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Table 1. Fat content (%) in mechanically deboned pork treated with maltodextrins and corn

syrup solids.
Days of frozen storage

Treatments 0 2 60 120 180 240
Control 18.39° 18.95° 18.49° 17.67° 18.00% 17.91%
4% 5 DE! 18.23° 17.84% 18.08°% 17.33% 17.54% 18.25°
8% 5DE 17.68% 17.85% 17.44% 17.16" 17.38% 17.55%
4% 10 DE 18.09" 18.30% 17.87* 16.60% 17.76% 18.00%
8% 10 DE 17.85% 17.46° 17.73°% 16.70° 17.10% 17.74°
4% 20 DE 18.09% 18.12° 18.12% 17.11% 17.53% 17.81%
8% 20 DE 18.01° 18.05% 18.19° 16.99° 17.43% 18.18%
SEM? 0.16 0.13 0.28 0.31 0.18 0.29
Freezing method
Rapid freezing = -—--- 17.92° 17.85 17.03° 17.49% 17.93%
Slow freezing - 18.24° 18.13° 17.13% 17.41° 17.78°
SEM® 000 - 0.17 0.15 0.17 0.09 0.16

148

'Dextrose equivalent. 2Standard error of the mean.
8Means with the same letters within the same column are not significantly different (P>0.05).



Table 2. Moisture content (%) in mechanically deboned pork treated with maltodextrins and
corn syrup solids.

Days of frozen storage

Treatments 0 2 60 120 180 240
Control 64.81° 64.35" 64.77: 65.45% 65.19" 65.27%
4% 5 DE 62.44° 63.14° 62.82 62.97° 63.37° 62.63"
8% 5 DE 60.67° 60.34: 60.63: 61.65; 60.79° 60.62°
4% 10 DE 6273 62.63 63.00 63.78 62.84° 62.99°
8% 10 DE 60.33° 60.79° 60.44: 61.27° 60.92° 60.52°
4% 20 DE 62.53° 62.61° 62.53 63.42° 63.00° 62.87°
8% 20 DE 60.46° 60.43° 60.31° 61.33° 60.82° 60.34°
SEM? 0.19 027 0.21 0.37 0.19 0.31
Freezing method

Rapid freezing  -—- 62.20" 62.23" 62.94% 61.95% 61.38%
Slow freezing =~ -—-- 61.88" 61.91° 62.71% 61.97" 61.56"
SEM® 0 - 0.14 0.11 0.20 0.10 0.16

Tt

'Dextrose equivalent. 2Standard error of the mean.
a,b, cproans with different letters within the same column are significantly different (P<0.05).



Table 3. Protein content (%) in mechanically deboned pork treated with maltodextrins and

corn syrup solids.
Days of frozen storage

Treatments 0 2 60 120 180 240
Control 16.08% 15.79% 15.74% 15.76% 15.88° 16.41%
4% 5 DE* 15.66™" 15.25° 15.21° 15.23" 15.38" 16.04>P
8% 5 DE 14.87° 14.70° 14.72%¢ 14.56° 14.80° 15.28%4
4% 10 DE 15.37°° 15.27° 15.16° 15.14° 15.32° 15.60%°
8% 10 DE 15.10%¢ 14.75° 14.76° 14.82° 14.88° 15.28%4
4%20DE 15.58%¢ 15.31° 15.41° 15.36: 15.42° 15.76"°
8% 20 DE 14.62° 14.42° 14.43° 14.39 14.47° 15.01%
SEM? 0.14 0.11 0.10 0.07 0.13 0.18
Freezing method . . . .
Rapid freezing - 15.14° 15.13 15.07 15.00 15.57
Slow freezing = --—-- 15.00° 14.99° 15.01° 15.09° 15.20%
5101 R p— 0.06 0.05 0.04 0.07 0.19

Dextrose equivalent. 2Standard error of the mean.
a,b, ¢, dproans with different letters within the same column are significantly different (P<0.05).



Table 4. Ash content (%) in mechanically deboned pork treated with maltodextrins and

corn syrup solids.
Days of frozen storage
Treatments 0 2 60 120 180 240
Control 1.07% 0.98% 1.04% 1.01% 1.022 1.01*
4% 5 DE! 1.042 0.94° 1.02%° 0.96° 0.98° 1.01%
8% 5 DE 0.99° 0.95 0.98P¢ 0.92°° 0.95° 0.94%
4% 10 DE 1.00* 0.92* 1.02*P 0.96° 0.99% 0.94°
8% 10 DE 0.98% 0.94% 1.00%P< 0.94%° 0.95 0.94°
4% 20 DE 1.02% 0.95% 1.03% 0.95" 1.05 0.97°
8% 20 DE 1.02° 0.85% 0.96° 0.91° 0.92° 0.95%
SEM?> 0.02 0.03 0.02 0.01 0.04 0.03
Freezing method . . .
Rapid freezing - 0.95" 1_.03: 0.94 1.01b 0.98
Slow freezing === 0.92° 0.98 0.96" 0.95 0.95"
SEM? = - 0.02 0.01 0.01 0.02 0.01

'Dextrose equivalent. 2Standard error of the mean.

&b,6 preans with different letters within the same column are significantly different (P<0.05).
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Table 5. Effect of maltodextrins and corn syrup solids on the drip loss (%) measurements in

mechanically deboned pork.
Days of frozen storage

Treatments 0 2 60 120 180 240
Control 1.49% 10.07% 10.97* 10.34° 12.48% 13.71°
4% 5 DE" 0.46° 7.72% 9.66" 9.16 9.83° 11.53%
8% 5 DE 0.50% 8.80°% 8.62% 8.30% 9.86" 8.74%
4% 10 DE 0.68° 8.96° 10.55" 10.20° 12.04° 12.05%
8% 10 DE 1.34% 10.97% 11.55% 12.56% 10.27% 9.29%
4% 20 DE 1.22° 8.66" 9.16* 8.35% 9.74* 9.98%
8% 20 DE 0.67* 11.66* 11.08% 10.08% 11.77% 10.55%
SEM? 0.38 0.89 0.87 0.70 0.99 1.06
Freezing method b b
Rapid freezing - 7.99 8.88 8.76° 9.56° 8.55°
Slow freezing 11.11% 11.56% 10.95% 11.60% 11.70%
SEM> = 047 0.46 0.37 0.53 0.56

IDextrose equivalent. 2Standard error of the mean.

8, by reans with different letters within the same column are significantly different (P<0.05).



Table 6. Effect of maltodextrins and corn syrup solids on the thiobarbituric acid (TBA) values in mechanically

deboned pork.
Days of frozen storage

Treatments 0 2 60 120 180 240
Control 1.71° 1.92° 4.21% 4.98° 6.04% 6.41°
4% 5 DE! 1.23° 1.45% 3.76* 4.95° 3.48° 4.50°
8% 5 DE 1.80% 2.01° 5.13% 5.35% 4.28° 4.82%°
4% 10 DE 1.52°% 1.64% 3.98% 4.54° 3.71° 4.54°
8% 10 DE 1.61° 1.64* 5.64° 4.98° 4.12° 4.76%P
4% 20 DE 1.12% 1.38% 3.46° 5.30% 4.61° 3.80°
8% 20 DE 0.85% 1.16 2.49° 3.29% 3.44° 3.34"
SEM? 0.36 0.48 0.99 0.81 0.61 0.54
Freezing Method b " . b
Rapid freezing - 0.95 3.4 4.29 3.44 4.38°
Slow freezing = ---—-- 2.24" 4.78" 5.23" 4.44° 4.12°
51077l — 0.25 0.52 0.43 0.32 0.29

"Dextrose equivalent. 2Standard error of the mean.
& l[’Means with different letters within the same column are significantly different (P<0.05).



Table 7. Effect of maltodextrins and corn syrup solids on the protein solubility (%) in
mechanically deboned pork.

Days of frozen storage

Treatments 0 2 60 120 180 240
Control 34.80° 38.47°° 26.41° 2253 .
4% 5 DE! 33.33° 38.22P¢ 35.37% 38.02% 37.09* e
8% 5 DE 38.27" 42.09° 37.31% 40.62° 40.03% 34.11%
4% 10 DE 32.95% 40.85%° 37.07% 38.94% 37.99% 33.65%
8% 10 DE 34.23° 39.12%° 34.95>° 38.86 36.43 31.52°
4% 20 DE ‘ 38.45° 41.92* 38.55% 41.7¢6° 35.98% 31.48%
8% 20 DE 36.13% 35.36° 33.50%° 41.44° 38.28% 26.23%
SEM> 2.03 1.10 2.84 1.86 1.68 4.28
Freezing method . . . .
Rapid freezing - 39.26" 35.57 38.35 37.52 34.72
Slow freezing = ---- 39.60" 33.91% 36.56" 37.74° 28.07%
SEM® 000 0.59 1.52 0.10 0.97 2.71
Dextrose equivalent. 2Standard error of the mean. ---- = none extracted.

&b, Cp\roans with different letters within the same column are significantly different (P<0.05).
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Table 8. Effect of maltodextrins and corn syrup solids on the gel streng'th1 (N) of protein
extracts from mechanically deboned pork.

Days of frozen storage

Treatments 0 2 60 120 180 240
Control 8.94% 5.05™ 1.98° 19>
4% 5 DE 5.66° 487 2.28"° 255 236 e
8% 5 DE 6.59% 4.41% 2.61%P¢ 2.52%P 2.24% 2.13%
4% 10 DE 8.13% 4.00% 2.57%0¢ 2.69*° 2.16% 2.18%
8% 10 DE 7.46% 4.79% 3.50% 3.25% 2.31% 2.46°
4% 20 DE 8.54% 437 2.44%P¢ 2.55%P 2.01° 2.06%
8% 20 DE 8.35% 449* 3.34°*P 2.66°° 2.37% 2.17%
SEM® 1.37 0.70 0.39 0.31 0.81 0.19
Freezing method

Rapid freezing = ---- 4.85" 2.95° 2.67% 2.36" 2.54°
Slow freezing - 4.29° 2.39% 2.50° 2.12° 1.86°
SEM® = 0.37 0.21 0.16 0.10 0.12
1protein concentration of the extract was adjusted to 35 mg/ml. ----- = not measured.

Dextrose equivalent. 3Standard error of the mean.

8,b,¢preans with different letters within the same column are significantly different (P<0.05).
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Table 9. Effect of maltodextrins and corn syrup solids on the emulsifying capacity1 (ml of oil)
of protein extracts from mechanically deboned pork.

Days of frozen storage

Treatments 0 2 60 120 180 240
Control 131.50° 138.75% 109.25° 97.000 -
4% 5 DE® 143.00° 142.50° 123.00° 110.25° 94500 -

8% 5 DE 132.75% 139.63° 137.25° 126.00° 100.50%¢  85.00°
4% 10 DE 144.50% 139.00% 128.75% 116.007 103.00°°  88.25™°
8% 10 DE 136.00° 146.50% 163.252 147.252 110.00*® 94,50
4% 20 DE 146.25% 145.38° 127.75%°  117.50° 102.00° 89.00°
8% 20 DE 145.25° 144.13° 155.75° 138.75 112.00° 96.25
SEM® 6.74 2.76 175 1.85 2.37 1.19
Freezing method

Rapid freezing = ----- 141.54° 140.36: 125.86: 106.33: 93.80°
Slow freezing = - 143.00° 129.64 117.79 101.00 87.40°
SsEM® 0 147 0.93 0.99 1.37 0.75

1Emulsifying capacity was measured for 10 ml of the adjusted (35 mg/ml) protein extract.
®Dextrose equivalent. “Standard error of the mean. ----- = not measured.
a,b,¢,d,eproans with different letters within the same column are significantly different (P<0.05).



129

EFFECT OF FROZEN STORAGE AND CRYOPROTECTANTS
ON THE QUALITY AND SENSORY CHARACTERISTICS OF PORK
SAUSAGE MADE FROM MECHANICALLY DEBONED PORK

A paper to be submitted to the Journal of Food Science

G. A. Prabhul and J. G. Sebranekl

ABSTRACT

Changes in the quality and sensory characteristics of pork sausage
made from frozen mechanically deboned pork with added cryoprotectants (5
DE, 10 DE maltodextrins and 20 DE corn syrup solids) was investigated.
Incorporation of cryoprotectants in mechanically deboned pork significantly
improved the storage stability (oxidative rancidity) and affected the quality
(texture) of the pork sausage. Sensory evaluation showed the most notable

quality differences to be color, tenderness and flavor desirability.

1Authors Prabhu and Sebranek are with the Departments of Food Science and
Human Nutrition and of Animal Science, Iowa State University, Ames, IA
50011-3150.
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INTRODUCTION

Use of mechanically deboned meat (MDM) has been studied extensively
in recent years because it has potential to contribute greatly to the production of
low cost meat products (Uebersax et al, 1978). Due to the comminuted nature
of MDM, this product is prone to quality deterioration if not handled and/or
stored properly (Mast et al., 1979). Spoilage caused by microbial growth is a
problem in non-frozen MDM, whereas oxidative rancidity is the major cause of
deterioration in frozen MDM. Lipid oxidation may be especially acute in MDM
from beef, pork and lamb due to the relatively high concentrations of
polyunsaturated fatty acids of the phospholipids (Kunsman and Field, 1976).
The heme pigment concentration, in MDM from red meats is also high (Field,
1976). Thus, with adequate substrate available (polyunsaturated fatty acids of
the phospholipids), increased levels of known pro-oxidants present (heme
pigments) as well as the finely divided physical nature of the product, MDM
from red meats are a product highly susceptible to lipid oxidation (Kunsman et
al., 1978).

To improve the functionality of frozen meats for use as ingredients in
processed meat products, means of preventing or inhibiting freeze-induced
denaturation and/or aggregation of proteins are needed (Park et al., 1987b).
Cryoprotectants, added to meat prior to freezing, have been shown to improve
long-term storage stability of proteins during frozen storage. This, in turn,
assures good functionality of the material in the subsequent manufacture of

meat products. Protein functionality, in this case, is expressed primarily as
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gel-forming potential with its manifestations of texture formation and water-
binding properties (Macdonald and Lanier, 1991). This was observed by Park
et al. (1987a) during frozen storage of prerigor salted beef.

Contrary to earlier shelf-life studies on beef where it was assumed that
no significant changes took place at -30°C or -40°C (Jul, 1984), it is now realized
that significant changes in functionality take place during storage at
temperatures as low as -28°C (Park et al., 1987a, b). Furthermore, the degree
of deterioration in protein functionality would be expected to be accentuated in
frozen mechanically deboned meat due to its comminuted nature (MacDonald
and Lanier, 1991).

The use of mechanically deboned red meat has been studied in cooked
salami (Joseph et al., 1978), dry fermented salami (Berry et al., 1979), ground
beef (Cross et al., 1977, 1978; Seideman et al., 1977), bologna (Field et al., 1975;
Chant et al., 1977; Misock et al., 1979) and frankfurters (Bushway et al., 1982;
McMillin et al., 1980; Meiburg et al., 1976; Marshall et al., 1977).

McMillin et al. (1980) reported that frankfurters containing 30% or less
mechanically separated pork (MSP) were similar in smoke house yields and
percentage of water and fat lost during processing compared to frankfurters
containing 40% or 50% MSP.

Cross and Kotula (1978) used 0%, 10% and 20% mechanically deboned
beef (MDB) in ground beef formulations followed by storage at -12°C, -18°C and
-23°C. Formulation (level of MDB) and storage time had no significant effect

on any of the palatability traits evaluated.
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Joseph et al. (1978) used 0, 10, 20 and 30% levels of MDB in cooked salami
stored for 0, 14, 28, 42 and 56 days at 6°C. Less desirable flavor, juiciness,
tenderness and texture scores were found in salami containing 20-30% levels
of MDB. The flavor profile panel results indicated higher aroma and flavor
intensities and more rancid flavors with increasing level of MDB and extended
storage time.

A study by Cross et al. (1977) on the paiatability of ground beef patties
containing different levels of MDB indicated that patties containing 5, 10, 15
and 20% MDB were considered more acceptable than the control. As the
percentage of added MDB increased, panel ratings for tenderness and
juiciness increased.

A recent amendment by USDA’s Food Safety and Inspection Service to
the Federal Regulations allows meat produced by advanced meat and bone
separation machinery that does not crush or grind bones to be labeled as “beef”
or “pork” instead of mechanically separated “beef” (or pork) as required in the
past (USDA, 1995). This rule went into effect in January, 1995. This has
resulted in a potential increase in the usage of this low cost meat source
especially in processed meat products. MDM has been approved for use in
fresh pork sausage provided the finished product contains less than 50% fat
(USDA, 1995).

Because previous work has shown cryoprotectants to protect functional
properties of proteins in MDM during long-term frozen storage, it seems likely
that cryoprotectants could improve quality of products in which the MDM is
used (Prabhu and Sebranek, 1996).
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The purpose of this study was to evaluate the chemical and sensory
characteristics of pork sausage in which 50% of the pork was replaced with
mechanically deboned pork which had been frozen containing two different

levels of 5 DE, 10 DE maltodextrins and 20 DE corn syrup solids.
MATERIALS AND METHODS

Product Manufacture

Fresh mechanically deboned pork (MDP) was obtained from a
commercial source, directly off the processing line. The maltodextrins and
corn syrup solids were provided by Grain Processing Corporation (Muscatine,
IA). The MDP was immediately mixed with the maltodextrins or corn syrup
solids using a bowl chopper (Kramer & Grebe model VSM65, GmbH & Co. KG,
Wallaw/Lahn, Germany) at low speed with a vacuum for 1 minute. The
maltodextrins and corn syrup solids evaluated included two different levels
(4% and 8%) of 5 DE, 10 DE maltodextrins and 20 DE corn syrup solids.

Maltodextrins are non-sweet, nutritive saccharide polymers that consist of D-
glucose units linked primarily by o -1-4 bonds, having a dextrose equivalent

(DE) less than 20. Corn syrup solids are obtained by starch depolymerization

by an acid/enzyme conversion process where the reducing sugar content is 20
DE or higher. After the addition of the maltodextrins or corn syrup solids, the
MDP was divided into five 2.27 Kg. batches and placed in 2 gallon freezer bags

(Ziploe, Dowbrands Inc., Indianapolis, IN). Half of the bags were frozen in a
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air-blast freezer at -40°C (Vollrath Refrigeration Inc., River Falls, WI) while
the other half was frozen in the still-air freezer at -10°C. After 3 days, all the
samples were moved into a freezer at -28°C (Vollrath Refrigeration Inc., River
Falls, WI). After 1 week of storage at -28°C, the frozen MDP from each
treatment and for each freezing method was flaked using a flaker (Butcher
Boy, Model CMF, Lasar Manufacturing Co. Inc., Los Angeles, CA) and
divided into 0.5 Kg. batches and re-frozen in freezer bags (Ziploc, Dowbrands
Inc., Indianapolis, IN) with dimensions of 16.5 x 15 cm. until further use.

Fresh pork sausage was formulated to contain 50% flaked MDP from
each treatment and 50% fresh pork containing approximately 20%-25% fat. A
control, with no maltodextrin or corn syrup solids was also formulated. Pork
sausage seasoning mix (A. C. Legg Spice Company, Auburn, AL) was added
to the meat mixtures, mixed by hand, and the mixture was ground through a
1/8” plate (Biro Model 822, Biro Manufacturing Co., Marble Head, CH). Patties
were formed with a hand-held patty former. Each patty weighed
approximately 113 g, with a diameter of 11.0 cm and a thickness of 1.0 cm. The
patties were frozen in a blast freezer at -40°C (Vollrath Refrigeration Inc.,
River Falls, WI) for 12 hr.

Pork sausage was manufactured following 14, 60, 120 and 180 days of
frozen storage for both the air-blast and still-air frozen MDP; finished sausage

product evaluations were conducted at each of these sampling times.
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Evaluations

Proximate analysis

Raw meat mixtures from each treatment and for each freezing method
were analyzed for fat, moisture, protein and ash content using AOAC methods
(AOAC, 1990, 1993). Moisture was determined by weight loss after 8-12 hr of
drying at 100°C in a vacuum oven (Precision Scientific Model 524 A, Precision
Scientific Co., Chicago, IL). Fat was determined by weight loss after 16 hr of
extraction in a Soxhlet apparatus with petroleum ether, and protein was
analyzed by using a nitrogen analyzer (Model FP 428, LECO Corp., St. Joseph,
MI), a combustion method used to determine nitrogen released at high
temperature and measured by thermal conductivity. A nitrogen-to-protein
conversion factor of 6.25 was used. Ash was measured by heating the sample

to 525°C using a muffle furnace. Analyses were conducted in triplicates.

Cooking loss

Weight losses during cooking were measured for each treatment and for
each freezing method. Cooking losses were calculated as a percentage of the
raw uncooked product weight. Six patties from each treatment combination

were used for the cooking loss measurements.



136

Instrumental color evaluation

Instrumental color determinations were measured on the cooked
sausage patties using a Hunter Lab Labscan 6000 Spectrocolorimeter (Model
JB-1201 M (A), Hunter Asso. Laboratory Inc., Reston, VA) which was
standardized using the white LS-12029 standard plate (X=81.60, Y=86.68,
Z=91.18). Samples were measured for Hunter Lab color “L”, “a” and “b” values.
Patties were wrapped in saran before measurement and packaging material
was compensated for during instrument standardization by covering the white
LS-12029 standard plate with saran wrap before standardization.
Measurements were taken directly on the surface of the wrapped pattie. Mean
value of each sample was obtained from four readings at two locations on each

pattie surface.

Oxidative rancidity measurements

Cooked pork sausage from each treatment and for each freezing method
was tested for oxidative rancidity using the TBA (2-thiobarbituric acid) test, as
described by Tarladgis et al., (1960). TBA values for each sample were

determined as an average of three measurements.

Instrumental texture evaluation
Texture was evaluated on the cooked sausage patties using an Instron
Universal Testing Machine (Model 4502, Instron Corp., Canton MA) equipped

with a 9-mm-diameter probe and a cyclic computer software program (Cyclic
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2, Instron Corp., Canton MA). A “first bite” penetration test was used to
determine the hardness of samples. A preconditioning program (20 g preload)
was used to correct for small differences in height of the cooked sausage
patties. The patties were first cooled to room temperature and measurements
were taken perpendicular to the surface of each patty in three separate
locations on each patty. The probe was set at 30 mm from the bottom of the
plate and moved downward at a speed of 300 mm/min., stopping when it
sensed the sample. It was then permitted to puncture the sample completely.
Peak load expressed as Kg (force required to puncture the sample), peak
energy (total work expended in puncturing until peak load was reached), and
total energy (total work expended in completely puncturing the sample) were
registered. The values obtained were an average of nine readings from three

patties for each treatment combination.

Sensory evaluation

Frozen pork sausage patties were first weighed and then placed on a
Wolf gas grill with a surface temperature of 176.6°C. The patties were cooked
on one side for 10 min. and then turned on the other side. Total cooking time
averaged 20 min. and cooking end-point temperature (internal) was monitored
until 70°C was reached. Six patties per treatment, for each freezing method
were prepared. They were then wrapped in aluminum foil and placed in an
oven at 51.6°C to keep them warm.

Cooked pork sausage was evaluated by a 20-24 member untrained panel

which included graduate students and staff who had participated in previous
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sensory evaluations of sausage products. Samples (cut into triangular
wedges) from the eight treatments were placed in random order on a sample
plate, and labeled with three-digit random numbers. The samples were
presented simultaneously to all the panelists. Panelists were isolated in
individual booths under fluorescent light. The panelists consumed unsalted
crackers and water at room temperature (25°C) between samples. Samples
from all seven treatments for each freezing method were evaluated separately
during each session. Five attributes were evaluated using a seven-point
hedonic scale: color (1=extremely light to 7=extremely dark), tenderness (1=
extremely tender to 7= extremely tough), juiciness (1=extremely juicy to
T=extremely dry), flavor desirability or off-flavor (1=extremely desirable to
7T=extremely undesirable) and flavor intensity (1=extremely strong to

7=extremely bland).

Statistical analysis

The experiment was analyzed using a completely randomized design
(Cochran and Cox, 1992) and consisted of 7 treatments (6 treatments and a
control) each with 2 freezing methods (rapid and slow) giving a total of 14
treatments which were replicated twice. The Statistical Analysis System (SAS
Institute Inc. 1991) was used to determine means, standard errors and
analysis of variance. Least Significance Difference (P<0.05) was used to test

differences between means.
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RESULTS AND DISCUSSION

The raw pork sausage showed a range in composition for all samples of
17.9-27.7% fat, 41.4-60.8% moisture, 14.0-16.4% protein and 2.5-3.2% ash but
formulations did not significantly (P>0.05) differ within any one sampling time
(Appendix C, Tables C1-C4). Pork sausage formulations at the 14 day and 60
day sampling points had a fat content of approximately 20% and approximately
27% at the 120 and 180 day sampling time. This probably had an effect on the
cooking loss values which were higher for the 120 and 180 day samples and
lower for the 14 and 60 day samples. The level or type of maltodextrin or corn
syrup solid used however, did not have a significant effect (P>0.05) on the
cooking loss. There were no significant differences (P>0.05) in cooking loss
between the rapid and slow frozen samples, although the cooking losses were
slightly higher for the slow frozen samples at all sampling times (Appendix C,
Table C5). Nusbaum et al (1983) observed a significantly iower cooking loss in
beef patties frozen using a faster freezing rate compared to the patties frozen
using a slower freezing rate.

Light reflectance of the cooked pork sausage, as measured, quantitated
diffuse surface reflectance, which is an indication of lightness or darkness of
surface color. There were no significant differences (P>0.05) in the L values
for pork sausage from any of the MDP samples for up to 180 day frozen storage.
Although the formulation containing 8% 20 DE corn syrup solids had the
lowest L value throughout the storage period, it was not significantly different
(P>0.05) from the other treatments (Appendix C, Table C6).
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It was expected that with higher dextrose levels in a product, greater
non-enzymatic browning would be likely during heating due to reducing
sugars. Sometimes this can result in unwanted browning in a meat product
(Shand et al., 1990). However, no significant darkening of cooked samples
occurred in this study.

It has been shown that lipids present in frozen meat are likely to
undergo oxidative deterioration during storage, as indicated by the TBA test.
TBA values, a measure of malonaldehyde and rancidity are shown in Table 1.
TBA values showed an increasing trend over the period of frozen storage.
There were significant differences in TBA values between treatments. TBA
values were lowest for pork sausage treatments containing 8% 10 DE
maltodextrin and 4% and 8% 20 DE corn syrup solids after 14 days of frozen
MDP storage. The highest TBA values were observed for the pork sausage
treatment containing 4% 5 DE maltodextrin, however, this was not
significantly different (P>0.05) from the same maltodextrin used at the 8% level
or the control.

After 60 days of frozen MDP storage, the pork sausage treatment
containing the 8% 20 DE corn syrup solids had the lowest TBA value compared
with any of the maltodextrins or corn syrup solids used at the 4% level or the
control (P<0.05). However, the pork sausage containing the 20 DE corn syrup
solids was not significantly different from the pork sausage treatments
containing 8% 5 DE or the 8% 10 DE maltodextrins (P>0.05). After 120 days of
frozen MDP storage, the pork sausage containing the 4% 5 DE maltodextrin

treatment was significantly higher (P<0.05) in TBA values than the rest of the
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treatments and the control. After 180 days of frozen MDP storage, the
maltodextrins used at the 8% level and corn syrup solids used at the 4% and
8% level significantly (P<0.05) lowered the TBA values compared to the 4% level
or the control. The freezing method (rapid vs. slow) did not have a significant
effect (P>0.05) on the TBA values except after 180 days of frozen MDP storage
when the rapid frozen samples had significantly lower TBA values than the
slow frozen samples (P<0.05).

Cross sectional peak force required to puncture the pork sausage is
shown in Table 2. The peak force values did not show any significant trend
with storage time. However, there were significant differences in the peak
force registered between treatments. Treatments containing the 8% 20 DE
corn syrup solids and the control resulted in significantly higher (P<0.05) peak
force values throughout the frozen storage period.

Sensory evaluation of the pork sausage showed the most notable quality
differences to be color, tenderness and flavor desirability (Tables 3, 4 and 5).
Other sensory characteristics (juiciness and flavor intensity) did not differ
significantly (P>0.05) for any of the treatments (Appendix C, Tables C7 and
C8).

Sensory color scores are shown in Table 3. Panelists found the pork
sausage treatments containing 8% 20 DE corn syrup solids or 4% 10 DE
maltodextrin to be significantly darker than 4% 20 DE corn syrup solids or 4% 5
DE maltodextrins after 14 days of frozen MDP storage. However, after 120 days
of frozen MDP storage, panelists found treatments containing 8% 20 DE corn

syrup solids to be significantly darker (P<0.05) than treatments containing 4%
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5 DE, 4% 10 DE maltodextrins or 4% 20 DE corn syrup solids. After 180 days of
frozen MDP storage, the pork sausage treatments containing 8% 10 DE
maltodextrin or 8% 20 DE corn syrup solids were considered significantly
darker (P<0.05) than the treatments containing the 4% 5 DE and the 4% 10 DE
maltodextrins. Due to the higher dextrose content in the pork sausage at the
8% level of maltodextrins and corn syrup solids, more non-enzymatic surface
browning probably occurred upon cooking. This could have a negative impact
on the appearance of the cooked product with the higher level of dextrose.
There were no significant differences (P>0.05) in color between the rapid and
slow frozen samples.

Panelists found pork sausage containing maltodextrins and corn syrup
solids to be significantly more tender (P<0.05) than the control when
manufactured after 60 days of frozen MDP storage (Table 4). However, there
were no significant differences for tenderness as a result of the level or the type
of maltodextrins or corn syrup solids used. Similar results were observed at
the 120 and 180 day sampling times.

Flavor desirability scores are shown in Table 5. Panelists were able to
detect off-flavors in the pork sausage treatment containing 4% 5 DE
maltodextrin after 60 days of frozen storage of MDP. This trend continued
throughout the entire period of frozen storage. This flavor change
corresponded to the higher TBA values observed for the pork sausage
treatment containing the 4% 5 DE maltodextrin throughout the frozen storage
period (Table 1). Panelists found pork sausage containing 8% 10 DE

maltodextrin and 8% 20 DE corn syrup solid to be most desirable in terms of
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flavor. The freezing method (rapid vs. slow) did not have a significant impact
on the flavor desirability or the tenderness of products made with MDP

regardless of the entire frozen storage time.
CONCLUSIONS

Results of this study suggest that 10 DE maltodextrin and 20 DE corn
syrup solids may be most effective in improving the storage stability of
mechanically deboned pork used in the manufacture of pork sausage. This
was reflected by lower TBA values for pork sausage from MDP treatments
containing 10 DE maltodextrins and 20 DE corn syrup solids used at the 8%
level. Sensory evaluation of the pork sausage showed significantly higher
color and tenderness scores in treatments containing the cryoprotectants for
mechanically deboned pork. The pork sausage containing MDP treated with 5
DE maltodextrin at 4% adversely affected the TBA valueé and also resulted in a
pork sausage with lower flavor desirability scores. The method of freezing
(rapid vs. slow) did not have any effect on any of the quality or sensory

attributes evaluated.
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Table 1. Thiobarbituric acid (TBA) values in pork sausage manufactured with mechanically
deboned pork previously treated with maltodextrins and corn syrup solids.

Days of frozen storage of MDP

Treatments 14 60 120 180
Control 1.39%° 1.14° 1.68° 2.34%
4% 5 DE! 1.55% 1.90% 2.77% 2.46%
8% 5 DE 1.35%° 1.06>° 1.39° 1.60°
4% 10 DE 1.42%P 1.21° 1.28° 2.99%
8% 10 DE 1.04° 1.06:° 1.16: 167
4% 20 DE 0.98° 1.22 1.22 1.63°
8% 20 DE 0.80° 0.88° 0.94° 1.32°
SEM? 0.15 0.07 0.26 0.16
Freezing method ]
Rapid freezing  1.17° 1.22% 1.43% 1.53
Slow freezing 1.64% 1.19° 1.56" 2.27*
SEM? 0.08 0.04 0.14 0.08

!Dextrose equivalent. 2Standard error of the mean.
b “Means with different letters within the same column are significantly different (P<0.05).
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Table 2. Peak load (Kg) by Instron for pork sausage manufactured with mechanically
deboned pork previously treated with maltodextrins and corn syrup solids.

Days of frozen storage of MDP

Treatments 14 60 120 180
Control 1.83*" 2.01%° 1.64° 1.64°
4% 5 DE 1.62°*P 1.88%° 1.64° 1.47%P
8% 5 DE 1.63*" 1.73° 1.32°¢ 1.27°
4% 10 DE 1.54° 1.75%P 1.40%"° 1.45%°
8% 10 DE 1.64%P 1.89%P 1.33>° 1.47%P
4% 20 DE 1.71%° 1.97°° 1.57%° 1.64°
8% 20 DE 1.97° 2.03% 1.64° 1.64%
2
SEM 0.14 0.09 0.08 0.11
Freezing method
Rapid freezing  1.66° 1.93° 1.33° 1.46°
Slow freezing 1.75° 1.86° 1.57° 1.39°
SEM? 0.07 0.05 0.05 0.06

"Dextrose equivalent. 2Standard error of the mean.
8"b’cMeans with different letters within the same column are significantly different (P<0.05).
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Table 3. Sensory color scores' for pork sausage manufactured with mechanically
deboned pork previously treated with maltodextrins and corn syrup solids.

Days of frozen storage of MDP

Treatments 14 60 120 180
Control 4.71*° 3.76 5262 4.56%°
4% 5 DE® 4.35° 4.61% 4.54P° 3.65°
8% 5 DE 5.00*" 4.64° 507" 4,677
4% 10 DE 5.34° 455 4.05° 3.96"°
8% 10 DE 4.99%" 4.55° 5.00%° 4.83°
4% 20 DE 4.36° 5.03% 4.41°° 4.52%°
8% 20 DE 5.20% 4.95% 5.49% 5.26%
SEM® 0.27 0.48 0.19 0.26
Freezing method

Rapid freezing  4.80° 468 4.66° 4.55%
Slow freezing 4.89° 4.49° 5.00% 443"
SEM® 0.15 0.26 0.10 0.14

Color scores based on a 7 point hedonic scale. Color 1=extremely light to 7=extremely dark.

®Dextrose equivalent. 3Standard error of the mean.
a,b,cproans with different letters within the same column are significantly different (P<0.05).
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Table 4. Tenderness scores’ for pork sausage manufactured with mechanically
deboned pork previously treated with maltodextrins and corn syrup solids.

Days of frozen storage

Treatments 14 60 120 180
Control 2.29% 3.01° 3.29° 3.48%
4% 5 DE? 2.10% 2.31° 2.69° 2.39°
8% 5 DE 2.14 2.46° 2.29° 2.11°
4% 10 DE 2.02* 2.17° 2.26° 2.26°
8% 10 DE 1.95 2.23° 2.39° 2.33
4% 20 DE 2.04% 2.66° 2.49° 2.48°
8% 20 DE 2,042 2.25° 2.46° 2.03"
SEM® 0.21 0.29 0.17 0.21
Freezing Method . .

Rapid freezing  2.04" 2.36 241 2.14°
Slow freezing 2.13% 2.51° 2.69% 2.43%
SEM® 0.11 0.15 0.09 0.11

1Tenderness scores based on a 7 point hedonic scale. Tenderness l1=extremely tender, 7=extremely tough.

?Dextrose equivalent. 3Standard error of the mean.
& by reans with different letters within the same column are significantly different (P<0.05).
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Table 5. Flavor desirability scores’ for pork sausage manufactured with mechanically
deboned pork previously treated with maltodextrins and corn syrup solids.

Days of frozen storage

Treatments 14 60 120 180
Control 3.23° 3.24° 3.28>° 3.23%°
4% 5 DE® 327 4.32° 3.87° 377"
8% 5 DE 3.09° 3.73" 3.53%P 3.03"
4% 10 DE 3.31° 3.37° 3.35°° 3.25*°
8% 10 DE 3.46° 3.35° 2.98° 2.96°
4% 20 DE 3.45° 3.40°° 3.01° 3.01°
8% 20 DE 3.39° 3.50°° 3.09° 3.09°
SEM® 0.16 0.12 0.14 0.20
Freezing method .

Rapid freezing  3.31° 3.74° 3.28 3.05"
Slow freezing 3.32° 3.38% 3.32% 3.34%
SEM® 0.09 0.06 0.08 0.11

Flavor desirability based on a 7 point hedonic scale. Flavor desirability 1=extremely desirable,
=extremely undesirable. ®Dextrose equivalent. 3Standard error of the mean.
a,b,cproans with different letters within the same column are significantly different (P<0.05).

(441
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GENERAL SUMMARY

Three experiments were conducted to study the functionality of
hydrocollcids in meat systems. The first experiment evaluated the effects of
starch and carrageenan on the quality characteristics of hams containing
high levels of added water. The second experiment investigated the
cryoprotectant effects of maltodextrins and corn syrup solids for freeze-thaw
stability in mechanically deboned pork. The third experiment was done to
study the quality and sensory characteristics of pork sausage made from
frozen mechanically deboned pork containing these cryoprotectants and stored
for various times.

The first part of this investigation was a study of the functionality of
starch and carrageenan as water-binding and texture modifying agents in
hams containing 55% added water. Eight treatments were formulated: kappa-
carrageenan (0% or 1.5%) x starch (0%, 2%, 3.5% or 5%). Hams were evaluated
for cooking yields, purge, color, texture and sensory characteristics. Results
from this experiment revealed that incorporation of carrageenan at a level of
1.5% increased yields, decreased purge and resulted in a sensory perception of
reduced juiciness. Increasing levels of starch increased perception of
juiciness. Combinations of starch and carrageenan showed that starch may
increase juiciness of products with carrageenan. There was no synergistic
effect on moisture retention due to a combination of starch and carrageenan.

Microscopic studies were conducted to determine the location and distribution
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of starch and carrageenan in ham. Starch and carrageenan were randomly
distributed in localized areas with no evidence of an interaction between them.

The second part of this investigation was a study of the cryoprotectant
effect of corn maltodextrins and corn syrup solids on frozen mechanically
deboned pork. The experiment included 7 treatments: control, 4% and 8% each
of 5 DE, 10 DE maltodextrins and 20 DE corn syrup solids blended with
mechanically deboned pork followed by freezing with two freezing methods
(rapid and slow). Samples were evaluated for color, thaw drip, protein
solubility, gel strength, emulsifying capacity and oxidative rancidity.

Drip loss was significantly affected by the method of freezing (P<0.05)
however, it was not affected by the type or level of maltodextrins or corn syrup
solids used. TBA values, a measure of oxidative rancidity was also affected by
the method of freezing but not by the maltodextrins or the corn syrup solids up
to 180 days of frozen storage. However, after 240 days, 4% 5 DE, 4% 10 DE
maltodextrins and 4% and 8% 20 DE corn syrup solids were significantly lower
for TBA values than the control (P<0.05).

The amount of extractable salt-soluble protein after 60 days of frozen
storage decreased by 31% in the control and by 7%-12% in the treatments
containing the cryoprotectants. The 4% and 8% levels of both 10 DE
maltodextrins and 20 DE corn syrup solids were effective for preventing losses
of protein solubility. The treatment containing the 4% 5 DE developed limited
solubility of the protein after 240 days of frozen storage.

A significant decrease (P<0.05) in gel strength was observed between the

control and treatments containing 8% 10 DE maltodextrin and 8% 20 DE corn
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syrup solids after 60 days of frozen storage. Rapidly frozen samples exhibited a
significantly higher (P<0.01) emulsifying capacity compared to the slow frozen
samples during the entire period of frozen storage. The maltodextrins and
corn syrup solids used at the 8% level caused a significant increase in
emulsifying capacity, followed by that used at the 4% level, while the lowest
emulsifying capacity was presented by the control. The rapidly frozen samples
exhibited a significantly higher emulsifying capacity compared to the slow
frozen samples during all sampling times.

The third part of this investigation was a study of the quality and sensory
characteristics of pork sausage in which 50% of the pork was replaced with
frozen mechanically deboned pork containing cryoprotectants. The experiment
included 7 treatments: control, 4% and 8% each of 5 DE, 10 DE maltodextrins
and 20 DE corn syrup solids. The mechanically deboned pork with
cryoprotectants was frozen using two freezing methods (rapid and slow). Pork
sausage samples containing mechanically deboned pork were evaluated for
cooking loss, color, texture, oxidative rancidity and sensory characteristics.

Cooking loss and the light reflectance values were unaffected by the
freezing method, the type or the level of maltodextrins and corn syrup solids
used throughout the period of frozen storage. TBA values, a measure of
oxidative rancidity, increased over time, but were lowest for treatments
containing 4% 10 DE maltodextrins and 4% and 8% 20 DE corn syrup solids
after 2 weeks. Maltodextrins and corn syrup solids used at the 8% level were

effective in lowering the TBA values compared to those used at the 4% level or
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the control. The freezing method did not have a significant effect on the TBA
values.

Peak force values for measurements of the pork sausage texture
indicated that the treatments containing 8% 20 DE and the control required
greatest penetration force throughout the period of frozen storage. Sensory
evaluation of pork sausage showed the most notable quality differences to be
color, tenderness and flavor desirability.

The research indicates that hydrocolloids impart several functional
properties to meat systems. The starch and carrageenan used in this study
were effective as water-binders and texture modifying agents in hams
containing large quantities of added water. Freeze-induced protein
denaturation of frozen mechanically deboned pork was reduced effectively by
the use of 10 DE maltodextrin and 20 DE corn syrup solids. Future research
should focus on the understanding of the molecular mechanism by which
high molecular weight carbohydrates like maltodextrins and corn syrup solids

prevent losses in meat protein functionality during frozen storage.



157

APPENDIX A



Table 1A: Fat, moisture and protein values for hams treated with kappa-carrageenan

and modified corn starch

Treatment Fat (%) Moisture (%) Protein (%)
Starch (%)
0 2.022 75.402 17.992
2 2.172 74,002 17.852
35 2.882 73.41P 17.482b
5 2.892 72.85P 16.37°
SEM! 0.35 0.28 0.40
Carrageenan (%)
0 2.212 74.192 17.702
15 2.772 73.642 17.142
SEM! 0.49 0.40 0.56
Probabilities
Replication 0.3544 0.0487 0.6305
Starch 0.7246 0.0146 0.0491
Carrageenan 0.4353 0.2780 0.1793
Starch*Carrageenan  0.4690 0.3811 0.2589

a, b\ feans with different letters are significantly different (P<0.05).

1Standard error of the mean.

8GT



Table 2A: Peak Load (N), peak energy and total energy values for hams treated with
kappa-carrageenan and modified corn starch

Treatment Peak Load (N) Peak Energy Total Energy
Starch (%)
0 2.292 0.152 0.292
2 2.252 0.152 0.282
35 2.172 0.142 0.282
5 1.962 0.132 0.252
SEM! 0.09 0.03 0.01
Carrageenan (%)
0 2.122 0.142 0.272
15 2.228 0.142 0.282
SEM! 0.12 0.04 0.02
Probabilities
Replication 0.4276 0.6183 0.2842
Starch 0.2740 0.6385 0.3145
Carrageenan 0.4418 0.7347 0.5799
Starch*Carrageenan  0.1333 0.5135 0.2138

8Means with same letters are not significantly different (P>0.05).
1Standard error of the mean.
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Table 3A: L, a and b values for hams treated with kappa-carrageenan and modified corn starch

Treatment L a b
Starch (%)
0 54,682 8.912 5912
2 56.512 7.762 5.162
35 55.592 7.872 5.192
5 53.412 8.362 5.012
SEM! 1.07 0.35 0.23
Carrageenan (%)
0 55.142 8.432 5.542
15 54.962 8.022 5.102
SEM! 1.52 049 0.33
Probabilities
Replication 0.6241 0.0139 0.0007
Starch 0.5353 0.3645 0.2651
Carrageenan 0.9065 0.4128 0.2042
Starch*Carrageenan  0.0703 0.4826 0.3129

8Means with same letters are not significantly different (P>0.05).
1Standard error of the mean.
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Table 4A: Sensory evaluationl scores for hams treated with kappa-carrageenan and modified corn starch

Treatment toughness cohesiveness flavor flavor color overall
intensity  desirability acceptability
Starch (%)
0 7.342 8.012 7.662 8492 9.022 7.812
2 9.072 7.932 8.09% 8.152 6.352 7.932
35 8.752 8.422 8462 7.97? 8.372 7.832
5 8.402 7.072 7.932 8.16% 7.232 7.60?
SEM? 3.34 2.52 2.54 2.51 7.94 1.90

Carrageenan (%)

0 8.71% 7.74% 8.10 8.24% 7.84° 802 &
15 8.072 7.992 8.012 8.152 7.642 7572
SEM? 4.13 3.57 3.59 3.55 11.22 2.69
Probabilities
Replication 0.0409 0.5188 0.1010 0.0399 0.9754 0.0404
Starch 0.0987 0.1019 04773 0.7776 0.3749 0.8555
Carrageenan 01958 0.4939 0.7143 0.8033 0.8634 0.1150
Starch*Carrag.  0.0891 0.2918 0.7676 0.5499 0.3455 0.3864

aMeans with same letters are not significantly different (P>0.05). 2Standard error of the mean.

1Sensory measurements using a 15-cm line scale.

Toughness O=very tough; 15=very tender; Cohesiveness 0=not cohesive; 15= very cohesive;

Flavor intensity O=not flavorful; 15=very flavorful; Flavor desirability O=very undesirable;

15=very desirable; Color O=light; 15=dark; Overall acceptability 0=not acceptable; 15=very acceptable
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Table B1. “L” values for mechanically deboned pork treated with maltodextrins and corn

syrup solids.
Days of frozen storage

Treatments 0 2 60 120 180 240
Control 36.55% 40.70% 41.63% 46.13% 40.76* 43.76%
4% 5 DE! 4267 41.68% 41.15° 44.72° 41.19% 42952
8% 5 DE 41.63% 40.83% 35.91% 43.54% 43.10% 42.93%
4% 10 DE 40.87% 40.40% 42.43° 45.32% 43.40° 42.01%
8% 10 DE 40.02* 40.22° 40.71% 42.65° 40.75° 41.59°
4% 20 DE 41.47° 41.44° 43.88% 44922 43.23% 43.14%
8% 20 DE 38.21° 36.77° 40.09% 41.49% 39.63% 38.99%
SEM? 1.88 1.10 2.49 1.11 1.16 1.17
Freezing method
Rapid freezing = ---- 40.91° 42.87% 44.29° 42.20% 42.35%
Slow freezing - 39.96" 39.64* 43.96 41.81° 41.11%
SsEM® = - 0.59 1.33 0.59 0.57 0.63

€91

! Dextrose equivalent. 2Standard error of the mean.
Means with the same letters within the same column are not significantly different (P>0.05).



Table B2. “a” values for mechanically deboned pork treated with maltodextrins and corn

syrup solids.
~ Days of frozen storage

Treatments 0 2 60 120 180 240
Control 17.19% 13.55° 14.43% 11.28° 10.70° 9.40%
4% 5 DE! 18.13° 13.56° 14.84° 11.65° 12.64° 11.42°
8% 5 DE 17.81% 14.55% 14.59% 11.93° 11.75% 12.04%
4% 10 DE 17.86% 14.31° 15.86" 12.17° 12.87° 12.52%
8% 10 DE 17.13° 13.62° 15.02° 11.79% 12.62° 12.38%
4% 20 DE 17.58% 1461° - 14.90% 11.87% 12.03% 11.30%
8% 20 DE 17.96% 14.78% 16.39° 13.69° 12.79° 13.07
SEM? 0.50 0.68 0.57 111 0.96 1.05
Freezing method
Rapid freezing = - 14.18° 15.75% 12.55" 12.60" 12.21°
Slow freezing - 14.15° 14.55" 11.56° 11.13° 11.26°
53101 — 0.36 0.30 0.35 0.54 0.56

9t

'Dextrose equivalent. %Standard error of the mean.
8Means with the same letters within the same column are not significantly different (P>0.05).



Table B3. “b” values for mechanically deboned pork treated with maltodextrins and corn

syrup solids.
Days of frozen storage

Treatments 0 2 60 120 180 240
Control 10.99° 9.52% 9.31% 9.35% 10.09% 8.70%
4% 5 DE! 11.99° 9.56% 9.30% 9.24° 9.70° 9.23%
8% 5 DE 11.69° 10.32* 10.09* 9.48° 9.81% 10.18%
4% 10 DE 11.43% 9.95% 9.88" 9.50% 10.09° 9.92%
8% 10 DE 11.12% 9.37% 9.42% 9.06% 9.46° 9.75%
4% 20 DE 11.33% 10.35% 9.29° 9.46" 9.88°% 10.11*
8% 20 DE 10.81% 9.15% 9.42° 8.91% 8.66% 9.32%
SEM? 0.44 0.41 0.37 0.19 0.27 0.32
Freezing method
Rapid freezing - 9.77" 9.86: 9.502 9.55° 9.80"
Slow freezing  — 9.72% 9.20 9.06 9.62% 9.40°
5301, — 0.24 0.20 0.10 0.14 0.17

'Dextrose equivalent. 2Standard error of the mean.
8Means with the same letters within the same column are not significantly different (P>0.05).

91
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Table C1. Fat content (%) for pork sausage manufactured with mechanically
deboned pork previously treated with maltodextrins and corn syrup solids.

Days of frozen storage of MDP

Treatments 14 60 120 180
Control 20.59% 18.19% 29.62° 27.73%
4% 5 DE! 19.41% 18.65 27.92° 28.40%
8% 5 DE 19.50% 15.96° 27.18% 28.93%
4% 10 DE 19.76° 20.62* 27.25% 25.53%
8% 10 DE 19.42% 18.54% 26.72% 27.27%
4% 20 DE 19.59% 16.83° 27.69% 27.76%
8% 20 DE 19.71% 16.15% 27.57° 27.74*
SEM? 0.21 1.29 0.87 1.01
Freezing method . . .
Rapid freezing  19.83° 16.99 28.34 28.53
Slow freezing 19.60° 18.81° 27.07° 26.71%
SEM? 0.11 0.69 0.46 0.54

L9T

IDextrose equivalent. 2Standard error of the mean.
#Means with the same letters within the same column are not significantly different (P>0.05).



Table C2. Moisture content (%) for pork sauéage manufactured with mechanically
deboned pork previously treated with maltodextrins and corn syrup solids.

Days of frozen storage of MDP

Treatments 14 60 120 180
Control 59.19" 61.48% 44.15% 53.92%
4% 5 DE! 59.25% 60.57% 4152° 53.38°
8% 5 DE 58.25" 61.79° 40.76% 51.44%
4% 10 DE 59.03% 59.11° 40.82% 54.73%
8% 10 DE 58.52% 59.88% 40.58% 52.51%
4% 20 DE 59.08% 61.29° 41.16% 52.85%
8% 20 DE 46.95° 61.26" 40.53% 51.97%
SEM? 4.23 1.88 0.50 0.75
Freezing method . . .
Rapid freezing  58.66° 61.48 42.02 54.04
Slow freezing 55.70° 60.05" 40.70% 53.62°
SEM? 2.26 0.64 0.27 0.40

891

'Dextrose equivalent. 2Standard error of the mean.
8Means with the same letters within the same column are not significantly different (P>0.05).



Table C3. Protein content (%) for pork sausage manufactured with mechanically
deboned pork previously treated with maltodextrins and corn syrup solids.

Days of frozen storage of MDP

Treatments 14 60 120 180
Control 16.00° 16.70% 14.04% 14.72%
4% 5 DE! 16.04° 16.31% 14.15° 14.24°
8% 5 DE 15.57% 16.57% 13.97% 13.55%
4% 10 DE 15.84° 15.85% 14.10% 14.77°
8% 10 DE 15.69% 16.22° 13.96% 14.33%
4% 20 DE 15.98* 16.70% 14.052 14.44%
8% 20 DE 15.67% 16.33% 13.54% 13.98%
SEM? 0.10 0.31 0.15 0.27
Freezing method . .

Rapid freezing  15.84° 16.63 13.89 14.04°
Slow freezing 15.81° 16.14* 14.05% 14.54°
SEM? 0.05 0.16 0.08 0.14

;Dextrose equivalent. %Standard error of the mean.
8Means with the same letters within the same column are not significantly different (P>0.05).
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Table C4. Ash content (%) for pork sausage manufactured with mechanically
deboned pork previously treated with maltodextrins and corn syrup solids.

Days of frozen storage of MDP

Treatments 14 60 120 180
Control 3.20% 2.83% 2.52% 2.65°
4% 5 DE! 3.05° 2.70° 2.73% 2.83°
8% 5 DE 3.01% 2.66* 2.67% 2.59°
4% 10 DE 2.85% 2.71% 2.62° 2.59%
8% 10 DE 2.80% 2.45°% 2.55° 2.66%
4% 20 DE 2.99% 2.67% 2.76° 2.82%
8% 20 DE 3.02° 2.77% 2.52° 2.66"
SEM? 0.10 0.13 0.07 0.07
Freezing method . . .
Rapid freezing  2.97° 2.73 2.65 2.71
a
Slow freezing 3.00° 2.64% 2.60° 2.66
SEM? 0.54 0.07 0.04 0.04

!Dextrose equivalent. 2Standard error of the mean.
8Means with the same letters within the same column are not significantly different (P>0.05).
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Table C5. Cooking loss values for pork sausage manufactured with mechanically
deboned pork previocusly treated with maltodextrins and corn syrup solids.

Days of frozen storage of MDP

Treatments 14 60 120 180
Control- 19.96* 16.67% 30.31% 20.93%
4% 5 DE* 18.33% 15.54° 28.12° 18.66°
8% 5 DE 18.14° 16.14° 27.54% 20.32%
4% 10 DE 18.43% 15.12° 24.82° 16.98%
8% 10 DE 18.75% 16.92% 26.48% 21.19%
4% 20 DE 18.43° 16.67% 24.96% 20.24*
8% 20 DE 19.21% 16.34° 28.65% 20.63%
SEM? 2.31 1.47 2.00 1.75
Freezing method . .

Rapid freezing  19.04" 16.56 25.64 17.80°
Slow freezing 21.60" 17.84° 28.04% 20.19%
SEM? 1.24 0.78 1.07 0.94

TLY

'Dextrose equivalent. %Standard error of the mean.
Means with the same letters within the same column are not significantly different (P>0.05).



Table C6. “L” values for pork sausage manufactured with mechanically
deboned pork previously treated with maltodextrins and corn syrup solids.

Days of frozen storage of MDP

Treatments 14 60 120 180
Control 38.07% 35.44% 28.65" 30.27°
4% 5 DE? 33.86° 37.08° 32.40° 35.38%
8% 5 DE 33.13% 36.45% 33.28% 31.68%
4% 10 DE 39.03% 36.74" 36.17° 33.93°
8% 10 DE 33.99% 33.10° 33.42% 34.43%
4% 20 DE 36.19% 34.32° 35.91° 31.37°
8% 20 DE 30.47% 32.26" 30.82° 29.64%
SEM? 2.81 1.65 2.31 151
Freezing method . .

Rapid freezing  34.73° 34.24 34.47 32.89%
Slow freezing 35.20" 35.88" 31.43% 31.87°
SEM? 1.50 0.88 1.24 0.81

IDextrose equivalent. 2Standard error of the mean.
8Means with the same letters within the same column are not significantly different (P>0.05).
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Table C7. Juiciness scores’ for pork sausage manufactured with mechanically
deboned pork previously treated with maltodextrins and corn syrup solids.

Days of frozen storage of MDP

Treatments 14 60 120 180
Control 3.71% 3.69% 3.81% 2.77°
4% 5 DE? 3.78% 3.53° 4.12° 3.53°
8% 5 DE 4.07° 4.10% 347% 2.76°
4% 10 DE 3.67% 3.56" 3.40° 3.45%
8% 10 DE 3.87° 3.50% 3.17% 3.17%
4% 20 DE 3.58% 3.81% 3.51% 3.43"
8% 20 DE 3.64% 3.27% 3.08" 3.55%
SEM® 0.20 0.22 0.22 026
Freezing method

Rapid freezing  3.74° 3.64" 3.48° 3.00°
Slow freezing 3.78% 3.63% 3.54% 3.18%
SEM® 0.10 0.11 0.12 0.14

! Juiciness scores based on a 7 point hedonic scale. Juiciness 1=extremely juicy to 7=extremely dry.

?Dextrose equivalent. 3Standard error of the mean.
8Means with the same letters within the same column are not significantly different (P>0.05).
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Table C8. Flavor intensity scores’ for pork sausage manufactured with mechanically
deboned pork previously treated with maltodextrins and corn syrup solids.

Days of frozen storage of MDP

Treatments 14 60 120 180
Control 2.86% 3.20% 3.05% 3.06%
4% 5 DE? 3.20% 3.00° 3.26® 3.47°
8% 5 DE 3.07% 3.37% 2.99% 2.95°
4% 10 DE 2.82% 3.32° 3.37% 348%
8% 10 DE 2.92° 3.39% 3.09% 3.15%
4% 20 DE 3.07% 3.30° 2.93% 3.17%
8% 20 DE 2.81% 3.25% 3.24% 3.03%
SEM® 0.14 0.15 0.14 0.15
Freezing method . . .
Rapid freezing  2.79" 3.23 3.17 3.10
Slow freezing 3.14" 3.29% 3.09% 3.27"
SEM® 0.08 0.08 0.08 0.08

Flavor intensity based on a 7 point hedonic scale. Flavor intensity 1l=extremely strong,

7=extremely bland. 2Dextrose equivalent. 3Standard error of the mean.
8Means with the same letters within the same column are not significantly different (P>0.05).

LI
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