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Analysis of Headspace Volatiles and Sensory Characteristics of Fresh 
Corn Tortillas Made from Fresh Masa Dough and Spray-Dried Masa 
Flour 

Carol Karahadian'lt and Kimberly A. Johnson 
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College Park, Maryland 20742 

Headspace volatiles from nitrogen-purged slurries of commercially prepared fresh tortillas, fresh masa 
dough, and spray-dried masa flour dough were collected onto Tenax GC. Ether-eluted concentrates 
were separated by fused silica capillary gas chromatography and identified by mass spectrometry (MS), 
retention indices ( I d ,  and odor quality of eluting peaks. Six pyrazines that contribute to the roasted, 
nutty, and green character of cooked corn products were detected in fresh masa dough, whereas 12 
pyrazines were identified in dough made from spray-dried masa flour. 2-Acetyl-1-pyrroline and 
2-(methylimino)-3-butanone, which contributed popcorn-like and corn chip-like aromas, respectively, 
were tentatively identified in spray-dried products. Descriptive sensory analysis of commercially prepared 
tortillas from fresh masa dough and spray-dried masa flour indicated that tortillas made from spray- 
dried flours exhibited stronger roasted, cooked corn flavors and aromas. 

INTRODUCTION 

Fresh corn tortillas have long been a staple food in the 
diet of Mexican-Americans, and traditionally they have 
been prepared in the home using fresh-made masa dough. 
The in-home process involved in the conversion of maize 
to masa dough typically involves the steeping of maize in 
the presence of lime (calcium hydroxide) prior to formation 
of the tortillas (Bressani, 1972). The alkaline process has 
been shown to increase the availability of niacin (Bressani 
et al., 1961) as well as calcium (Bedolla and Rooney, 1982; 
Bressani et al., 1958) while minimizing changes in essential 
amino acids (Bressani and Scrimshaw, 1958; Ortega et al., 
1986) and fatty acids (Bressani et al., 1990) in the final 
product. 

This time-intensive process has been a major part of 
the in-home duties of Latin American women for many 
years. Recently, the purchase of fresh tortillas from 
commercial establishments (tortillerias) by Latin Amer- 
ican populations in the United States has increased in 
popularity (Burum, 1992). This phenomenon, attributed 
in part to the changing lifestyle of Mexican-Americans, 
requires an alternative to traditional practices if traditional 
foods are to be obtained outside the home. To meet the 
demand, corn product manufacturers have been working 
to develop commercial ingredients that will allow cost- 
effective means to increase the production of fresh tortillas 
while providing products that compare to those made from 
fresh masa dough in the home. 

The processing conditions that are used to convert dried 
corn into masa dough result in the formation of a distinct 
corn flavor quality that is sometimes referred to as limed 
corn flavor. This masa flavor develops from the inter- 
actions of corn-contained amino acids, lipids, carbohy- 
drates, and carotenoids when exposed to elevated pHs at  
moderate temperatures for extended times. 

Many studies, of which only a few are cited, have been 
undertaken to identify the thermally generated aroma and 
flavor compounds resulting from interactions between 
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amino acids, carbohydrates, and lipids in food systems 
(Bailey and Einig, 1989; Ho et al., 1989a,b; Huang et al., 
1987; Macku and Shibamoto, 1991a,b; Maga, 1982; Mot- 
tram and Salter, 1989; Schieberle, 1990, Seifertet al., 1970; 
Shibamoto, 1989; Shibamoto et  al., 1979; Tressel et al., 
1989; van den Ouweland et al., 1989; Whitfield, 1992). It 
has been well established that predictable Maillard 
browning products can be achieved when precursors, pH, 
temperature, and time conditions are controlled (Amoldi 
et al., 1988, Huang et al., 1987; Koehler and Odell, 1970; 
Leahy and Reineccius, 1989a,b; Shibamoto and Bernhard, 
1976; Wong and Bernhard, 1988). An excellent review 
that covers the most recent developments in Maillard 
reaction flavor chemistry has been prepared by Whitfield 
(1992). 

Since the production of spray-dried masa flour requires 
more extensive heat processing compared to fresh-made 
masa doughs, it is believed that the flavor characteristics 
of the end products will be quite different. Therefore, 
this research was undertaken to assess the chemical and 
sensory changes that occur in fresh corn tortillas when 
spray-dried masa flour is used as an ingredient compared 
to fresh-made masa dough. 

MATERIALS AND METHODS 

Sample Acquisition. Freshly Made Corn Tortillas and 
Spray-Dried Masa Flour. Spray-dried masa flour and fresh 
tortillas made from the spray-dried masa flour were commercially 
prepared using typical processing procedures. Fresh-made 
tortillas made from masa dough were obtained from a commercial 
tortilleria in California. Fresh tortillas were packed in blue ice 
and air shipped to the University of Maryland by overnight 
carrier. Spray-dried masa flour was also shipped by overnight 
carrier, but at ambient temperatures in polyethylene bags. The 
ingredients for all tortillas consisted of lime-processed corn and 
water only with no preservatives or acids added to any of the 
tortilla or flour samples evaluated. 

Upon arrival, fresh tortillas were held at refrigerated tem- 
peratures (4 "C) for up to 24 h until sensory analysis testing was 
completed. Tortillas that remained after sensory analysis testing 
were vacuum-packaged (Multivac A300 vacuum packager, Wolf- 
ertachwenden, Germany) in oxygen barrier pouches (3.2 oxygen 
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transmission; Winpak Vak 3-4, 0.80-mil nylon/2.4-mil EVA 
copolymer, Holly Sales and Service, Inc., Elkridge, MD) and 
frozen (-20 "C) until analytical testing was undertaken. The 
masa flour was stored in its original polyethylene bag a t  
refrigerated temperatures (4 "C) until analyzed. 

Preparation of Fresh Masa Dough. Fresh masa dough was 
prepared in the laboratory a t  the University of Maryland to 
simulate traditional masa production procedures (Ortega et  al., 
1986). Commercial dried white corn was washed, drained, 
weighed, and placed in a stainless steel sauce pan with an equal 
amount of water (1:l w/w) to submerge the kernels. Commercial 
food grade lime (calcium hydroxide) was added to the mix at  an 
amount equal to 1% of the corn. The corn, water, and lime 
mixture was.heated using a conventional electric stove, and the 
mixture was stirred semicontinuously while being heated to and 
held at  88 "C (&5 "C) for 45 min. After holding for 45 min at  
88 "C (15 "C), the mixture was cooled to 60 "C ( f5  "C) by adding 
cold water and lowering the stove temperature. Water-submerged 
corn kernels were allowed to simmer at  60 "C (f5 "C) for 5-6 h 
with semicontinuous stirring during the steeping process. After 
steeping, the corn mixture was drained, washed, and ground in 
a food processor (Model KFP400, Hobart Corp., KitchenAid 
Division, Troy, OH) until the masa dough was formed (approx- 
imately 5-7 min). The dough was refrigerated (4 "C) in 
polyethylene bags (420 oxygen transmission; >99.5 % polyeth- 
ylene; Dowbrands, Inc., Indianapolis, IN) if the sample was 
analyzed within 2 days or was vacuum packaged in the same 
oxygen barrier pouches as used for the tortillas and frozen (-20 
"C) for later use. 

Analytical Procedures. Volatile Headspace Analysis. ( a )  
Sample Preparation. Headspace volatiles from samples of fresh 
tortillas, fresh masa dough, and dough made from spray-dried 
masa flour were extracted using the Tenax GC trapping method 
outlined by Olafsdottir et  al. (1985) with modifications. A weighed 
amount of each masa dough made from spray-dried masa flour 
(1:l flowwater, 75 f 1 g), fresh masa dough made from cooked, 
limed corn (nixtamalized) (75 f 1 g), or totilla (75 f 1 g) sample 
was added to 200 mL of saturated sodium chloride solution and 
blended for 10 s in a Waring Blendor (Dynamic Corp., New 
Hartford, CT). Sample slurries were poured into 500-mL round- 
bottom flasks to which an internal standard (ethyl heptanoate, 
Aldrich Chemical Co., Milwaukee, WI; 50 pL of an 830 ppm of 
hexane solution) was added prior to purging. Tenax GC traps 
were prepared by packing a Pasteur pipet with 0.20 * 0.05 g of 
adsorbent. After the trap was attached to a glass purge head, the 
assembly was fitted on top of each flask and headspace volatiles 
were collected and concentrated by purging agitated samples 
under a steady stream of nitrogen (240 mL/min) for 3.5 h a t  room 
temperature (21 "C). After samples were purged, volatiles were 
extracted from Tenax GC traps using approximately 0.5 mL of 
anhydrous diethyl ether (99% +, Aldrich Chemical Co.) and 
concentrated under a slow stream of nitrogen to 10-15 1L prior 
to gas chromatographic analysis. 

(b)  Sample Analysis. Concentrated ether extracts of head- 
space volatiles were analyzed using capillary column gas chro- 
matography (GC) for compound quantification, packed column 
GC for odor assessments of peak areas, and gas chromatography 
in conjunction with mass spectrometry (GC-MS) for compound 
identification. Capillary GC separation of volatile compounds 
was achieved using a gas chromatograph (Hewlett-Packard Model 
HP 5890A Series 11, Avondale, PA) equipped with a Carbowax 
20M (30 m X 0.32 mm i.d., 0.25-pm film thickness) fused silica 
capillary column (Supelco, Inc., Bellefonte, PA) and operated 
with helium as the carrier gas. A program rate of 50 "C (4-min 
hold) to 220 "C at  4 "Cimin was employed. Chromatographic 
data were processed with a computing integrator (Hewlett- 
Packard Model HP  3396A). 

Ether extracts were also odor-assessed to identify qualitative 
characteristics of eluting peaks off a packed column. Odor 
assessments were achieved using a Varian 3700 gas chromatograph 
(Varian Associates, Palo Alto, CA) equipped with a variable 
effluent splitter assembly (SGE, Houston, TX) that was set at  
1001 in favor of the exit port. Packed column separations were 
carriedout with a 3 m X 2 mm i.d. silane-deactivated glass column 
containing 7 % Carbowax 20Mon 80-100-mesh Chromosorb AWI 
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DMCS (Alltech Associates, Deerfield, IL) using a temperature 
program rate of 50 "C (4-min hold) to 220 "C at  4 "C/min. 

Mass spectra were obtained using a Finnigan 4500 mass 
spectrometer fitted with the same Carbowax 20M capillary 
column and using the same temperature program rate as 
previously described. Identification of peaks in chromatograms 
was achieved by matching electron impact (70 ev) mass spectral 
data to those published in EPAINZH Mass Spectral Data Base 
(Heller and Milne, 1975,1980) or those of authentic compounds. 
Coincidence of retention indices ( Z E ;  Van den Do01 and Kratz, 
1963) of unknown compounds with authentic compounds and 
odor quality of peak areas were also employed for compound 
identification. Standard compounds were obtained from either 
Aldrich Chemical Co., Pyrazine Specialties, Inc. (Atlanta, GA), 
or Bedokian Research, Inc. (Danbury, CT) to confirm unknown 
identities and to establish response factors and recoveries from 
purged samples. 

Response and recovery factors were determined for compounds 
identified in corn samples when commercial standards were 
available. Response factors were calculated from peak areas of 
known weights of each standard compared to that of the internal 
standard, ethyl heptanoate. Recovery factors were determined 
by comparing purged quantities of known weights of each 
standard to the internal standard (ethyl heptanoate) when added 
to 25 g of wheat flour (Gold Medal, General Mills, St. Paul, MN). 
Wheat flour was chosen as the carrier to minimize compound 
interference from corn volatiles while simulating a corn flour 
matrix. Purging conditions were the same as those employed for 
the corn samples. Concentrations were calculated from headspace 
volatiles, and percent recovery was determined after peak areas 
from a flour-only blank were subtracted. Response factors and 
percent recoveries were determined on a weight/weight basis. 

Proximate Analysis. Fat, moisture, protein, and ash deter- 
minations were made on spray-dried masa flour, fresh masa dough, 
and fresh corn tortillas using AOAC testing procedures (AOAC, 
1980). 

Taste Panel Procedures. ( a )  Sample Preparation. Samples 
of fresh tortillas were heated on each side for 5-10 on a preheated 
nonstick griddle (190 * 10 "C). After heating, tortillas were cut 
into six pie-shaped wedges. Three wedges were placed in three- 
digit randomly coded covered glass Petri dishes and placed in a 
warm oven (110 f 10 "C) until presentation to the panelists. 
Samples were held no longer than 10 min in the warm oven. 

( b )  Taste Panel Protocol. Thirty-three panelists were recruited 
from the students, staff, and faculty at the University of 
Maryland-College Park in the Department of Human Nutrition 
and Food Systems to participate in the evaluation of corn tortillas. 
After being familiarized with the product and ballot, panelists 
were seated in individual booths equipped with standard indoor 
fluorescent lighting (400 lx). Once seated, panelists were 
presented with a tray of randomly coded warm tortilla samples, 
a descriptive flavor analysis ballot consistingof unmarked 7-point 
linear scales for each attribute (Meilgaard et  al., 1987), a glass 
of water, and unsalted soda crackers. Panelists were asked to 
evaluate each sample for overall corn odor intensity, fresh corn 
flavor intensity, toasted corn flavor intensity, sweetness intensity, 
aftertaste intensity, toughness, and overall preference. Panelists 
were allowed to choose the order of sampling, which randomized 
sampling order. Ballots were decoded on a 7-point scale from 1 
to 7 (Meilgaard et al., 1987), and data were analyzed using a 
one-way analysis of variance and least significant differences 
(LSD) to identify significant differences among samples (Snede- 
cor and Cochran, 1969). 

RESULTS AND DISCUSSION 

The development of thermally generated volatile com- 
pounds in spray-dried masa flours and tortillas results 
from the interactions of corn-contained amino acids, 
carbohydrates, lipids, and carotenoids under elevated 
temperatures and alkaline conditions. Concentrations of 
headspace volatiles isolated from masa doughs and fresh 
tortillas using capillary gas chromatographic separations 
(Figure 1) are listed in Table I. Volatile concentrations 
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Figure 1. Gas chromatogram of headspace volatiles from mma dough made from spray-dried masa flour separated on a 30 m X 0.32 
mm Carbowax 20M fused silica capillary column. The identities of numbered peaks are listed in Table I. 

reported in Table I were calculated from wet sample 
weights; therefore, variations in moisture contents (Table 
11) may account for some of the small differences observed 
among samples (Table I). 

Many of the volatile compounds isolated from the 
headspace of masa doughs and fresh tortillas have been 
previously identified in corn-based (Boyko, 1978; Bruechert 
et al., 1988; Ho et al., 1989b; Huang et al., 1987) and amine- 
carbohydrate model systems (Arnoldi et al., 1988; Baltes 
et al., 198% Izzoand Ho, 1992; Koehler et  al., 1969; Koehler 
and Odell, 1970; Salter et al., 1988; Tressel et al., 1989; van 
Praag et al., 1968). Concentrations of protein, carbohy- 
drate, and lipid found in fresh masa dough, spray-dried 
masa dough, and fresh tortillas provide substantial quan- 
tities of the necessary precursors for the formation of 
volatile flavors and aromas (Table 11; Bressani et al., 1990; 
Ranhotra, 1985; Saldana and Brown, 1984). 

Masa-Making Processes That Influence Chemical 
Reactions. Hydrolysis of the macronutrients present in 
corn to form free amino acids, monosaccharides, and free 
fatty acids is aided by the elevated temperatures (60 f 5 
"C), pHs (9-10.5), and moderate steeping times (5-6 h) 
employed in the masa-making process. Although it has 
been suggested that washing of steeped masa results in 
the loss of some suspended and soluble solids (Bressani 
et al., 1990; Pflugfelder et al., 1988), it is likely that 
substantial concentrations of amino acids and monosac- 
charides remain in the masa to provide the necessary 
precursors to participate in the Maillard browning or 
Strecker degradation reactions (Hodge, 1953,1967; Koe- 
hler et al., 1969; Koehler and Odell, 1970; Newel1 et al., 
1967; Schonberg and Moubacher, 1952). 

In general, moderate temperatures employed in the 
steeping process (60 f 5 "C) would not be expected to 
produce large quantities of reaction flavor compounds 
(Shibamoto and Bernhard, 1977); however, temperatures 
greater than 100 "C have been shown to produce sub- 
stantial concentrations of alkylpyrazines (Koehler and 
Odell, 1970; Shibamoto and Bernhard, 1976). Although 
it is not unusual for nonenzymic browning products to 
develop at low temperatures, the rate of their formation 
is substantially reduced (Baisier and Labuza, 1992; Leahy 
and Reineccius, 1989a,b; Rizzi, 1988; Shibamoto and 
Bernhard, 1976). As noted in Table I, concentrations of 
all measured volatiles were low in fresh masa dough, with 
many being absent from the headspace profile. By 
comparison, concentrations of volatiles in commercially 
spray-dried products were higher than those found in fresh 

masa products, which was reflective of the elevated 
temperatures employed in the various heating processes 
that are involved in commercial spray-drying. 

The final heat treatment in the tortilla-making process 
occurs after the masa dough is formed into thin shells. 
Traditional cooking of tortilla shells employs a hot iron 
plate (200 "C) which is used to cook the tortillas for 2 min 
on each side (Ortega et al., 1986). In contrast to iron plate 
cooking where conductive heating predominates, indus- 
trially manufactured tortillas are oven-baked in cooking 
tunnels which utilize convection heating. Therefore, in 
addition to ingredient variations, differences in cooking 
techniques may also contribute to variations observed in 
the flavor and aroma profiles of tortilla samples (Table I). 

Formation of Alkylpyrazines. Browning reactions 
produce many alkylpyrazines and other heterocyclic 
compounds that exhibit nutty, meaty, toasted, burnt, 
floral, and planty character notes (Table 111; Maga, 1982; 
Masuda and Mihara, 1988; Mihara et al., 1991). Many of 
these aromas were observed when GC separations of masa 
flour and tortilla extracts were odor-assessed (Table I) 
and were similar to aromas reported for corn germ protein 
flours (Huang and Zayas, 1991). 

Twelve alkylpyrazines were identified in spray-dried 
masa products; however, coelution, similar mass spec- 
trometry fragment patterns, or overlapping odor charac- 
teristics made it difficult to positively identify pyrazines 
at  retention indices of 8.14 and 8.53 (Table I). Many of 
the pyrazines identified had potent aroma characteristics 
and could be detected at  low concentrations (Table 111). 

Many studies have shown that a number of amino acids 
readily react with monosaccharides to form alkylpyrazines 
(Rizzi, 1972; Shibamoto and Bernard, 1976; 1977; Wong 
and Bernard, 1988; Leahy and Reineccius, 1989a,b; Whit- 
field, 19921, and masa flours contain substantial amounts 
of these amino acid and monosaccharide precursors. 
Glutamic acid has been reported as the most abundant 
amino acid in corn protein (18%; Ortega et al., 1986; 
Sanderson et al., 1978). However, traditional methods of 
amino acid analysis that employ chemical hydrolysis of 
peptide bonds readily convert glutamine to glutamic acid, 
thus resulting in the inability to distinguish between 
glutamic acid and glutamine content in corn products 
(Mathews and van Holde, 1990). Although it is unclear 
as to the percent composition of glutamate and glutamine 
in corn proteins, either amino acid could participate in 
browning reactions under elevated temperature and pH 
conditions. 
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Table I. Compounds in Masa Doughs and Tortillas Made from Fresh and Spray-Dried Masa Flours 
concn: ppb 

peak 20M masa withfresh masa flour 
compound no. I E ~  dough masadough dough tortilla IDb 

2-methylpyrazine 
2,5-dimethylpyrazine 
2,6-dimethylpyrazine 
2-ethylpyrazine 
2,3-dimethylpyrazind 
2-ethyl-5-methylpyrazine 
2-ethyl-6-methylpyrazine 
2-methoxy-34sopropylpyrazinef 
2-ethyl-3,6-dimethylpyrazine 
2-ethyl-3,5-dimethylpyrazin& 
2-ethenyl-5-methylpyrazine 
2,3-diethyl-5-methylpyrazine1/ 

3,5-diethyl-2-methylpyrazinei 

9 
13 
14 
15 
17 
20 
21 
26 
27 
29 
30 
32 

hexanal 1 
2- heptanone 4 
heptanalf 5 
trans-2-hexenalf 7 
3-octanond 8 
octanal 11 
1-octen-3-ond 12 
2-nonanonH 22 
nonanal 23 
3-octen-2-one 24 
2-octenal 25 
l-octen-3-olg 29 
trans,trans-2,4-heptadienal 31 
decanal 33 
trans,cis-3,5-octadien-2-one 35 
trans-2-nonenal 36 
trans,trans-3,&octadien-P-one 37 
trans,cie-2,4-decadienal 41 
trans,trans-2,4-decadienal 42 
ethyl heptanoate, internal standard (is.) 18 

6.20 
6.71 
6.76 
6.85 
6.98 
7.40 
7.44 
7.95 
8.00 
8.14 
8.39 
8.53 

Pyrazines 
trd 
5 

tr 
-e 

- 
- 
- 
0.6 
5 - 
- 
4 

34 
8 

13 
2 
3 
1 

0.4 
1 
5 
1 
3 

- 

Lipid Oxidation Compounds 
4.39 27 54 
5.42 29 3 
5.45 7 5 
5.74 tr 1 
6.16 1 1 
6.50 2 2 
6.62 1 
7.50 4 1 
7.55 4 7 
7.64 1 - 
7.85 2 
8.14 tr 
8.44 - 
8.61 5 
8.80 1 0.6 
8.89 2 
9.31 0.7 1 

11.11 2 
11.53 

- 

- 
- 

- 
- 

- 

- 
- - 

7.00 its. i.s. 

22 
65 
8 

12 
11 
10 
3 
3 

32 
18 
6 
7 

193 
6 

14 
tr 
10 
7 
3 
1 

37 
8 

11 
tr 
5 
8 
2 
3 
2 
3 
5 

is. 

183 
62 
18 
7 
8 
7 
3 
3 

13 
53 

10 
- 

133 
9 

49 
12 
10 
16 
4 
1 

19 
18 
6 
tr 
1 
5 

4 
1 

6 
i s .  

- 

- 

IE ,  MS, odor 
IE, MS 
IE, MS 
IE, MS 
IE ,  odor 
IE, MS 
IE, MS 
IE, odor 
IE, MS, odor 
IE ,  MS,h odor 
IE, MS 
IE,  MS, odor 

IE ,  MS, odor 
IE, MS 
IE, odor 
IE, odor 
IE 
IE, MS, odor 
IE, odor 
IE 
IE, MS 
IE, MS 
IE, MS 
IE ,  MSh 
IE, MS 
IE, MS 
IE, MS 
IE, MS 
IE, MS 
IE, MS 
IE, MS 

Protein, Carbohydrate, Carotenoid, Lipid Reaction Compounds 
3-methyl-1-butanol 6 5.65 5 8 27 73 IE, MS 
2-(methy1imino)-3-butanonek 19 7.17 2 3 3 7 IE, MS, odor 
methionalf 28 8.08 9 5 23 12 IE ,  odor 
benzaldehyde 34 8.67 2 5 31 13 IE, MS 
donone' 43 11.94 4 IE &ionone 44 12.80 - 35 24 73 IE, MS, odor 

pyridind 3 5.30 3 5 48 IE, odor 
2-ethylpyridind 10 6.35 3 5 IE, odor 
2-acetylpyrroline 16 6.91 tr 1 8 10 IE,  MS, odor 
2-acetylpyridine 38 9.51 2 8 IE, MS 

- - - 

Other Nonenzymic Browning Reaction Compounds 
- 
- - 

- - 

[I Retention indices; Van den Do01 and Kratz (1963); Carbowax 20M capillary column. * IE,  retention index; MS, mass spectrometry; odor, 
odor assessment. Concentrations calculated using % recovery data (Table 111). Values reflect the average of at least duplicate runs and are 
within 20% variation of the mean. Trace amounts detected only by retention indices and odor assessment on a packed column. e Not detected 
analytically. f Tentative identification baaed on retention index and odor assessment. g Coelution of compounds prevents separation. h MS 
spectra contained fragment patterns from both l-octen-3-ol and 2-ethyl-3,5-dimethylpyrazine. Similar retention indices, mass spectra, and 
odor of 2,3-diethyl-5-methyl- and 3,5-diethyl-2-methylpyrazine made it difficult to determine the identity of the pyrazine at this location. 
I Tentative identification based on retention index of reference standard. Tentative identification by retention index, mass spectrometry, 
and odor assessment. 

In model systems where glutamate and glycine were amino acid profile (Ortega et al., 1986; Sanderson et al., 
reactedwithglucoee for 4 hat  120 OC, 2,5dimethylpyrazine 1978). Its role in alkylpyrazine formation has been 
was preferentially formed over 40 times faster than 2,6- demonstrated by Arnoldi et al. (1988), where its reaction 
dimethylpyrazine when glutamate was used as the amino with fructose in the presence of cocoa butter and water 
acid precursor (Wong and Bernhard, 1988). Concentra- produced a variety of alkylpyrazines including 2-ethenyl- 
tions of glutamic acid in corn proteins (18% ; Ortega et al., 5-methylpyrazine which was identified in this study (Table 
1986; Sanderson et al., 1978) could account for the presence I). 
of 2,Bdimethylpyrazine and 2,6-dimethylpyrazine under An intense earthy potato-like aroma at the retention 
masa-making conditions. Results reported in Table I index of 7.95 in all masa samples suggested the presence 
indicate that products undergoing high heat treatment of 2-methoxy-3-isopropylpyrazine. Ita low threshold con- 
show increased concentrations of 2,5- and 2,6-dimeth- centration (0.002 ppb; Seifert et al., 1970) allowed for its 
ylpyrazine. aroma characterization from GC separations of extracts 

Of the other amino acids present in corn protein, leucine (Table I) even though MS identification was not achiev- 
is next in abundance at approximately 12 % of the total able. Multiple collections and/or use of solvent extractions 
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Table 11. Proximate Analysis and pH Values of Fresh 
Masa Dough, Fresh Tortillas, Spray-Dried Masa Dough, 
and Spray-Dried Tortillas 
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reported by Day et al. (1958), and it was generally higher 
in spray-dried flours and tortillas compared to fresh-made 
dough products (Table I). Additionally, methional con- 
centrations in tortillas were observed to be lower compared 
to their corresponding doughs (Table I). Increased 
concentrations in spray-dried products would be expected 
because of the higher heat treatment employed. The drop 
in methional concentration in the finished tortillas com- 
pared to the doughs would indicate that the additional 
heat treatment caused further degradation of the me- 
thional to lower molecular weight sulfur compounds or 
that methional participated in other heat-induced reac- 
tions. 

From the data presented in Table I, it is observed that 
concentrations of most alkylpyrazines increased when fresh 
tortillas were evaluated compared to the fresh m w  dough, 
but only 2-methylpyrazine and 2,6-dimethylpyrazine 
showed substantial increases after spray-dried flour was 
made into tortillas. 

Increased concentrations of pyrazines in tortilla samples 
would suggest the development of increased roasted/ 
toasted flavors in the finished product (Tables I and 111). 
When warmed tortillas were evaluated by descriptive flavor 
analysis, spray-dried masa tortillas were rated higher in 
toasted corn flavor intensity (mean score of 3.35; Table 
IV) compared to fresh masa tortillas (mean score of 3.24; 
Table IV). However, mean scores were not significantly 
different at  the 0.05 level (Table IV). This observation 
may be explained in part by the presence of higher 
concentrations of methional, which has been shown to 
suppress flavor and aroma (Dunn and Lindsay, 1985) and 
cause undesirable stale flavors when present in concen- 
trations above its threshold (Visser and Lindsay, 1971). 

Formation of Compounds Contributing Popcorn 
and Toasted Corn Chip Flavors. 2-Acetyl-1-pyrroline 
and 2-(methylimino)-&butanone are two compounds that 
have been identified as contributing popcorn-like (Buttery 
et al., 1983; Buttery and Ling, 1982; Lin et al., 1990; 
Schieberle, 1991) and corn chip-like (Parliament, 1989) 
aromas, respectively. Strong popcorn aromas were odor- 
assessed at  the retention index of 6.91 and corn chip-like 
aromas at an IE of 7.17. Mass spectral fragment patterns 
at these retention indices were compared to those previ- 
ously published for 2-acetyl-1-pyrroline (Lin et al., 1990) 
and 2-(methylimino)-3-butanone (Parliament, 1989). Ra- 
tios of mass fragments were observed to be 43 (lOO), 41 
(54), 69 (40), 55 (36), 111 (18), 58 (17),38 (14),68 (lo), 83 
(lo), and 84 (1) for the compound identified as 2-acetyl- 
1-pyrroline and 56 (loo), 43 (72),42 (49), 55 (46),41(44), 
69 (231, 57 (12), 85 (81, 54 (31, 40 (31, and 99 (1) for the 
compound identified as 2-(methylimino)-3-butanone. Since 
a standard of 2-(methylimino)-3-butanone was unattain- 
able, peak confirmation was considered to be only tentative 
based on the mass spectral fragment pattern and odor 
characteristic. Concentrations of 2-(methylimino)-3-bu- 
tanone were calculated using the response factor and 
percent recovery determined for 2-acetyl-1-pyrroline be- 
cause it was observed to be structurally similar to 2-acetyl- 
1-pyrroline (Parliment, 1989). 

Proline is the precursor of 2-acetyl-1-pyrroline (Schie- 
berle, 1989,1990,1991). Its Strecker degradation product, 
1-pyrroline (Yoshikawa et al., 19651, has been shown to 
readily react with sugar degradation products to form 
2-acetyl-1-pyrroline (Schieberle, 1989,1990). Since proline 
is abundant in corn protein (8%; Ortega et al., 1986; 
Sanderson et al., 1978), it can play a substantial role in the 
formation of popcorn-like flavors and aromas in masa 
products. 

% composition" of 

fresh tortilla made with made with 
masa made with spray-dried spray-dried 

analysis dough freshmasa masaflour masaflour 

masadough tortilla 

moisture 54.33 49.69 57.81 46.42 
protein 4.90 5.70 4.60 5.60 

ash 0.98 0.85 0.84 0.73 
carbohydrate 37.49 41.16 34.20 44.25 

PH 9.47 6.99 6.89 7.03 

*0.15%. 

crude lipid 2.30 2.60 2.55 3.00 

by difference 

Values reflect mean scores of duplicate analysis and vary within 

would be necessary to obtain concentrations high enough 
for MS identification. 

Although 2-methoxy-34sopropylpyrazine has been as- 
sociated with volatiles produced in vegetables (Gallois and 
Grimont, 1985; Seifert et al., 19701, it has not been 
previously identified in corn-based products. The mech- 
anism responsible for its formation has been recently 
investigated by Cheng et al. (1991) using cultures of 
Pseudomonas perolem and labeled pyruvate. Enzyme- 
mediated reactions were shown to be responsible for the 
conversion of valine, glycine, and methionine to 2-methoxy- 
34sopropylpyrazine. 

In addition to enzyme-mediated formation, Arnoldi et 
al. (1988) identified three 2-methoxy-3-alkylpyrazines in 
model systems containing lysine, cocoa butter, and fructose 
that appeared to be generated from chemical reactions of 
precursors under elevated temperatures. Since fructose 
could be generated in masa products from alkali-catalyzed 
enolization of glucose to fructose (Speck, 19581, appropriate 
amino acid/carbohydrate precursors could exist in lime- 
processed corn products that would allow the formation 
of this compound. A proposed mechanism responsible 
for their formation was not discussed; however, these 
findings suggest that, in addition to enzyme-mediated 
reactions, chemical reactions involving the interactions of 
lipid, protein, and carbohydrates could contribute to the 
formation of 2-methoxy-3-isopropylpyrazine. Further 
study is necessary to confirm the possibility of chemically 
forming 2-methoxy-34sopropylpyrazine under conditions 
that favor the formation of other browning reaction 
products. 

The presence of methional in masa doughs and tortillas 
deserves attention at this time because of its aromatic 
property and flavor-modifying characteristics. It is well 
established that this Strecker aldehyde (Dunn and Lind- 
say, 1985; Whitfield, 1992) exhibits a strong boiled potato 
aroma Characteristic when present in concentrations above 
its threshold (Schieberle, 1991; Schieberle and Grosch, 
1989). It was initially believed that the strong potato aroma 
eluting at the retention index of 8.08 was from the residual 
potato aroma observed at  the retention index of 7.95. 
However, the two potato aromas exhibited very different 
potato odor qualities. The compound eluting at  the IE of 
7.95 was reminiscent of an earthy-potato aroma which is 
typical of 2-methoxy-3-isopropylpyrazine whereas the 
compound eluting at  the IE of 8.08 gave more of a boiled 
potato aroma that was characteristic of methional (Table 
III). Because of these odor and retention index differences, 
the two potato-like compounds were tentatively identified 
as 2-methoxy-3-isopropylpyrazine and methional. 

The concentration of methional in dough made from 
spray-dried masa flour was above the threshold value 
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Table 111. Response Factors and Percent Recovery of Compounds in Masa Doughs and Tortillas Made from Fresh Masa 
Dough and Surau-Dried Masa Flour 

Karahadian and Johnson 

compound 
response 
factop % recoveryb threshold: ppm odor descriptor (flavor/odor)d 

2-methylpyrazine 
2,5-dimethylpyrazine 
2,6-dimethylpyrazine 
2-ethylpyrazine 
2,3-dimethylpyrazine 
2-ethyl-5-methylpyrazine 
2-ethyl-6-methylpyrazine 
2-methoxy-3-isopropylpyrazine 
2-ethyl-3,6-dimethylpyrazine 
2-ethyl-3,5-dimethylpyrazine 
2-ethenyl-5-meth~lpyrazine~ 
2,3-diethyl-5-methylpyrazine 
3,5-diethyl-2-methylpyrazinef 

hexanal 
2-heptanone 
heptanalg 
trans-2-hexenal 
3-octanone 
octanalg 
1-octen-3-oneh 
2-nonanone 
nonanal 
3-octen-2-one 
2-octenal 
1-octen-3-01 
trans,trans-2,4-heptadienal 
decanal 
trans,cis-3,5-octadien-2-oneh 
trans-2-nonenal 
trans,trans-3,5-octadien-2-oneh 
trans,cis-2,4-decadienal 
trans, trans-2,4-decadienal 

3-methyl-1-butanol 
2-(methylimino)-3-butanonei 
methional 
benzaldehyde 
a-ionone 
0 ionond 

pyridine 
2-ethylpyridine 
2-acetyl-1-pyrroline 
2-acetylpyridine 

1.05 
1.09 
1.01 
1.04 
1.05 
1.03 
1.04 
1.16 
0.81 
0.81 
1.04 
0.97 
0.97 

1.09 
0.88 
1.01 
0.99 
0.93 
1.01 
0.87 
0.83 
1.01 
0.87 
0.94 
0.75 
0.95 
0.91 
0.87 
0.96 
0.87 
0.96 
0.93 

12 
18 
14 
34 
15 
37 
38 

104 
23 
16 
38 
50 
50 

Pyrazines 
60 (2) 
0.8 (3) 
0.2 (3) 
6 (2) 
2.5 (2) 

0.1 (3) 
2 X lo4 (6) 
4 x 10-4 (3) 
1 x 10-3  (3) 

roasted (4, l l ) ;  nutty, green (5); grassy (2) 
grassy, “cornnuts” (2); fine, roasted (4) 
ether-like with corn note (2); roasted, nutty (4) 
green, roasted (4); buttery, rum (11) 
pleasant, roasted (4); new leather, linseed oil (11) 
nutty (6) 
nutty (6); grassy (2) 
earthy (1, 5, 10, 12); potato-like (1,12); nutty (12) 
potato-like (9,lO); woody, musty (13); roasted pungent (2) 
chocolatey sweet, woody, musty (13) 

potato-like (9) 

Lipid Oxidation Compounds 
109 4.5 X (1) green (8) 
136 3 (1) blue cheese (13) 
61 3 X (3) heavy, planty green (13) 

100 1.7 X le2 (3) heavy, planty green (13) 
118 5 X 10-2 (5) earthy, ketonic, mushroom-like (12) 
61 7 X lo4 (3) pungent, slightly fragment (4) 
80 5 X lo4 (3) mushroom-like (8) 
77 7.7 (1) blue cheese (13) 
61 1 x 10-3 (3) slightly pungent (4) 
80 unripe, green fruit (13) 
48 3 X (3) fatty, nutty (8) 
58 1 X (5) raw mushrooms (13) 
66 hay-like (13) 
56 1 x 10-4 (3) 
80 hay-like, oxidized odor (13) 
41 8 X (3) green, tallowy (8,9) 
80 hay-like, oxidized odor (13) 
39 fatty, waxy (9) 
22 7 X (3) fatty, waxy (8); fatty, fried fat (9) 

Protein, Carbohydrate, Carotenoid, Lipid Reaction Compounds 
1.24 45 4.75 (8) malty (10) 
1.10 57 corn chip-like (7) 
1.32 24 1.6 x le2 (4) boiled potato-like (9,10,11); cheese cracker-like (14) 
0.94 81 3 X 10-3 (1) almond-like (13) 
0.83 7 cedar-like, floral (13) 
0.82 7 7 X 104 (3) cooked carrots, floral (13) 

Other Nonenzymic Browning Reaction Compounds 
0.92 19 2 (3) solvent-like (13) 
0.85 50 green, planty (13) 
1.10 57 1 x 10-4 (7) cracker-like (3,lO); roasty (8,9); popcorn-like (9) 
1.05 14 1.9 x (3) corn chip-like (13) 

a Response factor calculated in comparison to ethyl heptanoate, the internal standard. Percent recovery obtained by purging known 
concentrations of standards added to wheat flour compared to ethyl heptanoate, internal standard. Threshold in water; reference indicated 
in parentheses: 1, Frazzalari (1978); 2, Guadagni et al. (1972); 3, Leffingwell and Leffingwell (1991); 4, threshold in milk, Day et al. (1958); 
5, Pyssalo and Suihko (1976); 6, Seifert et al. (1970); 7, Schieberle and Grosch (1989); 8, Sheldon et al. (1971). Descriptive odors of compounds; 
reference indicated in parentheses: 1, Gallois and Grimont (1985); 2, Boyko (1978); 3, Buttery et al. (1983); 4, Jayalekshmy et al. (1991); 5, 
Masuda and Mihara (1988); 6, Mihara et al. (1991); 7, Parliment (1989); 8, Schieberle (1989); 9, Schieberle (1991); 10, Schieberle (1990); 11, 
Schieberle and Grosch (1989); 12, Karahadian et al. (1985); 13, odor of standard as described by the authors; 14, Day et al. (1958). e Response 
factor and % recovery of 2-ethyl-5-methylpyrazine used due to similarity of structure. f Response factor and 5% recovery of 2,3-diethyl-5- 
methylpyrazine used due to similarity of structure. g Response factor and % recovery of nonanal used due to similarity of structure. /I Response 
factor and 7% recovery of 3-octen-2-one used due to similarity of structure. Response factor and % recovery of 2-acetyl-1-pyrroline used due 
to similarity of structure (Parliment 1989). j Percent recovery of a-ionone used because of coelution with peaks in flour-only blank. 

Although concentrations of both 24methylimino)-3- 
butanone and 2-acetyl-1-pyrroline were found in highest 
concentrations in spray-dried masa tortillas, measurable 
concentrations in other masa products suggest that they 
may be able to form at lower temperatures if conditions 
such as elevated pH exist (Table I). 

When fresh corn flavor intensities were evaluated by 
taste panelists, fresh masa tortillas exhibited a fresher 
corn flavor intensity compared to the spray-dried tortillas 
(Table IV); however, mean scores were not significantly 
different at the 0.05 level. When asked to describe the 
corn flavor of each sample, 45 % of the panelists responded 
that the corn flavor was corn chip-like in the spray-dried 

sample, whereas only 24 % described the fresh tortillas as 
having a com chiplike character. Although concentrations 
of these corn-contributing compounds were slightly higher 
in spray-dried tortillas (Table IV), it may be possible that 
their contribution to roasted corn flavor was modified by 
other compounds in the matrix. 

Formation of Lipid Oxidation Products. In addition 
to browning reaction products, compounds resulting from 
the oxidation of lipids contribute to the flavors and aromas 
of food. Typically, lipid oxidation products that are odor/ 
flavor-active are shorbchain carbonyl compounds (alde- 
hydes and ketones) and acids (Grosch, 1987; Whitfield, 
1992). Many of the degradation compounds formed in 



Heedspace Voletiles of Corn Tortillas 

Table IV. Comparative Descriptive Sensory Properties of Corn Tortillas Made from Fresh Masa Dough and Spray-Dried 
Masa Flour 

J. Agrlc. Foodchem., Vol. 41, No. 5, lQQ3 787 

~~~ ~~ ~ ~ ~~ 

sensory attributes (mean scores, n = 33)" 
overall corn fresh corn toasted corn sweetneas aftertaste overall 

sample description odor intensityb flavor intensityb flavor intensityb intensityb intensityb toughnessc preferenced 
tortillas 4.338 3.558 3.24' 2.93' 3.41' 3.948 3.79' 
made with fresh masa dough 
tortillas 3.91a 3.28" 3.358 2.71a 3.76a 3.79' 3.448 
made with spray-dried masa flour 
LSD NS NS NS NS NS NS NS 

pronounced. c Scale: 1 = not tough; 7 = extremely tough. Scale: 1 = dislike extremely; 7 = like extremely. 
Mean scores in the same column with the same superscripts are not significantly different (p < 0.05). Scale 1 = imperceptible; 7 = very 

oxidizing corn products are derived from the oxidation of 
oleic, linoleic, and small amounts of linolenic acids which 
are found in corn oils (Snyder et al., 1985) and corn tortillas 
(Bressani et al., 1990). Consequently, saturated and 
unsaturated 6-, 8-, 9-, and 10-carbon compounds that would 
be expected in the volatile headspace profiie were observed 
in this study (Table I). In general, higher concentrations 
of lipid oxidation products were observed in spray-dried 
masa products than in products that were made from fresh 
masa doughs and total volatile concentrations of com- 
pounds derived from lipid degradations were lowest in 
fresh masa doughs (Table I). 

It is interesting to note that, in spite of the relatively 
high concentration of lipids present in masa products 
(Table 11), low concentrations of volatile oxidation com- 
pounds were observed in all samples as compared to 
volatiles produced from oxidizing corn oils (Table I; Snyder 
et al., 1985). This observation has been made in previous 
studies where model systems containing lipids, protein, 
and carbohydrate were allowed to react at  elevated 
temperatures (Hoet al., 1989a,b; Huanget al., 1987; Macku 
and Shibamoto, 1991a,b). 

Various explanations have been proposed to account 
for this occurrence. a,@-Unsaturated aldehydes produced 
from lipid oxidations have been shown to undergo ret- 
roaldol degradation under elevated temperatures and 
alkaline conditions (Josephson and Glinka, 1989; Joseph- 
son and Lindsay, 1987a,b). Because concentrations of 2,4- 
decadienal are much lower than would be expected in 
oxidizing corn oil systems (Snyder et al., 19851, it is possible 
that the alkaline conditions employed in the masa-making 
process could encourage the retroaldol degradation of 2,4- 
decadienal to hexanal and 2-octenal (Josephson and 
Glinka, 1989; Josephson and Lindsay, 1987a,b). Both 
2-octenal and hexanal were produced in masa products, 
with hexanal showing the highest concentration of all 
aldehyde oxidation producta (Table I). However, hexanal 
should not be used as the primary indicator of retroaldol 
reactions because it is also formed from hydroperoxide 
degradation at the n - 6 carbon of linoleic acid. 

Bruechert et al. (1988) proposed another explanation 
for the observed low concentrations of 2,4-decadienal in 
lipid-containing model systems. They proposed that under 
elevated temperatures, 2,4-decadienal can undergo cy- 
clization to form benzaldehyde. In this study, benzalde- 
hyde was identified in all samples; however, if substantial 
concentrations were converted from 2,4-decadienal, one 
would expect much higher concentrations compared to 
those observed (Table I). 

In addition to retroaldol and cyclization reactions, some 
of these lipid oxidation producta have been shown to react 
with proteins to form long-chain substituted heterocyclic 
ring compounds (Bruechert et al., 1988; Chiu et al., 1990; 
Ho et al., 1989a,b; Huang et al., 1987; Macku and 
Shibamoto, 1991a,b). It would seem likelythat long-chain 
alkyl-substituted pyrazines would form during spray- 

drying of masa flours because of the presence of oxidizing 
lipids (Ho et al., 1989a,b); however, none of these com- 
pounds were detected in this study or that of Salter et al. 
(1988). Studies that successfully isolated and identified 
these pyrazines employed distillation instead of headspace 
techniques, which could account for this observation. 

Compounds Derived from Carotenoid Oxidations. 
In addition to unsaturated lipids, other unsaturated 
compounds such as carotenoids can also undergo oxidation 
and cleavage to form volatile flavor and aroma compounds. 
@-Ionone, which exhibits cooked vegetable, floral-like 
aromas (Table 111), results from the oxidation and sub- 
sequent cleavage of @-carotene (Ho et al., 1989a; Onyewu 
et al., 1989). Although many isomers exist, @-ionone is 
the most predominant isomer produced from @-carotene. 
Processing conditions as well as exposure to air during 
storage will result in the formation of this and other ionone 
compounds. The trends observed for other heat-induced 
compounds are similar for concentrations of @-ionone in 
samples of masa flours (Table I). Although concentrations 
of a-ionone were not measurable in tortillas made with 
spray-dried flour, a variety of floral and cooked vegetable 
aromas were observed from odor assessments of sample 
extracts. 

Results from this study have shown that spray-dried 
masa flour contains higher concentrations of characterizing 
volatiles as compared to fresh masa dough, which is also 
generally observed for the fresh tortillas made from these 
ingredients. Although concentrations of volatiles in masa 
flours seem to reflect differences in processing parameters, 
no significant differences were observed in the sensory 
attributes tested for each tortilla. However, trends were 
observed in sensory analysis data that indicated tortillas 
made with spray-dried masa flour had less intense fresh 
corn aroma and flavor qualities and a more pronounced 
toasted corn flavor quality. Panelists showed no significant 
difference in preference for any of the tortilla samples 
tested (Table IV); however, the small sample size employed 
in this study can only provide directional information in 
the evaluation of product preference. More importantly, 
if producers of fresh tortillas are targeting a specific ethnic 
population, product preference testing using a large sample 
size of target consumers needs to be undertaken because 
even small differences observed in attributes may be 
perceived as unacceptable to those who are used to the 
traditional product. 
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