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PREFACE

The data for this report were collected by investigators from the US Army, Natick
Research and Development Command during the 1970s.

It is being published now as the Army has expressed a need for irradiation
sterilized meat products. The data is relevant. |

Shelf stable pork items of uniform density and geometric configuration,
preserved by radappertization (radiation sterilization) have been developed.

Pieces of defatted raw pork were mixed with 0.3 or 0.5% Sodium Tripolyphosphate
(Na-TPP) and 0.25, 0.50, 0.75 or 1.0% NaCl, stuffed into fibrous casings and enzyme

inactivated in a smoke house to an internal temperature of 70 to 75 ©C. After cooling,

the pork rolls were cut to the desired length, resulting in uniform pieces (which
permitted the optimum use of the space in a can), vacuum canned, frozen to -40 ©C
and irradiated with a stérilizing dose of 51 to 66 kGy while frozen at -30 + 10 OC.

After irradiation the product was defrosted and kept at 21 to 30 ©C prior to
evaluation by an expert, technical panel for color, odor, flavor, texture and by a
consumer panel for preference. An optimum balance of quality and prevention of
loss of natural juices during enzyme inactivation was obtained by using 0.3% Na-TPP
and 0.75 to 1.0% sodium chloride (NaCl). The cooking loss was reduced from 29%
without additives to 16% with additives. There was a corresponding increase in
preference scores for the irradiated item from a range of 4.3 - 6.3 to 5.2 - 7.2 on the 9
point hedonic scale. The increase in the preference scores is attributed to improved
flavor and texture (sensory and Kramer shear press data).

High quality, shelf-stable radappertized pork chops were prepared by Injecto-
pumping of pork loins to a yield of 0.3% Na-TPP and 0.75% NaCl. This was followed by

oven broiling at 232 ©C of 1.2 c¢m loin slices (pork chops) to an internal temperature
of 70 to 75 ©C. The cooked pork chops were vacuum packaged and then radappetized

at -30 OC to a dose of 51 to 66 kGy. This produced excellent, shelf-stable radappertized
pork chops. The chops received preference scores in the range of 6 to 7 from the
expert and consumer-type panels. Storage stability studies of the products were
initiated.

Irradiation was done with the Co60 source of gamma particles.

The scale used ranged from 1-dislike extremely to 9-like extremely with 5-neither
like nor dislike.

ix




DEVELOPMENT OF RADAPPERTIZED PORK ITEMS

Introduction

Investigations on cured meat products have been directed toward reducing the
amounts of sodium nitrate and sodium nitrite required for the production of- these
products. These efforts have been motivated by the acknowledgement that
nitrosamine formation in cured meats is directly associated with the addition of
curing salts. Research was conducted on the development of cured meats with the
minimal amount of curing salts to determine which additive level produces a product
with the characteristic color and microbiological safety. The US Department of
Agriculture’s (USDA) 1973 regulations eliminated the use of sodium nitrate (NaNO3)

as a curing ingredients in meats except for dry cured ham and fermented sausage.
The approved level of sodium nitrite (NaNO2) addition was also substantially lowered.

Weirbicki and Heiligman (1973) reported extensive investigations on the
reduction of NaNO3 and NaNO7 in irradiated ham. They reported that the additive

level of NaNO7 could be reduced to 25 ppm when used in combination with 100 ppm of
NaNO3. Without the 100 ppm of NaNO3, fading of the cured meat was detected and

preference scores were lowered. Wasserman (1978) reported that no nitrosamines
were found in irradiated cured meats when lower levels of NaNO2 and NaNO3 were

used. Wierbicki et al. (1974) reported that the level of NaNO7 addition could be

reduced from 156 to 75 ppm in nonirradiated cured meats without affecting the
quality . Wierbicki et al. (1976) reported that acceptable irradiated corned beef can
be produced with an addition of 156 ppm NaNO2 without NaNO3. Shults et al. (1977)

also showed that an addition level of 150 ppm NaNO} was sufficient to produce
acceptable irradiated corned beef. An addition level of 25 ppm NaNO7 also produced

an acceptable product, but with decreased color intensity. Cohen et al. (1978)
reported that an acceptable irradiated corned beef could be produced with the
addition of 75 ppm NaNO7 without the NaNO3 addition. '

This study was initiated to investigate the effects of low level additions of NaNO2
and NaNO3 on the color, acceptance and nitrosamine formation in irradiated and
nonirradiated corned beef.

Materials and Methods

The raw material used for these studies was fresh beef brisket, pectoralis
profundis muscle, excised from USDA choice grade carcasses. The briskets were
trimmed of all surface fat and injecto-pumped with a Griffith #8 Big Boy™ meat pump
(The Griffith Laboratories, Inc., Chicago, IL) operating at 90 Pa of pressure. The
briskets were pumped to15% added weight with the curing solutions. [Each cure
contained 3.0% sodium chloride, 275 ppm sodium ascorbate and 275 ppm sodium
erythorbate. NaNQ7 levels evaluated were 150, 75, 3.5, 25 and 0 ppm. NaNO3 levels

were 50, 37.5, 25 and O ppm. Various combinations were used. The briskets were held
for 72 hours at +2 © C after pumping, prior to cooking.

The cured briskets were cooked in a water kettle at 97 + 1° C until an internal
temperature of 80 + 20 C was attained and then simmered at 75° C for one hour. After
cooking the briskets were cooled at 2 to 5 © C.




Table 1 - Effect of NaCl. TPP and Storage Time on the Sensory Characteristics of
Radappertized Pork Chops
Sensory Characteristics

Color Qdor Flavor Texture Preference
Days Storage

Dose
% % kGy O 30 0 30 0 30 0 30 Q0 30
0.00 0.00 51 5.7%¥% 6.7 49 7.1 4.8 5.7%% §.4%%5 5%% 51 5.8%%

0.75 0.00 51 6.1 6.7 59 6.6 54 6.1 6.4 6.3 5.6%* 6.2
0.75 0.25 51 5.6** 6.9 6.4*7.0 54 5.8%* 5.8 6.5 6.3* 6.1
0.75 0.50 51 6.6 73 64*¥69 5.5 6.7 6.1 6.5 6.3* 6.5
0.75 0.25 NA 6.9 7.5 6.4* 7.7 58*%**76 6.1* 7.3 7.1 7.3

E
-3
"o
vl

* Significantly different from the sample with no additives

* * Significantly different from the non-irradiated sample

**® Significantly‘ different from the other samples.
Significance determined for 0.05 level

10 Panelists per test, 9-point scale

e The non-irradiated sample was preferred over all the irradiated. The scores also
increased with storage. The irradiated sample with the greatest NaCl and TPP was

preferred over the others.

Table 2 - Effect of NaCl. TPP_and Storage Time on the Sensory Characteristics of
Radappertized Pork Chops

Days Storage

0 30 0 30 0 30 0 30 0 30
NaCl TPP Sensory Characteristic
% % Color dor Flavor Texture Preference
0.00 0.00 6.1 7.4 5.2 6.4** 4.4 6.2 6.0 6.5 5.0 6.4
0.75 0.00 6.3 6.6 5.3 7.2 4.5 6.4 6.1 6.0 5.1 6.2
0.75 0.30 6.5 17,5 6.9% 7.2 6.0*% 6.8 6.6 7.3 6.5 6.8
0.75 0.50 6.2 7.2 6.0 7.2 6.1%6.8 6.2 6.9 6.2* 6.7

*  Significantly different from the samples with no additives and 0.75% NaCl
0.05 level »

**  Significantly different from the other samples at 0.05 level
10 panelists per test, 9-point scale ‘
Irradiation Conditions: 51 kGy at -25 + 20°C

 The samples with TPP were preferred. There was no preference for the amount of
TPP. The scores increased with storage time.




Table 3 - Effect of NaCl and TPP on the Sensory Characteristics of
Radappertized Pork Chops

NaCl TPP Dose Sensory Characteristics

% % kGy Color Odor Flavor Texture Preference
0.75 0.30 51 7.5 6.7 5.9 6.1 6.4
0.75 0.00 51 6.9 6.6 5.6 6.2 6.2
0.75 0.30 NA 7.0 6.2 6.2 6.2 6.1
0.75 0.00 NA 7.5 6.9 6.9 7.1 7.0

12 panelists per test. 9-point scale Irradiation Conditions:30 + 10 ©C

» The additives had no efffect. The non-irradiated sample was preferred over all
the irradiated samples.

Table 4 - Effect of NaCl and TPP on the Sensor haracteristi f
Non-Irradiated Pork Chops

NaCl TPP Sensory Characteristic

% % Color Odor Flavor Texture Appearance
0.00 0.00 7.1 6.1 5.5 6.5 5.9
0.25 0.30 7.2 6.7 6.5 6.5 6.4
0.50 0.30 7.4 7.4 7.5 6.5 7.2
0.75 0.30 7.1 6.2 6.6 6.5 6.6
0.50 0.00 6.9 6.5 6.5 6.0 6.6

12 panelists per test, 9-point scale ‘
o The sample with 0.5% NaCl and 0.3% TPP was preferred.

Table 5 - Effect of NaCl and TPP on the Sensory Characteristics of
Radappertized Pork Rolls

NaCl TPP Dose Sensory Characteristics

B % kGy Color Odor Flavor Texture Preference
0.00 0.0 51 6.2 5.1 4.7 5.6 5.7
0.25 0.3 51 6.7 6.2 5.7 6.9 5.9
050 0.3 51 6.4 6.2 5.7 6.6 6.2
0.75 0.3 51 6.1 5.9 6.0 6.2 5.9
0.50 0.0 51 6.1 5.0 5.2 6.1 5.2

12 panelists per test, 9-point scale

o The sample with 0.5% NaCl and no TPP rated lower than the others. There was
no preference for the % of NaCl.




Table - Effect of NaCl. TPP and Storage Time on the Sensory Characteristics of

Radappertized Pork Rolls
Days Storage

Irrad. 30 90 30 90 30 90 30 90 30
NaCl TPP Dose Sensory Characteristic
% _% kGy Color Qdor Flavor Texture Preference

0.75 03 51 6.0 66 5.7 64 52 6.1 6.1 6.1 55 5.9
0.75 0.0 51 6.0 60 54 57 4.7 5.0 54 47 52 54
075 03 NA 65 75 70 175 7.0 7.4 7.0 7.1 6.8 7.1
075 00 NA 69 66 6.7 6.9 66 70 7.1 67 65 6.1

12 panelists per test, 9-point scale

Irradiation temperature: -30 + 10 OC

* The unirradiated samples were preferred over the irradiated. The samples with
TPP were preferred over the samples without. -The scores tended to increase with

storage.

Table 7 - Effect of TPP and Pepper on the Sensory Characteristics of
Non-Irradiated Pork Rolls

Test Number

Addition ! 2 3 1 2 3 1 2 3 1 2 3 1 2 3

TPP Pepper Sensory Charactristic '

% % Color QOdor Flavor Texture Preference

0.0 0.0 7.2 6.9 5.8 7.0 7.1 5.7 7.1 6.7 5.2 7.2 6.8 5.6 7.2 6.9 54
Mean 6.3 . 6.6 6.3 6.5 6.5

0.3 0.0 6.3 6.7 5.9 6.8 7.0 54 6.5 6.8 4.9 6.8 6.7 5.0 6.6 7.1 5.5
Mean 6.3 6.4 6.1 6.2 6.4

0.3 0.1 6.9 6.6 5.5 7.1 6.9 5.8 7.0 6.6 5.0 7.0 6.9 5.5 7.1 7.0 5.3

6.5

Mean 6.3 6.6 6.2 6.5

12 panelists per individual test, 9-point scale
All samples contain 0.75% NaCl

Irradiation Conditions For All Samples: dose S1 kGy at -30 +10©0C

1 month storage
e There was no preference for TPP or pepper addition.




Table 8 - Effect of Irradiation Temperature and Dose _on_the Sensory Characteristics

Irradiati Conditi
Dose Temp. Storage
kGy _OC days
35 0 0
35 0 30
35 0 90
35 -80 0
35 -80 30
35 -80 90
45 0 0
45 0 30
45 0 90
45 -80 0
45 -80 30
45 -80 90
NA* NA* 0
NA* NA* 30

of Radappertized Pork Ioins

NA* NA* 90

Sensory Characteristics

' Irrad, ~ Off-

Discolor Off-Odor Mushiness Flavor Flavor
2,6 2.0 3.8 2.0 2.0
2.3 1.8 2.0 2.6 1.3
3.2 1.7 1.8 2.8 2.0
2.1 1.9 2.1 1.5 2.4
2.9 2.3 2.6 3.4 1.1
2.3 1.8 1.7 2.3 1.5
2.1 2.6 2.5 3.1 1.9
2.5 1.9 1.4 3.1 1.4
2,3 2,2 1,8 2,7 1.8
2,3 2,9 2.5 2.6 1.9
3.5 2.6 2.8 3.0 1.1
2.2 2.7 2.5 2.8 1.8
1.0 1.0 1.6 1.0 1.0
1.4 1.5 2.4 1.5 1.4
12 13 1.7 13 1.3

Preference

5.4
5.8
5.2

6.0
5.8
5.0

5.4
5.1
5.3

5.4
5.8
5.3

7.3
6.9
6.4

8 panelists per test

* Frozen Control

Preference ratings used a 9-point scale.

Sensory Characteristics used a reverse 7-point scale that ranged from
1 -none detected to 7-extreme '

There was a lowering of preference scores between 30 and 90 days of storage.

There was no preference for irradiation dose or temperature.

All the irradiated samples were rated lower than the irradiated one.




Table 9 - Effect of Irradiation Temperature on_the Sensory Characteristics
of Radappertized Pork I oins

Irrad. Sensory Characteristics
Temp. Storage Discolor- Off- Mushi- Irrad. Off-
_oC Time, days  ation Odor ness Flavor Flavor Preference
0 0 39 2.4 2.1 2.6 2.0 4.8
0 30 2.0 2.9 1.5 2.8 1.9 4.9
0 90 3.5 2.8 3.0 3.2 1.8 4.9
-80 0 2.1 1.8 1.1 2.4 2.1 5.5
-80 30 3.0 2.6 1.9 2.1 1.1 6.4
-80 90 2.8 2.3 2.3 3.2 1.7 4.3
-185 0 1.4 1.3 1.0 1.4 1.6 6.9
-185 30 : 1.9 2.5 2.5 1.6 1.1 6.8
-185 90 2.8 2,8 3,2 2,3 1,7 5.0
NA 0 1,0 1,3 1,0 1,1 1,5 7,1
NA 30 2,0 1,6 2.1 1,5 1.5 6.9
NA 90 2.3 1.5 2.5 1.0 2.2 6.4

8 panelists per test
45 to 56 kGy irradiation dose
Preference Ratings used a 9-point scale

Sensory Characteristics used a reverse 7-point scale that ranged from
1-none detected to 7-extreme
 There was a decreased preference after 30 days of storage.
There was an increased preference with decreased irradiation temperature.
The lowest irradiation temperature initially rated very close to the sample that
was not irradiated.




Table 10 - Consumer Panel Ratings of Radappertized Pork Chops

NaCl TPP Preference Rating

% % Irradiated Non-Irradiated
0.00 0.00 5.3 5.8
0.75 0.00 5.9 6.8%
0.75 0.25 6.4% 6.6%
0.75 0.50 6.4% 6.5%

* significantly different from the sample with no NaCl and TPP

32 - 35 panelists per test, 9-point scale
All significance at 0.05 level

. All the samples with NaCl or TPP addition were preferred.
The non-irradiated samples were preferred, over the irradiated, although the
samples with additives rated only slightly better.

Table 11 - Yield D f Pork Ch nd Roll

NaCl TPP % Cooking 1.0ss
% % Pork Chops* Pork Rolls**
0.00 0.00 34 29
0.75 0.00 .32 21
0.75 0.25 26 16
0.75 0.50 25 15

* Average of 42 1b (19 kg) of pork chops per sample
Each chop cut into 0.5 in (1.3 cm) thickness

* %  Average of eight samples
Enzyme inactivated in broiler to 71 - 75 OC internal temperature

e The addition of TPP decreased the cooking loss.




Table 12 - Effect of NaCl and TPP on the Organic Volatiles of Pork Chops

NaCl TPP Non-Irradiated Irradiated
% % pH ORV* Days Storage
—DpH —ORV
0 30 Q0 30
0.00 0.0 5.8 0.87 5.5 5.5 1.1 1.1
0.75 0.0 5.8 1.21 5.7 5.7 0.9 1.3
0.75 0.3 5.9 0.65 5.9 6.0 1.2 1.3
0.75 0.5 6.0 1.15 6.3 59 1.5 1.3

* Organic Reducing Volatiles milliequivalents oxygen per 100 g meat

Irradiation Conditions: 51 kGy dose at -30 °C

The addition of additives increased the pH of the irradiated samples.
The ORV changes are not significant.

Table 13 - Effect of NaCl and TPP on_the Shear Press Values of Pork Chops

NaCl
%

0.00
0.75
0.75
0.75

TPP Shear Value (N)

% _ Irradiated Non-irradiated
0.00 49.8 b,d 58.0 cf

0.00 42.3 b,d 46.0 c,f

0.25 305 ¢ 317 g

0.50 36.9 ae 365 a, g

samples followed by the same letter are not significantly different. 0.05 level

Irradiation decreased the shear value (the product became softer). The
addition of NaCl also descreased the shear value, as did the addition of TPP

Table 14 - Effect of NaCl and TPP on the Sensory Characteristics of

Non-Irradiated Pork Chops

Storage Time, Days
0 30 0 30 0 30 0 30 0 30

NaCl TPP Sensory Characteristic

% % Color Odor Flavor Texture Preference
0.00 0.00 7.2 7.4 64 7.0 64 69 56 6.3 5.9 6.9
075 0.00 7.3 7.4 7.0 7.0 7.0 7.4 69 6.4 6.9 7.0
075 030 74 7.0 74 6.4 7.2 6.7 7.3*% 6.6 7.1* 6.9
0.75 050 7.5 7.4 7.3 7.1 7.3 7.3 7.3% 6.5 7.0% 7.2

* significantly different from the sample with no NaCl and TPP
0.05 significance level
12 panelists per test, 9-point scale

Addition of NaCl increased the scores. Addition of TPP did not.
8




Table 15 - Effect of NaCl and TPP on_the Sensory Characteristics of
Radappertized Pork Rolls

Storage Time, Days

¢ 3 0 3 0o 30 0 3 0 30

NaCl TPP Sensory Characteristic
% % Color Qdor Flavor Texture Preference
A. no storage

0.00 0.00 6.2 6.1 6.2 6.2 5.2% 6.2%* 5.0 6.0 55 5.9
0.75 0.00 6.0 6.3 5.8 5.7 5.8 6.2 6.2 5.8 55 5.8
0.75 025 55 6.0 58 6.2 55 6.2 59 5.6 5.5 6.0
0.75 050 5.7 6.1 59 6.3 54 6.0 5.6 64 6.0 6.0

10 - 12 panelists per test, 9-point scale
51 kGy irradiation dose at -30 ©C

* significantly different at 0.05 level. No other signficant diffrences.
. There was no effect if additive addition.

Table 16 - Effect of NaCl and TPP on the Sensor haracteristi f Pork Roll

Storage Time, Days

Addition Irrad. 0 30 0 30 Q0 30 0 30 0 30

NaCl TPP Dose Sensory Characteristics

% % _ kGy Color QOdor Flavor Texture Preference
0.00 0.0 51 57 59 5.6%* 48*% 52 55 54 5.0%* 56 5.2%%
0.75 0.0 51 59 5.7 5.2%* 54%* 54 56 57 5.3%* 5.3 5.7**
0.75 0.3 51 47 6.3 4.8*% 6. 1*** 47 59 52 6.1 52 6.1*%*%
0.75 0.5 51 58 6.2 7.0% 6.5*%** 67 6.1 7.1* 5.7 7.4% 6.2%*
0.75 0.3 NA 7.0% 6.5 6.7 6.9 7.1* 6.8 7,0* 6.8 7.4% 7.2

10 - 12 panelists per test, 9-point scale

* significantly different from other samples

* significantly different from the non-irradiated sample

**%  gignificantly different from the sample with no NaCl and TPP

Significance level - 0.05

. There was an effect of additive addition only after 30 days of storage.




Table 17 - Effect of NaCl and TPP on the Sensory Characteristics of
Non-Irradiated Pork Rolls

Storage Time. Davs

Addition =~ 0 30 Q 30 0 30 0 30 g 30
NaCl TPP Sensory Characteristics

% % Color QOdor Flavor Texture Preference
0.00 0.00 6.0 7.1 5.9 6.7 5.7 5.6 5.2 6.1 5.9 6.1
0.75 0.00 6.0 6.9 5.7 1.0 59 6.9 6.4% 6.9 6.1 6.9
0.75 0.25 5.7 6.9 6.0 7.0 6.2 6.7  6.5%17.7 6.2 6.5

0.75 050 5.7 6.5 5.8 6.7 6.2 7.1% 5.7 6.9 6.0 6.7

8 - 12 panelists per test, 9-point scale
* significantly different from the sample with no NaCl and TPP

There were differences in storage time for color between the samples with no
addition and the one with 0.25% TPP, at the 0.05 level
The addition of additives had no effect on the scores, as did the storage time.

Table 18 -Effect of NaCl and TPP on the Shear Values of Pork Rolls

NaCl TPP Shear Values. N
% %  Irradiated Non-Irradiated
0.00 0.00 61.3 ¢ 65.1 ¢
0.75 0.00 434 654 ¢
0.75 0.25 32.6 a,b 46.5 d,e

0,75 0.50 32,1 ab 47.6 d.,e

Samples followed by the same letter are not significantly diffrent, 0.05 level

d Irradiation gave decreased shear values. The addition of either salt or TPP also
decresed the shear values.

Table 19 - Effect of NaCl and TPP on the Organic Volatiles of Pork Roll

NaCl TPP Non-Irradiated Irradiated. no_ storage Irradiate days stora
% % _ pH ORV* pH ORV* pH RV*
0.00 0.0 6.2 1.1 6.4 1.2 6.1 1.9

0.75 0.0 5.9 1.1 6.0 1.1 59 1.2

0.75 0.3 6.1 1.1 6.3 1.2 6.2 1.2

0.75 0.5 6.4 0.9 6.7 1.23 6.4 1.8

Irradiation dose, 5.1 kGy at -30 °C
*  Organic reducing volatiles, milliequivalents oxygen per 100 g meat

. There was no effect of additives on pH or ORV
10




Table 20 - Effect of NaCl on the Sensory Characteristics of Non-Irradiated Pork Rolls

NaCl Sensory Characteristics

% Off-Qdor Salty Flavor Off Flavor Mushiness Friabili Preference

Test Number
123 123 123 12 3 12 3 1 2 3

0.0 1.82.21.3 1.01.51.3 1.52.02.2 1.52.01.0 1.12.01.5 5.6 6.6 5.8
Average 1.8 1.3 1.9 1.5 1.5 6.0

1.0 1.82.11.3 1.11.11.8 1.82.1 23 1.12.1 1.0 1.02.0 15 6.3 6.8 6.0
Average 1.7 1.3 2.1 1.4 1.5 6.4

1.5 1.51.81.5 131015 23 1820 22201.0 2.01.81.8 5.3 6.8 6.2
Average 1.6 1.3 2.0 1.7 1.9 6.1

Results of 3 tests in a 1 month storage period

7 to 8 panelists per test

9-point scale for preference, 7-point reverse scale for sensory characteristics
There was no effect of NaCl addition on the sensory characteristics.

Table 21- Effect of NaCl TPP_on the Sensory Characteristic
f Non-Irradiated Pork Roll

NaCl TPP Sensory Characteristics

% % Off-Odor Salty Flavor Off Flavor Mushiness Friability Preference
0.5 0.5 1.1 1.3 1.3 1.1 1.7 6.1

1.0 0.5 1.3 1.5 1.3 1.6 1.4 6.7%
1.5 0.5 1.2 1.4 1.3 1.3 1.4 5.9
0.0 0.0 1.3 1.3 1.2 1.2 1.6 5.9

*  significantly different from the 0 and 1.5% NaCl samples

18 panelists
9-point scale for preference, 7-point reverse scale for sensory characteristics
The preferred sample was the one with 1% NaCl and 0.5% TPP addition.
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Table 22 - Effect of NaCl and TPP on the Sensory Characteristics of
. Radappertized Pork Rolls

Sensory Characteristics

Dose NaCl TPP Dis- Off- Irrad. . Off- Mushi- Fria-
kGy % % Color Odor Flavor Flavor ness bility Preference
NA 0.0 0.0 1.6 1.5 1.0 *** 1.5 1.1 *%%x 1.2 F** 6.5
51 0.0 0.0 21 20 * 2.5 1.8 1.8 2.9 52 %
51 0.5 05 26* 20 14 ** 1.4 2.4 2.6 55 *
51 1.0 05 27* 20 1.5 ** 1.4 2.1 2.4 5.8 **¥
51 1.5 05 23 1.8 2.2 1.3 2.4 2.5 6.0

* significantly different from the control samples

* * significantly different from 2 and 5

*** gignificantly different from all other samples

*%%* gignificantly different from2

23 panelists, 9-point scale for preference,

7 -point reverse scale for sensory characteristics

Irradiation Conditions: 51 kGy at -300C
. The preferred irradiated sample was the one with 1% NaCl and 0.5% TPP
Table 23 - Effect of NaCl and TPP on the Sensory Characteristics of

Non-Irradiated Pork Rolls
Sensory Characteristics
NaCITPP Off- Salty Off Mushi- Fria-
% % Qdor Flavor Flavor ness bility Preference
123 123 123 123 123 1 2 3

05 0.5 231510 1.62.01.3 191513 3.11613 3.01.513 6.6 6.1 6.9
average* 1.6 1.6 1.6 2.0 1.9 6.5
1.0 0.5 2.01.01.0 1.3131.6 192.01.3 3.1231.1 23231.1 6.5 66 7.3
average* 1.3 1.4 1.7 2.2 1.9 6.8
1.5 0.5 201.11.1 19181.6 131513 22261.1 2.03.013 69 7.5 7.0
average* 1.4 1.8 1.4 2.0 2.1 7.1
00 00 221.11.0 131613 191315 311315 241312 65 7.3 6.8
average* 14 1.4 1.6 2.0 1.6 6.9

7 or 8 panelists per test, 9-point scale for preference
7-point reverse scale for semsory characteristics
*Mean of 3 tests in a 1 month storage period

12

There was no preference for NaCl or TPP addition



Table 24 - Effect of NaCl and TPP on the Consumer Evaluation of Non-Irradiated
Pork Rolls

NaCl TPP  Preference Scores

% % Months of Storage
0 1 3

0.00 0.0 6.2 5.7 5.2
0.50 0.5 7.0 7.2*% 6.5
0.75 0.5 6.5 6.5 7.1%
1.00 0.5 7.2% 69 7.1%

1.50 0.5 6.7 6.7* 6.6

35 panelists per test, 9 - point scale
* signficantly preferred to the sample with no NaCl or TPP

. Except for the sample with no additives, the preference scores held up well
with storage.All the samples with additives were preferred over the one
without additives.
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Table 25 - Effect 'of NaCl and TPP and Storage Time on the Sensory Characteristics of

Pork Rolls
Storage Sensory Characteristics
NaCl TPP Time Discolor- Off Irrad. Off Mushi- Fria- Pref-
% % _months ation QOdor Flavor Flavor ness bility erence

0.00 0.0 0 1.9 2.1 2.3 1.8 1.8 - 1.6 6.0
0.00 0.0 1 1.9 1.9 2.4 1.6 2,1 1.6 6.3
0.00 0.0 3 2.1 2.1 2.7 1.7 3.0 2.1 4.6
0.00 0.0 6 2.1 1.6 1.3 2.4 2.4 2.9 5.3
0.50 0.5 0 2.3 2.1 2.4 1.4 1.5 1.5 5.8
050 0.5 1 2.4 2.6 2.4 1.6 2.3 2.6 5.9
0.50 0.5 3 1.3 2.6 2.3 1.6 2.6 1.6 5.6
0.50 0.5 6 2.3 2.0 1.6 1.4 2.6 2.4 6.1
0.75 0.5 0 2.0 2.0 2.4 1.5 2.5 2.3 6.0
0.75 0.5 1 2.5 1.6 2.1 1.3 2.3 1.6 6.5
0.75 0.5 3 2.4 2.2 2.2 1.9 3.2 2.0 4.9
0.75 0.5 6 3.1 2.3 1.7 1.4 2.3 2.5 5.1
1.00 0.5 0 1.9 1.9 2.1 1.1 1.4 1.4 6.1
1.00 0.5 1 1.9 1.9 2.5 1.5 2.6 2.6 5.8
1.00 0.5 3 2.9 2.0 1,9 1.6 2.0 1.7 5.3
1.00 0.5 6 4.4 2.1 1.9 1.9 2.0 1.7 5.6
Nonirradiated Control

0.00 0.0 0* -- -- -- -- -- -- --
0.00 0.0 1* -- -- -- -- -- -- --
0.00 0.0 3 1.0 1.0 1.0 1.1 1.0 1.1 6.9
0.00 0.0 6 1.3 1.3 1.0 1.7 1.3 1.3 6.7

* Evaluations lost

7 - 8 panelists per test, 9-point preference scale,
7-pont reverse scale for sensory characteristics

Irradiation Conditions: 51 - 66 kGy at -30 OC

. There was a decrease in ratings between 3 and 6 months of stdrage.
All the irradiated samples rated worse then the non-irradiated one.
There was no effect of additive addition.
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Table 26 - Effect of NaCl and TPP on the Sensory Characteristics of Pork Chops

NaCl TPP Irradiation Dose Score after Days of Storage
% % kGy 0 30
A, Preference
0.00 0.00 51 5.1 5.8
. 0.75 0.00 51 5.6%% 6.2
0.75 0.25 51 6.3% 6.1%*
0.75 0.50 51 6.3* 6.5
0.75 0.25 NA 7.1% 7.3%
B. Texture
0.00 0.00 51 5.4%* 5.5%%
0.75 0.00 51 6.4 6.3
0.75 0.25 51 5.8 6.5
0.75 0.50 51 6.1 6.5
0.75 0.25 NA 7.1 7.3
C. Flavor '
0.00 0.00 51 4.8 5.7%*
0.75 0.00 51 5.4 6.1
0.75 0.25 51 5.4 5.8%%
0.75 0.50 51 5.5 6.7
0.75 0.25 NA 6.8%** 7.6
D. Odor
0.00 0.00 51 4.9 T.1¥ExE
0.75 0.00 51 5.9 6.6
0.75 0.25 51 6.4% 7.0
0.75 0.50 51 6.4* 6.9
0.75 0.25 NA 6.9% 7.7
E. Color
0.00 0.00 51 5.7%* 6.7
0.75 0.00 51 6.1 6.7
0.75 0.25 51 5.6%* 6.9%***
0.75 0.50 51 6.6 7.3
0.75 0.25 NA 6.9 7.5
10 to 12 panelists per test, 9-point scale
* significantly different from the sample with no additives
* ¥ significantly different from the non-irradiated control

***  gignificantly different from the irradiated samples
**** gignificance found between storage times
significance at 0.05 level

. All the irradiated samples rated worse than the non-irradiated.

There was no general additive effect.
There was a general increase in scores with increased storage.
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Table 27 - Effect of NaCl and TPP on the Sensory Characteristics of
Radappertized Pork Chops

NaCl TPP Score after Days of Storage
% % 0 30
A, Preference
0.00 0.00 5.0 6.4%*
0.75 0.00 5.1 6.2%*
0.75 025 6.5% 6.8
0.75 0.50 6.2% 6.7
B. Texture
0.00 0.00 6.0 6.5
0.75 0.00 6.1 6.0
0.75 0.25 6.6 7.3
0.75 0.50 6.2 6.9
C. Flavor ,
0.00 0.00 4.4 6.2%*
0.75 0.00 4.5 6.4%%*
0.75 0.25 6.0* 6.8
0.75 0.50 5.7% 6.8
D._Odor
0.00 0.00 5.2 6.4%*
0.75 0.00 5.3 7.2%*
0.75 0.25 6.9* 7. 2xF*
0.75 0.50 6.0 Ak
E. Color
0.00 0.00 6.1 7.4%*
0.75 0.00 6.3 6.6
0.75 0.25 6.5 7.5%*
0.75 0.50 6.2 A

10 - 12 panelists per test, 9-point scale

* significantly different from the samples with no additives and
0.75% NaCl

* % significance found between 0 and 30 days of storage
#** gignificantly different from the sample with no additives
significance at 0.05 level

. The addition of TPP increased the scores.
The scores increased with storage time.
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Table 28 - Effect of NaCl. TPP and Storage Time on the Sensory Characteristics
of Pork Products

NaCl TPP ' Sensory Characteristics

% % Color Odor Flavor Texture Appear- Prefer-
ance ence

NaCl TPP Dose Storage Time Days

% % kGy 0 30 0 30 0 30 0 30 0 30 0 30

A. Rolls

0.00 0.00 51 5756 5638 5255 5450 5753 5752

0.75 0.00 51 6.9 5.7 5254 5456 57 53 5659 5357

0.75 0.25 51 48 6.3 486.1 47 59 5.8 63 5.06.1 52 6.1

0.75 0.50 351 56 6.2 556.5 55 6.1 56 57 5864 57 6.2

0.75 0.25 NA 7.0 6.5 6769 7.2 68 7.0 6.8 7.16.6 7.4 7.2

B. Chops

0.00 0.00 51 57 69 497.1 48 57 54 55 636.6 5.1 5.8

0.75 0.00 51 5.8 6.8 5966 54 6.1 64 63 6468 5.6 6.2

0.75 0.25 51 56 74 6470 6558 6.3 65 6.17.0 6.2 6.1

0.75 0.50 51 6.6 7.3 6469 5567 6.1 65 7.17.5 6.2 6.3

0.75 0.25 NA 69 75 6975 6976 7.1 7.3 727.7 7.1 7.2

10 to 12 panelists per test, 9-point scale
Irradiation Conditions: 51 kGy at -25 +20 °C

. There was no preference for the type of pork.
The storage time had no general effect.
The non-irradiated sample was preferred to all the irradiated samples.
There was no general effect of the additive addition.
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Table 29 - Effect of NaCl, TPP and Storage Time on the Sensory Characteristics of
Pork Products

Sensory Characteristics
Color Odor Flavor Texture Appear- Pref-

Irrad. , ance SIence
NaCl TPP Dose Storage Time, Days -
% % kGy Q 30 0 30 0 30 0 30 0 30 0 30
A. Chops
0.00 0.00 51 6.1 7.3 5265 44 6.2 6.0 63 57 7.2 5064
0.75 0.00 51 63 6.6 5372 4564 6.1 60 6.6 6.7 5.26.2
0.75 0.25 51 6575 65175 6068 66 71 66 7.1 6.56.8
0.75 0.50 51 6.2 7.2 6073 5773 6.2 68 6469 6.26.7
0.00 0.00 NA 72 74 6470 5769 56 63 7.1 7.1 5969
0.75 0.00 NA 73 74 7.0 64 7067 69 66 7.3 67 6.96.9
0.75 0.25 NA 74 7.0 7464 7267 13 66 73 6.7 7.16.9
0.75 0.50 NA 75 73 7371 7274 7.0 68 7.2 7.0 6.97.2
B. Rolls
0.00 0.00 51 6.2 6.1 6262 5262 52 60 59 64 5659
0.75 0.00 51 6.0 63 6.1 57 5762 62 58 62 62 5558
0.75 0.25 51 55 60 5762 5462 60 56 57 65 546.0
0.75 0.50 51 57 6.1 5763 5060 66 64 57 64 5.66.0
0.00 0.00 NA 60 7.1 59 6.7 5770 52 69 57 7.0 596¢6.8
0.75 0.00 NA 6.0 69 5770 6069 64 69 57 7.0 6.16.8
0.75 0.25 NA 5.7 69 6.1 6.2 62267 65 67 55 6.7 6.06.5
0.75 0.50 NA 57 65 5867 6271 57 69 58 6.7 6.06.7
10 to 12 panelists per test, 9-point scale
Irradiation Conditions - 5.1 kGy at -25 + 20 °C
L There was no preference for the type of pork.

The scores generally increased with storage time.
The non-irradiated samples had better scores than the irradiated samples.
There was no effect of additive addition.
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