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FOREWORD 

The cooked turkey rolls presently used in the military system need improvement. 
Knowledge is needed on ingredients, used as binders, to improve the quality of turkey 
rolls. The binders in turkey tolls required by Military Specification (MILT-16660D) were 
compared to binders being used in commercial operations. This study was initiated to 
determine if a binder could be found which would improve the quality of cooked turkey 
rolls. This study was undertaken under Project No. 1G762713A034, Military Food Service 
and Subsistence Technology. 
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ABSTRACT 

Light aiiu dark meat in a ratio of 60 to 40 from young turkeys was cut into 2-inch 
cubes and made into turkey rolls. Salt, Na tripolyphosphate and gelatin both separately 
and in combination were used as additives in the processod rolls. It was found that rolls 
with 1.5% NaCI and 0.3% P04 were of significantly higher quality than were rolls containing 
either NaCI or phosphate, used separately or rolls containing salt and gelatin. Cooked 
turkey rolls with NaCI and P04 in combination had significantly lower oxidative rancidity 
valu i (TBA), and significantly lower shear values. Rolls with 0.1% P04 in combination 
with 1.5% NaCI had as high quality scores as rolls containing 0.3% P04 and 1.5% NaCI. 
Rolls with 0.3% P04 and 1.5% NaCI had low oxidative rancidity values. Wh€,eas rolls 
with 0.1% P04 and 1.5% NaCI had oxidative rancidity values s'milar to rolls with only 
0.1% P04, or 0.3% P04 used separately. Rolls containing a combination of calt and gelatin 
received the lowest panel scores for color and appearance, and the oxidative rancidity 
values for these rolls were significantly higher than all other treatments except for 
1.5% NaCI. 
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INTRODUCTION 

Cooked turkey rolls have long been a produce of much discussion concerning their 
undesirable characteristics, and work has been done in recent years to try to improve 
the product described in Military Specification (MIL-T-16660D). Recent developments 
by commercial producers (4 and 5) have indicated that superior meat rolls may be obtained 
through the use of selected additives. The use of phosphates in combination with salt 
to improved color and taste and to retard oxidative rancidity development in various meat 
products has also been reported (1). 

Military Specification (MIL-T-16660D) requires salt or salt with gelatin as binders 
in cooked turkey rolls. This study was designed to determine which binders, presently 
in commercial use, produce the best cooked turkey rolls. 

Experimental Methods 

Meat from young torn turkeys (light: dark: 60:40) was dicta into 2-inch cubes. 
Salt Na tripoly-phosphate, a;.d gelatin in six treatment combinations (1.5% NaCI, 1.5% 
NaCI with 2.0% gelatin, 0.3% P04, 0.3% P04 with 1.5% NaCI, 0.1% P04, and 0.1% P04 
with 1.5% NaCI all wt/wt) were additives in the processed rolls. Turkey and additives 
were mixed in a Hobart Mixer (N odel N-50) for three minutes to insure thorough blending. 
After blending the product, four pounds, was stuffed into cellulose meat casings, three 
inches in diameter, and processed i.i hot water at 87°C until an internal temperature of 
76°C was reached. The turkey rolls were placed in a refrigerator operating et 4.5°C, 
and held until analysis. The analysis of each replication required no longer than five 
days. 

Sensory evaluation for colcr, odor, flavor, texture and appearance was obtained by 
using a panel of 20 Food Technologist/replication following the procedure outlined by 
Larmond (2). Moisture was determined by using 10 samples/replication, and placing the 
samples in a vacuum oven operating at 70°C with 20 inches of vacuum for 24 hours. 
Oxidative rancidity (TBA) values were determined by the procedure described by Tarladgis, 
et al (6) anr 8 values/replication were determined. Twenty shear values/replication were 
determined bv using the Allo-Kramör Shear Press equipped with a CW-1 meat cell and 
a 100-!b force ring. One-eighth inch thick slices of turkey were used in sensory evaluations 
and shear force determination. 

The experiment was designed around accepted statistical methods (3), and an analysis 
of the data was determined by using the US Army Natick Laboratories Univac Model 1106 
computer. 



Average shear values for cooked turkey rolls containing a combination of salt and 
phosphate were significantly lower than those of all other treatments in the study 
(Table 1). These shear values (66,62 and 67.31) indicate a higher degree of tenderness 
for turkey rolls when manufactured with a combination of 1.5 NaCi and 0.1% or 0.3% 
P04 used as binders (see Table 7). Turkey roils with 1.5% NaCI, 0.3% P04, or 1.5% 
NaCI with 2.0% gelatin had shear values that were similar but significantly superior to 
rolls containing 0.1% PQ4, Turkey rolls containing only 0,1% P04 had the highest average 
shear values (85.06). The oniy product deemed to be acceptable were those treated with 
a combination of salt and phosphate. 

The amount of moisture in some meat products has a direct influence on the 
tenderness of the product Table 2, shows the moisture values for turkey rolls containing 
combinations of salt, phosphate, and gelatin. Turkey rolls with a combination of salt 
and phosphate contained significantly more moisture (64.05 and 63.75) than did all other 
treatments. There was no significant difference between the moisture values for turkey 
rolls with 1.5% NaCI (61.75) and those with 0.3% P04 (61.67). However, the 1.5% NaCI 
or 0.3% P04 turkey rolls contained significantly more moisture than those containing 0.1% 
P04 (59.92) or 1.5% NaCI with 2,0% gelatin (60.05). In fact, rolls with only 0.1% P04 
heid less moisture than did all other treatments. The high moisture content for turkey 
rolls with a combination of salt and phosphate can be related to the low shear values 
found for these treatments in Table 1. By the same token treatments with low moisture 
values demonstrated high  (poor) shear values. 

On a hedonic scale of 9 equals excellent and 1 equals extremely poor, product with 
sensory scores less than 6 (below good above fair) were deemed unacceptable in this 
experiment (2). Color values for cooked turkey rolls with combinations of salt, phosphate, 
and gelatin are shown in Table 3. Turkey rolls containing 1.5% NaCI, 1,5% NaCI with 
0.1% P04, or 1.5% NaCI with 0.3% P04 were the only treatments to receive acceptable 
color scores. Rolls with a combination salt and phosphate received the best panel scores 
(6.35 and 6.27), for color, but these scores were not significantly higher than the score 
received by roils containing only 1.5% NaCi (6.00). Turkey roils with 0,1% P04, 0.3% 
P04, or 1.5% NaC! with 2.0% gelatin received panel scores (5.70, 5.83, and 5,03} that 
were unacceptable, but the scores 5.70 and 5.83 for rolls containing 0,1% P04 or 0.3% 
P04 were not significantly different from the score (6.00) determined for rolls containing 
only 1.5% NaCI. Turkey rolls with either 0.1% or 0.3% P04 used in combination with 
1.5% NaCI were of superior color when compared to the other treatments in this study. 

Sensory evaluation scores for odor are found in Table 4,. Cooked turkey rolls 
containing 1.5% NaCi (6.03), 0.3% P04 with 1.5% NaCI (6.38), 0.1% P04 (6,03) and 0.1% 
P04 with 1.5% NaCI (6,18) received pane! scores not significantly different from each 
other, and only the treatment (0.3% P04 and 1.5% NaCI) can be considered to improve 
the odor of turkey rolls made under the condition of this study. 



Rapli- 
cations 

A. 

8. 

C. 

D. 

Wean 
±S.D. 

Observa- 
tions/ 

treatmt 

20 

20 

20 

20 

Tabla 1 

Allo-Kramer shear values for cooked turkay rolls containing 
selected combinations of salt, phosphate, and g* latin 

1.5%NaCI 

68.75 

84.05 

74.45 

64.35 

72.90b 

+ 

13.84 

Treatments 

1.5%NaCI 
2.0% 

Galatin 

77.95 

84.15 

77.65 

60.90 

75.16b 

± 

14.35 

0.3% P04 

76,30 

78.35 

69.60 

67.90 

73.03b 

■>. 
j- 

13.96 

1,5%NaCI 
0.3% P04 

76.45 

66.25 

64.70 

61.85 

67.31° 

± 

12.36 

0.1% P04 

88.65 

86.50 

79.40 

85.70 

85.063 

± 

13.23 

1.5%NaCI 
0.1% P04 

74.05 

64.45 

64.90 

62.10 

66.62° 

+ 

10.73 

1.     Any mean  not followed by a common  letter differs significantly at the  1%  level  of proba- 
bility as determined by Duncan's New Multiple Range Test. 

2.     Total observations/treatment = 80. 



Table 2. 

Moisture values for cooked turkey rolls containing 
selected conotation of sah, phosphate, and gelatin 

Treatments 

Repli- 
cations 

Observa- 
tions/ 

treatmt 15%NaCI 

1.5%NaCI 
2.05% 

Gelatin 0.3% P04 
1.o%NaCl 
0.3% P04 0.1% P04 

1.5% NaCI 
0.1% P04 

A. 10 62.00 61.00 64.90 64.70 61.OS 66.10 

B. 10 61.69 69.60 60.90 63.30 59.00 61.90 

C 10 62.60 60.00 61.20 65.30 60.90 64.70 

D. 10 60.80 59.00 59.70 62.90 58.20 62.30 

Mean 
+S.D. 61.75b 

± 

60.05c 

± 

61.67b 

+ 

64.05a 

± 

59.92c 

± 

63.75a 

± 

1.03 1.23 2.01 1.23 1.73 1.82 

1. Any  mean not followed  by a common  letter differs significantly et the  1%  level of proba- 
bility as determined by Duncan'   New Multiple  Range Test. 

2. Total observations/treatment = 40. 



Table 3. 

Color values for cooked turkey rolls containing selected combinations 
of salt, phosphata, and gelatin as scored by a sensory panel 

Treatments 

Repli- 
cations 

Observa- 
tions/ 

traatmt UNaCI 

1.5%NaCl 
2.0 

Gelatin 0.3% Po4 
1.5%NaCI 
0.3% P04 0.1% P04 

t.5% NaCI 
0.1% P04 

A. 20 6.30 5.75 6.25 6.55 5.40 6.50 

B. 20 5.35 5.00 5.65 6.00 5.20 6.30 

C. 20 6.00 4.25 5.50 6.35 5.90 6.10 

D. 20 6.35 5.15 5.95 6.50 6.30 6.20 

Mean 
±S.D. 6.003° 5.03c 5.83ab 6.35a 5.70° 6.27a 

1.10 1.36 1.11 0.99 1.26 1.00 

1. Any mean not followed by a common letter differs significantly at the 1% level of probability as de- 
termined by Duncan's New Multiple Range Test 

2. Total observations/treatment = 80. 



Table 4. 

Odor values for cooked turkey rolls containing selected combinations 
of salt, phosphate and gelatin as scored by a sensory panel 

Treatments 

Repli- 
cations 

Observa- 
tions/ 

treatmt 1.5% NaCI 

1.5% NaCI 
2.0 

Gelatin 0.3% P04 
1.5% NaCI 
0.3% P04 01.%P04 

1.5% NaCI 
0.1% P04 

A. 20 6.55 6.30 6.40 6.55 6.15 6.35 

B. 20 5.65 5.95 6.00 6.45 6.05 5.75 

C. 20 5.80 4.95 5.85 6.20 5.70 6.30 

D. 20 6.15 5.45 5.70 6.35 6.25 6.35 

Mean 
±!i.D. 6.033° 5.66b 5.9Gab 6.38a 6.033° 6.183b 

± + + ± ± ± 

/ 1.14 1.31 1.11 0.94 0.96 1.24 

1. Any mean not followed by a common letter differs significantly at the 1% level of probability as 
determined by Duncan's New Multiple Range Test. 

2. Total observations/treatment = 80. 



Sensory panel scores, in Table 5, for flavor, ranged from a low of 5.07 to a high 
of 6.37. Of all the treatments in the study only those that have a combination of salt 
and phosphate received acceptable scores (in excess of 6.00). Cooked turkey rolls with 
phosphate at a concentration of either 0.1% or 0.3% in combination with 1.5% NaCI 
received scores (6.32 and 6.37) that were not significantly different. Rolls with only 
0.1% or 0.3% P04 received the lowest scores of all the treatments, but these scores (5.07 
and 5.26) were not significantly different from the scores (5.71) and 5.43) obtained for 
rolls that contained 1.5% NaCI and 1.5% NaCI with 2.00% gelatin. Under the conditions 
of this study, flavor acceptance dictates that cooked turkey rolls contain a combination 
of phosphate and salt as binding agents. 

Appearance has a large influence on the acceptability of a product. Sensory panel 
scores for appearance are shown in Table 6. The appearance of cooked turkey rolls that 
had a combination treatment of salt and phosphate were judged superior to the other 
treatments, but only those rolls with 1.5% NaCI and 0.3% P04 received a score (6.28) 
significantly different*«Vom all other treatments. Rolls with 1.5% NaCI and 0.1% P04 
were judged to be equal to these rolls containing only 1.5% NaCI (6.22 compared to 
5.80). There was no significant di.ference between rolls with 1.5% NaCI (5.80), 0.3% 
P04 (5 32) or 0.1% P04 (5.38). Turkey rolls containing 1.5% NaCI with 2% gelatin and 
those with only 0.1% P04 received the lowest scores (5.13 and 5.38) of all the treatment. 
The extremely poor score for rolls containing salt and gelatin can be directly related to 
the poor score for co'or found for this treatment in Table 3. In judging color and 
appearance panel members reported that rolls containing salt and gelatin had an 
objectionable greenish color. 

Sensory panel scores for texture (Table 7) range from a low of 5.48 (1.5% 
NaCI + 2.0% gelatin) to a high of 6.37 (1.5% NaCI + 0.3% P04). Cooked turkey rolls 
treated with a combination of salt and phosphate, at either 0.1% or 0.3% concentration, 
received significantly higher scores than did the other treatments. The values for salt 
and phosphate treated turkey rolls exceeded 6 in both instances (6.30 and 6.3/). The 
other four treatments received scores that were similar to each other, but all were judged 
to be unacceptable in texture. 

The high texture scores for turkey rolls treated with a combination of salt and 
phosphate (Table 7), are directly related to the low shear values for these rolls (Table 1). 
The shear values demonstrated that rolls treated with either 0.1% P04 or 0,3% P04 and 
1.5% NaCI sheared easily and with significantly less force than was required for the 
remaining treatments. 

A combination of 1.5% NaCI with 0.3% react to retard cxidative rancidity had lower 
(TBA) values than did all other treatments as shown in Taile 8. Rolls that contained 
only 0.3% P04 had lower oxidative rancidity values than did rolls containing 0.1% P04, 
or 1.5% NaCI with 0.1% P04, but the values (8.32, 9.74, or 9.35) were not significantly 



Table 5. 

Flavor values for cooked turkey rolls containing selected a combination 
of salt, phosphate, and gelatin as scored by a sensory panel 

Treatments 

Repli- 
cations 

Observa- 
tions/ 

treatmt 1.5%NaCI 

1&%NaCI 
2.0% 

Gelatin 0.3% P 

A. 20 5.95 5.00 5.10 

B, 20 5.55 4.50 4.85 

C. 20 5.10 5.95 4.70 

D. 20 6.25 6.30 6.40 

Mean 
±S.D. 5.71b 5.43b 5.26 

1.5% Nad 1.5%NaCI 
0.3% P04       0.3% P04        0.1% P04       0.1% P04 

6 *) 5.55 6.45 

6.25 4.80 6.45 

6.20 4./5 6.20 

6.55 5.20 6.20 

6.373 5.07b 6.32^ 

1.17 1.33 1.29 1.08 1.24 1.06 

1. Any  mean   not  followed   by  a  common   letter differs  significantly  at  the   1%   level   of 
probability  as  determined  by   Duncan's   New  Multiple   Range   Test. 

2. Total   observations/treatment =  80. 



Table 6. 

Appearance values for cooked turkey rolls containing selected combinations 
of salt, phospii^e, and gelatin as scored by a sensory panel 

Tra atments 

Repli- 
cations 

Observa- 
tions/ 

treatmt 1.5% Nad 

15%NaCI 
2.0% 

Gelatin 0.3% P04 
1.5% NaCl 
0.3% P04 0.1% P04 

1.5% NaCI 
0.1%P04 

A. 20 5.80 5.75 6.30 6.45 5.25 6.20 

8 20 5.20 5.10 5.10 6.25 4.75 6.25 

C. 20 5.85 440 5.50 6.10 b.60 6,15 

D. 20 6.35 5.30 5.60 6.35 5.95 6.30 

Mean 
tS.D. 5.80°c 5.13d 5.62C 6.28a 5.38cd 6.22ab 

± ± ± + ± + 

(.18 1.21 1.12 0.81 1.21 1,02 

1. Any mean not followed by a common letter differs significantly at the 1% level of probability as de 
termined by Duncan'? New Multiple Range Test. 

2, Total observations/treatment = 80 



Table 7. 

Texture values for cooked turkey rolls containing selacted combinations 
of salt, phosphata, and gelatin as scored by a sensory panel 

Treatments 

Repli- 
cations 

Observa- 
tions/ 

treatmt i5%NaQ 

1.5%NaCI 
2.0% 

Gelatin 0.3% P04 
1.5% NaCI 
0.3% P04 0.1% P04 

1.5% NaCI 
0.1% P04 

A. 20 5.80 6.10 6.35 6.50 5.30 6.45 

B. 20 4.95 5.40 5.15 6.40 5.15 6.25 

C 20 5.55 4.95 5.70 b.30 6.65 6.15 

D. 20 6.15 5.EC 5.70 6.30 5.80 6.35 

Mean 
±S.D. 5.61b 5.48b 5.72b 6.37a 5.49b 6.303 

1.08 1.31 1.11 0,98 1.31 0.94 

1. Any mean not followed by a common letter differs significantly at the 1% level of probability 
as determined by Duncan's New Multiple Range Test. 

2. Total observations/treatment - 80. 
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Table 8. 

Oxidative rancidity values for cooked turkey rolls containing 
«elected combinations of salt, phosphate and gelatin 

Treatments 

Repli- 
cations 

Observa- 
tions/ 

treatmt 1.5%NaCI 

1.5% NaCI 
2.0% 

Gelatin 0.3% P04 
1.5% NaCI 
0.3% P04 0.1% P04 

1.5% NaCI 
0.1% P04 

4 13.71 12.81 10.39 4.88 12.26 10.12 

B. 4 13.18 13.73 8.13 5.95 7.03 6.72 

C. 4 14.92 13.53 7.07 1.40 9.23 9.49 

D. 4 13.71 15.70 7.70 2.49 10.42 11.06 

Mean 
±S.D. 14.04a 13.94a 8.32b 3.68c 9.74b 9.35b 

0.74 1.23 1.44 2.73 2.19 1.87 

1. Any mean not followed by a common letter differs significantly at the 1% level of probability 
as determined by Duncan's New Multiple Range Test. 

2. Total observations/treatment - 16. 

11 



different from each other. Tue standard military turkey rolls, containing 1.5% NaCI, or 
1.5% NaCI with 2.0% gelatin, developed significantly higher oxidative rancidity values than 
did all other threatments. Turkey rolls treated with 1.5% NaCI without the addition 
of phosphate produced the highest rancidity values (14.04). In all other factors evaluated, 
turkey rolls with cither 0.1% P04 or 0.3% P04 in combination with 1 5% NaCI were similar 
to each other, 0.1% P04 was not enough to retard rancidity development significantly. 
0.3% P04 and 1.5% NaCI must be used in this combination to retard oxidative rancidity 
development. 

Summary and Conclusions 

ft is evident that cooked turkey rolls containing a combination of salt and phosphate 
are superior to those of the other treatments under tire conditions of this study Turkey 
rolls with either 0.1% or 0.3% P04 and 1.5% NaCI are similar except when oxidative 
rancidity is a factor. Only those turkey rolls containing 0.3% P04 and 1.5% NaCI 
significantly retard oxidative rancidity development. Cooked turkey rolls containing salt, 
phosphate or salt with gelatin were inferior to those rolls containing a combination of 
salt and phosphate at either 0.1% or 0.3% concentration. Turkey rolls with either 0.1% 
or 0,3% P04 concentration without the aid of salt were deemed poorest in quality. 

Military Specification (MIL-T-16660D) required that salt alone oi salt with g^ab 
\y used as binders in cooked turkey rolls. A combination of salt and »...osphate was 
found to be a superior binder ?.nd it is recommended that * binder consisting of 1.5% 
NaCI with 0.3% P04 replace those binders currently used in Military Specification 
(MIL-T-16660D). 

12 
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