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1- International Organization for Standardization

2- International Electrotechnical Commission

3- International Organization for Legal Metrology (Organisation Internationale de Metrologie Legals)
4- Contact point

5- Codex Alimentarius Commission
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1-Riboflavin
2-beta-Carotenes, (vegetable)
3-beta-apo-8.-Carotenal
4-Annattoextracts,bixin-based
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1-Polysorbates

2-Diacetyltartaric and fatty acid esters of glycerol
3-Sucrose esters of fatty acids

4-Sucroglycerides

5-Polyglycerol esters of fatty acids

6-Polyglycerol esters of interesterified ricinoleic acid
7-Propylene glycol esters of fatty acid

8-Thermally oxidized soya bean oil interacted with mono- and diglycerides of fatty acids
9-Stearoyl-2-lactylates

10-Stearyl citrate

11-Sorbitan esters of fatty acids

12-Monoglycerides

13-Diglycerides

14-Lecithin
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1-Tocopherol , d-alpha
2-Tocopherol concentrate, mixed
3-Tocopherol, dl-alpha

4-Ascorbyl esters

5-Propyl gallate

6-Tertiary butyl hydroxyl quinone
7-Butylated hydroxy anisole
8-Butylated hydroxy toluene
9-Isopropyl citrates
10-Ethylenediaminetetraacetic acid

11-Thiodipropionates
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1-Sodium dihydrogen citrate
2-Trisodium citrate

3-Isopropyl citrates

4- Citric and fatty acid esters of glycerol

Loucs gl V-0-0
c ool Jeoz b gillae b oyl Elail 1o solainl 050 jlore slooassS ol

b glgil 50 ooliiwl 8590 jlxo (b 0uisS’ (Guuwl-0 Jouer

0uiSS’ (gl ol 9,
o Sliwl g0 \
Nl S5 ) o S v
Tl 35 ) Lo i v

1-Tartrates
2-Phosphates
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Reapproved 2009
Antioxidants—Liquid Chromatographic Method

DEFINITION

This method determines propyl gallate (PG), 2,4,5-trihydroxybutyrophenone (THBP), tert-
butylhy- droquinone (TBHQ), nordihydroguaiaraetic acid (NDGA), 2- and 3-tert-butyl-4-
hydroxyanisole (BHA),

2,6-di-tert-butyl-4-hydroxymethylphenol (lonox-100), 2,6-di-tert-butyl-4-hydroxytoluene
(BHT) in oils, under the conditions of the test (see References, 1).

SCOPE

Applicable to animal and vegetable fats and oils and shortenings. The antioxidants are
dissolved in hex- ane, partitioned into acetonitrile (which is concentrated and diluted with
isopropanol to give a 1:1, v/v, isopropanol-acetonitrile solution) and then separated by
reverse-phase gradient elution by HPLC and detected at 280 nm.

APPARATUS

1. Gradient liquid chromatograph—equipped with 10 mv strip chart recorder, 20 puL
sample loop injection valve, and detector to measure absorbance at 280 nm.

2. Typical operating conditions—detector sensitivity, 0.05 AUFS; time constant, O;
temperature, ambient; flow rate,

2 mL/min.

3. HPLC column—stainless steel, 250 mm length, 4.6 mm i.d., packed with 10 um
LiChrosorb RP-18 (E. Merck, Darmstadt, Germany), or equivalent. Use guard column if
desired. Baseline separation of all seven antioxidants should be obtained as shown in
Figure 1.

4. Pyrex™ beakers—50 and 150 mL (see Notes, 1).

5. Separators—125 and 250 mL (see Notes, 1).

6. Volumetric flasks—50 and 100 mL (see Notes, 1).

7. Round-bottomed flasks—250 mL (see Notes, 1).

8. Graduated glass cylinders—with ground-glass stoppers, 10 mL.

REAGENTS

1. Solvents—distilled in glass, HPLC grade: acetonitrile, 2-propanol, and hexane (see
Notes, Caution).

2. HPLC mobile phase, HPLC-grade solvents, or equivalent—

(a) Distilled H20, add 5% acetic acid. (b) Acetonitrile, add 5% acetic acid.

(c) Use linear gradient, from 30% (b) in (a) to 100% (b) over 10 min, followed by 4 min
hold at 100% (b) at 2 mL/min. (d) For test portion only, increase flow rate to 6 mL/min at
100% (b) for 5 min, or until nonpolar lipids are eluted.
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(e) For test portions and standards, return to 30% (b) over 1 min at 2 mL/min, and let
baseline, pressure, and mobile-phase composition stabilize, requiring about 10 min.

(f) Run blank gradient (no injection).

(g) Peaks interfering with detection of any antioxidant should not be present. If small
peaks that cannot be eliminated are present, all relevant peak heights are to be corrected for
interferences.

3. Antioxidants for standards—BHA (mixture of 2- and 3-isomers), BHT, TBHQ, lonox-
100, THBP, and PG (available from

Polyscience Corp., Niles, IL, USA); NDGA (Food Chemicals Codex Reference Standard),
or equivalent.

4. Standard solutions—Refrigerate all antioxidant solutions out of direct light. Prepare all
solutions with 2-propanol +

acetonitrile (1:1).

(@) Stock solution (1 mg/mL)—Accurately weigh and transfer 50 mg of each antioxidant
into one 50 mL volumetric flask, dissolve, dilute to volume and mix.

(b) Standard solution (0.01 mg/mL; 10 pg/mL)—Pipet 1 mL stock solution into a 100 mL
volumetric flask, dilute to volume and mix.

5. Extracting solvents—Saturate hexane and acetonitrile by shaking together for 2 min and
separate. Unless otherwise specified, use these saturated solvents for the extraction below.

PROCEDURE

1. Extraction of liquid oils—

(@) Accurately weigh about 20 g oil into a 50 mL beaker and quantitatively transfer to a
100 mL volumetric flask, rinsing the beakers with hexane. Dilute to volume with hexane
and mix.

(b) Pipet 25 mL aliquot into a 125 mL separator funnel and extract with three 50 mL
portions of acetonitrile. If emulsions form, break by holding separator funnel under hot tap
water 5-10 sec. Collect extracts in 250 mL separator, and let combined extracts drain
slowly into a 250 mL round-bottomed flask to aid removal of hexane-oil droplets.
Note—At this point, the 150 mL acetonitrile extract may be stored overnight under
refrigeration.

(c) Evaporate acetonitrile extract to 3—4 mL using a flash evaporation with water bath at a
temperature of no more than

40°C. Evaporation should be completed in less than 10 min.

Note—Losses of TBHQ may occur if evaporation time is prolonged. Use an efficient
vacuum source and ice-water cooling to decrease evaporation time.

(d) Using a disposable pipet, transfer acetonitrile-oil droplet mixture to a 10 mL graduate.
Rinse flask with small portions of nonsaturated acetonitrile, and transfer rinsings to the
graduate with a disposable pipet until 5 mL is collected. Rinse disposable pipet, and
continue to rinse flask with small portions of 2-propanol, transferring all rinsings to the
graduate until exactly 10 mL is collected. Mix contents of the graduate.

Note—Avoid delays in analysis after preparing the test sample solution because loss of
TBHQ may occur.

2. Extraction of lards or shortenings—

(@) Accurately weigh 10 g lard or shortening into a 150 mL beaker. Add approximately 30
mL hexane and dissolve sample, heating gently if necessary. Dilute to volume and mix.
Pipet 25 mL aliquot into a 125 mL separator.

(b) Continue extractions as in Procedure, 1, (b).

3. Chromatography—
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(@) Using a sample loop injection valve, inject, in duplicate, 20 uL of the prepared sample
solutions onto the column, and solvent program as described in Reagents, 2. Inject 20 pL
antioxidant standard solution, Reagents, 4, (b), and solvent program as described, before
and after each test portion. For test portion peaks off-scale, quantitatively dilute the
sample solution with 2-propanol + acetonitrile (1:1).

(b) ldentify peaks by comparison with retention times of the standard.

Note—Octyl gallate (available from Pfaltz and Bauer, Inc., Stamford, CT, USA), if
present, may coelute with

lonox-100, but can be separated with a H20-methanol gradient as follows: 30% (c)
(methanol with 5% acetic acid) in (a) (H20 with 5% acetic acid) to 100% (c) over 10 min.
If both lonox-100 and octyl gallate are present, accurate quantitation may not be possible.
(c) Carry out reagent blank determination, substituting 25 mL hexane for hexane-oil.
Continue extraction as in Procedure, 1, (b). Inject 20 pL reagent blank solution, and
solvent program as described. Peaks interfering with deter- mination of any antioxidant
should not be present. Using blank gradient chromatogram as a guide to follow baseline,
determine average peak height of antioxidant test samples from duplicate injections
(corrected for reagent and gradient blanks) and average peak height of antioxidant standard
from duplicate injections before and after sample (corrected for gradient blank).

CALCULATIONS
1. Calculate concentrations of antioxidant as follows:

Antionxidant, mg/kg= R x CR' x W

Where—

R and R” = peak heights from samples and standard, respectively
C = concentration of standard in pg/mL

W = mass of sample in g/mL in 10 mL final extract

D = dilution factor if solution injection is diluted

METHOD PERFORMANCE

Average recovery (av rec); Sr, repeatability (within-laboratory) standard deviation; SR,
reproducibility (including repeatability)

standard deviation are as follows (as noted in References, 3):

1. Oils—

PG av rec at 19-201 mg/kg = 95%

(SR =3.3-7.6, Sr = 2.2-7.6) THBP av rec at 20-201 mg/kg = 97%
(SR =1.3-6.5, Sr=1.0-5.2) TBHQ av rec at 19-205 mg/kg = 98%
(SR =25-26.0, Sr=15-9.5) NDGA  avrecat 18-98 mg/kg = 97%
(SR =0.54.9, Sr=0.3-4.7) BHA av rec at 19-207 mg/kg = 99%
(SR =0.7-7.8, Sr = 0.4-6.5) lonox-100 av rec at 20-217 mg/kg = 96%
(SR=0.7-14.7, Sr = 0.7-12.2) BHT av rec at 20-210 mg/kg = 84%
(SR=0.9-5.2, Sr=0.9-3.5)

2. Lard—

PG av rec at 37-101 mg/kg = 91%

(SR =1.6-4.0, Sr=1.6-3.2) THBP av rec at 39-105 mg/kg = 92%
(SR=1.4-13.8,Sr=1.4-7.2) TBHQ av rec at 38-102 mg/kg = 92%
(SR =11.6-25.0, Sr=6.0-7.7) NDGA  av rec at 36-98 mg/kg = 93%
(SR =1.0-5.4, Sr = 1.0-2.6) BHA av rec at 38-103 mg/kg = 97%
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(SR =1.9-3.9, Sr = 1.9-2.5) lonox-100 av rec at 40-108 mg/kg = 95%
(SR=1.8-5.9, Sr=1.2-4.8) BHT av rec at 39-105 mg/kg = 86%
(SR=1.0-5.6,Sr=1.1-3.4)

NOTES

Caution

Acetonitrile is flammable. There is toxic action by skin absorption and inhalation. The
TLV is 40 ppm in air. A fume hood should be used at all times when using acetonitrile.
Acetone, 2-propyl alcohol, and methyl alcohol are flammable solvents. Use a fume hood
when heating, evaporating, and working with these solvents.

Hexane is flammable and a dangerous fire risk. The TLV is 50 ppm in air. The
Occupational Safety and Health Administration recommends that exposure not exceed 350
ng/M3 for a time-weighted average. Hexane vapor causes lung irritation and produces
neurotoxic effects. A fume hood should be used at all times when using hexane.
Chloroform is a known carcinogen. It is toxic by inhalation and has anesthetic properties.
Avoid contact with the skin. Prolonged inhalation or ingestion can lead to liver and kidney
damage and may be fatal. It is nonflammable, but will burn on prolonged exposure to
flame or high temperature. The TLV is 10 ppm in air. A fume hood should be used at all
times when using chloroform.

NUMBERED NOTES
1. Rinse all glassware with CHCI3 (see Notes, Caution), acetone, and methyl alcohol, in
that order, and blow dry with nitrogen.

REFERENCES

1. This method was adopted from Official Methods of Analysis, AOAC International, 16th
ed., Vol. Il, Gaithersburg, MD,

1995, Chapt. 47, p. 2, Method 983.15 and Standard Methods for the Analysis of Oils, Fats
and Derivatives, International

Union of Pure and Applied Chemistry, 7th edn., Blackwell Scientific Publications, 1987,
IUPAC Method 2.642.

2. From Page, B. D., J. Assoc. Off. Anal. Chem. 66:729 (1983).

3. Horwitz, W., Ibid. 67:432 (1984).
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Figure 1. Chromatographic separation of antioxidant
standards, about 0.2 pg of each antioxidant. 1, PG; 2,
THBP; 3, TBHQ; 4, NDGA; 5, BHA; 6, lonox-100; 7, BHT. See
References, 2.
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