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ABSTRACT
Background: Antioxidants are food additives in oil and fat products usually to decrease the process of rancidity by preventing the oxidation such as in
margarine. BHA, BHT, propyl gallate, and TBHQ are commonly used antioxidants. Combinations of antioxidants are generally used in the food product.
Therefore, analytical method which is capable to measure the antioxidants simultaneously, is required.
Objective: This study was aimed to obtain analytical method for determination of BHA, BHT, propyl gallate, and TBHQ using HPLC in margarine.
Methods: The analysis was using Waters column Xbridge C18 (4.6 x 150 mm, 5μm) and 280 nm ultraviolet detector. The mobile phase was a mixture
of 1% acetic acid in acetonitrile and 1% acetic acid (3:7). The flow rate was set at 1.7 ml/min.
Results: The calibration curve of BHA, BHT, propyl gallate and TBHQ were linear with correlation coefficient r = 0.9999, 0.9996, 0.9998 and
0.9998, respectively. Limit of detection and limit of quantitation of BHA, BHT, propyl gallate and TBHQ were 2.6217 and 7.9445 µg/ml; 4.1837 and
12.6777 µg/ml; 2.494 and 7.559 µ/ml; 2.1272 and 6.4461 µg/ml, respectively. Inter day precision of the method was expressed as RSD with result;
BHA, BHT, propyl gallate, and TBHQ were 0.1553; 0.4576; 0.0237; 4.8106 %; respectively whereas recovery using standard addition method were
105.38; 107.87; 86.50; 83.64 % respectively.
Conclusions: Based on the obtained results, it can be concluded that this method has been successfully developed and validated for the determination
of antioxidants BHA, BHT, propyl gallate, and TBHQ in margarine.
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INTRODUCTION
An antioxidant is a food additive that plays a role for protection against
oxidative damage. The protection mechanism is actually able to slow
down or inhibit the oxidation of a substance that is easily oxidized
even in low concentrations. Antioxidants are widely used in oil and fat
products because it serves to slow down the process of rancidity by
preventing the oxidation of the oil and fat products [1].
Antioxidants can be used singly or in a mixture of products. For a mixture
of antioxidants used must take into account the results for each food
additives kind used in the mixture, then the quotient (ratio) the amount
of each type of food additives with a maximum limit do not add more
than one (principle 1 ratio) [2]. There are two kinds of antioxidants
based on its source, namely natural and synthetic antioxidants. Natural
antioxidants are usually more desirable because the level of better
safety and benefits for food [3,4]. However, natural antioxidants are less
stable in the process of making processed food. Natural antioxidants
can be found in vegetables, fruits, and plants. Phenolic antioxidants
are widely used in the food product category such as fats, oils, and
oil emulsions are butylhydroxyanisole (BHA), butyl hydroxyl toluene
(BHT), propyl gallate (PG), and tertiary butyl hydroquinone (TBHQ) [5].
Margarine is a food product that adds antioxidant in its formula. It is
an emulsion of water in oil (W/O) with ingredient fat, salt, vitamin A,
preservatives, dyes, and emulsifiers. The existence of oil in margarine
urges the need of an antioxidant [6]. The simultaneous analysis of
antioxidant have been developed using gas chromatography-mass
spectrometry (GC-MS), high-performance liquid chromatography
(HPLC) with ultraviolet (UV), and diode array detector in several
food products [7-10]. However, the determination in BHA, BHT, PG,

and TBHQ in margarine has not been developed and validated. The
purpose of this study was to develop and validate analytical methods
simultaneous determination of levels of BHA, BHT, TBHQ, and PG in
margarine products using HPLC.
MATERIALS AND METHODS
Materials
Reference standards BHA (PPOMN, Jakarta), BHT (PPOMN, Jakarta),
PG (PPOMN, Jakarta), TBHQ (PT Indofood, Palembang), acetonitrile
pro HPLC (Merck), acetic acid (Merck), methanol pro HPLC (Merck),
demineralized water, and some margarine products.
Methods
Standards of BHA, BHT, PG, and TBHQ each carefully weighed
approximately 25 mg inserted into 25 mL volumetric flask, diluted

Fig. 1: Chromatogram of standard solution mix
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Fig. 2: Calibration curve of BHA, y=9385.2x–10263 (a), BHT, y=5970.1x–31248 (b), Propyl Gallate, y=29851x+50616 (c), and TBHQ,
y=7793.1x+27100 (d)
Table 1: Determination system suitability test of BHA, BHT, PG, and TBHQ
Standard

Theoretically plate number (N)

Resolution

Symmetry factor

Capacity factor

CV of time retention

BHA
BHT
PG
TBHQ

476605.4320
1162496.5385
51986.9362
154358.3047

35.5028
57.8187
‑
19.0668

1.2417
1.2595
1.2368
1.2767

2.8157
6.5565

0.2371
0.1430
0.2654
0.2774

0.911

BHA: Butylhydroxyanisole, BHT: Butyl hydroxyl toluene, PG: Propyl gallate, TBHQ: Tertiary butyl hydroquinone

Table 2: Value of r, Vx0, Limit of Detection (µg/ml) and Limit of
Quantitation (µg/ml) of BHA, BHT, PROPYL GALLATE and TBHQ

Table 3: Value of precision (CV)% and recovery (%) of BHA, BHT,
PG, and TBHQ

Compound

r

VX0 (%) LOD (µg/mL) LOQ (µg/mL)

Compound

BHA
BHT
PROPYL GALLATE
TBHQ

0.9999
0.9996
0.9998
0.9998

0.885
2.355
1.583
1.230

2.622
4.184
2.494
2.127

7.945
12.678
7.559
6.446

BHA: Butylhydroxyanisole, BHT: Butyl hydroxyl toluene, PG: Propyl gallate,
TBHQ: Tertiary butyl hydroquinone, LOD: Limit of detection,
LOQ: Limit of quantitation

with methanol up to the mark. Then the standard solution was made
between the standard solution and the standard solution was diluted
with aquademineralisasi work up to the mark with a concentration
of 1-90 µg/mL. The solution was filtered using a membrane filter
of 0.45 µm. The mobile phase was a mixture of 1% acetic acid in
acetonitrile and 1% acetic acid in the ratio of 30:70. About 2 g of
margarine sample was accurately weighed that have been homogenized,
put in a 10 mL centrifuge tube and add 4 mL of methanol. Supernatant
obtained was filtered with a membrane filter of 0.45 µm, HPLC analysis
with UV detector at a wavelength of 280 nm. Determination of sample
performed in three repetitions. Validation of the HPLC method includes
linearity, LOD and quantitation limits, accuracy and precision [11-13].
RESULTS
Result of system suitability is shown in Table 1 whereas result of validation
of the HPLC method includes linearity, limit of detection and quantitation
limits, accuracy and precision are shown in Figure 2 and Table 2. Moreover
determination of sample is 3 repetition is shown in Table 3.
DISCUSSION
Chromatography is a separation technique one or more components of a
sample that was taken by the mobile phase passes through the stationary

BHA
BHT
PG
TBHQ

Precision (CV) %
Day 1

Day 2

Day 3

4.2527
2.9349
2.1634
3.1514

4.0355
2.6599
1.4825
4.1161

4.2298
2.5451
1.5001
5.7873

Recovery
(%)
105.3843
107.8665
86.5000
83.6394

BHA: Butylhydroxyanisole, BHT: Butyl hydroxyl toluene, PG: Propyl gallate,
TBHQ: Tertiary butyl hydroquinone

phase (can be solid or liquid). HPLC is a modern liquid chromatography
column. The equipment consists of HPLC column, high-pressure pump,
and detector sensitive [14]. Factors that support a well separation is an
appropriate stationary phase, the detector that is corresponding to the
wavelength of the component to be measured, the comparison of mobile
phase, pH and temperature appropriate and columns [15].
Antioxidants are used in margarine products are often found to be more
than one kind. Therefore, simultaneous methods are needed.
Optimization was done by the selecting ratio of mobile phase
composition and flow rate. The optimum conditions obtained the
composition of the mobile phase of 1% acetic acid in acetonitrile and
1% acetic acid in the ratio of 30:70 and a flow rate of 1.7 mL/min.
Optimization results obtained in this study have a resolution separation
of qualified acceptance, as well as the stages of sample preparation is
simpler compared with Saad, et al. (2007) using HPLC with UV detector.
Chromatographic system was using Xbridge Waters C18 column with a
mobile phase of 1% acetic acid in acetonitrile and 1% acetic acid in the
ratio of 30:70, a flow rate of 1.7 mL/min; and using the program time.
Optimization showed good results of separated peaks (Fig. 1).
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The standard peak value for the resolution of standard TBHQ, BHA,
and BHT in a mixed standard solution was 19.576; 36.854; and 60.771.
Thus, it is qualified for resolution value, which is more than 1.5 [16].
Linearity test of each compound was carried out by determining the
area under the curve of series of standard solutions (Fig. 2 and Table 2).
Parameters value of r, Vx0, LOD (µg/mL), and LOQ (µg/mL) of each
compound were fulfilled the requirements [11,12,17].
Interday precision of the method was expressed as RSD with result;
BHA, BHT, PG, and TBHQ were 0.1553; 0.4576; 0.0237; 4.8106%;
respectively whereas recovery using standard addition method were
105.38; 107.87; 86.50; 83.64%, respectively (Table 3).
Perrin, et al. (2002) using HPLC PDA with extraction methods carried
out a two-stage recovery yield for PG 85-106%, BHA 95-104%, and
octyl gallate 83-85%; while Ding, et al. (2012) using GC-MS method.
CONCLUSION
The optimum conditions obtained the composition of the mobile
phase of 1% acetic acid in acetonitrile and 1% acetic acid in the ratio
of 30:70 and a flow rate of 1.7 mL/min. Interday precision of the
method was expressed as RSD with result; BHA, BHT, PG, and TBHQ
were 0.1553; 0.4576; 0.0237; 4.8106%; respectively whereas recovery
using standard addition method were 105.38; 107.87; 86.50; 83.64%,
respectively. Based on the obtained results, it can be concluded that
this method has been successfully developed and validated for the
determination of antioxidants BHA, BHT, PG, and TBHQ in margarine.
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