sigald/650536
https://www.sigmaaldrich.com/DE/en/product/supelco/25325
https://www.sigmaaldrich.com/DE/en/product/supelco/25325
https://www.sigmaaldrich.com/DE/en/product/supelco/2879825u
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Figure 3. Representation of esterification process workflow followed by a GC-FID detection.

Figure 4. A representative GC-FID chromatogram showing FAME components in corn oil.

A corn oil secondary pharma standard  
(Cat. No. PHR2897) in five different amounts in the 
range of 10-35 mg was esterified and analyzed by 
GC-FID. The corresponding FID signals (peak area) 
were plotted against the amount of oil. A separately 
esterified oil sample having weight about 25 mg was 
injected 10 times to calculate precision. About 25 mg 
of a pharmacopeia primary standard for corn oil was 
esterified using the same alternative method and used 
as a reference standard for estimation of accuracy. 
Acceptance criteria for method validation parameters 
were referenced from USP <401> and general 
practices adopted while following compendial methods. 
Accuracy was chosen to be within 98-102%. Precision 
or repeatability, in term of RSD%, was set below 5% 
for the individual FAMEs and below 1% for the ratio 
of methyl palmitate and methyl stearate (C16:0/
C18:0).7 Linearity criterion was set as regression 
coefficient, R2, above 0.99. Chromatographic resolution 
of at least 1.5 between methyl stearate (C18:0) 
and methyl oleate (C18:1) peaks was the criterion 
for specificity. 

Results & Discussion
Method Validation: Quantitative esterification process
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In brief, accuracies for two predominant FAMEs, methyl 
oleate (C18:1) and methyl linoleate (C18:2), were 101.3% 
and 99.8% respectively (Table 2). RSDs for all the 
individual FAMEs were below 5% and the RSD for methyl 
palmitate to methyl stearate ratio (C16:0/C18:0) was 
0.2% (Table 3). Linear detector responses were observed 
for oil samples in the amount of 10-35 mg with R2 > 
0.99 for all individual FAMEs present. For instance, R2 of 
0.996 was found for methyl palmitate (C16:0) (Figure 5). 
Limit of detection (LOD) and limit of quantitation (LOQ) 
were estimated from LINEST function to be 2.36 mg and 
7.87 mg in term of the amount of the oil sample, which 
correspond to 1.18 mg/mL and 3.94 mg/mL respectively 
in term of concentration (Table 4). The resolution between 
the two peaks, C18:0 and C18:1, was 3.4.

https://www.sigmaaldrich.com/product/sial/PHR2897
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FAME
Shorthand 
notation

Supelco® 
PHR2897 
Comp%

Primary 
standard 
Comp%

Accuracy 
%

Monograph  
Guidelines 

%
Methyl 
palmitate C16:0 12.12 12.42  8.6-16.5

Methyl stearate C18:0 1.60 1.63  1.0-3.3
Methyl oleate C18:1 28.82 28.45 101.30 20-42.2
Methyl linoleate C18:2 55.78 55.89 99.80 39.4-62
Methyl linolenate C18:3 1.06 0.94  0.5-1.5
Methyl eicosanoate C20:0 0.32 0.35  <0.8
Methyl eicosenoate C20:1 0.31 0.32  <0.5

Table 2. FAME composition of corn oils (PHR2897 
and pharmacopeia reference standard) follow the 
monograph guidelines for each individual ester. The 
accuracy of the esterification method was evaluated 
using a primary reference standard. 

Amount of oil (mg) Peak Area
  9.90 236.43
16.20 373.21
20.80 505.27
31.00 705.67
34.70 770.58

LINEST Function
Slope   21.680 29.998 Intercept
SD    0.830 20.192
 R2    0.996 17.062 Sy

LOD 2.36 mg
LOQ 7.87 mg

Repeatability estimated as RSD% for C16:0/C18:0 peak areas

FAME Methyl palmitate Methyl stearate C16:0/C18:0
Rep 1 638.635 84.665 7.54
Rep 2 636.733 84.805 7.51
Rep 3 641.531 85.060 7.54
Rep 4 632.594 83.814 7.55
Rep 1 638.635 84.665 7.54
Rep 2 636.733 84.805 7.51
Rep 3 641.531 85.060 7.54
Rep 4 632.594 83.814 7.55
Rep 5 632.928 83.917 7.54
Rep 6 643.537 85.326 7.54
Rep 7 643.548 85.137 7.56
Rep 8 639.390 84.568 7.56
Rep 9 644.542 85.393 7.55
Rep 10 641.041 84.841 7.56
Average 639.45 84.75 7.54
SD 4.27 0.54 0.01
RSD% 0.67 0.64 0.20

Table 3. Repeatability of the esterification method evaluated 
by calculating RSD% for C16:0, C18:0, and their ratio.

Table 4. Linearity, LOD, and LOQ estimation

Figure 5. Calibration curve showing linear detector 
(GC-FID) response for the sample amount in the range 
of 10-35 mg of corn oil using methyl palmitate (C16:0) 
as the representative FAME.
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Efficiency of esterification reaction: Evaluation of completeness of the reaction

The completeness of the esterification process, and 
efficiency of the reaction, was evaluated qualitatively. 
An incomplete/inefficient esterification process partially 
hydorolyzes/esterifies TAGs producing free fatty 
acids and MAGs and DAGs. So, presence of such lipid 
classes were taken as markers for the incomplete 
esterification process. 

For this, about 35 mg of corn oil samples were esterified 
with 1 and 2 mL of the methanolic hydrochloride reagent 
in parallel. The extractions were carried out with 2 mL of 
heptane at acidic pH with prior addition of 2 mL of water 
instead of Na2CO3 solution. About 500 µL of each extract 
was subjected to another derivatization step with an 
addition of 100 µL of MSTFA reagent (Cat. No. 69479) 
and heating for 15 min at 70 °C. This derivatization 
step replaces the acidic protons from the carboxylate 
and hydroxyl functional groups with a trimethylsilyl 
(TMS) moeity converting unesterified free fatty acids 
into –TMS ester and MAGs and DAGs into –(n)TMS 
ether derivatives. Here, n equals to number of hydroxyl 
functional group(s) in the molecular structure. A general 

scheme of a silylation reaction for a partially hydrolyzed 
monoacylglyceride, such as 1-palmitin, and a free fatty 
acid, such as palmitic acid, is shown in Figure 6. The 
reaction mixture was analyzed on a single quadrupole 
GCMS (Agilent, 5975C MSD) in full-scan mode in the 
m/z range of 40-550 with a solvent delay of 3.5 min. 
The chromatographic separation was carried out on a 
SLB®-5ms (30 m x 0.25 mm x 0.25 µm,  
Cat. No. 28471-U) caplillary column. An aliquot of  
1.0 µL of the sample was injected without removal of the 
excess MSTFA reagent in the injector heated at 220 °C 
with split ratio of 10:1. Injection of silylation reagent 
is safe on GC columns that do not have free hydroxyl 
group. Said that, columns containing PEG stationary 
phase, such as Omegawax, Carbowax, etc., should be 
avoided. The GC oven was set at 70 °C for 2 min and 
then ramped at the rate of 5 °C/min to final temperature 
of 240 °C which was held for 5 min. Helium was used as 
carrier gas at the constant flow rate of 1 mL/min. The 
ionization energy of 70 eV was used to collect EI spectra 
at the sampling rate of 4 scans/sec. The transfer line, 

https://www.sigmaaldrich.com/product/sial/69479
https://www.sigmaaldrich.com/product/supelco/28471u
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ionization source, and the quadrupole analyzer were set 
at 240 °C, 230 °C, and 150 °C, respectively.

As shown in Figure 7, careful inspection of the 
chromatogram (Top) for the oil sample esterified 
with 1 mL of the methanolic hydrochloride showed 
presence of 1-monopalmitin-2TMS, 1-monoolein-2TMS, 
and 1-monolinolein-2TMS derivatives. This signified 
incomplete esterification process with 1 mL of the 

esterification reagent. On the other hand, absence of 
such peaks on the bottom chromatogram suggested 
completeness of the process with 2 mL of the reagent. 
This concluded, 2 mL of the methanolic hydrochloride 
reagent is sufficient for complete esterification of the oil 
samples up to 35 mg.
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Figure 6. Trimethylsilylation derivatization of a partially esterified monoacylglycerol, such as 1-monopalmitin, to produce  1-monopalmitin-2TMS 
ether derivative (Top reaction). A non-esterified free fatty acid, such as palmitic acid, produces palmitic acid-TMS ester (Bottom reaction).

1-monolinolein
-2TMS

Esterification with 1 mL of the methanolic hydrochloride reagent
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Figure 7. Chromatograms showing efficiency of the esterification process with 1 mL and 2 mL reagent.



6

Replication of the esterification process for 
analysis of olive oil samples

The esterification process was replicated for analyis 
of other oil samples. Figure 8 shows the complete 
qualitative agreement between olive oil pharmaceutical 
secondary standard (Cat. No. PHR2902) and the 
pharmacopeia reference standard.  

 

Application of the method in esterification of 
other vegetable oil and fat samples 

The method was used in the methyl esterification of 18 
fixed oil and fat samples. Replicate sample processing was 
carried out for each oil sample. The applicability of the 
method for QC of the multiple oil samples was examined 
by conducting the esterification of the corresponding 
pharmacopeia reference standards. High qualtitative and 
quantitative FAME profile agreement between the PHR and 
pharmacopeia reference standards shows method‘s QC 
applicability. Summary of FAME profiles of the vegetable 
fixed oil and fat samples is presented in Table 5.

Figure 8. Comparative gas chromatograms (left) showing equivalent FAME profiles of olive oil pharmaceutical secondary standard (Cat. No. PHR2902) 
and a pharmacopeia reference standard. The pie-charts show actual FAME contents of the both standards following USP guidelines.

Methyl palmitate

Methyl palmitoleate

Methyl stearate

Methyl oleate

Methyl linoleate

Methyl linolenate

Methyl eicosanoate

Methyl eicosenoate

Olive oil, Cat.No. PHR2902

Pharmacopeia reference standard

PHR2902

Pharmacopeia reference 
standard

C16:0 C16:1 C18:0 C18:1

C18:2 C18:3 C20:0 C20:1

Individual FAME content% Individual FAME content% Class of FAME content (%)

No Cat. No. Oil Lot Number ≤C10:0 C12:0 C14:0 C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 C20:0 C20:1 C20:5 C22:0 C22:1 C22:6 C24:0 Others Total
Total 

saturated
Total 

monounsaturated
Total 

polyunsaturated
1 PHR2989 Sunflower Oil LRAC7633    6.25  2.92 33.05 57.78          100 9.17 33.05 57.78
2 PHR2969 Almond Oil LRAC7630    6.34 0.48 1.41 67.99 23.78          100 7.75 68.47 23.78
3 PHR2984 Palm Oil LRAC7555  1.02 1.35 43.99  4.03 40.27 9.34          100 50.39 40.27 9.34
4 PHR2985 Peanut Oil LRAC7553    9.96  2.70 55.34 24.52 0.19 1.22 1.58  2.91 1.58    100 16.79 58.50 24.71

5 PHR2897 Corn Oil LRAC6778    12.12  1.60 28.82 55.77 1.06 0.32 0.31       100 14.04 29.13 56.83
6 PHR2902 Olive Oil LRAC6773    10.80 0.78 3.29 78.57 5.20 0.70 0.41 0.25       100 14.50 79.60 5.90
7 PHR2983 Menhaden Fish Oil LRAC7663   8.47 16.34 12.42 2.83 4.98     14.49   12.88  27.59 100 30.32 21.53 48.15
8 PHR3520 Coconut Oil LRAC6922 14.12 48.27 18.73 8.79  2.55 6.09 1.45          100 78.34 6.09 1.45
9 PHR2981 Hydrogenated Castor Oil LRAC8230    1.13  9.64    0.41       88.82* 100    
10 PHR2971 Canola Oil LRAC7839    4.08 0.22 1.48 63.00 19.86 10.09 0.40 0.87       100 5.96 64.09 29.95
11 PHR2980 Flax Oil LRAC7836    5.53  3.26 16.71 15.81 58.69         100 8.79 16.71 74.50
12 PHR2976 Cottonseed Oil LRAC7835    21.24  2.61 20.42 55.73          100 23.85 20.42 55.73
13 PHR2987 Safflower Oil LRAC7692    6.91  2.55 9.70 80.21         0.63 100 9.46 9.70 80.21
14 PHR2974 Cod Liver Oil LRAC8228   4.77 10.00 10.06 1.97 24.07 1.78 0.88  12.8 9.37  7.10 10.24  6.96 100 17.10 54.03 28.87
15 PHR2970 Borage Seed Oil LRAC8254    10.66  4.81 20.79 44.65 13.98 0.33 2.39  0.29 1.33   0.77 100 16.09 24.51 58.63
16 PHR2979 Fish Oil LRAC8231   9.27 17.14 14.24 2.92 5.86 1.69    15.36   11.38  22.14 100 30.63 24.37 45.00
17 PHR2882 Soybean Oil LRAD0590    11.25  3.55 19.30 56.8 8.30 0.25 0.21  0.23   0.11  100 15.39 19.51 65.10
18 47115-U Lard Oil LRAC9635   0.73 34.49 6.10 7.99 35.87 13.86 0.75        0.21 100 43.21 42.18 14.61

*Methyl 12-hydroxystearate is the main component (85.56%) in hydrogenated castor oil (Cat.No. PHR2981)

Table 5. A summary of FAME profiles of eighteen vegetable fixed oil and fat samples determined by esterification 
process that used methanolic hydrochloride reagent made from 2% (v/v) acetyl chloride solution in methanol. 
All the samples showed equivalent FAME profile with the corresponding pharmacopeia reference standards.

https://www.sigmaaldrich.com/product/sial/phr2902
https://www.sigmaaldrich.com/product/sial/PHR2902
https://www.sigmaaldrich.com/product/sial/phr2989
https://www.sigmaaldrich.com/product/sial/PHR2969
https://www.sigmaaldrich.com/product/sial/PHR2984
https://www.sigmaaldrich.com/product/sial/PHR2985
https://www.sigmaaldrich.com/product/sial/PHR2897
https://www.sigmaaldrich.com/product/sial/PHR2902
https://www.sigmaaldrich.com/product/sial/PHR2983
https://www.sigmaaldrich.com/product/sial/PHR3520
https://www.sigmaaldrich.com/product/sial/PHR2981
https://www.sigmaaldrich.com/product/sial/PHR2971
https://www.sigmaaldrich.com/product/sial/PHR2980
https://www.sigmaaldrich.com/product/sial/PHR2976
https://www.sigmaaldrich.com/product/sial/PHR2987
https://www.sigmaaldrich.com/product/sial/PHR2974
https://www.sigmaaldrich.com/product/sial/PHR2970
https://www.sigmaaldrich.com/product/sial/PHR2979
https://www.sigmaaldrich.com/product/sial/PHR2882
https://www.sigmaaldrich.com/product/supelco/47115u
https://www.sigmaaldrich.com/product/sial/PHR2981
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Individual FAME content% Individual FAME content% Class of FAME content (%)

No Cat. No. Oil Lot Number ≤C10:0 C12:0 C14:0 C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 C20:0 C20:1 C20:5 C22:0 C22:1 C22:6 C24:0 Others Total
Total 

saturated
Total 

monounsaturated
Total 

polyunsaturated
1 PHR2989 Sunflower Oil LRAC7633    6.25  2.92 33.05 57.78          100 9.17 33.05 57.78
2 PHR2969 Almond Oil LRAC7630    6.34 0.48 1.41 67.99 23.78          100 7.75 68.47 23.78
3 PHR2984 Palm Oil LRAC7555  1.02 1.35 43.99  4.03 40.27 9.34          100 50.39 40.27 9.34
4 PHR2985 Peanut Oil LRAC7553    9.96  2.70 55.34 24.52 0.19 1.22 1.58  2.91 1.58    100 16.79 58.50 24.71

5 PHR2897 Corn Oil LRAC6778    12.12  1.60 28.82 55.77 1.06 0.32 0.31       100 14.04 29.13 56.83
6 PHR2902 Olive Oil LRAC6773    10.80 0.78 3.29 78.57 5.20 0.70 0.41 0.25       100 14.50 79.60 5.90
7 PHR2983 Menhaden Fish Oil LRAC7663   8.47 16.34 12.42 2.83 4.98     14.49   12.88  27.59 100 30.32 21.53 48.15
8 PHR3520 Coconut Oil LRAC6922 14.12 48.27 18.73 8.79  2.55 6.09 1.45          100 78.34 6.09 1.45
9 PHR2981 Hydrogenated Castor Oil LRAC8230    1.13  9.64    0.41       88.82* 100    
10 PHR2971 Canola Oil LRAC7839    4.08 0.22 1.48 63.00 19.86 10.09 0.40 0.87       100 5.96 64.09 29.95
11 PHR2980 Flax Oil LRAC7836    5.53  3.26 16.71 15.81 58.69         100 8.79 16.71 74.50
12 PHR2976 Cottonseed Oil LRAC7835    21.24  2.61 20.42 55.73          100 23.85 20.42 55.73
13 PHR2987 Safflower Oil LRAC7692    6.91  2.55 9.70 80.21         0.63 100 9.46 9.70 80.21
14 PHR2974 Cod Liver Oil LRAC8228   4.77 10.00 10.06 1.97 24.07 1.78 0.88  12.8 9.37  7.10 10.24  6.96 100 17.10 54.03 28.87
15 PHR2970 Borage Seed Oil LRAC8254    10.66  4.81 20.79 44.65 13.98 0.33 2.39  0.29 1.33   0.77 100 16.09 24.51 58.63
16 PHR2979 Fish Oil LRAC8231   9.27 17.14 14.24 2.92 5.86 1.69    15.36   11.38  22.14 100 30.63 24.37 45.00
17 PHR2882 Soybean Oil LRAD0590    11.25  3.55 19.30 56.8 8.30 0.25 0.21  0.23   0.11  100 15.39 19.51 65.10
18 47115-U Lard Oil LRAC9635   0.73 34.49 6.10 7.99 35.87 13.86 0.75        0.21 100 43.21 42.18 14.61

The developed and validated fatty acid methyl 
esterification method that utilizes methanolic 
hydrochloride reagent prepared from 2% (v/v) acetyl 
chloride solution in methanol is quantitative, simple, 
complete, and high-throughput allowing parallel 
sample processing. As many as 24 samples can be 
processed in parallel, within 20 min. The method is 
able to esterify various oil and fat samples including 
complex oil samples, such as fish oil. The method 

has high QC applicability too. Strong qualitative and 
quantitave agreements in the results of analyses of 
multiple vegetable fixed oils and fats in parallel with 
the respective pharmacopeia reference standard 
confirm method‘s applicability in QC laboratories. This 
method can be used as an alternative to USP <401> 
in characterization/FAME profiling of vegetable oils and 
fats in pharmaceutical and food industry laboratories. 

Conclusion
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We have built a unique collection of life science brands with 
unrivalled experience in supporting your scientific advancements.

Description Cat. No.

GC & Reference Materials

SUPELCOWAX™ 10 Capillary GC Column,  
30 m x 0.32 mm, df 0.5 µm

25325

SLB®-5ms Capillary GC Column, 30 m x 0.25 mm,  
df 0.25 µm

28471-U

GC Liner, Split/Splitless Type, Straight 
FocusLiner™ Design (wool packed)

2879825-U

Corn oil, pharmaceutical secondary standard, CRM PHR2897

Olive oil , pharmaceutical secondary standard, CRM PHR2902

Reagents & Accessories

Acetyl chloride, puriss. p.a., ≥99.0% 00990

Heptane, HPLC Plus, for HPLC, GC, and residue 
analysis, 99%

650536

Methanol, HPLC grade, ≥99.9% 34860

MSTFA, for GC derivatization, LiChropur™, ≥98.5% 69479

Sodium carbonate, ACS reagent, anhydrous, ≥99.9% 222321

Description Cat. No.

Oil Standards, pharmaceutical secondary standards, CRMs*

Sunflower Oil PHR2989

Almond Oil PHR2969

Palm Oil PHR2984

Peanut Oil PHR2985

Corn Oil PHR2897

Olive Oil PHR2902

Menhaden Fish Oil PHR2983

Coconut Oil PHR3520

Hydrogenated Castor Oil PHR2981

Canola Oil PHR2971

Flax Oil PHR2980

Cottonseed Oil PHR2976

Safflower Oil PHR2987

Cod Liver Oil PHR2974

Borage Seed Oil PHR2970

Fish Oil PHR2979

Soybean Oil PHR2882

Lard Oil (analytical standard) 47115-U

Featured Products

See more information of Pharmaceutical Analysis & QC 
applications at SigmaAldrich.com/PharmaQC

*if not indicated otherwise

Find more Analytical Reference Materials for 
Pharmaceutical QC at

SigmaAldrich.com/pharmastandards
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