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Volatile Antioxidants Produced from Heated Corn Oil/Glycine Model

System

Carlos Macku and Takayuki Shibamoto®

Department of Environmental Toxicology, University of California, Davis, California 95616

The headspace volatiles collected from a mixture consisting of corn oil and glycine heated at 180 °C
were found to inhibit the aldehyde/carboxylic acid turnover using a newly developed antioxidation test.
Among six column chromatographic fractions of the headspace extract, the fraction that contained
1-methylpyrrole and several of its 2-alkyl homologues was found to show a significant antioxidative
effect. Authentic 1-methylpyrrole also exhibited antioxidative activity that increased with the presence
of pyridine. The antioxidative strength (weight basis) of 1-methylpyrrole was comparable to that

exhibited by a-tocopherol.

INTRODUCTION

It has been known for many years that heating improves
food stability. For example, in the 1940s, the stabilities
of dairy products were improved by heat treatment (El-
Rafey et al., 1944; Josephson and Dahle, 1945; Lea et al.,
1945; Findlay et al., 1946). Later, meat products, such as
ground beef (Zipser and Watts, 1961; Huang and Greene,
1978) and turkey (Einerson and Reineccius, 1977, 1978),
showed increased stability following heat treatment. Oils
and fats are less susceptible to oxidation when they are
mixed with whey powder, wheat flour, casein, starch, or
amino acids and then heated at temperatures ranging from
100 to 300 °C (Lips, 1951; Janicek and Pokorny, 1961;
Itoh et al., 1975; Kawashima et al., 1977; Dworschék and
Szab6, 1986). These findings suggest that some active
substances, such as antioxidants, are produced from food
when heated.

Even though synthetic antioxidants are widely used as
food additives, there is concern about their possible chronic
and side effects in humans (Branen, 1975). This is why
new antioxidants are being isolated from natural sources
(Pratt and Hudson, 1990). In the present study, the an-
tioxidative activity of a headspace extract prepared by
heating a mixture of corn oil and glycine was investigated
in a search for new natural antioxidants.

EXPERIMENTAL PROCEDURES

Materials. Corn oil was purchased from alocal market. Gly-
cine and butylated hydroxytoluene (BHT) were bought from
Sigma Chemical Co. (St. Louis, MO). Reagent grade 1-pentanal,
1-hexanal, 1-pentanoic acid, 1-hexanoic acid, a-tocopherol, 1-me-
thyipyrrole (MP), pyridine, nonadecane (ND), and 2,5-dimeth-
ylhexane (DMH) were purchased from Aldrich Chemical Co.
(Milwaukee, WI). All authentic samples were obtained from
reliable commercial sources.

Headspace Sample. Corn oil (100 g) and 5 g of glycine were
placed in a 500-mL two-neck round-bottom flask. The flask was
connected to a simultaneous purging and solvent extraction
apparatus (SPE) devised by Umano and Shibamoto (1987). The
mixture was heated at 180 °C for 4 h whilestirring with a magnetic
stirrer. The headspace was purged with a purified air stream
(flow rate 10 mL/min) into 250 mL of deionized water and
simultaneously extracted with 50 mL of dichloromethane. The
extract (organic phase) was concentrated to 2 mL by fractional
distillation.

Column Chromatography (CC). The headspace sample was
transferred toa 15 cm X 1 cm i.d. glass column packed with silica
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Figure 1. Antioxidative effect of various concentrations (ug/
mL) of a-tocopherol on 1-pentanal; control (- - -); 5 (a); 10 (@);
50 (m); 100 (A). Peak area ratio equals GC peak area of 1-pen-
tanal divided by GC peak area of 2,5-dimethylhexane.

gel (Kieselgel 60, E. Merck, Darmstadt, Germany). The extract
was developed with hexane and ethyl acetate (30-mL aliquots)
into six fractions. Each fraction was concentrated to a final
volume (2 mL) by fractional distillation and stored at -5 °C for
subsequent experiments.

Antioxidation Test. A newly developed aldehyde/carbox-
ylic acid test was used to assess the antioxidative activity of
standard antioxidants such as a-tocopherol (5, 10, 50, and 100
ug/mL) and BHT (5, 10, 50, and 100 ug/mL); several amounts
of the corn oil/glycine headspace extract (20, 100, and 500 uL);
500 uL of each CC fraction; and pure MP (50, 100, and 500 ug/
mL) with or without 100 ug/mL of pyridine. These various
extracts and chemicals were individually combined with a mixture
of pentyl aldehyde and hexyl aldehyde (1000 and 3000 ug/mL,
respectively) and placed in 5-mL vials. DMH and ND were added
as gas chromatographic internal standards (100 ug/mL each).
The mixtures were diluted with dichloromethane to total volumes
of 2 mL and stored at room temperature. The headspace of each
vial was purged with air every 2 weeks, These experiments were
simultaneously performed with controls that contained the Cs
and Cq aldehydes, ND, and DMH. The vials were periodically
analyzed by gas chromatography (GC) for different periods of
time.

A Hewlett-Packard (HP) Model 5790 GC equipped with a 60
m X 0.25 mm i.d. DB-5 bonded-phase fused-silica capillary column
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Figure 2. Antioxidative effect of various concentrations (ug/
mL) of BHT on 1-pentanal: control (- - -); 5 (a); 10 (@); 50 (m);
100 (a). Peak area ratio of 1-pentanal is as defined in Figure 1.
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Figure 3. Relative amounts of 1-pentanal (®) and 1-pentanoic
acid (O) over time in a control vial. Peak arearatio of 1-pentanal
is as defined in Figure 1. Peak area ratio of 1-pentanoic acid
equals GC peak area of 1-pentanoic acid divided by GC peak
area of nonadecane.

(J&W Scientific, Folsom, CA) and a flame ionization detector
(FID) was used to monitor the relative amounts of pentyl al-
dehyde and hexyl aldehyde present in the vials. The GC peak
areas were integrated with an HP 5880A series GC terminal. The
injector and detector temperatures were 250 and 300 °C,
respectively. The oven temperature was programmed from 50
to 200 °C at 6 °C/min. The GC peak areas of pentyl aldehyde
and hexyl aldehyde were divided by the GC peak area of DMH
to calculate the relative peak areas (RPA) of the Cs and C; al-
dehydes, respectively.

An HP Model 5890 GC equipped with a 30 m X 0.25 mm i.d.
DB-Wax bonded-phase fused-silica capillary column (J&W
Scientific) and a FID was used to monitor the relative amounts
of pentanoic acid and hexanoic acid present in the vials. The GC
peak areas were integrated with a SP4400 (Spectra-Physics, San
Jose, CA). The injector and detector temperatures were 200 and
250 °C, respectively. The oven temperature was held at 70 °C
for 5 min and then programmed to 180 °C at 2 °C/min. The GC
peak areas of pentanoic acid and hexanoic acid were divided by
the GC peak area of ND to calculate the RPA of the Cs and Cg
carboxylic acids, respectively,

Qualitative Analysis of the Headspace Volatiles. CC
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Figure 4. Antioxidative effect of various amounts (L) of corn
oil{ glycine headspace extract on 1-pentanal: control (- - -); 20
(0); 100 (O); 500 (A). Peak area ratio of 1-pentanal is as defined
in Figure 1.
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Figure 5. Antioxidative effect of column chromatographic
fractions (500 uL) on 1-pentanal: control (- - -); fraction I (0);
fraction II (@); fraction III (m); fraction IV (O); fraction V (a);
fraction VI (A). Peak area ratio of 1-pentanal is as defined in
Figure 1.

fraction III, which exhibited the highest antioxidative activity,
was analyzed by GC, gas chromatography/mass spectrometry
(GC/MS), and gas chromatography/infrared spectrometry (GC/
IR). The gas chromatographic retention index (Kovats, 1965),
IR spectrum, and MS fragmentation pattern of each component
were compared with those of the authentic compounds.

An HP Model 5880 GC equipped with the same DB-5 capillary
column used for assessment of antioxidative activity and a FID
was used for qualitative analysis. The GC peak areas were
integrated with an HP 5880A series GC terminal. The injection
and detector temperatures were held at 250 and 300 °C,
respectively. The oven temperature was held at 40 °C for 5 min
and then programmed to 160 °C at 2 °C/min.

An HP Model 5890 GC interfaced to a VG Trio II mass
spectrometer with VG 11-250 computer data system was used
for MS identification of the GC components at MS ionization
voltage of 70 eV. Another HP Model 5890 GC interfaced to an
HP Model 5965A detector was also used for IR identification of
the GC components. Column and oven conditions for GC/MS
and GC/IR were as described for the HP Model 5880 GC.
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Table I. N-Methylpyrroles Present in Column Chromatography Fraction III

component Ipp.s® MS data,b m/e IR data, cm™1
1-methylpyrrole 750 81, 80, 39, 41, 53, 55 3117, 2947, 1516, 1413, 1089
1,2-dimethylpyrrole 878 94, 95, 42, 53, 39, 65 NAe
1-methyl-2-ethylpyrrole 967 109, 42, 39, 83, 53 NA
1-methyl-2-propylpyrrole 1056 123, 42, 39, 41, 53 3114, 2950, 1488, 1300, 1091
1-methyl-2-butylpyrrole 1154 94, 137, 95, 42, 39, 41 3114, 2945, 1488, 1300, 1092
1-methyl-2-pentylpyrrole 1252 94, 151, 95, 42, 39, 53 3115, 2941, 1488, 1300, 1092

@ Kovats index values based on DB-5 capillary column. ® The base ion is the underlined number, and the molecular ion in bold print. ¢ NA,

not available.
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Figure 6. Antioxidative effect of various concentrations (ug/
mL) of 1-methylpyrrole on 1-pentanal: control (- - -); 50 (®); 100
(m); 500 (A). Peak area ratio of 1-pentanal is as defined in Figure
1.
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Figure7. Relative amounts of 1-pentanal (®) and 1-methylpyr-
role (A) over time in a vial containing 1-methylpyrrole at 50
ug/mL. Peak area ratio of 1-pentanal is as defined in Figure 1.
Peak area ratio of 1-methylpyrrole equals GC peak area of 1-me-
thylpyrrole divided by GC peak area of 2,5-dimethylhexane.

RESULTS AND DISCUSSION

The headspace volatiles isolated from mixtures of corn
oil and glycine heated at 180 °C were studied by Macku
and Shibamoto (1991). These volatiles, which are dissolved
inanorganicsolvent (dichloromethane), were studied with
a newly developed method to assess their antioxidative
effect. Simple and affordable materials such as straight-
chain aldehydes (pentyl and hexyl aldehydes) and hy-
drocarbons (DMH and ND, inert compounds used as GC
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Figure 8. Antioxidative effect of 1-methylpyrrole and pyridine
on l-pentanal: control (- - -); 100 ug/mL 1-methylpyrrole with
no pyridine (M); 100 xg/mL of pyridine alone (0); 100 ug/mL
1-methylpyrrole with 100 ug/mL pyridine (3). Peak area ratio
of 1-pentanal is as defined in Figure 1.

internal standards) are mixed with the headspace sample.
If there were no antioxidative volatiles present in solution,
the aldehydes would readily oxidize to their correspond-
ing carboxylic acids in the dichloromethane solution
through a radical reaction (Nonhebel et al., 1979). Well-
known antioxidants, such as a-tocopherol and BHT, were
tested to illustrate the use of this assay. Figures 1 and 2
show the effects of a-tocopherol and BHT, respectively,
on the relative amounts of 1-pentanal present in the test
vials. Increasing amounts of a-tocopherol inhibited the
aldehyde/carboxylic acid turnover for increasing periods
of time. Within a testing period of 40 days, only the vial
with BHT at the smallest concentration (5 ug/mL) showed
an aldehyde/carboxylic acid turnover (Figure 2).

Figure 3 shows the relative amounts of 1-pentanal and
1-pentanoic acid in a control sample over a period of 55
days. Appearance of 1-pentanoic acid corresponds to the
disappearance of 1-pentanal, confirming that the alde-
hydes are oxidized to their corresponding acids over time.
A similar trend was observed for the 1-hexanal/1-hex-
anoic acid turnover.

The antioxidative activity of the headspace extract was
analyzed using the aldehyde/carboxylicacid assay. Figure
4 shows the effect of increasing amounts of added extract
on the amount of 1-pentanal present in the vials over a
period of 55 days. Increasing amounts of the headspace
extract inhibited the aldehyde/carboxylic acid turnover
for increasing periods of time.

To isolate the antioxidant(s) formed in the corn oil/
glycine headspace extract, each CC fraction was tested for
antioxidative activity. Figure 5 shows the individual
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effects of these fractions on the amounts of 1-pentanal
present in the vials. Fraction III (95% hexane and 5%
ethyl acetate), which contained MP and several of its
2-alkyl homologues, exhibited the highest antioxidative
activity among the six fractions. The MS and IR spectral
data of these heterocyclic compounds (Table I) are
comparable with those reported by Budzikiewicz et al.
(1964) and Sotoyama et al. (1979). The presence of MP
in fraction IIl is interesting because its antioxidative effect
was reported by Gritter and Chriss (1964).

Figure 6 shows the results of antioxidative testing
conducted with different amounts of MP. Increasing
amounts of this compound inhibited the aldehyde/car-
boxylic acid turnover for increasing periods of time. Figure
7 shows the relationship between MP (50 ug/mL) and
1-pentanal in the testing solution. After 22 days, MP
disappeared completely and the onset of 1l-pentanal
turnover was observed, suggesting that oxidation of the
aldehydes was inhibited in the presence of MP. a-To-
copherol (50 ug /mL) inhibited oxidation for approximately
20 days (Figure 1), suggesting that MP and a-tocopherol
have similar antioxidative strengths.

Many alkylpyridines were identified in fractions IV and
V, which also showed antioxidative activities (Figure 5).
Figure 8 shows the effect of pyridine on the antioxidative
activity of MP. Pyridine (100 ug/mL) alone did not inhibit
oxidation of the aldehydes. However, 100 ug/mL MP with
100 ug/mL pyridine inhibited oxidation of 1-pentanal for
more than 80 days, whereas 100 ug/mL MP alone inhibited
it only up to approximately 25 days. These results suggest
a synergistic effect of pyridine with MP.

Heterocyclic compounds, including pyrroles and py-
ridines, are major volatile chemicals produced by the Mail-
lard reaction. 1-Alkylpyrroles and their 2-alkyl homo-
logues have been found in many foodstuffs, such as cooked
meats (chicken, shrimp, and squid), roasted beans and
nuts (coffee, cocoa, peanuts, and filberts), fermented
products (beer, sherry, and tea), and baked goods such as
bread (van Straten and Maarse, 1983). In the past, pyr-
roles have received attention as compounds that contribute
to the off-flavors in cooked foods (Peterson et al., 1975).
The present study suggests that pyrroles play an important
role in the antioxidative activity of Maillard reaction
products.

LITERATURE CITED

Branen, A. L. Toxicology and Biochemistry of Butylated Hy-
droxyanisole and Butylated Hydroxytoluene. JJ. Am.Oil Chem.
Soc. 1975, 52, 59-63.

Budzikiewicz, H.; Djerassi, C.; Jackson, A. H.; Kenner, G. W_;
Newman, D. J.; Wilson, J. M. Pyrroles and Related Compounds.
Part IV. Mass Spectrometry in Structural and Stereochem-
ical Problems. Part XXX. Mass Spectra of Monocyclic
Derivatives of Pyrrole. . Chem. Soc. 1964, 1949-1960.

Dworschéak, E.; Szabé, L. Formation of Antioxidative Materials
in the Preparation of Meals. In Amino-Carbony! Reactions

J. Agric. Food Chem., Vol. 39, No. 11, 1991 1883

in Food and Biological Systems; Fujimaki, M., Namiki, M.,
Kato, H., Eds.; Elsevier: Tokyo, 1986; pp 311-319.

Einerson, M. A.; Reineccius, G. A. Inhibition of Warmed-Over
Flavor in Retorted Turkey by Antioxidants Formed During
Processing. J. Food Process. Preserv. 1977, 1, 279-291.

Einerson, M. A.; Reineccius, G. A. Characterization of Antiox-
idants Responsible for Inhibition of Warmed-Over Flavor in
Retorted Turkey. J. Food Process. Preserv. 1978, 2, 1-7.

El-Rafey, M. S.; Richardson, G. A.; Henderson, J. L. The Effect
of the Method of Manufacture of Butteroil on its Keeping
Quality. J. Dairy Sci. 1944, 10, 807-820.

Findlay, J. D.; Higginbottom, C.; Smith, J. A. B.; Lea, C. H. The
Effect of the Pre-Heating Temperature on the Bacterial Count
and Storage Life of Whole Milk Powder Spray-Dried by the
Krause Process. J. Dairy Sci. 1946, 14, 378-399.

Gritter, R. J.; Chriss, R. J. Free-Radical Reactions of Pyrroles.
dJ. Org. Chem. 1964, 29, 1163-1167.

Huang, W. H.; Greene, B. E. Effect of Cooking Method on TBA
Numbers of Stored Beef. J. Food Sci. 1978, 43, 1201-1203,
1209.

Itoh, H.; Kawashima, K.; Chibata, I. Antioxidant Activity of
Browning Products of Triose Sugar and Amino Acid. Agric.
Biol. Chem. 1975, 39, 283-284.

Janicek, G.; Pokorny, J. Nahrung 1961, 5, 387-398.

Josephson, D. V,; Dahle, C. D. Heating Makes Butterfat Keep.
Food Ind. 1945, 17, 630-633.

Kawashima, K.; Itoh, H.; Chibata, I. Antioxidant Activity of
Browning Products Prepared from Low Molecular Carbonyl
Compounds and Amino Acids. J. Agric. Food Chem. 1977, 25,
202-204.

Kovats, E. Gas Chromatographic Characterization of Organic
Substances in the Retention Index System. Adv. Chromatogr.
1965, 1, 229-247.

Lea, C. H.; Findlay, J. D.; Smith, J. A. B. Part I. Keeping
Properties: Factors Influencing Stability. J. Dairy Res. 1945,
14, 122-134.

Lips, H. J. Effects of Heat Treatment on the Stability of Lard.
J. Am. Oil Chem. Soc. 1951, 28, 58-61.

Macku, C.; Shibamoto, T. Headspace Volatile Compounds
Formed from Heated Corn Oil and Corn Oil with Glycine. JJ.
Agric. Food Chem. 1991, 39, 1265-1269.

Nonhebel,D.C.; Tedder,J. M.; Walton, J. C. Radicals; Cambridge
University Press: London, 1979; p 157.

Peterson, R. J.; Izzo, H. J.; Jungermann, E.; Chang, S. S. Changes
in Volatile Flavor Compounds During the Retorting of Canned
Beef Stew. J. Food Sci. 1975, 40, 948-954.

Pratt,D. E.; Hudson, B. J. F. Natural Antioxidants not Exploited
Commercially. In Food Antioxidants; Hudson, B. J. F., Ed.;
Elsevier Applied Science: Belfast, 1990; pp 171-191.

Sotoyama, T.; Hara, S.; Suzuki, A. 2-Alkylation Reactions of
Thiophene and 1-Methylpyrrole with Trialkylboranes. Bull.
Chem. Soc. Jpn. 1979, 52, 1865-1866.

Umano, K.; Shibamoto, T. Analysis of Headspace Volatiles from
Overheated Beef Fat. J. Agric. Food Chem. 1987, 35, 14-18.

van Straten, S.; Maarse, H. Volatile Compounds in Foods; CIVO-
TNO: Amsterdam, 1983.

Zipser, M. W.; Watts, B. M. Lipid Oxidation in Heat-Sterilized
Beef. Food Technol. 1961, 15, 445-441.

Received for review December 18, 1990. Revised manuscript
received July 22, 1991. Accepted August 2, 1991.



