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Summary
This method is a highly reproducible, lower cost approach for the 
simultaneous determination of phenolic antioxidants in a variety of 
food oils and hand creams using gradient HPLC with electrochemical 
array detection. 

Introduction
Autoxidation causes food rancidity or spoilage and leads 
to discoloration, change in the food’s taste and/or texture 
as well as the formation of off-flavors and odors. The 
vitamin loss (e.g., vitamins A, D and E) results in 
shortened shelf life and loss in nutritional value. Improved 
packaging, refrigeration and sanitary processing help 
retard these autoxidation reactions to some extent, but 
they are often not enough. Manufacturers add chemicals 
such as antioxidants (e.g., tocopherols, BHA, BHT, etc.), 
chelating agents (e.g., citrate, phosphates or EDTA)  
and/or reducing agents (e.g., as ascorbate, erythorbate or 
ascorbyl palmitate) during processing or to the finished 
product to reduce autoxidation and extend shelf life.  
Detailed descriptions of lipid autoxidation reactions, 
mechanisms and preventative actions of antioxidants  
have been listed in various peer-reviewed journals.1–3  

The choice of antioxidant(s), synthetic or natural, must 
take into account several factors: the type of oil or food  
to be stabilized; ‘carry-through’ from oil to final cooked 
product; dispersion and solubility in the oil; presence of 
metals; discoloration; degree and severity of processing, 
and maximum amount allowed by the Food and Drug 
Administration (FDA).4 Some common synthetic antioxi-
dants such as BHA and BHT have been given "generally 
recognized as safe" (GRAS) status when the total 
antioxidant content is not over 0.02 percent of fat or oil 
content. However, the FDA has specific regulations on 
phenolic antioxidant addition since BHA and BHT have 
also been found to be toxic at higher levels.5,6

Analytical methods for determining antioxidants include 
GC,7 GC-MS8 and HPLC with fluorescence,9 ultraviolet 
(UV),10 and electrochemical11 detection (ECD). All of these 
methods are capable of looking at up to two antioxidants 
within a single analytical run. Additionally, except for 
HPLC-ECD, all these methods suffer from a lack of 
sensitivity. When simultaneous measurement of several 
antioxidants is required, either a gradient HPLC method12 
must be used, or several isocratic methods using various 
combinations of mobile phases and/or analytical 
columns.11 Previous attempts to combine the versatility  
of gradient HPLC with the sensitivity of ECD have been 
unsuccessful due to baseline drift during the gradient. The 
Thermo Scientific™ Dionex™ CoulArray™ Electrochemical 
Detector's software overcomes this with a combination  
of a proprietary gradient correction algorithm (that 
removes baseline drift while maintaining peak integrity) 
and autoranging.



2 This method here allows for direct measurement of the 
antioxidants shown in Figure 1 without any concentration 
steps. This is a vast improvement over more commonly 
accepted methods.  In AOAC Method 983.15, for example, 
the sample is dissolved in hexane and the antioxidants  
are extracted (3 × 50 mL) into acetonitrile (ACN). The  
150 mL of ACN must then be evaporated to near dryness 
in less than 10 min at less than 40 °C. Higher temperatures 
or longer evaporation times can result in significant 
antioxidant loss.12

Materials and Methods
The gradient analytical system consisted of two pumps,  
an autosampler, a thermostatic chamber, an 8-channel 
CoulArray electrochemical detector and UV detector. In 
addition, a guard cell was placed after the mixer to 
oxidize contaminants in the mobile phase that co-eluted 
with BHT.

LC Conditions

Column: C18,  5 μm, 150 × 4.6 mm

Mobile Phase A: Water that contained 25 mM sodium acetate and  
 25 mM citric acid-methanol; 95:5 (v/v)

Mobile Phase B: Water that contained 25 mM sodium acetate and  
 25 mM citric acid-methanol-ACN; 20:40:40 (v/v/v)

Gradient Conditions: Initial conditions of 25% B with linear increase to  
 100% B over 12 minutes; hold at 100% B for  
 8 min; return to initial conditions of 25% B; and  
 hold for 10 min

Flow Rate: 1.75 mL/min

Temperature: 40 °C

Injection Volume: 20 μL

Electrochemical  Model 5600A, CoulArray 
Detector:

Figure 1. Chemical structures of nine antioxidants.

Detector Conditions 

Applied Potentials: -50, 0, 70, 250, 375, 500, 675,  
 825 mV (vs. Pd)

Detector Wavelength: 280 nm (0.01 AUFS)

Standard Preparation
The phenolic antioxidant standards were prepared at  
1 mg/mL in 50:50 ACN:isopropanol (IPA), stored in the 
dark at  20 °C and were stable for several months. ACN 
saturated hexane was prepared by mixing 500 mL hexane 
with sufficient ACN until two layers remained after 
shaking for 2 min.  The lower ACN layer was discarded.  
Hexane saturated ACN was prepared similarly.

Sample Preparation
1. Melt sample in 50 mL beaker in water bath and stir  

to ensure homogeneity.

2. Add approximately 1 g of melted sample into pre-
weighed 125 mL separatory funnel (0.1 g for hand 
creams) and re-weigh separatory funnel to determine 
sample test weight.

3. Add 5 mL saturated hexane to separatory funnel and 
swirl to mix sample and hexane.

4. Extract with three 12 mL aliquots of saturated ACN 
collected in a 50 mL graduated cylinder.

5. Dilute to 50 mL with IPA and mix.

For spiked sample analyses, 0.25 mL of a 100 μg/mL 
standard was added to the separatory funnel prior to the 
ACN extractions (0.5 mL for hand creams). Standards 
without sample were run in parallel along with blanks 
which consisted of hexane only.  

Results and Discussion
The limits of detection (signal/noise ≥ 3) for the phenolic 
antioxidants ranged from 10 to 200 pg on column (OC) 
using the CoulArray detector versus 2,000 to 10,000 pg 
OC using UV detection. A butter sample was spiked with 
all nine antioxidants at levels of 25 and 100 μg/g and 
extracted as described above. The within-day retention 
time (RT) and peak height variation for all nine antioxi-
dants (analyzed over an 8-hr period) was less than 0.9% 
RSD (n=8) and 2.0% RSD (n=5), respectively. The 
between day RT and peak height variations for all nine 
antioxidants (analyzed over a 5-day period) was less than 
1.3% RSD and 4.6% RSD, respectively. The chromato-
gram was completed within 16 min (Figure 2).
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Unspiked and spiked hand creams 
and food oils were extracted in 
triplicate. The samples were spiked at 
levels of 25 μg/g in butter, margarine, 
shortening and lard; and 500 μg/g in 
two different types of hand cream. 
Sample extraction efficiencies and 
precision data are given in Table 1. 
Antioxidants were detected in lard 
(4.9 and 19.0 μg/g; PG and BHA, 
respectively), "new" hand cream 
(523.1 μg/g BHT) and "old" hand 
cream (414.4 μg/g BHT). The 
chromatograms in Figure 2 shows  
no interfering peaks in any of the 
food oils or hand cream samples,  
and Figure 3 shows an extracted  
lard sample.

Table 1. Antioxidant recovery and precision in butter, maragarine, shortening, lard and hand creams. 

Antioxidant Butter* Margarine* Shortening* Lard*
"Old Hand" 

Cream*
"New Hand" 

Cream*
Average 

(% RSD, n=18)

PG
96.3 97.2 106.7 104.7 107.3 106.0 103.0

(6.09) (5.95) (3.41) (1.92) (2.73) (2.31) (5.59)

THBP
105.1 107.8 109.7 105.7 112.9 105.9 107.9

(6.34) (5.64) (3.29) (3.30) (2.44) (3.20) (4.42)

TBHQ
94.8 87.4 104.1 105.0 104.0 106.0 100.2

(6.26) (3.59) (3.40) (1.60) (2.64) (2.47) (7.62)

NDGA
94.6 95.9 106.6 105.2 102.2 105.7 101.7

(6.08) (5.81) (3.39) (1.45) (2.10) (2.62) (5.81)

BHA
95.7 96.8 104.7 99.2 102.6 104.8 100.6

(6.65) (6.33) (2.41) (2.52) (2.11) (2.26) (5.20)

Ionox 100
94.6 93.8 106.6 102.7 102.6 104.3 100.8

(5.71) (5.24) (2.95) (1.43) (2.86) (3.16) (5.86)

OG
94.6 95.7 104.9 103.5 98.7 98.4 99.3

(6.63) (5.52) (2.30) (1.35) (2.23) (3.29) (5.12)

BHT
94.4 93.7 106.2 98.3 90.4 104.0 97.8

(6.11) (4.56) (3.22) (0.34) (8.07) (2.19) (9.30)

DG
94.1 96.0 106.0 103.9 97.3 94.1 98.6

(5.84) (3.79) (2.72) (0.88) (2.61) (5.44) (5.84)

* Percent Recovery Precision (% RSD, n = 3 )

Figure 2. Chromatogram of extracted phenolic antioxidant standards.

Figure 3. Chromatogram of extracted lard sample. 
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Conclusion
This method is applicable to the simultaneous determina-
tion of nine phenolic antioxidants in a variety of food oils 
and hand creams using gradient HPLC with electrochemi-
cal array detection. The advantages of this method over 
the currently accepted AOAC Method (983.15) are shown 
in Table 2. Utilizing the CoulArray detector, lower limits 
of detection, wider linear response ranges, and a simpler 
sample preparation procedure are enjoyed. The laborious 
sample preparation procedure in AOAC Method (983.15) 
has been shown to contribute to sample loss due to both 
analyte oxidation and poor quantitative transfer of 
extract after evaporation.12

Other advantages of this method include lower solvent 
consumption, and higher sample throughput which results 
in lower costs and time per analysis. The modified 
extraction procedure provides high and reproducible 
recoveries. Lastly, the gradient HPLC method yields 
reproducible retention times and peak heights within and 
between analytical runs.
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