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SUMMARY

One of the three objectives of the North Central Reqional Research
Project" Food Quality and Energy Usaqe in Foodservice System: Microwave and
Convective Thermal Processing” is to establish parameters for conserving
nutritional and sensory qualities and for maintaining microbial and chemical
safety of menu items. Numerous criteria were established for product
selection. These included: substantial source of protein, uniform product,
requires thermal processing, large volume as used in the foodservice industry,
reasonable cost, reliable suppliers, widely accepted and is of importance now
and expected to be of importance into the 21st century. Turkey rolls were
chosen as the first product to be used in the investiqation under contract
with the Department of the Army, U.S. Army Natick Research, Development and
Engineering Center, Natick, MA.

The results of using forced-air convection ovens operating at 105, 135,
and 165°C to roast turkey rolls to 77°C-80°C showed that sensory qualities and
nutrient retention varied slightly. Holding sliced turkey from 0 to 120
minutes also resulted in slightly lower average thiamin retention; however,
the small differences in the data negqate the significance of the statistical
findings.

Roasting to an internal temperature of 77°C-87°C eliminated all coliforms,
an indicator of public health significance. PCBs were not detected. Yield,
roasting time, and enerqQy usaqe were significantly affected by oven
temperature. Enerqgy usage was also affected by oven load. This information
contributes to a second objective which is to determine enerqy expenditure for

different thermal processing parameters.
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The final objective is to develop a data base on food quality and energy
expenditures for use in decision making models for effehtive foodservice
management. Data from this research project provide a basis for foodservice
administrators to balance oven availability, product need, product aquality,
and enerqy usage. Further development of the data base with information from
other focd products will increase the body of knowledge available about
foodservice technology.

Results of this study will be useful to managers in all seaments of the
foodservice industry. Additional studies need to be done, using data
generated by this project based on actual time and temperature relationships,
to'develop models that can predict quality anc¢ enerqgy usage of the food
product. Collaborative studies of quality and safety characteristics as well
as energy use under comparable time and temperature relationships should be
continued. Other menu items (e.q. fish products) and other classes of foods

(e.g. vegetables) need investigation.
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FOOD QUALITY AND ENERGY USAGE IN FOODSERVICE SYSTEMS:
CONVECTIVE THERMAL PROCESSING OF TURKEY ROLLS

INTRODUCTION

Forecasts for foodservice sales during 1986 show differences of opinion
among estimates by Restaurants and Institutions Magazine, the National
Restaurant Association, and Technomic Consultants. These differences are
partially related to methods of data accumulation and to assumptions about
inflation (Table 1). However, all three agree on a conservative rate of real
growth for the military segment (1).

The foodservice industry consists of individual market seqments that have
specialized requirements for food, equipment and suppliec and use unigue
methods of purchasing, storing, nreparing and serving meals and snacks to meet
the needs of customers. Therefore, expansion or shifts in trends within
market segments will probably have implications for the numerous businesses
(food, equipment, supplies, and services) that sell qoods and services to the
foodservice industry (2).

Chances in consumer attitudes and lifestyles will continue to affect many
of the foodservice industry seqments in the future, Consumers are likely to
continue to be interdsted in health and nutriticn witd a concomitant taste for
healthful menu items such as poultry, salads, and veqetables (3). When making
decisions about menu items, administrators in military, commercial, and
institutional foodservices consider food quality and cost. Quality food is
selected, orepared, and served so that the food is microbiologically and
chenically safe, retains or enhances senscry properties, conserves nutrients,
and is sought by consumers. Food auality is probably affected more by therma!

processing than any other step in food preparation. The primary focus of this

|
|
!
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two-year componint of a five-year project was convective thermal processing,

because convection ovens are widely used throughout the foodservice industry.

There were three primary objectives for this project (1984-1986):

o Establish parameters for conserving nutritional and sensory gualities of
a menu item, while maintaining microbial and chemical safety.

2. Determine energy expenditures for different thermal processing
parameters used in preparing a selected menu item in forced-air
conveciion ovens,

3. Develop a data base on food auality and enerqy expenditures for 2
selected menu item for use in decision making models for effective

foodservice management.

Experimentation was limited to convective thermal processing for foodservice
systems. A menu item was selected that met the following criteria,

established by the North Central-120 Regional Research Committee:

1. Product contains one or more critical nutrients; at least one product
shall have substantial protein content.
2. Product is fairly uniform in product composition.

3. Product is appropriate to convective thermal processing.

4, Product is used in iarqge volume by the food<ervice industry.

5. Product is of reasonable cost.

6. ®roduct has reliable supplier.

7. Product is widely accepted within the general population.

8. Product is of importance now and is expected to be of importance into

the 21st century.
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The menu item selected as meeting these criteria was turkey rolls
(frozen). Consumption of turkey meat in both the retail and commercial
markets has been increasing over the last 25 years (4). The turkey rolls,
formulated according to commonly accepted specifications and available from a
dependable source, were provided by the U.S. Army Natick Research and
Development Center through contract (DAAK60-84-C-0089). Turkey rolls were
from a single lot; thus individual rolls constituted a random sampie.

The research work was completed in three phases to maximize the
effectiveness of joint efforts among the universities and to take advantage of
the combined expertise in food quality and enerqy usaae methods for
foodservice research. The type of research, quality factors studied, and

research sites with major responsibility for procedures are shown in Table 2.

TABLE 2. Quality Factors Studied and States with Major Responsibility for Procedures

Type of - Sensory Nutritional Microbiological Chemical Enerqy
research quality quality safety safety use
Standardization

of methods Kansas INlinois Nebraska Michigan Missouri

s, Validation of

methods and 111inois Kansas Minnesota Michiqan Tows
findings lowa Wisconsin Wisconsin
. Application to lowa lowa Nebraska Michiqan lowa
i foodservice Ohio Wisconsin Wisconsin Missouri
g Wisconsin

:

The product to be used, variables to be studied, and procedures for the study

?.‘.Q were predefined, validated, and followed by the researchers contributing to
E the project.

1
3
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METHODS AND MATERIALS
EXPERIMENTAL DESIGN
Most phases of this experiment involved with six treatment combinations.

The treatment combinations included three cooking temperatures (105, 135, and

165°C) and two holding treatments (not chilled and chilled for 24 hr). Turkey
. rolls from each treatment combination were subjected to three hot-holding

times (0, 60, and 120 min). Zero time for hot-holding was reached when half

of the thermocouples indicated that the internal temperature of turkey siices

had reached 66 to 67°C or above. Thereafter, slices were held for 60 or 120

min. Turkey rolls were cooked at the selected temperature, then sliced and

held for the three hot-holding times or chilled for 24 hr before slicing,

reheating, and holding. The combinations of cooking time and holding

treatment were selected randomly and specified for each day of the study.

DESCRIPTION OF PRODUCT

The frozen, raw, boneless, ready-to-cook turkey rolls were formulated in
accordance with USDA specifications which were: breast meat (minimum 47.0% of
total), thigh meat (maximum 34.0%), skin (maximum 12.5%), water (5.0%),
iodized salt (1.0%), and sodium phosphates (0.5%). Breast meat could replace
thigh meat, and either breast meat or thigh meat could replace skin. The
maximum percentage of thigh meat could be exceeded if thigh meat replaced skin
and the minimum percentaqe of breast meat was obtained. A minimum of 75% of
the outer surface was to be covered by skin. The finished product
requirements for the turkey rolls allowed for variations in lenath (23 to 43
cm), diameter (10 to 18 cm), and weight (3.6 kq to 5.4 ka). Norbest
Incorporated, Salt Lake City, Utah was the supplier of the turkey rolls to the

U.S. Army Natick Research and Pevelopment Center. These rolls were netted and
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placed in sealed moisture-proof casings, frozen and shipped to arrive at each

research site between October 1984 and January 1985,

PﬁEPARATION FOR THERMAL PROCESSING

Turkey rolls were held in frozen storaqe, at approximately -20°C., Prior
to roasting, rolls were thawed at 4°C for 48 to 72 hr to an internal
temperature of 0 to 6°C in the geometric center of the roll. The
moistureproof bag was removed from the thawed turkey roll just prior to
cooking, while the net was left in place.

Turkey rolls used for sensory and microbiological studies were roasted
within 4 to 8 months after receiving the products. WNutritional, chemical, and
energy studies were completed within approximately 9 months.

Two sizes of forced convection ovens (household and institutional) were
used to evaluate exiremes in oven sizes as might be used in military
foodservice. The household oven was a Farberware Convection turbo-oven { ndel
460/5). Turkey rolls were cooked, uncovered, to an internal temperature of
80°C in the geometric center of the roll (I1linois and Kansas). The electric
institutional convection ovens used included: Zephaire Model EF-111, the G.S.
Blodgett Comnany Inc. and Lang Model £CCO-6, the Lang Manufacturing Company.
Turkey rolls were also placed in the center of the oven, uncovered {Missouri
and Wisconsin) or covered with aluminum foil (lowa and Ohio) and cooked to an
internal temperature of 77°C in the geometric center of the roll.

Time-temperature data were collected at the qeometric center of the turkey
roll by using recording potentiometers. Oven roasting temperature and
internal meat temperature were recorded every 4 to 5 min throughout roasting
and 15 to 30 min after roasting. Total cooking losses, drip and evaporative
losses were based on cooked weights taken 15 min after the turkey rolls were
removed from the oven. After standing for 15 min, the turkey roasts were

6
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either placed in a refriqerator at 4°C to chill overnight (I1linois, Iowa,
Kansas and Ohio) or sliced into 1-cm slices (I1lincis, lowa, Kansas, Ohio and
Wisconsin) for hot-holding. Slices for the 0 holding time were evaluated
within 30 min of removal of the turkey roasts from the ovens. Temperature of
the holding equipment was monitored and adjusted to maintain the internal
temperatures of the turkey slices at 66 to 67°C.

Only white meat was sampled for quality evaluations so slices with maximum

: amounts of white meat were selected for holding. Turkey meat was held at 66°C
in the geometric center for either 60 or 120 min. Four slices (about 495 to
500 g per pan) were held in covered disposable half-sized steam table pans or
turkey slices were stacked in pans (approximately 800-q oer pan). Various
types of hot-holding equipment were used, but all equipment was calibrated so
that the temperature in the qeometric center of the meat when reheated was
66°C.

Chilled meat was removed from the refriqerator after 24 hr, sliced as
described previously, and reheated at 105°C to an internal temperature of 66°C
for the 0 holding time. Samples were then treated in the same manner as the
turkey meat that was . .t chilled. Statistical tests, as appropriate for each
parameter beinqg studied, were done according to commonly accepted procedures

for analyses.

QUALITY MEASURES

Sensory Analyses

. Sensory analyses of turkey meat were conducted at four Aqricultural

Experiment Stations: [llinois, lowa, Kansas, and Ohio.

Panelists, Faculty, staff, and students at the various universities were

trained during a two-week period {3 hr per week) to do the sensory analyses of

the samples of turkey meat. Seven to twelve panel members were trained. From




pools of twelve panelists, four to six panelists were selected randomly at
Kansas and I1linois, respectively, and assigned to sampling periods for every
treatment and time. The same panelists were used at each taste panel session
at Iowa and Ohio.

Training consisted of introducing panelists to the score card and defining
terminology used in this study. Panel members were given samples and trained
to recognize characteristics of the extremes, or anchors, for each attribute
to be evaluated. The score card used in this study is illustrated in Fiqure 1.

Preparation of samples. Two or four l-cm-thick slices of turkey from each

holding period were used for sensory analyses. A 1.3-cm-diameter corer was
used to cut sample cores for each panelist to determine chew count.
Approximately 2 to 3-cm-diameter samples were used for evaluating other
sensory attributes of the turkey.

Holding and serving of samples. Turkey cores were placed in prewarmed 50

to 150-mL glass beakers covered with watch glasses. Each sample had its own
holding beaker. These covered beakers were placed in a pan o, hot water
maintained at approximately 62°C on an electric warming tray set at 93°C,
Panelists served themselves at the designated hour of testina by selectina
two cores from each beaker. Reference samples for aroma, representing
partially roasted and extensively-roasted turkey to develop browned aromatics,
were provided for the evaluators at I1linois and Kansas. These sampies were
held at room temperature in covered qlass brandy snifters and retained their

characteristic aromas.

Nutritional Analyses

Of the nutrients in poultry, thiamin is the most labile and, therefore, it

was used as an indicator of nutritional guality because its destruction would
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INTENSITY RATINGS: TURKEY ROASTS
LIGHT MUSCLE

Name
Date

Place a vertical line across the horizontal line at the poirt
representing your perception of the characteristic's iantensity.
Re-testing is permitted.

AROMA

Partially cooked Roastad

JUICY MOUTHFEEL

Very dry Very juicy
TEXTURE

ﬁbroua. stringy érnlbly. realy
Chev Count

FLAVOR: MEATY, COOKED TURKEY

None fnten..
‘ FLAVOR: OFF-NOTES
> None Strong,stale
Thank you!

Figure 1. Score Card for Sensory Analysis of Turkey Roasts




be most likely to occur under adverse heat processing conditions. Althouah
poultry is not an excellent source of thiamin, it provides about 40 to 60
mcg/100 q meat.

Thiamin content and retention were determined from turkey roasted in
household size forced-air convection ovens (I1linois and Kansas) and
institutional forced-air convection ovens (Iowa and Wisconsin). After
roasting at 105, 135, and 165°C, chilling 24 hr at 4°C or not chilling and
holding slices at approximately 66°C for 0, 60, or 120 min, approximately 50 g
of the sliced white meat was removed for nutritional analysis. These samples
were held frozen at -20°C until analyzed for thiamin using a modification of
the thiochrome assay method (5). Thiamin was expressed as mcq/100 q on a

wet-weight basis, using the AOAC method 24.003 (6).

Microbiological Analyses

Sampling and Evaluation of Raw Turkey Rolls. Following thawing, for each

analysis an 11-g sample was removed aseptically by random seleciion from
various areas of the surface 2f a turkey roll. To determine internal
microbial contamination, a 2.54--m core was taken aseptically from the
midsection of a roll and an 11-q sample was removed from the middle of the
cored portion. Each sample was then blended with 99 mL of phosphate buffer
for subsequent decimal dilutions and platings in duplicate with plate count
agar (PCA) and violet red bile agar (VRBA). Plate count agar w3s used to
cetermine total aerobic plate count and VRBA was chosen to determine
coliforms, indicators of microorganisms of public health significance. Plates
were incubated at 32°C at Nebraska, 35°C at Wisconsin, and 37°C at Minnesota.
The high temperature selected by Minnescta was chosen to correspond with

standard medical procedures for evaluating pathoaens in products. Incubation
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times for VRBA ranged from 18 to 24 hr with the shortest time associated with
the highest temperature. Incubation time for PCA was 48 hr.

Sampling and Evaluation of Cooked Turkey Roasts. After cooking as

described previously, turkey roasts were sliced into 1.0 to 1.2-cm pieces.
Eleven-gram samples were taken aseptically from the approximate center of
slices by Nebraska and Minnesota, while Wisconsin obtained samples from
various areas on the surface of turkey roasts. Surface samples were also
obtained by Wisconsin after hot-holding at 0, 60, and 120 min. Samples were
blended and subsequent decimal dilutions were made. Platings were in
duplicate on PCA and VRBA and incubated at 32 to 37°C for 48 and 24 hr,
respectively. These procedures were in general accord with the methods

outlined by Speck (7).

Chemical Analyses

PCB Analyses. Representative samples of turkey rolls in excess of 100 g
were obtained from four states receiving turkey rolls from the common lot of
turkey rolls supplied by the Department of the Army under this contract
(Contract No. DAAK60-84-C-0089). In each of these states, the turkey rolls
were sliced frozen using a band saw, and frozen samples were wr ..ped in foil
and then placed in sealed polyethylene bags, packed in dry ice, and shipped by
air to the Michiqan Aqricultural Experiment Station. A1l samples were
received frozen. After receipt, the samples were thawed and the white meat
separated. The white meat was pulverized in an Osterizer blender before
duplicate 10-g samples were taken for polychlorinated biphenyl (PC8)
analyses. PCBs were analyzed by hexaneacetone extractions, acetonitrile
partitioning and Florisii-celite column cleanup according to the method of
Yadrick et al. (8). An aliquot of the hexine was dried under vacuum at 70°C
to estimate fat. Following the final concentration, PCBs were quantitated by
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