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Abstract

A HPLC with gradient elution method for the determination of the synthetic phenolic antioxidants (SPAs) propyl gallate (PG), ter-
tiary butyl hydroquinone (TBHQ), butylated hydroxyanisole (BHA), and butylated hydroxytoluene (BHT) in food items is described. A
C18 column served as the stationary phase; the gradient elution was formed by acetonitrile and water:acetic acid (1%). The UV detector
was set at 280 nm. Under the recommended conditions, separation of the four SPAs was achieved in less than 8 min. Analytical char-
acteristics of the HPLC method such as limit of detection, linear range, and reproducibility were evaluated. Extraction parameters were
optimized for the recoveries of the SPAs in different types of food items (cooking oil, margarine and butter, and cheese). Before the
HPLC separation, the SPAs were extracted with methanol/acetonitrile (1:1, v/v) and were subjected to vortex/ultrasonic treatment.
The extracts were next kept in a freezer (~2 h) to precipitate co-extracted components. Recoveries of the SPAs when spiked to cooking
oil, margarine, butter and cheese at 50 and 200 mg I~' were in the ranges 93.3-108.3% for PG, 85.3-108.3% for TBHQ, 96.7-101.2% for
BHA and 73.9-94.6% for BHT. The method was applied to the determination of SPAs in 38 food items (16 cooking oils, ten margarine,
six butter and six cheese samples). The levels of SPAs in positive samples are all below the legal limits of Malaysia.
© 2007 Elsevier Ltd. All rights reserved.

Keywords: Synthetic phenolic antioxidants; HPLC; Extraction; Food items

1. Introduction

Antioxidants (natural and synthetic) play a significant
role in retarding the lipid oxidation reactions in food prod-
ucts. The detrimental effects of excessive lipid oxidation
such as the formation of off-flavours and undesirable chem-
ical compounds (aldehydes, ketones and organic acids,
etc.), are well-known. Since natural antioxidants are usu-
ally of poor stability, food manufacturers prefer to use
synthetic phenolic antioxidants (SPA) such as propyl gal-
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late (PG), tertiary butyl hydroquinone (TBHQ), butylated
hydroxyanisole (BHA), and butylated hydroxytoluene
(BHT) (Fig. 1). These SPAs are deliberately added to pre-
vent or delay the lipid oxidation during processing and
storage of fats, oils and lipid-containing foods and have
been used by the food industries for over 50 years (For-
manek et al., 2001; McCarthy, Kerry, Kerry, Lynch, &
Buckley, 2001). The use of these SPAs, however, is not
without their problems. BHA and BHT have been sus-
pected of being responsible for liver damage and carcino-
genesis in laboratory animals (Grice, 1986; Wichi, 1988).
Thus, the use of SPAs in foodstuffs is strictly regulated
by governments but regulations of permitted levels often
vary from country to country. For example, TBHQ is
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Fig. 1. Chemical structures of SPAs studied.

allowed in the USA while it is banned in the European
Union countries (Noguera-Orti, Villanueva-Camanas, &
Ramis-Ramos, 1999). Usually, up to 100-200 pgg~' of
SPA in oils or fats, either singly or in combination, is
allowed. Thus, the determination of SPAs in foods is nec-
essary to ensure the fulfillment of the legal requirements
as well as quality control procedures in the food industries.

At present, reversed-phase HPLC is the method of
choice for the analysis of SPA because of its versatility, pre-
cision and adequate sensitivity (Karovicovd & Simko,
2000) although other analytical methods such as thin-layer
chromatography (TLC) (Ragazzi & Veronese, 1973), gas
chromatography (GC) (Gonzilez, Gallego, & Valcarcel,
1999), capillary electrophoresis (CE) (Boyce & Spickett,
1999) and stripping voltammetry (Guanghan, Yu, Leiming,
& Shuanglong, 1994) have also been reported. UV-spectro-
photometric methods, due to its simplicity, used to be pop-
ular analytical technique. However, these methods are
subjected to severe interferences from the sample matrix
(Gonzalez et al., 1999).

HPLC procedures for the quantitative determination of
SPAs in diverse food products (Page & Charbonneau,
1989; Perrin & Meyer, 2002; Pinho, Ferreira, Oliveira, &
Ferreira, 2000; Razali, Norhaya, & Norasimah, 1997; Raf-
ecas, Guardiola, Illera, Codony, & Boatella, 1998) includ-
ing gravies and dehydrated soups, bouillons, dehydrated
meat and dry pet food, bakery products, palm oil products,
potato and corn chips, popcorn and cheese snacks, break-
fast cereals, dry beverage mixes and liver pates have been
reported. In general, good recoveries (over 90%) of added
PG, TBHQ and BHA were observed. However, the recov-
ery for BHT was less satisfactory (75-90%) in most of the
food items.

Another important issue in the analysis of the SPAs is
the sample preparations that are involved prior to the
HPLC separation. Solid-phase extraction, due to its envi-
ronment-friendly characteristics, has been used for the pre-
concentration and isolation of antioxidants (Chen, Zuo, &
Deng, 2001; Shui & Leong, 2004). However, the classical
liquid-liquid extraction continued to be used widely and
often mixtures of solvents that require multisteps are
involved. Thus, the objective of this work is to develop
and evaluate simplified procedure that can be applied for
the routine determinations of SPAs in common food items
such as cooking oils, bread spreads (margarines and but-
ters) and cheese samples as reports on these items are
scarce.

2. Experimental
2.1. Food samples

Thirty-eight food samples were analyzed, comprising 16
vegetable oils, 16 bread spread (six butters and ten marga-
rines), and six cheese samples. The samples were purchased
from local supermarkets around Penang Island. All sam-
ples, with the exception of cooking oils, were kept refriger-
ated before use.

2.2. Chemicals and SPA standards

Standards of PG (97%), TBHQ (97%), BHA (98%), and
BHT (99%) were purchased from Aldrich (WI, USA).
Methanol (MeOH) and acetonitrile (ACN) (both HPLC
grade) were obtained from Merck (Darmstadt, Germany).
Glacial acetic acid was supplied by J.T. Baker (Philipsburg,
USA ) and isopropyl alcohol (analytical grade) was from
Systerm (Kuala Lumpur, Malaysia). Nanopure water (18
milliQ) obtained using NANOpure Diamond™ was from
Barnstead.

2.3. Preparation and storage of SPA standards

A stock standard solution containing 500 mg ml~' of
each of the SPA (PG, TBHQ, BHA, and BHT) were pre-
pared in MeOH/ACN (1:1, v/v). The flask was shaken until
a homogenous and clear solution was formed. The stock
solution was covered with aluminum foil and stored in a
freezer (4 °C) and away from light for a maximum of one
month. Before use, standard working solutions were pre-
pared by diluting appropriate amounts of the stock solu-
tion in MeOH/ACN (1:1, v/v).

2.4. Apparatus

The following apparatus were used during the course of
sample preparation: ultra sonic bath, Ultrasonic 28 x, (Ney
Dental, Yucaipa, CA, USA); vortex mixer, (IKA MSI1
Minishaker, IKA Works Labortechnik, Staufen, Ger-
many); centrifuge, Kubota 2100, (Kubota Corporation,
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Tokyo); filtration and pump, Waters model DDA-V130-
BN, (Millipore, Milford, USA); membrane filters, What-
man PTFE (0.5 um x 45mm) and Supelco Nylon 66
(0.45 pm x 47 mm) membrane filters. The absorption spec-
trum of the SPAs (10 mgl1~! dissolved in MeOH/ACN
(1:1, v/v)) were obtained using a Varian, Cary 50, UV-
Vis spectrophotometer equipped with CaryWin UV pro-
gram. MeOH/ACN (1:1, v/v) was used as the reference
solution.

2.5. Extraction procedure

Oil samples (10 g) were weighed into a 100 ml stoppered
conical flask. MeOH/ACN (45 ml) was added, and placed
in an ultrasonic bath for 15 min. The mixture was next vor-
texed and centrifuged at 3500 rpm for 10 min. The upper
organic layer was kept in a deep-freezer for at least an hour
and the clear portion was injected into the HPLC unit. The
procedure is summarized in Fig. 2.

2.6. HPLC analysis

Chromatographic analysis was conducted using a Varian
HPLC unit equipped with a Model 240 Pro Star solvent
delivery system, a Rheodyne injector with a 20 pul loop, a
Model 320 Pro Star UV detector, and CP-SCANVIEW ver-
sion 6.0 Software. A LiChrospher® reversed-phase column
(250 mm x 4.0 mm length, 5 um particle size) served as the
stationary phase. A gradient mode comprising ACN and
water with 1% acetic acid that was varied between 30%
and 95% over 5 min, and continued to 100% in another
4 min. Next, the system was allowed to stabilize for
1-2 min under the initial conditions. The prepared mobile
phase was filtered and degassed using ultrasonic agitation.
UV detection was performed at 280 nm and a flow rate of

10 g sample in 45 mL MeOH/ACN (1:1, v/v)

v
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v
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I
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Fig. 2. Scheme for the determination of SPAs.

1.5 ml min~' was used throughout this study. At the end
of each working day, the chromatographic system was
rinsed with water/MeOH, (20:80, v/v) for at least 30 min.

3. Results and discussion
3.1. UV spectrum of SPAs

The UV spectrum of the SPA standards exhibited max-
imum absorption at 275, 295, 290, and 280 nm for PG,
TBHQ, BHA and BHT, respectively. For the HPLC anal-
ysis, the detector was fixed at 280 nm throughout the work.

3.2. HPLC conditions

Initially, the more straightforward isocratic elution con-
dition was investigated. The elution involving the use of
MeOH/ACN (1:1, v/v) at flow rate of 1.0 ml min~' was
tested. It was found that PG and TBHQ were not sepa-
rated, although there was good separation between BHA
and BHT. Another mobile phase consisting of MeOH/
ACN (1:1, v/v): HyO/acetic acid (99:1, v/v) (pH 2.95) at
(98:2, v/v) with flow rate of 0.5 mlmin~! was also tried.
Again, the separation of PG and TBHQ was not
satisfactory.

Gradient elution based on the earlier report (Razali
et al., 1997), with slight modification either using (i)
MeOH/ACN (1:1 v/v) and water/acetic acid (99:1 v/v) or
(i) ACN and MeOH/ACN (1:1 v/v) was next carried
out. Acidified water was used as eluent component to pre-
vent ionization of the hydroxyl groups of the phenolic com-
pounds (Lépez, Martinez, Del Valle, Orte, & Mird, 2001).

Both gradient conditions produce baseline separation of
the SPAs, but the second system was preferred as it gave
faster analysis time (Fig. 3).

Using the gradient elution program, the four SPAs were
eluted within 8 min. PG was eluted first followed by
TBHQ, BHA and BHT. The order of elution correlates
well with the polarity of these SPAs that decreased from
PG to BHT.

3.3. Linearity and detection limits

The sensitivity of the UV detector was tested by injecting
standard mixtures of these SPAs (0.1-1.0 mg1~") into the
HPLC unit. The limit of detection (LOD) was taken when
the signal: noise was 3. The LOD for PG was 0.3 mg1~!
and was 0.5mgl~!' for TBHQ, BHA and BHT. Linear
calibration curves obtained by plotting the peak area
against the concentration of the respective compounds were
found to be linear over the range 1.0-300.0 mg 1~ for all the
SPAs.

3.4. Reproducibility studies

The repeatability of the peak areas and retention times
were studied by repeatedly injecting mixtures containing
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Fig. 3. Chromatograms for the gradient elution of SPA-free palm olein sample that had been spiked with 50 mg1~! each SPA at flow rate 1.5 ml min™".
(a) MeOH/ACN (1:1, v/v) and water/acetic acid (99:1, v/v) (pH 2.95). (b) Acetonitrile, ACN and water/acetic acid (99:1, v/v) (pH 2.95).

50 mg 1! of the SPAs (1 = 5). The relative standard devia-
tion (RSD) for the retention time and peak area ranged
from 0.5 —1.6% to 1.1-3.8%, respectively.

The reproducibility over different days was checked by
injecting the same standard solution (50 mg1~") over five
days. It was observed that both retention times and peak
areas were reproducible and all the RSD values obtained
were satisfactory (<4.0%).

4. Optimization of the extraction procedures
4.1. Recovery studies for oil samples

Sample preparation is an important procedure in chro-
matographic applications. One of its main aims is to
remove interfering matrix components and particulates as
well as to concentrate analytes of interest to enhance the
sensitivity.

Refined palm olein oil samples (10 g) of Malaysian ori-
gin that were free from SPA were spiked with standard
solution of PG, TBHQ, BHA, and BHT which had been
prepared in isopropyl alcohol so that the final concentra-
tions were 50 and 200 mg1~'. The mixtures were mixed
well to ensure complete dissolution of the antioxidants in
the oil matrix.

The extraction method using methanol as described by
Razali et al. (1997) was chosen as it involved the same
matrix (palm oil) and furthermore used apparatus that
can be commonly found in analytical laboratories. As

results of the methanol extraction procedure was not satis-
factory especially for BHT, thus the effect of using extrac-
tion solvent of MeOH/ACN (1:1, v/v) was investigated. A
disadvantage of methanol extraction was that the recover-
ies for PG and TBHQ are high probably due to the co-
extraction of interfering compounds such as lipids and pro-
teins (Page & Charbonneau, 1989) while for BHT is less
due to its lower polarity. It had been reported that ACN
was a suitable solvent for extracting SPAs from fats (Kar-
ovicova & Simko, 2000). Thus, the combination of MeOH/
ACN as extracting solvent was applied in this study. After
the extraction and ultrasonic step, the extracts were all kept
in the freezer for about 2 h as carried out by Karovicova
and Simko (2000) to aid the solidification of any excess
fat from the extraction solvent before injecting into the
HPLC unit.

The use of MeOH/ACN (1:1, v/v) was found to signifi-
cantly improve the recovery of BHT in cooking oil. The
ultrasonic/vortexing procedure further improve the recov-
eries of the extraction, especially for BHT. Overall results
indicate that the recoveries of the four SPAs were in the
range of 94.6-108.3%.

4.2. Recovery studies for bread spread and cheese samples

Recovery results when the same condition for oil sam-
ples were applied to SPA-free bread spread (margarine,
Australian origin) and cheese (New Zealand origin) sam-
ples indicated that BHT in breadspread was poorly
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Table 1
Comparison of the recoveries of SPAs in food products (n = 3)

SPAs Average recovery, % (n = 3)

50mg 1! 200 mg 17!

Oil Bread spread Cheese Oil Bread spread Cheese
PG 108.3 107.3 99.5 103.5 103.6 93.3
TBHQ 104.0 108.3 85.3 103.9 95.0 93.1
BHA 97.6 97.5 101.2 96.7 97.7 97.4
BHT 94.6 80.2 89.5 88.2 73.9 91.4
Table 2
Levels of SPAs found in SPA-positive food items
Sample type Manufacturing country SPAs (mg kg ™)

PG TBHQ BHA BHT Total

Refined palm olein Malaysia n.d. n.d. n.d. 88.9 88.9
Refined palm olein Malaysia n.d. 20.2 n.d. n.d. 20.2
Butter Malaysia n.d. n.d. n.d. 36.2 36.2
Margerine Malaysia n.d. n.d. 103.9 71.1 175.0
Butter Malaysia n.d. n.d. 25.7 38.6 64.3
Butter Malaysia n.d. n.d. n.d. 14.4 14.4
Butter Malaysia n.d. n.d. 45.8 42.0 87.8
Margerine Malaysia n.d. n.d. n.d. 143.1 143.1
Margerine Malaysia n.d. n.d. 66.7 54.9 121.6
Margerine Malaysia n.d. n.d. 72.6 53.3 125.9
Margerine Malaysia n.d. n.d. 64.0 55.9 119.9
Margerine Malaysia n.d. n.d. 44.8 72.7 117.5
Margerine Malaysia n.d. n.d. 5.2 154.2 159.4

extracted. Thus, ultrasonic time was increased from 15 to
25min and vortex time from 15s (1200 rpm) to 5 min
(1400 rpm for 4 min and 1600 rpm for 1 min). It is evident
that increasing the ultrasonic time and vortex time as well
as vortex speed improve the recoveries for the four com-
pounds in bread spread and cheese samples.

The optimum extraction procedures were also carried
out for oil, bread spread and cheese samples that are spiked
with 200 mg 1~' SPAs. The average recoveries for the three
types of samples are summarized in Table 1. It can be seen
that the recovery for BHT is the lowest among the four
SPAs but these are typical levels found by other researchers
(e.g. ~87% when extracted with ACN/isopropanol 1:1
(v/v) in bakery products (Rafecas et al., 1998); ~74% from
margarines when extracted with ACN (Karovicova &
Simko, 2000). The present study showed that the use of
MeOH/ACN (1:1, v/v) in combination with vortexing/
ultrasonic steps further improves the extraction compared
to the use of MeOH alone. Keeping the extracts in a freezer
helps to precipitate any fatty materials that might be
co-extracted. This minimizes the complexity of the injected
samples and thus helps to extend the lifetime of the HPLC
column.

4.3. Analysis of food items
Details of the food items that were found to contain

SPAs are shown in Table 2. The listed manufacturing coun-
try was as listed on these products although a few of them

(e.g., olive, sesame, soya bean, canola and sunflower oils)
are not native of Malaysia. All the samples were analyzed
according to the optimized extraction procedure described
earlier. Peak identification of the SPAs was based on the
comparison between the retention times of standard com-
pounds and was confirmed by spiking known standards
to the sample. Quantification was based on the external
standard method using calibration curves fitted by linear
regression analysis.

Sixteen cooking oil samples were analysed and it was
observed that the four SPAs were not found in most of
the samples, except two samples, which contained
88.9mg kg~' BHT and 20.2 mg kg~' TBHQ, respectively
(Table 2). Of the 16 bread spread samples that were ana-
lysed, eleven samples were found to contain BHT (range,
14.4-175.0 mg kg™") and eight were found to contain
BHA (range, 5.2-103.9 mg kg~ ') (Table 2). It is interesting
to note that all the samples that contained SPA are of
Malaysian origin that had been added either with BHA
and BHT either singly or their combination. On the other
hand, no SPAs were detected in imported bread spread
products. PG and TBHQ, were not found in all the bread
spread samples analysed. No SPAs were found in all the
six cheese samples that were analysed. None of the positive
samples violates the legal limit of 200 mg kg™ for total
SPAs as specified in the Food Act and Regulations of
Malaysia. For all the SPA-positive samples, the manufac-
turers declared the presence of synthetic antioxidants, but
neither the type nor its level was stated.
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It was also found that some bread spread and except one
sample, all the cheese samples, showed a big unknown peak
at about 3.5 min (chromatograms not shown). It was sus-
pected that this was due to preservatives such as sorbic acid
or benzoic acid. To verify this, standard sorbic acid and
benzoic acid (100 mg1~") prepared in MeOH/ACN (1:1,
v/v) were injected into the HPLC unit. Peaks at retention
times of 3.5 min were found for both sorbic and benzoic
acids, suggesting the use of these preservatives in some of
these samples.

5. Conclusion

The analytical determination of SPAs in foods is a
continuous activity for law enforcement agencies to
ensure the safety of food consumed. A single step
liquid-liquid extraction procedure using MeOH/ACN
(1:1, v/v) offer good recoveries to the extraction of SPAs
in cooking oils, bread spreads and cheese samples studied.
The extraction was further enhanced by incorporating a
vortexing/ultrasonic step. Being a single step extraction
procedure, the method uses less organic solvents as com-
pared to the previous reports (Razali et al., 1997; Rafecas
et al., 1998). 12.5% cooking oil samples were found to
contain SPA while none was found in cheese samples.
68.7% bread spread samples (range, 14.4-75.0 mg kg ")
contain SPA. However, even among the SPA-positive
samples, the levels of SPA do not exceed the legal limit
of 200 mg kg™ '.
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