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Table 1. Validation results for the determination of antioxidants in foods by HPLC-PDA and HPLC-FL

Canola oil Cracker Dried small sardine
Detector Analytes  Trueness RSDr RSDywr  Trueness RSD, RSDywyr  Trueness RSD, RSDyr
(%) (%) (%) (%) (%) (%) (%) (%) (%)
PDA (UV 280 nm) PG 104 2.1 32 93.4 23 5.2 81.8 22 12
TBHQ 102 2.9 7.2 88.0 3.6 6.9 79.1 1.9 6.0
BHA 99.3 1.9 3.0 96.6 1.8 4.9 99.1 2.0 34
BHT 84.4 2.8 4.0 96.5 1.7 43 101 2.1 4.6
Fluorescence PG 107 2.1 3.8 96.3 22 52 91.5 2.1 12
TBHQ 104 2.9 7.5 89.3 3.7 7.1 79.5 1.9 6.1
BHA 100 1.9 3.1 97.9 1.8 4.5 98.2 2.0 4.5
BHT 84.9 2.2 4.1 95.3 24 5.4 95.5 1.9 3.2
Potato chips Butter Mayonnaise
Detector Analytes  Trueness RSD, RSDyr  Trueness RSD, RSDyyr  Trueness RSD, RSDyy
%) (o) (%) %) (%) () %) (o) (o)
PDA (UV 280nm) PG 94.0 2.9 3.9 94.4 3.6 5.3 89.6 8.1 10
TBHQ 96.5 2.4 3.6 89.5 32 5.1 86.5 7.5 8.8
BHA 93.6 23 3.8 96.1 3.0 4.8 91.9 5.0 8.4
BHT 90.9 23 3.5 93.9 33 6.0 85.8 4.8 8.1
Fluorescence PG 95.9 3.1 3.8 96.8 3.8 5.8 93.7 8.7 11
TBHQ 97.3 23 3.6 90.1 32 5.2 85.3 7.7 8.9
BHA 94.4 2.4 4.1 96.6 3.1 5.0 92.6 5.1 8.6
BHT 90.2 2.2 2.4 95.9 2.7 5.0 85.6 4.9 7.5

RSDr @ RSD of repeatability.
RSDyy - RSD of within laboratory reproducibility.
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Fig. 1. Stability of antioxidants in HPLC test solutions prepared from canola oil, crackers, dried small sardines, potato chips, and butter

during storage at —20°C in the dark.

The peak area ratios were calculated relative to the peak area on the day of preparation, which was defined as 100%.
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Fig. 2. GC-MS chromatograms and mass spectra of TBHQ in sample solutions
(A) HPLC test solution prepared from dried small sardines
(B) HPLC test solution prepared from dried small sardines and spiked with antioxidant standard solution (1 pg/mL)

(C) antioxidant standard solution (1 pg/mL)
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Performance Evaluation of an Analytical Method for Determining Phenolic Antioxidants in Foods

Eri SATO?, Ayako ITO?, Akiko YASUI?, Kenji OTSUKA?, and Maki KANDA?

Method A, described in the revised 2023 edition of “Analytical Methods for Food Additives in Foods,” enables the simultaneous
determination of butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA), propyl gallate (PG), and tert-butylhydroquinone
(TBHQ). This study evaluates the performance of Method A using high-performance liquid chromatography (HPLC)—photodiode array
detection and HPLC—fluorescence detection in six food matrices: canola oil, crackers, dried small sardines, potato chips, butter, and
mayonnaise. Two analysts conducted triplicate recovery tests at 0.02 g/kg over three days, obtaining satisfactory selectivity for all
analytes in all matrices. The trueness, repeatability, and within-laboratory reproducibility were 79.1%—-107%, <8.7%, and <12%,
respectively, meeting the acceptance criteria in the validation guidelines. To determine whether fresh HPLC test solutions are required
before reanalysis or confirmatory analysis, the stabilities of the antioxidants were evaluated in the test solutions. The BHT, BHA, and
PG antioxidants remained stable for up to four weeks in all matrices. TBHQ could be quantitatively analyzed for up to four weeks in
crackers, potato chips, and butter, but was markedly degraded in canola oil and dried small sardines, indicating that fresh test solutions
are required for reliable TBHQ quantification in these matrices. However, for screening purposes, all test solutions were considered
usable for up to four weeks. In addition, the HPLC test solutions were subjected to a simplified gas chromatography-mass spectrometry
(GC-MS) confirmatory analysis without transfer to acetone. BHT, BHA, and TBHQ were successfully confirmed from their retention
times and mass spectral patterns, which matched those of the corresponding standard solutions. These results demonstrate the
applicability of Method A to routine analysis of phenolic antioxidants in foods. The stability results are helpful for determining when
fresh test solutions are required, and the simplified GC—MS approach can serve as a confirmatory method when HPLC results are

affected by food-derived interfering components and can also be used to verify suspected cases of non-compliance.

Keywords: antioxidant, butylated hydroxytoluene, butylated hydroxyanisole, fert-butylhydroquinone, propyl gallate, HPLC—
PDA, HPLC-FL, GC-MS
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