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flavor, and aroma fraction of roasted peanuts or perhaps to 
the presence of one or more pyrazines as suggested by Mason 
e ta l .  (1966). 
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Eating Quality, Sulfhydryl Content, and TBA Values of Turkey Breast Muscle 

Jane A. Bowers 

Selected flavor and aroma components, juiciness, meat had intermediate scores; and conventionally 
sulfhydryl groups, and TBA values were determined reheated had the highest rancid and stale and lowest 
for freshly cooked and for precooked, frozen, re- meaty-brothy flavor and aroma scores. Differences 
heated (in gas and in microwave ovens) turkey in TBA values and sulfhydryl groups were noted 
muscle. In general, freshly cooked muscle had the between cooked and raw muscle tissue, but not 
lowest rancid and stale and highest meaty-brothy among muscle tissues subjected to the three heating 
flavor and aroma scores : microwave-reheated treatments. 

lavor of cooked turkey deteriorates during storage and 
reheating. Oxidation of muscle lipids has been related F to flavor deterioration in cooked meats (Tims and 

Watts, 1958; Turner et al., 1954) and the thiobarbituric acid 
(TBA) test has been used to determine extent of oxidation. 
TBA values increased as off-flavor and odor developed with 
storage time and storage temperature for precooked meat 
(Cash and Carlin, 1968; Chang et al., 1961; Keskinel et al., 
1964; Jacobson and Koehler, 1970). 

Sulfur aroma components have been noted in poultry meat 
volatiles. An interaction between hydrogen sulfide and 
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carbonyl compounds was suggested by Pippen et al. (1965) 
and may promote off-flavor in reheated meat. Minor et al. 
(1965) suggested that the “meaty” aroma of chicken was due 
to sulfur compounds. Heating affects protein functional 
groups of muscle. Hamm and Hofmann (1965) observed a 
decrease in the number of sulfhydryl groups in beef myofibrils 
heated to 12OOC. They suggested that the decrease was 
caused by oxidation of the sulfhydryl groups to disulfide 
groups and to formation of HIS from myofibrils (which began 
at  about 80OC). 

Flavor of microwave-reheated turkey muscle recently has 
been shown to be more meaty-brothy and less stale than that 
of conventionally reheated turkey muscle (Cipra et ai., 
1971); chemical changes that may help explain such a dif- 
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ference in the flavor and aroma of microwave and convention- 
ally reheated turkey muscle have not been studied. 

This study evaluated selected flavor and aroma components 
and juiciness and measured fat oxidation and sulfhydryl group 
of freshly cooked and precooked, frozen, reheated (in gas and 
in microwave ovens) turkey muscle. 

EXPERIMENTAL PROCEDURE 

Fourteen paired frozen breasts from seven tom turkeys 
(U.S. Grade A) similar in age, weight (22-24 lb), management, 
and processing procedures were obtained from a local plant. 
Four weeks before being evaluated, turkey breasts were thawed 
at  4°C for 24 hr and at 26°C for 1 hr. Each paired breast 
was cut equally to anterior and posterior portions. Treat- 
ments, assigned randomly to the four breast portions from 
each turkey, were: raw; freshly cooked; precooked, frozen, 
microwave-reheated; and precooked, frozen, conventionally 
reheated. The average weight of the 28 roasts was 660 g. 

Muscle portions for freshly cooked, microwave-reheated, 
and conventionally reheated treatments were fashioned into 
roasts with skin and wrapped in oven-proof film (3M). For 
precooking, roasts were placed in pyrex dishes ( 5  X 9 in.) in a 
rotary hearth gas oven maintained at 177"C, heated to an 
internal temperature of 76OC, cooled in ice 1 hr, and then 
frozen (- 17°C). Roasts to be freshly cooked and samples 
for raw analysis were frozen immediately. Roasts were 
stored 4 weeks (- 17°C) before being evaluated. 

At each evaluation period, the four roasts (one of each 
treatment) from one turkey were thawed 23-24 hr at  4°C. 
For the freshly cooked sample, an uncooked roast (in oven- 
proof film) was placed in a pyrex dish ( 5  X 9 in.) in rotary 
hearth oven maintained at 177°C and cooked to an internal 
temperature of 85°C. For reheating, precooked breasts (in 
ovenproof film) were placed in pyrex dishes and heated in a 
rotary hearth gas oven (177°C) or a microwave oven (Amana 

Rada-range, Model RR-2, 2450 MHz). Those roasts were 
reheated to an internal temperature of 55°C. Cooking time 
and total cooking loss were calculated. 

Sensory evaluation of samples was by six panel members in 
individual booths. Warm samples ( 1/4-in. slices from the 
center of each roast) were presented randomly to six trained 
panelists for flavor and juiciness evaluation. Samples were 
placed in coded sniffers and kept warm for aroma evaluation. 
Before evaluation periods, training sessions were conducted to 
help panelists identify the selected flavors and aromas. In- 
tensities of the flavor and aroma components in the three 
cooked treatments were scored (0, imperceptible to 5, very 
pronounced). Juiciness also was scored (1, very dry to 5 ,  
very juicy). 

The 2-thiobarbituric acid (TBA) test described by Tarladgis 
et al. (1960) was used to study oxidative changes in tissue 
lipids. Slurries were prepared from sample sizes of approxi- 
mately 7 g. Optical density readings (Beckman DU) were 
converted to milligrams of malonaldehyde per 1000 g of meat. 

Two methods were used to measure sulfhydryl groups. The 
colorimetric procedure for free tissue sulfhydryl groups as 
described by Ellman (1959) was used for duplicate 0.3-0.4 g 
samples. Also, an amperometric titration procedure for 
measuring total content of sulfhydryl groups was performed 
using the sample preparation and a similar procedure of 
Gawronski et al. (1967). Titration solutions of Benesch et al. 
(1955) and rotating platinum electrode and galvanometer as 
described by Kolthoff and Harris (1946) were used. 

Data were subjected to analysis of variance which removed 
turkey and panel member variations from the desired com- 
parisons and provided ample degrees of freedom for estima- 
tion of the error variance. 

RESULTS AND DISCUSSION 

The average time for precooking the turkey breast roasts to 
76°C was 78 min and for cooking roasts to 85 "C was 95 min. 

Factors 
Flavor scoresC 

Rancid 

Stale 
Sulfur 
Meaty-brothy 
Bitter 
Sweet 
Acid 

Rancid 
Stale 

Aroma scoresC 

Table I. Mean Value of Seven Replications for Flavor, Aroma, and Juiciness, 
Sulfhydryl Content, and TBA Values of Turkey Breast Muscle. 

Freshly Microwave- Conventionally Siwificance of F valued 
Raw cooked reheated reheated Treatment Turkey 

ns 1.7 2 .3  2.9 ** 

1 .9  2.4 2.6 ** * 
1 . 9  1.8 2 .1  ns ns 

ns 2.9 2 .8  2 .3  ** 
1 .3  1 . 3  1 . 4  ns ns 
1 .6  1.4 1.4 
1.9  2 .5  2.4 

2.1 2.1 2 .6  
2.0 2.4 2 .5  

Sulfur 2.0 1.8 1 .8  
Meat y-brothy 2.9 3.1 2 . 5  
Ammonia 2.0 1 . 7  1.7 

Juiciness scoresd 3 .0  2 . 5  2.6 
Sulfhydryl groups 

Ellman method, mmol/g of muscle 0.491 0.594 0.626 0.702 

ns ns 
ns ** 

* 
* 

ns 
ns 

ns ns 
ns 

ns ns 
ns 

** 

* 

**  ns 

Amperornetric method, mmol x 
10-4/g of muscle 2.73 1.16 1.05 0.90 ns 

a Means underlined by the same line do not differ significantly, b ns = not significant; * = p < 0.05; * *  = p < 0.01. 

* 
TBA Value, mg/1000 g of muscle 0.33 1.60 1.54 1.71 ** * 

c Scoring range, 0 = 
imperceptible; 5 = very pronounced. d Scoring range, 0 = very dry; 5 = very juicy. 
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Average time for microwave reheating of roasts was 11 min 
and for conventional reheating was 59 min. Total cooking 
loss for the freshly cooked roasts was 28.3 z and for reheated 
roasts was 37.4 and 32.1 z for microwave and conventional, 
respectively. Even though reheating time was reduced greatly 
with the use of microwaves, the total percentage cooking loss 
was increased. 

Rancid, stale, meaty-brothy, and acid flavor components 
were affected significantly by treatment (Table I). Flavor of 
freshly cooked samples were least (p < 0.01) rancid and stale 
while flavor of conventionally reheated samples was the most 
rancid and stale and was significantly different from the freshly 
cooked samples. Flavor scores for microwave reheated sam- 
ples were intermediate. The meaty-brothy flavor of freshly 
cooked and microwave-reheated turkey was similar and higher 
than that of conventionally-reheated turkey. Reheated sam- 
ples had higher acid flavor scores than freshly cooked samples. 
Sulfur, bitter, and sweet flavor components of turkey muscle 
were not affected by treatments used in this study. 

Treatment differences were noted for rancid, stale, and 
meaty-brothy aroma. Aroma evaluations followed a pattern 
similar to those for flavor. Freshly cooked samples and 
microwave-reheated samples had similar and lower (p < 0.01) 
rancid scores than did conventionally reheated samples. 
Freshly cooked samples had lower stale aroma scores than re- 
heated (both microwave and conventional) samples. Freshly 
cooked and microwave-reheated samples had similar meaty- 
brothy aroma scores and were higher than those of conven- 
tionally reheated samples. Scores for sulfur and ammonia 
aroma components were not affected by treatment. 

In general, freshly cooked meat had the lowest rancid and 
stale scores and highest meaty-brothy flavor and aroma scores, 
while microwave-reheated samples had intermediate scores 
and conventionally reheated samples had the highest rancid 
and stale scores and lowest meaty-brothy flavor and aroma 
scores. 

Those results in general confirm those for precooked stored 
muscle. Jacobson and Koehler (1970) reported a loss of flavor 
for chicken and turkey after 2-4 day’s refrigeration. Cipra 
and Bowers (1970) reported an increase in stale and rancid and 
a decrease in meaty-brothy flavor and aroma components of 
turkey muscle with reheating after 24 hr refrigeration. Cash 
and Carlin (1968) reported a flavor decrease with precooking 
and frozen storage (3, 7, 9, and 11 months) of turkey roasts. 
In comparison of microwave and conventional precooking 
and reheating of turkey roasts, Cipra et al. (1971) reported 
less stale and more intense turkey flavor for microwave heating 
of muscle. 

Flavor of cooked meat usually deteriorates during storage 
and reheating. Perhaps longer exposure to heat while reheat- 
ing with gas than with microwaves permits chemical changes 
that deteriorate flavor more in conventionally reheated sam- 
ples. 

Freshly cooked muscle was juicier (p < 0.05) than reheated 
muscle. Cooking losses were higher for reheated muscle than 
for freshly cooked muscle, which may partly explain the dif- 
ference in juiciness. Juiciness was the same for samples re- 

the three cooked samples. Likewise, sensory scores for sulfur 
aroma and flavor were similar for the cooked samples. The 
Ellman method indicated an increase in free sulfhydryl groups 
upon heating of the turkey muscle tissue. However, the 
difference was significant only between raw samples and 
precooked conventionally reheated samples. Randall and 
Bratzler (1970), using the Ellman method on unheated and 
heated pork muscle, found that free sulfhydryl groups in- 
creased significantly with heating. Hamm and Hofmann 
(1965) suggested that heat denaturation causes an unfolding of 
peptide chains and releases reactive SH groups which may 
explain the difference in free sulfhydryl groups. 

A reverse trend was noted for the amount of total sulfhydryl 
groups determined by an amperometric method. Raw muscle 
tissue had more sulfhydryl groups than heated muscle tissue 
did. Hamm and Hofmann (1965) using a method similar to 
the amperometric method for reacting SH groups with AgN03 
found that the amount of sulfhydryl was not affected greatly 
with heating up to 7OoC, but was decreased with further heat- 
ing to 120°C. Samples in this study were all heated to tem- 
peratures higher than 70°C and therefore results of this study 
are in agreement with those of Hamm and Hofmann (1965). 
They suggested that the loss of sulfhydryl groups may be due 
to oxidation of SH to SS groups and to the formation of H S .  

TBA values for all samples were fairly low and did not differ 
statistically for the three heated samples but were higher for 
the heated than for the raw muscle tissue. In other studies 
TBA values have been related to sensory scores, but generally 
there is a greater range for TBA values than those reported 
here. Chemical differences were noted between raw and 
heated samples but not among the various heated treatments; 
thus they do not explain the differences noted in flavor and 
aroma of the heated samples. 
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