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ABSTRACT - Antioxidants are food additives that extend the shelf life of food products by preventing lipid ran-
cidity caused by active oxygen. They can either be naturally-derived or manufactured synthetically via chemical syn-
thesis. In this study, method validation of five synthetic antioxidants, namely butylated hydroxyanisole, butylated
hydroxytoluene, tertiary butylhydroquinone, propyl gallate, and disodium ethylenediaminetetraacetic acid, was per-
formed using a high performance liquid chromatography—ultraviolet visible detector, and the method applicability
was evaluated by analyzing foods containing antioxidants. The coefficient of determination (R?) average was 0.9997,
while the limit of detection and limit of quantification were 0.02—0.53 and 0.07-1.61 mg/kg, respectively. The intra
and inter-day accuracies and precisions were 83.24+0.7%—-98.7+2.1% and 0.1%—5.7% RSD, respectively. Inter-labora-
tory validation for accuracy and precision was conducted using the Food Analysis Performance Assessment Scheme
quality control material. The results satisfied the guidelines presented by the AOAC International. In addition, the
expanded uncertainty was less than 16%, as recommended by CODEX. Consequently, to enhance public health safety,
the results of this study can be used as basis data for evaluating the intake of synthetic antioxidants and assessing their
risks in Korea.
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With advances in the manufacturing and processing
technology in the food industry, today’s food has become
more diverse in types and forms"”. As a result, the
consumption of food additives has risen with the increase in
processed and preserved foods®?. Food additives are
necessary and unavoidable in food development and quality
preservation, but despite rigorous legal regulations and
standards, more and more consumers are skeptical about the
widespread application and safety of food additives and try
to avoid foods containing food additives or eat foods with
fewer food additives, which are perceived as healthier. The
use of food additives has several advantages, such as
extending shelf life as well as providing a variety of food
choices, and consumers are aware of these benefits”. In
Korea, the Food Sanitation Act was first implemented in
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1962, which is the basis for regulating food and food
additives, and as of 2019, 618 food additives were allowed®.

Excessive amounts of active oxygen change the structure
of proteins, nucleic acids, and lipids, and lipid oxidation
produces off-flavors or undesirable chemical compositions,
such as aldehydes, ketones, and organic acids. Antioxidants
extend the shelf life of foods by preventing fat rancidity and
pigment discoloration, among other deteriorative reactions
of oxygen-sensitive foodstuffs. In general, antioxidants may
be synthetic or natural but have the common function of
interfering with the formation of active oxygen that causes
oxidation”. The compounds commonly found in natural
antioxidants are phenols, polyphenols, flavonoids, cinnamic
acid derivatives, tocopherols, and organic acids and are
generally present in berries, roots, leaves, and flowers of
various fruits, vegetables, spices, and herbs®. However, the
use of natural antioxidants that meet the requirements of the
food industry often encounters difficulties because of the
difficulty of extraction and insufficient stability”.

Synthetic antioxidants are often more stable and active
than natural antioxidants and are widely used in the food
industry due to the diversity of raw materials and economic
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advantages®. Butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), tert-butylhydroquinone (TBHQ),
and propyl gallate (PG) are examples of synthetic antioxidants
incorporated into food products”. These synthetic antioxidants
are intentionally added to prevent and delay the oxidation of
lipid components during the processing of fat, oil, and fat-
containing foods and have a history of use of more than 50
years'®!),

Disodium ethylenediaminetetraacetic acid (EDTA-2 Na),
the sodium salt of EDTA, is widely used as a food additive
to inhibit the catalytic oxidation of lipids by metal ions
because of the ease with which it forms stable complexes
with a variety of metal ions'>'®. Metal ion chelation is one
of the general antioxidant methods, and EDTA usually binds
to a metal cation as a hexadentate chelating agent through
its two amines and four carboxylates.

As the most common synthetic antioxidants incorporated
in foodstuffs, BHA, BHT, TBHQ, and PG are added to
animal fats and vegetable oil. These may be used alone or
in combination. The European Food Safety Authority
(EFSA) established the Acceptable Daily Intake (ADI) levels
of BHA, BHT, TBHQ, PG, and EDTA-2 Na as 1.0, 0.25, 0.7,
0.5, and 1.9 mg/kg body weight (bw)/day, respectively'¥. For
the same components, the Joint Food and Agricultural
Organization of the United Nations/World Health Organization
(FAO/WHO) Expert Committee on Food Additives
(JECFA) set ADI levels of 0.5, 0.3, 0.7, 1.4, and 1.9 mg/kg
bw/day'. In Korea, these antioxidants can be used in foods
at a concentration range of 0.035-1.00 g/kg?. In the United
States, the European Union (EU), and other countries, these
may be used alone or in combination at up to 0.01% or
0.02%. In accordance with the recommendations of international
organizations, the use of synthetic antioxidants, such as
BHA, BHT, TBHQ, and PG, and chelating agents, such as
EDTA-2 Na, is regulated by legal authorities in a limited
number of foods, with maximum limits in each case'®.

Various analytical techniques have been used for the
detection of food additives. Some common techniques are high-
performance liquid chromatography with ultraviolet detection
(HPLC-UVD)'”, high-performance liquid chromatography
with tandem mass spectrometry (HPLC-MS/MS)'®, gas
chromatography with flame ionization detection (GC-FID)",
and gas chromatography with mass spectrometry (GC-
MS)™. Previous studies related to the method development™”
and validation”? of food additives have also been
conducted, and risk assessment and intake assessment of
food additives have been published”.

In this study, the status of four synthetic antioxidants
(BHA, BHT, TBHQ, and PG) and EDTA-2 Na among food
additives permitted in Korea were identified. Moreover,
according to the Food Code* and Food Additives Code”,

commercial products labeled with any of the five additives
were analyzed for method validation and quantitative
analysis using HPLC-UVD.

Materials and Methods

Sample collections

For monitoring, foods containing antioxidants as additives
were purchased from supermarkets, convenience stores, and
online markets in the year 2019. A total of 213 items were
purchased: 99 snacks, 20 fried noodles, 14 chewing gum, 11
breads, 38 sauces, 11 processed peanuts or nuts, 10
processed fruits and vegetables, and 10 mayonnaises.

Reagents and materials

The BHA, BHT, TBHQ, and PG standards used in this
study were products of Toronto Research Chemicals (North
York, Canada). Acetic acid (Sigma-Aldrich, St. Louis. MO,
USA) was used for the preparation of the mobile phase.
Water and acetonitrile were supplied by J.T. Baker
(Phillipsburg, NJ, USA). 2-Propanol was used for standard
solution preparation, and hexane was used for extraction;
both were HPLC-grade and procured from Fisher Chemicals
(Middlesex County, MA, USA).

The EDTA2 Na standard, and iron chloride hexahydrate
used for the preparation of the standard solution, were
purchased from Toronto Research Chemicals. Hydrochloric
acid (HCI), methylene chloride used for extraction, and
tetrabutylammonium hydroxide solution and acetic acid
used for the preparation of the mobile phase were purchased
from Sigma-Aldrich. Ethanol was sourced from J.T. Baker.

Analytical instrument

For the simultaneous analysis of four antioxidants (BHA,
BHT, TBHQ, and PG), an Agilent 1100 Series HPLC
(Agilent Technologies, Inc., Santa Clara, CA, USA) was
used with UVD. The column was an Imtakt Unison US-C18
(150 mm x 4.6 mm, 5 um), and the detection wavelength
was set to 280 nm.

For the analysis of EDTA-2 Na, the Agilent 1100 Series
HPLC (Agilent Technologies, Inc.) was equipped with a
Shiseido C18 UG120 column (150 mm x 4.6 mm, 5 pm),
and the detection wavelength was set to 254 nm. The
detailed HPLC instrument conditions are shown in Table 1.

Preparation of standard solutions

Standard solutions for each of the four synthetic
antioxidants were prepared by precisely taking 10.2 mg of
BHA, BHT, and TBHQ and 4.1 mg of PG in 100-mL volumetric
flasks, and the volume was completed with 2-propanol. The
standard solutions were prepared at concentrations of 1, 5, 20,



Table 1. HPLC conditions for analysis of synthetic antioxidants
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Compound BHA, BHT, TBHQ, PG EDTA-2 Na
Instrument HPLC(Agilent 1100 series) HPLC(Agilent 1100 series)
Column Imtakt Unison US-C18 (150 mm x 4.6 mm, 5 pum) Capcell pak C18 UG120 (150 mm x 4.6 mm, 5 pum)
Detector UVD (280 nm) UVD (254 nm)
A: 0.2% Acetic acid
B: 90% Acetonitrile
Time(min) A(%) B(%)
0 85 15
. > 85 15 0.01M Tetrabutylammonium hydroxide solution
Mobile phase 18 10 90  Ethanol (19 : 1)
23 10 90
25 85 15
30 85 15
36 0 100
Flow rate 1.0 mL/min 1.0 mL/min
Injection volume 10 uL 10 uL
Column temp. 25°C 25°C
50, and 100 mg/kg by diluting the respective standard stock oil sample.

solutions with 2-propanol.

The standard solution for EDTA-2 Na was prepared by
precisely taking 114.3 mg of EDTA-2 Na in a 100-mL
volumetric flask, and the volume was completed with
distilled water. Then, 0.02, 0.1, 0.2, and 0.5 mL of the
standard stock solution were dispensed into separate 10-mL
volumetric flasks, followed by 5 mL of 0.01 M iron (III)
chloride solution and dilution with distilled water to prepare
concentrations of 2, 10, 20, and 50 mg/kg.

Sample preparation

The sample preparation for the four synthetic antioxidants
(BHA, BHT, TBHQ, and PG) was carried out using different
pretreatment methods depending on the food type. For oils
and fats, hexane (5 mL) was added three times each to 5 g
of the liquid oil sample in a beaker and combined in a
separatory funnel. Extraction was carried out using 50 mL
of hexane-saturated acetonitrile three times. The lower layer
of the extract was transferred to a 250-mL round-bottomed
flask and concentrated under reduced pressure to 3-4 mL in
a water bath at 35°C. The concentrate was transferred to a
10-mL volumetric flask, the round-bottomed flask was
washed with 2-propanol, and the rinse solution was added
to the volumetric flask. The volume was completed with 2-
propanol and then filtered through a 0.45-um syringe filter
(Sartorius Minisart® RC, Sartorius Co., Gottingen, Germany).
In the case of a solid fat sample, the sample was melted at
60°C, and 2.5 g was processed in the same way as the liquid

For snacks, hexane (100 mL) was added to a mixture of
5 g of the homogenized sample and 15 g of anhydrous sodium
sulfate in a 250-mL tube and mixed for 5 min. The mixture
was filtered through a 25-um membrane filter (Qualitative
Filter Paper No. 4, Whatman, Maidstone, UK) into a 500-
mL round-bottomed flask. Hexane (100 mL) was added to
the residue, the extraction was repeated, and the filtrates
were combined. The pooled filtrate and washings (three
times with 5 mL hexane) were concentrated to about 20 mL
and then transferred to a 125-mL separatory funnel. After
extraction with 50 mL of saturated acetonitrile three times
each, the lower layer of the extract was poured into a 250-
mL round-bottomed flask and concentrated under reduced
pressure to 3-4 mL in a water bath at 35°C. The concentrate
was transferred to a 10-mL volumetric flask, the round-
bottomed flask was rinsed with 2-propanol, and the rinse
solution was added to the volumetric flask. The volume was
completed with 2-propanol and then filtered through a 0.45-
um syringe filter (Sartorius Minisart® RC, Sartorius Co.)>.

For EDTA-2 Na, Water and methylene chloride (10 mL
each) were added to 10 g of the homogenized sample. After
mixing well so that the layer disappeared, extraction was
performed by shaking at 300 rpm for 5 min using a shaker
(SI-600R, JeioTech Co., Daejeon, Korea). The extract was
centrifuged at 4000 rpm for 15 min (Ohaus® Frontier TM
5706, Ohaus Corp., Parsippany, NJ, USA), and only the
supernatant consisting of water was transferred to a 20-mL
flask. For high-fat samples, such as mayonnaise, after
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extraction by shaking for 5 min, 10 mL of methylene
chloride was added, and the mixture was shaken for 5 min
and centrifuged. The water layer was taken, water was added
to the remaining part, and the extraction (shaking for 5 min)
was repeated, followed by centrifugation (4,000 rpm for 15
min). The supernatant was collected in a 20-mL flask,
diluted with water, mixed 1:1 with a 0.01 M iron (III)
chloride solution, and filtered through a 0.45-um syringe
filter (Sartorius Minisart® RC, Sartorius Co.)*.

Method validation

In this study, linearity, limit of detection (LOD), limit of
quantification (LOQ), precision, and accuracy were calculated
according to the International Council for Harmonisation
(ICH) guideline®®. Based on this, the method validation was
analyzed. The standard stock solution was diluted and
analyzed six times using HPLC-UVD. A calibration curve
was prepared by calculating the peak area for each
concentration, and the coefficient of determination (R*) was
calculated to evaluate linearity. To calculate LOD and LOQ,
a calibration curve was prepared by repeating the three
lowest concentrations of the calibration curve three times.
The standard deviation of the y-intercept (o) and the mean
of the slope (S) were used in the following equations to
derive the LOD and LOQ:

33x0 10x o

LOD =

, LOO =

Precision indicates the proximity between the measured
values and is expressed as the relative standard deviation
(RSD) of the repeated measurement results. Accuracy refers
to the closeness of the analysis result to the true value and
is expressed as a recovery rate (%). For the recovery test,
three concentrations of four synthetic antioxidants (BHA,
BHT, and TBHQ: 5, 20, and 50 mg/kg, PG: 2, 8, and 20 mg/
kg) were added to vegetable oil and snack that did not
contain the four synthetic antioxidants. Three concentrations
of EDTA-2 Na (2, 10, and 25 mg/kg) were added to canned
food and mayonnaise that did not contain EDTA-2 Na. For
intra-day precision, the recovery rate experiment was
performed six times within a day, and three concentrations
were repeated three times for 3 days for inter-day precision.
The Horwitz ratio (HorRat value) is a parameter indicating
the applicability of the analysis method through the
precision value of the experiment and can be calculated as
follow. RSD; is the reproducibility (%) that can be
calculated from the experimental result value, and PRSD,
denotes the RSD value predicted from the Horwitz equation.
If the ratio is less than 1, the precision of the experiment is
significant; the experimentally applicable range is between
0.5 and 2.0*".

RSDy

HorRat =
orRat PRSD,

Inter-laboratory validation

Inter-laboratory validation was conducted at four different
analytical laboratories (Lab. 1, Lab. 2, Lab. 3, and Lab. 4)
and was evaluated by comparing the analysis results using
the same sample and the same analytical method in each
laboratory. For the experiment, the Food Analysis Performance
Assessment Scheme (FAPAS) quality control (QC) material
(T2015QC) was analyzed for BHA, BHT, and PG. The
sample was analyzed three times, and the average contents
were calculated. Then, the contents were compared to the
assigned values (%), and the %RSD values were measured.

Measurement uncertainty assessment

Uncertainty is defined in the ISO/IEC 17025:2017
International Standards for Quality Management Systems in
Pharmaceutical Laboratories as the degree of dispersion of
values that can reasonably be attributed to a measured value.
The uncertainty value can be estimated by comparing the
inter-laboratory data, and the reliability of the measurement
can be obtained based on the comparison result. To conduct
the uncertainty estimation, the mathematical processing and
statistical methods recommended by EURACHEM (A
Focus for Analytical Chemistry in Europe)®™ were used. The
measurement uncertainty was estimated for the standard
stock solution preparation (uSSS), sample preparation (uSP),
calibration curve (uCal.), and repeated measurement of
samples (uRP). Moreover, the expanded uncertainty (Uc)
was estimated using the coverage factor (k) of 2 at the 95%
confidence level.

Results and Discussion

Method validation

Specificity was validated by confirming that there were no
interfering substances in the peak retention times of the
synthetic antioxidants in each sample. The retention times
of BHA, BHT, TBHQ, PG, and EDTA-2 Na were 18.0, 24.7,
14.8, 12.4, and 4.9 min, respectively. Calibration curves were
constructed by repeated (six times) analysis of BHA, BHT,
TBHQ, and PG at five concentrations within the range of
1.0-100 mg/L, and EDTA-2 Na at four concentrations within
the range of 2.0-50.0 mg/L. The coefficient of determination
(R?) was 0.9989-0.9999, and it satisfied the minimum standards
of the U.S. Food and Drug Administration (FDA) of > 0.995%.
LOD and LOQ were 0.02-0.53 and 0.07-1.61 mg/kg,
respectively. The calibration parameter results are detailed
in Table 2.

Intra- and inter-day accuracy and precision results are
shown in Table 3. The results of the intra- and inter-day
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Table 2. Calibration parameter results of synthetic antioxidants

Parameters BHA BHT TBHQ PG EDTA-2 Na
Range of calibration (mg/L) 1.0-100 1.0-100 1.0-100 0.4-40 2.0-50
Coefficient of determination (R?) 0.9999 0.9999 0.9989 0.9999 0.9999
Slope (£S.D) 7.49+0.02 4.9240.01 7.72+0.16 26.16+0.09 16.1540.05
Intercept (£S.D) 0.50+0.35 0.114+0.23 -3.46+1.97 -3.71£0.42 0.99+1.29
LOD (mg/kg)" 0.05 0.26 0.13 0.02 0.53
LOQ (mg/kg)” 0.14 0.79 0.39 0.07 1.61

YLimit of detection.
JLimit of quantification.

Table 3. Validation results of accuracy, precision, and expanded measurement uncertainty of synthetic antioxidants

Added Intra-day" Inter-day” Expanded
Compound Sample standard  Accuracy  Precision HorRat  Accuracy  Precision HorRat  uncertainty
(mg/kg) (%) (%RSD) @®)" (%) (%RSD) OR (%)
5 93.5+1.9 2.0 0.32 93.7+1.8 1.9 0.30 9.88
Vegetable oil 20 95.5+1.8 1.9 0.38 95.6%1.6 1.7 0.33 3.10
BHA 50 96.7+3.4 3.5 0.80 97.1£3.0 3.1 0.70 3.29
5 96.9+2.4 2.4 0.39 96.6+2.2 2.3 0.37 9.60
Snack 20 96.8+1.3 1.3 0.26 97.0£1.1 1.1 0.22 2.86
50 98.7£2.1 2.1 0.48 98.3+£2.1 2.1 0.47 2.34
5 89.6+2.7 3.0 0.48 89.6+2.9 33 0.53 10.53
Vegetable oil 20 88.0£1.0 1.1 0.22 88.0+1.0 1.2 0.24 3.00
BUT 50 89.3+£3.0 34 0.77 89.6+£3.0 33 0.75 3.23
5 94.3+2.3 2.5 0.40 93.8+2.2 2.4 0.38 9.94
Snack 20 89.0+2.4 2.7 0.53 89.0+2.1 2.4 0.47 3.58
50 92.442.8 3.1 0.69 92.6+2.3 2.5 0.56 2.98
5 97.24+2.7 2.8 0.45 97.242.3 2.4 0.38 14.22
Vegetable oil 20 95.8+3.1 3.2 0.63 96.3+3.0 3.2 0.63 6.68
TBHQ 50 97.8+4.4 4.5 1.02 97.6+4.5 4.6 1.04 4.57
5 89.6£5.7 6.4 1.02 89.7+£5.1 5.7 0.91 14.83
Snack 20 93.1+0.9 1.0 0.20 92.9+1.0 1.0 0.20 6.37
50 95.442.9 3.0 0.68 95.7+2.9 3.0 0.68 3.67
95.0£2.9 3.1 0.43 94.4+2.6 2.8 0.39 11.74
Vegetable oil 8 92.9+£2.2 2.4 0.42 93.0+£2.2 2.4 0.41 4.08
PG 20 96.3+4.1 4.3 0.85 96.4+4.0 4.2 0.83 3.96
85.5+3.1 3.7 0.51 86.2+3.3 3.8 0.53 12.65
Snack 8 91.0+0.7 0.8 0.14 91.1+£0.7 0.7 0.12 3.71
20 96.1+2.0 2.1 0.41 96.4+1.8 1.8 0.36 2.51
2 83.2+0.7 0.9 0.12 87.0+2.4 2.7 0.38 10.63
Canned food 10 85.7+0.1 0.1 0.01 87.5+1.8 2.0 0.35 3.84
EDTA- 50 89.2+0.1 0.1 0.03 87.9£1.0 1.2 0.27 1.88
2 Na 2 94.6+0.8 0.8 0.11 94.6+0.9 0.9 0.13 9.80
Mayonnaise 10 91.5+0.2 0.2 0.04 94.0+1.8 1.9 0.34 3.63
50 97.3+0.2 0.2 0.05 94.7£1.7 1.8 0.41 1.81

DAnalysis was conducted six time/day.

Y Analysis was conducted three times on three days.
) Average+SD.

“HorRat ratio for intra-day repeatability.

SHorRat ratio for inter-day repeatability.
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accuracy, evaluated by spiking various foods with the
synthetic antioxidants (BHA, BHT, and TBHQ: 5, 20, and
50 mg/kg; PG: 2, 8, and 20 mg/kg; EDTA-2 Na: 2, 1, and
50 mg/kg) were 83.2+0.7-97.8+4.4 and 86.2+3.3-98.3+2.1%,
respectively. Intra- and inter-day precision with the same
analyte were 0.1-6.4 and 0.7-5.7 %RSD, respectively. The
results were within the acceptable values established by the
AOAC guideline’®. In addition, the HorRat values were less
than 1.02 (intra-day) and less than 1.04 (inter-day). These
results satisfied the recommended ranges®”.

Measurement uncertainty

The measurement uncertainty was estimated by the
recovery test conducted in this study. The uncertainty value
related to uSSS, uSP, uCal., and uRP were considered. As
shown in Table 3, the expanded uncertainty was 3.00—
14.22% in vegetable oil, 2.34—14.83% in snacks, 1.88-
10.63% in canned food, and 1.81-9.80% in mayonnaise.
The results were within the acceptable range of the CODEX
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standard (< 16%)’". In most samples, the expanded uncertainty
decreased with the increasing concentration of the synthetic
antioxidant. The results of contributions of measurement
uncertainty to the expanded uncertainty were shown in Fig. 1.

Inter-laboratory validation

An oil sample (FAPAS QC Material, T20153QC) containing
BHA, BHT, and PG was used for inter-laboratory validation.
The result is shown as recovery+SD (%), and the average
of each laboratory’s result and precision (%RSD) are
provided in Table 4. Recovery was 102.7+0.44% for BHA,
102.2+0.55% for BHT, and 105.3+0.40 % for PG, and the
corresponding precision was 0.43, 0.54, and 0.38 %RSD,
respectively. These results satisfied the AOAC guidelines®.

Application

The monitoring results for the four synthetic antioxidants
(BHA, BHT, TBHQ, PG), and EDTA-2 Na in the selected
213 foods distributed in Korea are shown in Table 5. If the
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Fig. 1. Contributions of measurement uncertainty to the expanded uncertainty of five synthetic antioxidants spiked in vegetable oil,
snack, canned food, and mayonnaise. (A) BHA, (B) BHT, (C) TBHQ, (D) PG, and (E) EDTA-2 Na



Table 4. Inter-laboratory reproducibility of recovery of synthetic antioxidants
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Compound Assigned value Recovery+SD (%) Average£SD %RSD
(mg/kg) Lab 1 Lab 2 Lab 3 Lab 4 (%)
BHA 76.6 105.4+0.20 103.9+0.3 97.8+£1.07 103.9+0.2 102.7+0.44 0.43
BHT 41.3 101.6+0.61 101.7+0.64 102.4+0.48 102.9+0.48 102.2+0.55 0.54
PG 55.7 105.7+£0.41 104.3+0.82 105.3+0.1 106.0+0.27 105.3+0.40 0.38

*Food Analysis Performance Assessment Scheme (FAPAS) quality control (QC) material (T2015QC) was used.

Table 5. Concentration (mg/kg) and the range of synthetic antioxidants in foods

No. of Concentration (mg/kg)
Compound Food code —
sample Range Overall average (mg/kg) Positive average (mg/kg)
Snack 26 N.D-18.26 3.41 4.93
BHA
Oil-fried noodle 10 N.D-8.16 3.54 5.90
Snack 27 N.D-44.21 4.40 9.14
BHT Chewing gum 14 30.98-153.78 64.91 64.91
Bread 11 N.D-2.43 0.22 243
Snack 26 N.D-9.22 3.22 3.81
TBHQ
Oil-fried noodle 10 N.D-5.76 1.35 3.37
PG Snack 10 N.D-0.1 0.1 0.1
Sauce 38 N.D-91.9 44.56 48.37
Processed Peanut or Nut Products 11 N.D-101.1 27.65 50.68
E?;’:. Snack 10 N.D-14.9 3.40 11.33
Processed fruit/vegetable product 10 N.D-73.8 13.85 69.25
Mayonnaise 10 46.3-61.2 52.66 52.66

analyte was not detected, it was expressed as not detected
(N.D.). The concentration ranges were N.D.—18.26 mg/kg of
BHA in snacks and oil-fried noodles, N.D.—153.78 mg/kg of
BHT in snacks, chewing gums, and breads, and N.D.-9.22 mg/
kg of TBHQ in snacks and oil-fried noodles. PG was analyzed
in snacks, and it was detected at low levels of N.D.—0.1 mg/
kg. The analysis of sauces, processed peanut or nut products,
snacks, processed fruit/vegetable products, and mayonnaises
for EDTA-2 Na revealed concentrations in the range of N.D.
—101.1 mg/kg. As a result, chewing gum with 153.78 mg/kg
of BHT was the food with the highest level of any of the
five additives. This content complied with the food additive
standards (< 400 mg/kg)®.

Similar to the experiments conducted in this study using
HPLC-UVD, a previous study of the antioxidants in edible
oils and fats using HPLC-MS/MS found that all of them
were acceptable within the limit of 200 mg/kg'®. In the EU
and the United States, antioxidants are permitted on foods
at levels of 100-200 mg/kg, and according to a previous
study, the contents found satisfied the standard for oils and
fats, butter, margarine, and similar products®®. It was confirmed
that the use of antioxidants was thoroughly managed.

Consequently, to enhance public health safety, the results of
this study can be used as basic data for evaluating the intake
of synthetic antioxidants and its risk assessments in Korea.
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