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ABSTRACT

’ ) .

Beef roasts were cooked to 60° by the conventional
institution (CONV), watég bath (WB) and Alto-sha;m (AS)
methods. Sliced roé;$s were packaged with gravy (GR) or
carrageenan glazé (GLZ) in‘Traytité:>contéihers (IND), or
with GR in bulk containers (BLK). IND samples were:

~evaluated fresh (FSH); IﬁD and BLK samples were evaluated
aftef cryogenic freezing and frozen storage (FZIN-8).
Rehepted_samples (806) were evaluated subjectiveiy and/or
objeétively.
' Generally, IND FSH beef from each cooking method and’
package addition was desirable. IﬁD,FSH and IND FZN-S
treatment comparisons'indicate‘that for each cooking method,
froien stbrage significantly decreased gréin; aroma
desirébility, beefy aroma and flavor intensity $cores,
acceptability aﬁd water holding capacity (WHC\\OE samplégl
'The overall appearance of WB IND FSH beef was bettér x
(P < 0.01) than that of WB IND FZN-S samples. CONV FSH and -
CONV FZIN-S beef were similar in flavof desirability énd
tenderness. WB IND FSH and AS IND\FSH samples'were rated
significantly higher for flavor dééirability'and fenderness
than comparablé“E;N—S samples.’. s .'3# . o .
bapa fogr;;; FZN-S Beef indicaﬁe that sampl?s from eaéh
cooking method were generally desirable. Cooking method did
not affect the appearance, TBA ana WHC values of IND FZIN-S

beef. While there were some differencés, cooking method diad.

not generally affect the aroma and flavor of IND FZN{S 

*

‘(; : iv



samples. WB IND FZN-S slicés were significantl? bette;\iﬁ
tenderness, juiciness and acceptability than compa;able-CONV \
4nd AS samples. CONV IND FZN-S Beef tended tq be more

tender and was more acceptable (P <« 0.05) than compéiable AS

PZN-S: beef. Shear values of WB IND FZN-S samples were lower
kﬁ'

#(P < 0.05) than those of comparable CONV beef faigg to
‘ ' . . £ , '-‘f‘; ,,»«j‘:
be lower than those of AS samples. '\’:>*3»{ﬂ e

. - l"' . B ‘:%”&:Q' .vj

The appearance of GR FSH andOfR FZIN-S begf was simifar.
Frozen storage had a significanﬁ detrimental effeét on thé
overall appearance, color, grain and doneness of GLZ beef.

. Aroma and flavor desirability, beefy afoma and flavor
intensity, acceptability and WHC of GR and GLZ samples
decreased significantly with frozen storage. There was no
difference in ‘WOA/WOF between GR FSH and GR FZN-S treatments;
GLZ FSH samples had slightly but sigﬁificantiy more WOA/WOF

- than GLZ FZN—S samples. GR FSH samples were slightly more
(P << 0.01) tender than GR FZN-S samples. - Frdzen storage had
no effect oﬁ the tenderness of‘GLZ samplés, and on the
juicineés, TBA and- shear valu?s of GR or GLZ slices.

| Data'for IND FZN-S beef'éhow‘that GR samples were
sco;eg signific?ntly higher for ovegg}l aﬁpe&rancé, grain,
beefy aroma and\flavor intensity and Jjuiciness than GLZ
SQmpléé. WHC for IND GLZ FZN—S samples was higher (P < 0.01)
than for GR sample;. . |

For cafeteria-style BLK GR FIN-S beef, consumers rated
the tendgrness and juiciness of WB and CONV samples higher

‘than those of AS samples.



These studies in@iéate thaé each cooking method and (
package addition generally produced éesirable frozen-stored
reheated beef. WOA/WOF pas ve;y.slight in all samples.
‘"However, data suggést that all IND samples were dry.
Although IND GLZ FZN-S slices were boorer in appearance than o
. GR samples, gLZ was as effective és GR in maintaining the

palatability ofy FZN~-S beef.

vi
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INTRODUCTION

]

The adoption of the cook-fréeze system, cooking and
freezing food for subsequent distribution and reheating at
point of ;é;Qice; is a current trend in;many institutional
foodservice oﬁérations. Although production efficiency
advantages of the cook—freeze.system have been documented
(Glew, 1973; Williamsoni 1975;‘and Boltman, 1978),
information on how coo¥-freeze procedures affect food .
quality is iimited. Accordiné to a recent survey (National
Livestock and Meat Board, 1981), roast beéf appears more
frequentlgﬁxh;n any other red meat on foodservice
eétabiishmen£ menus . Due to the popularity of this item,
any quality deteribration associated with institutional
cook-freeze processes 1is of>particuiar concern. Quality
characteristics of roast beef.most proné to deterioration
due to cbok—fréeze—reheat procedures are tendefness,
juiciness, aroma, flavor and overall acceptability
(Bramblett et.al., 1965; Baldwin and'Korschgen, 1968; and
Korschgen ef al., 1970). Thus, invéstigations of the
effects of processing alternatives in a cook-freeze system

on the sehsory attributes of cooked, sliced, reheated, ///

("ready-prepared") roast beef are essential. : /

/
/

. Two low-temperature cooking teChniques currently
suggested for improving the yield, tenderness and juicihess
of commeréiallyfprepared roast beef are the hot-water Sath
ahd Alto-Shaam cooking methods. Although theée précedu:es

may have advantages over conventional cooking for roast beef



to be served immediately, no research devoted to effects of
the water bath and Alto-Shaam cooking methods on the sensory
cnaracteristics of frozen-stored, "ready—prepared" roast
beef has been found.

Preliminary work for this experiment and other findings
(Chang et al;, 1961; and Sato et al., 1973) suggest that.
oxjdation-retarding techniques for the prevention of
"warmed-over aroma" (WOA) and "warmed—overvflavor" (WOF) may
‘ be required for frozen—stored, "ready-prepared" roaSt beef.
Maillard'browning reaction products formed by cooking beef
'slowly to high temperatures have been shown to 1nh1b1t WOF -
development in cooked chilled beef slices (Huang and Greene,
1978). Thus, the water bath and Alto-Shaam slow cooking
methods might be effective in reducing WOA/WOF in frozen-
stored roast beef. |

Quality deterioration has been'shown to be greater in
untreated frozen- stored roast beef slices than in comparable
slices treated with an antioxidant or with gravy (Bramblett

et al., 1965; BaldWin and Korschgen, 1968; and Korschgen et
al., l970).‘ However, most health care facilities llmlt the‘
use of chemical preservatives and, for many hospital patient
meals, gravy 1is not allowed. A 90551ble alternative to
antioxidants or gravy for "ready-prepared" roast beef sliges
is a glaze made from carrageenan,-a natural, inert,
flavorless, gel~forming hydrocolloid}’ Studies on the
potential of carrageenan glaze to protect the aroma;‘flavor

and other quality attributes of cooked, frozen-stored roast



beef slices have not been found.

Although most studies have used thick heat slices, the
thinner slices typically used in institutional faodservice
may result in more quality alteration due to cook-freeze-
reheat processes. 1In additiob; published information on the
individual—serving Traytité:>packaginé currently being used
in some cook-freeze operafions is unavailable. Furthermore,
information on the acceptability of bulk—packagedf frozen-
stofed, "ready~pre§ared" roast beef in gravy is limited.

In order to establish cook—freeze-pfbcedures capable of
ensuring high quality roast beef,.the effects of processing
techniques at various.production stagea on subsequent
product quality must be determined. This study investigated
the eating quality of cooked, sliced, reheated ("ready-
rprepared") roast beef prepared by theihot-water bath and
Alto-Shaam cooking methods as compared with the conventional
institution method. Caékéd roast beef slices covered with
gravy or with carrageenan glaze were packaged in individual-
serving Traytité:>¢ontainers and ‘reheated immediately (as
fresh controls) ar after frozen storage. Treatment effects

were evaluated both subjectively (by trained panels) and

objectively (instrumentally and chemically7J. In addition, a

consumer evaluation of 'frozen-stored, bulk-packaged, "ready-
prepared" roast beef in gravy was‘cohducted‘under cafeteria

conditions.



LITERATURE REVIEW

}

The Cook-Freeze System

Processing stages in a typical institutional cook-
freeze operation include: food preparatidbn, cooking,
"chilling, portioning and packaging (bdlk or individual-
serving), freezing,,storage, transport in\the frozen state
and reheating at point of service (Glew, 1?734 Millross et
al., 1973; and Boltman, 1978). Cohtinuous} scheduled, high
volume fbod produétion is designed to maintain a specific
inventory of meal components which are withdrhwn for service
as required. |

Because food production is separated from consumption,
the cook-freeze system has many advantages (Glew and ‘
Armstrong, 1981). Since there are no peak production or
distribution periods; prbdugtivity‘is higher aue to more
efficient use of labor and equipment. Fewer highly
qualified staff are needgd and because there is no shift
work, good staff afé/ﬁ;re easily obtained. The cook-freeze
system facilitates accurate portion céntrol, close
monitoring of food quality and the opportunity to offer a
selective menu with a wide variety of choice; these factors
help minimize pléte waste (Glew, 1973; ‘and Boltman, 1978).
Consumer studies (Glew et al., 1969/70; and Millross et al.,
1973) have shown that food in a cook—fréézg’foodservice
system can be at least as or more acceptable than éood in a

traditional operation. The cook-freeze system also has the



potential for producing food with higher nutritional value
and less bacteriological hazard (Glew and Armstrong, 1981).

It is important for an efficient cook-freeze facility
to have aécurate ingredient-control for the production of
standardized recipe formulae specifically developed for
freezing and rgheating (Williamson, 1975). Standardization
of recipé methodology is essenfial to ensure consistency in
all reheated food products. Initially, some foods must be
undercooked because additidnal cooking occurs during
reheating. Thus, roasting beef with thermometérs to rare oO¥
med;um doneness may be appropriate. a

The next phase in the cook-freeze process, chilling the
cookéﬁ foodzrshould Be carried out quickly. Chilliﬁg
roasted meats makes glicing easier befére packagihg
(Boltman, 1978). To énsure high qualifyvﬁood, both
organoleptically and microbioiogically, delay between
co@king and freezing should be avoided (Glew, 1973). Smith
et al. (1981) recommend chilling whole, cooked roasts in an
ice path to lower the meatiinternal temperature quickly
through the bacterial growtﬁxzone., Roast internal
temperatures should be lowered to below 30° within
approXimately 2 h after cooking (Glew, 1973; and éoltman,
1978)L. In institutions,ﬁa @ore practical method for
chilling large amounts of meat efficiently is to place the
roasts in a walk-in refgigerator, allowing room for air to

circulate between them (Glew, 1973). Roasts should not be .

sliced until immediately before packaging and freezing.



2 4
Bulk, whole meal and individuaﬂkserving packages are

used in cook-freeze foodservice operations (Boltman, 1978).
Packages may be made of plastic, aluminum, paperboard,
cartén/plastic laminate or combinations of various materials
(Boltman, 1978; and Briston, 1982). Cooked roasts may be
packaged whole or sliced before paé&aging to make them
"ready—preparea" for quick service. A standard gquantity of

" food must be placed in each package so required reheating
times remain consﬁant. The type of packaging used depends
on the nature of the reheating, facilities and on where the
food is being served (Boltman, 1978). For example, bulk
packaging is more suited to cafeteria or servery use whilé
individual—;erving packages of food may be better for

,whbspitaﬁ ward pantry service.

/ As soon as possible after cooking, chilling and
packaging, the food_must be frozen quickly. Freezing

smethods include: plate freezing, blast freezing {tunnel,
belt and fluidized-bed), immersion freezing and cryogenic
freezing»(Boltman, 1978). Cryogenic freezing Qith liquid
carbon dioxide kLCOz) or liquid nitrogen (LN2) is the most
rapid methodv(Boltmén, 19785. One type of cryogenic
freezer cénsisgs of an insulated sﬁainless steel tunnel with
; stainless sgéel mesh™belt conveyor to provide continuous
operation. The food passes/£ﬂrough_the tunnel and is cooled
to below 0° by means of LCOV 6r LN

2 sprays (Boltman, 1978).

released at atmospheric pressure boil at

2

Because LCO2 or LN2

at very low temperatures, evaporative and forced convection



cooling of the food take place. The cold vaporized gas may
be circulated by fans for more efficient, rapid cooling of
the food‘(Glew, 1973). Sealing of the food packages may be
done before or after freezing, depending on the type of
packaging. i )

If cooked food is stored at or below -18°, quality
deteriofation is much slower than if the storaée temperature
is higher (Glew, 1973). Mobile freezer rack modules which
hold up to 250 kg facilitate ease of inventory control and
stock rotation in the "freezer food bank" (Williamson, 1975).
Food quality generally decreases as length of frozen storage
increases (Glew, 1973). However, the maximum freezer
étorage period for high turnover rate items such as roast
beef is likely to be approximately three weeks.

Frozen foodfks usually transported to outiying user
lbcations for a brief interim storage period before use in
cafeterias,‘sefveries or,wardipantries. To shorten
reheating tihes, bulk packages of frozen food are often’
tempered before reconstitution. Individual—serving packages
of food may be reheated quickly from the frozen state. 1In
Séé; systems, food is plated before reheating and in others
after reheating. Several reconstitution methods are
available: convection ovens, microwave ovens, radiant-heat
ovens, steamers, high pressure steamers orrgoiling water
_(Boltman, 1978). Some reheating methods afe more suited for

particular food items. However for ward pantries, the

convection oven is recommended because it is capable of



heating a large number of patient meals reiatively quickly
(Boltman, 1978). 1In a convection oven, a fan circulates the
hot air around the food packages and a rapid ;ecovery of air
temperature occurs after the oven is filled with frozen food.
The microwave oven is’often used as a backup reconstitution
method for off-peak periods (Bo}tman, 1978). To ensure.they
are microbiologically safe and hot endugh when they reach
the consumer, foods are generally reheated to an internal
temperature of at least 75° (Boltman, 1978).

High quality food in a cook-freeze foodservice system
can be assured through daily,.ongoing evaluation of reheated
food products according to presét criteria; if the ciiteria
_are not met, appropriate feedback and cqgrecpive action must
be taken (Halling and Frakes, 1981). Consumer evaluation of
food quality as well as a program for microbiological
testing of food products are also essential (Halling andv

Frakes, 1981).
Warmed-Over Aroma and Flavor

A significant problem with the increasing use of cooked,
. sto:ed (chilled or'frdzen), rehgatéﬁ meats in foodservice
facilities is;the loss of the "ffesh—cooked" flavor and the
development of a rancid off-arpma énd';ff—flavor in these'
products (Sato and Herring, 1973; Nielsen and Carlin, 1974;
and Rhee and Ziprin, 1981). .Development of WOA/WOF occurs
very rapidly in cooked. (particularly ground or sliced) meat

exposed to air at .refrigerator temperature and more slowly at
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freezer temperature (Chang et al., 1961; and Sato et al.,
1973). Reheating contributes to further development of
rancidity in cooked meat (Sato and Herring, 1973; and Rhee
and Ziprin, 1981).

Previous studies with cooked beef have shown tﬁat aroma
and flavor scores tend to decrease‘with frozen storage and
reheating of the product. Baldwin and Korschgen (1968) and
Korschgen et al. (1970) nbted lower scores for ﬁhélaroma and
flévor of frozen-stored (one to three months at -19° to
—22f), reheated roast beef“slices (0.65 cm to 1.75 cm thick)
than for those of fresh reheated slices. Jakobsson and
Bengtéson (1972) observed a significahtly lower flavor score
for cooked beef slices (1.5 cm thick) stored (-20°) fof two
months than for fresh reference samples. However, no
differences in off-flavor scores were'fqund (Jakobsson and
Bengtsson, 1972). Haymon et al. (197%3;s£0red cooked beef
slices (1.9 cm thick) at -18° and found that.samples stored
for four weeks had significantly more oxidized flavor than
‘comparable fresh meét samples.

WOA/WOF in meat is generally accepted to result from
lipid oxidatioh, an autocatalytic chain reagtion initiated
" with thevproddctién of unstable free radicals from'@
polyunsaturated fatty acids  containing nonconjugated double
boﬁds (Sato and Herring, 1973); Propagation of the oxidation
reaction occurs with the formation of hydroperoxides when
free radicals combine with molecular oxygen. Secondarf

reaction products of hydroperoxide decomposition (alcohols,



aldehydes, ketones, acids, lactones and unsaturated
hydrocarbons) are responsible for WOA/WOF (Sato and Herring,
1973).

Phospholipids, which are very unsaturated, are the
major contributors to oxidation in beef (Wilson et al., 1976;
and Igene and Pearson, 1979). 1Igene et al.‘(1980) reported
that during frozen storage of meat atv—18°, phospholipids
oxidize first, followed by triglycerides after a prolonged
induction period. Free nonheme ferrous iron has been shown
to be an important catalyst in meat lioid\oxidation (Sato
and Hegarty, 1971; and Love ananeatsoh,.ﬂ974, 1976) .

Cooked meatsudevelop oxidative rancidfty much more readily
than raw meats (Wilson et al., 1976; and Rhee and Ziprin,
1981). The release of bound hehe iron when meat proteins
are heated just enough to denature them (Igefie et al., 1979)

. and the fact that cooked meat has a- hlgher phOSphOllpld \\h\
content, in part;cular phosphatldyl ethanolamine, than raw <8
meet (Campbell ;ndsTurkkl, 1967; and Igene et al., 1981 are - .

influencing factors. Thus, significant factors which
enhance lipid oxidation in meat include:«oxyéen
(particularly in ground and thinly-sliced meats which have
more surface area exposed), phospholipids (%ore concentrated
in cooked meats) and metals (particularly Eerrous iron
released from heme compounds ‘during heat treatment).

Conside;able research has focused on methods for

inhibiting WOA/WOF development in cooked meat. Chemigal

compounds and chelating agents such as e#hylenediam;ne
' ‘ /

(%Y



tetra-acetic acid (EDTA), propyl gallate, nitrites,
vbutylated hydroxyanisole (BHA), tocopherols and sodium
tripolyphosphate with.ascorbic or citric acid possess
antioxidant activity (Chang et al., 1961; Sato and Hegarty,
1971; S;to and Herring, 1973; Haymon et al., 1976; Fooladi
et al., 1979; Igene and Pearson, 1979; Igene et al., 1979;
and Rogstad, 1980). = Exclusion of air also inhibits lipid
oxidation (Sato ana Herring, 1973).

Various naturally occurring substances including
polyphenolic compounds from soy protein (textured vegetable
protein),loilseed prdteins,‘vegetable extracts and spices
have been reported to inhigit WOA/WOF (Chipault et al., 1956;
Pratt and Watts, 1964; Sato.et al., 1973; Sangor andﬁﬁratt,
1974; Pratt ;nd Birac, 1979; Yqunathan et al., 1980; and
Rheehénd Ziprin, -198%). Reducing compounds produééd in the
Maillard browning rgaction aiso have antioxidant effects
(Sato et al., 1973; Lingnert and Eriksson, 1980a, J980b; and
Lingnert énd Lundgren, 1980). |

A frequently used measure of the degree of lipid
oxidation in meat is tﬁe thiobarbituric aéid (TBA) value
(Tarladgis et al., 1960). UThe TBA test is the Quantitative
determination of malonaldehyde, a secondary product of lipid
oxidation. Baldwin and Korschgen (19685 fougd no
correlation between sensory and TBA data for‘frozenistored
roast beef. In a project where inexperienced panelists
rated ground beef samples for intensit; of oxidiged’flavor,

Greene and Cumuze (1981) reported significan£ but low’

R - - TR e
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/ . ,
correlation coefficients between sensory s¢ores and TBA

values. Correlation coefficients for TBA values and sensory
scores Wefé higher for a sﬁbgroup from the populatioh
determined to be sﬁatistically‘consistent in scoring (Greene
and Cumuze, 1981). In contrast, others (Jakobsson‘aqa
‘Bengtsson, 1972; and Younathan et al., i980) have found
‘highly significant correlations between panel off-flavor
scores and TBA values for éooked, stored beef.

.Studies show that the reiationship beﬁweén absoluté TBA
values and taste panel scores for“degrée of WOA/WéF is
variable. Tarl;dgis et al. (1960) reporfed that TBA values
of 0.5 to 1.0 are in the range for WOF detection in meat.
Cross and Kotula (1978) concluded that WOF is first
perceived when the TBA value becomes higher than 1.0. In a
recent.study with con;umér panelists, Greene and Cumuze
'(1981) found that thé TBA number range in whiéh oxidized
flavor as first detected was 0.6 to 2.0. .

-in‘an experiment with sliced roast beefrstored frozen
for 11 to 164 days, Chang et al. (1961) reported odor scores
of . 2.2, 2.4, 2.7 and 3.5 (very strong off odor = 1 to none =
6) fof samples having TBA values of 4.9, 2.3, 3.5 and 4.1,
respectively. Boyers and Engler (1975) noted stale aroma
and flavor séores of 3.6 to 4.0 {(absent = 1 to very intense
=-7)»fbr cooked reheated grgund beef having a mean TBA value
of‘0;346.] In contrast, a WOF score of 2.2 (absent = 0 to™
very strong = 6Y%fo£ réheated ground beef withﬁa TBA value

of 2.33 was reported by Yoﬁnathan et al. (1980). Haymon et
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al. (1976), in a Study involving frozen cooked grqdnd beef,
obtained scores of 8.5, 3.0 and 1.0 (most oxidized flavor =
1 to least oxidized flavor = 9) for samples with TBA values
of 0.9, 3:0 agd 5.6, respectively. Huang and Greene (1978)
"noted a mean flavor score of 1.6 (no oxidized flavor ¥ 1 to
strong oxidized'flavor = 4) for ground beef having a TBA
value of 1.3, Samples witﬁ TBA values of 0.5, 5.2 and 9.6
received flavor scores of Z.i, 3.1 and 3.4, respectively
{Huang and Greene, 1978).

Tﬁesé data (Chang et al., 1961; Bowers ana Engler, 1975;
Younathan et al.; 1980; Haymon et al., 1976; and Huangiand
Greene,’J978) show that the relationsﬁip between WOF
détectipn’by taste panelists and the TBA test is variable
and incon%§§tent. Dawson and Schierhélz (1976) suggested
that ébsoiate TBA values may not be reliable indicators of
the extent to which WOA/WOF will be perceived'subjectively,
because the products contributing to the TBA value are
produced and recombinéd in systems in alvariableimanner.
‘Although there is no chemical test which always corresponds
tofsensory-scores, relative. treatmermnt effeéts ip an

experiment can be evaluated using the TBA value as a measure

of oxidative rancidity.
Cooking Method

There are few published studies devoted to the effects
of cooking method on the quality‘of frozen-stored "ready-

prepared" roast beef. However, previous researchers have

P TR
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used a variety of‘cooking methods in\investigationé of other
treatment effects on frozen—stored roast beef gquality.

several workers (Korschgen et al., 1964; Baldwin and
Korschgen, 1968; and Rappole, 1972) have used an
"inﬁerrupted" cooking procedure whereby beef roasts are
cooked to very rare, thickly sliced (about 1.75 cm), frozen,
stored .and later rehéated. Korschgen et al. (1964) and
Baldwin and Korschgen (1968) noted lower taste panel scores
for frozen-stored beef than for fresh control samples.
However, the flavor, tehéerness, juiciness and overall
agcéptability scores for the meat;indicatéd’that the
"interrupted" cooking procedure generally resulted in a gobd
product after up to 12 months of frozen storage (Korschgen :
et al., 1964; and Baldwin ana Korschgen, 1968). Rappole
(1972) cooked rib eye roasts slowly (121°) to very rare
(32°}. ‘The thickly-sliced samples were frozen and stored
(one to five weeks) for subsequent reheating (to 43° to-49°).
A taste panel.rated the beef slices as acceptable for flavor,
color and tendérness;'a consumer'évaluation also indicated
that the product was acceptable (Rappole, 1972).

Many researchers (Cover, 1937; Bramblett et al., 1959;
Hunt et al., 1963; Bramblett and Vail, 1964; and Nielsen and
Hall, 1965) have investigated the potential of low-
temperature/long;time roasting in'improving beef tenderness
and juiciness. During the heating of meat, structural and
éhemical changes océur, particularly in the collagenous

connective tissue and contractile myofibrillar proteins.
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Cooking tenderizes connectiﬁé“%iESye but coagulates. and

AN

toughens myofibrillar protein; the fbiper becomes more
\

pronounced with increased cooking time and the latter with
increased %emperature (Lawrie, 1974). Tenderization and
softeniné of structural collagen with minimum toughening and
hafdening of thé'muscle fibérs (due to heat coagulation of
myofibrillar proteins) and with minimum sarcomere shortening
and meat fiber shrinkage are desirable effects of the
heating process (Bouton and Hafris, 1972; and Lawrie, 1974).
Low-temperature/long-time cooking proéedures may result_in
collagen solubilization with minimum myofibrillar protein
overcoagulation gnd would_thus be justified for meat cuts
containing much condective tissue‘(Lawrie,'1974).

Cover (1937) noted that well-done chuck and rump roasts
were more tender‘when cooked at 125° than at 225°. ,
Bramblett et :al. (1959) fo%nd that foil-wrapped beef‘round
roasts“cooked at 63° for 30 h were more tendér and juicy
than comparable roasts cooked at 68° for 18 h. Roasts
- cooked at tﬁe lower temperature also had a smaller
percentage cooking loss (Bramblett et al., 1959). 1In
contrast, Hunt et al. (1963) found that oven temperatures of
93° to 196° had no significant effect on Yield, total losses
and Warner Bratzler shear values of 4.5 kg beef round roasts
cooked by dry heat. Bramblett and Vail'(1964) found that
foil-wrapped beef round muscles of mediumcdoneness (65?)

cooked at 68° were more tender, had a better appearance and

' flavor, ‘but demonstrated greater cooking losses and were
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less juicy than paired muscles cooked at 93°. Nieisen and
Hall (1965) noted that blade roasts but not rump roasts dry-
roasted ae 107° to 71° were more tender than comparable
roasts cooked at 163°. C

Several workers have used low—temperafﬁfe metheds for
roasting beef to various stages ofvdoneness for slicing,
freezing; storége and eubsequent reheating. Bramblett et al.
(f965) cooked foil-wrapped beef round roasts to'en internal
temperature'of 65° at oven temperatures of 68° and 93°.
Slices~(3 cm thick) of cooked beef were frozen in gravy,
stored (-30°) for 0 to 12 months and then reheated.
Generally,3meat cooked at 68° was scored higher for
appearance, juieiness, flavor;and tenderness than coméarable
samples eoeked at 93°. However, meat cooked a£ eitﬁer
temperature was raéed desirable even after 12 months of
frozen storage (Bramblet£ et al., 1965).

Korschgen et al. (1970) coocked foil-wrapped beef rotund
roasts to 71° at a temperature of 85°, then reheated and
evaluated the cooked meat slices (0.65 cm thick), either
immediately after packaging or' after 1 day to 12 months of
frozen storage (-19° to -22°). The aroma, flavor, |

tenderness, juiciness and general acceptability of beef

-slices cooked by this method (Korschgen et al., 1970) were

gehefally good, after up to 12 months of frozen storage.
Ihka hospital cook-freeze foodservice system;“initial

roasting1'of beef to the rare stage may be appropriate to

- obtain reheated roast beef that is not dry and overcooked.

]See Appendix, page 167.



- To date, the hot-water bath ¢ooking method for rare beef has
not been ihvestigated fér the producﬁion of frozen-stored
"ready—prepared" roast beef. 1In the water bath procedure,
roasts packaged in heat resistant, evgcuated nylon or

A
polyolefin: bags are cooked slowly by 1mmer51ng the roasts in

a vat of circulating hot water maintained at a temperature
near the desired final internal meat temperature.

Probonents of commercial low~tempw%ature.water‘bath codking
of beef suggest that this method can aqhieve cooked roast
Yiélds éf up to 88% to 90% (Griffiths, 1976). Buck et al.
(1979) tested water bath cooking for the preparatiph of rare
beef to be served immediately. Longissimus, semimembranoéus,
Csemitendinosusf’biceps femoris énd réctus femoris muscles (1
to 4 kg) were cooked to 60°, either'by a slow, dry-heat
method (94°) or in evacuated, heat étabilizéd nylon bags in
a hot-water bath (66° to 61°). Waterbbath—preﬁared roasts
had éignificantly lower cooking losses, higher presé fluid
values, lower Warner Bratzler shear valdes and higher
tendérness and overall acceptability scores than paired

roasts cooked by the slow, dry-heat method (Buck et al.,
1979) . _ - 7

Ray et al. (1981) cooked pre- and post-rigor
semitendinosus and semimembranosus roasts to 66° in
partially evacuated Cryovag:)(polyolefin) bagélin a
commercial hot-water bath. The water temperature, initially

at 46.5°, 52.1°% or 57.7°, was raised-5.6°/h until it reached.

80.1°. After cooking, roasts were chilled 12 h at 2°. The

>
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tenderness of pre-rigor beef cooked by the method where the
initial water temperature was 46.5° (i.e. the slowest method)'
(Ray et al., 1981), a; evaluated b§ a trained panel and by a
Warner Bratzler shear, was acceptable and equal‘to that of
pairéd pést—rigor roasts.

A recent study (Dinardo et al., 1982) detérmined'the
quality characteristics and yield of beef cooked by the
waier bath method and‘by'slbw, dry heat. Beef rib and round
roasts (1 to‘3 kg) were cooked either in an oven (94°) to
60°.or were pléced in evacﬁa£ed nylonAbags and cooked to 60f
in a éirculating hot-water bath (60°). Roasts were held at
60° in the bath for O'h, 2 h or 4 h to determine the effects
of extended cook times. Water bath-prepared beef gave lower/
cooking losses, greater yields and a more uniformly rare
slice appearance as shoWh by sensory color evaluations and
Gardner Colorimetef readings than meat cooked by slow, dry
heat. In addition, beef samples cooked by the water bath
method had lower Warner Bratzler shear values and higher
tenderness and juiciness scores than comparableksamples
cooked by slow, dry heat. As well, the flavor of water bath-
prepared roast beef was comparable to that of‘oven—roasfed
samples. Extended holdiné of meat (for 0 h to 4 h) in the
water bath resulted in decreased yieldsﬁ decreased overall
rareness,.increased coliagen solubility, lower Warner
Bratzler shear values and decreased juiciness and flavor

scores (Dinardo et al., 1982).

- Machlik and Draught (1963) reported that in the
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temperature range of 60° to 64°, the collagen shrinkage
feaction is quickly éqmpleted while the toughening process
which occurs at higher temperatures is avoided. Others
(Bramblett et al., 1959) have reported that the time meat is
in the temperature zéne of 57° to 60° is the significant
factor in softening connective tissue while still
maintaining;;enderness in myofibrillar proteins. The
tenderness.iﬁ water bath-cooked’ beef may have resulted from
the holding of samples in thé temperature range conducive

to enzymatic tenderization for longer than oven-prepared

‘roasts. Brady and Penfield (1981) found that hydroxyproline

solubilization was greater in water bath-cooked beef samples
than in roasts cooked by dry heat. Dinardo et al. (1982)
also suggested that collagen solubilization may account er
the ténderness observed in water bath-prepared roast beef
cooked to 60°.

Because it results in a fast rate of heat penetration
through the temperature zone moé; conducive to bacterial
growth (23.9° to 51.7°), the water bath cooking method for
rare beef has been shown to Se microbiologically- as safe as
a traditional, low-temperature, dry-heat cookiﬁg method
(Smith et al., 1981). Meat cooked in a.water bath should.
be held at an internal temperature of 60° for 12 min
following‘cooking to help ensure a safe rare product (Smith
et al., (1981).

Thus, the water bath method results in a higher yield

and more tender, Jjuicy, uniformly rare and equally flavorful
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beef compared to beef rogsted by low-temperature, dry heat
(Buck et al., 1979; and Dinardo et al., 1982). However, it
is ﬁot clear whether these same advantages can be expected
if the wéﬁer bath process is used in preparing roast beof in
cook-freeze operations. Other advantages of the water bath
cooking technique are reduced energy costs and precise
controi over degree of doneness (Dinafdo et al., 1982).

The Alto-Shaam cooking method is another popular
procedure for the commercial preparation of rare roast beef .
This technique may produce greater cooked meat yields and a
more teoder, juicier product than conventional cooking
methods. However, published reports to support these
theories are unavailable. Furthermore, there is no
information on the effects of Alto-Shaam cooking on -the
quality characteristics of frozen-stored, "ready-prepared"
roast beef. The Alto—Shéam oveo is a pressure-closed cooking
cavity with thermal cables surrounding the oven chamber
(Kamikawa et al.; 1979). Alto-Shaam cooking may be
comparable to roasting meat slowly in-an enclosed cohtainer
such as-an oven film b&g. Vollmar et al. (1976) cooked top
round foasﬁs (1.35 kg) at 94° either by dry heat or in oven
film bags to an internal temperature of 60°. The
palatability of the meat from both treatments was acceptablo
(Vollmar et al., 1976).

‘The Alto-Shaam cooking method may be microbiologically
safer\for roasting beef to rare than conventional, low-

temperature, dry-heat methods. Goodfellow and Brown (1978)
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found that dry-oven roasting of beef at 107° to an internal
temperature of 57.2° was not adequate to eliminate 107
inoculated Salmonella from the meat surface. However, the
high humidity (above 95%) genérated in an Alto-Shaam oven
resulted in elimination of Salmonella from roast surfaces

at internal temperatures as low as 48.8° (Goodfellow and
Brown, 1978).

Cooking method may also have an:effect on the aroma and
flavor of frozen-stored, "ready-prepared" roast beef. Early
studies (Zipser and Watts, 1961) have shown that if beef is
overcooked, lipid oxidation during storage is inhibited.

Sato et al. (1973), in experiments with meat model systems,
observed that when beef was subjected to high heat treatment
(for example in the retort process) Maillard browning
reactions occurred. These reactions resulted in the
formation of reducing compounds which’possess antioxidant
activity and inhibit WOF development in cooked meat.

Reducing compounds may aét as oxygen scavengers, free radical
acceptors or hydrogen donors (Sato et al., 1973).

Huang and Greene (1578) found that if beef was cooked
to high internal.temperatures and/or subjected to iong, slow
cooking and subsequently’siiced and stbred (4°), TBA values
were lower.than for samples cooked to lower internal
temperatures or at faster rates. The TBA values of cooked,
sliced, stored (4°) beef semitendinosus roasté which-had been
cpoked at 92° decreased as the meat internal temperature was

increased from 70° to 80°; however, TBA values did not
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decrease in similar beef samples cooked at 163° (Huang and
Greene, 1978). Huang and Greene (1978) attributed the TBA
retarding activity in the beef cooked at 92° to the long
heating time required to reach the final internal
temperature. Roasts cooked at 92° also demonstrated more
nonenzymatic browning. Thus, Hﬁang and Greene (1978) ‘
concluded that cooking time and final roast internal
temperature are major factors in the aevelopment of
antioxidant sugstances. They (Huang and Greene, 1978)
suggested that although heavy heat processing or overcooking
ﬁay be ﬁecessary to produce TBA reﬁarding substances in meat,
the slow cooking and,"éook—hold" methods employed in some
foodservice operations may be éuitable for investigatién.
Thus, the water bath and Alto-Shaam cooking methods warran
further study for the preparation of roast beef that is to

be used in cook-freeze systems.
Package Addition

In addition to the influencé of cooking method on the
quality of "ready-prepared" roast beef, the treatment of
cooked beef.slices before freezing and storage may affect
the sensory characteristics of the final reheated product.
Several researchers have studied the.quality of frozen,
cooked, sliced beef packaged alone, with various antioxidant
solutions and with gravies or sauces.

Korschgen et al. (1964) stored untreated/:individaully—

wrapped slices of bottom round roasts (cooked by an

~
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"frozen-stored product.
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interrupted procedure) for eight days (—2J°5 before
reheating. Freezing the slices without a package addition
decreased flavor, tenderness, juiciaess and general
acceptability scores. Shear force values for the frozen-
Stored produét were higher than for comparable samples
reheated immediately after cooking. However, quality scores
for‘the frozen;stored cooked beef slices indicated that the
product was still desirable (Korschgen et al., 1964).
Jakobsson and Bengtsson (1972) compared the quality of
cooked, sliced beef frozen with no package addition to that

of fresh reference samples. Beef longissimus slices (1.5 cm

thick) of medium doneness were packaged with no addition and

were stored frozen (two~months at -20°) before convection
oven reheating to 65°. The flavor and juiciness of frozen-
stored beéf slices were significantly\iower than those of
freshly cooked reference samples. Hoﬁéver: scores for off-
flavor and tendernéssvwere similar for botﬁ‘the fresp and
delished research comparing the effeété of»diffébegt’
package additions on the quality of frozen-stored "feady— 
prepared" roast beef is limited. Baldwin and Korschgen
(1968) studied the effects of freezer étorage (-22° for one
day to'12 months) on the quality of cookeq beef slices (1.75
cm thick) packaged with no ;ddition and iA én antioxidant

\

dip. Control beef samples, reheated withdft frozen storage,

were rated significantly higher for aroma and flavor than

frozen-stored samples packaged either in an antioxidant dip
\ :

\

o \
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or with no addition. However, anticoxidaut-dipped samples
were rated significantly higher for flavor than comparable
uﬁtreateé samples. For juiciness and general acceptability,
control samples were scoréd similar to frozen, reheated
antioxidant-dipped beef slices; untreated "ready-prepared"
goast beef slices received significahfly lower ratings for-
these quality attributes kBaldwin and Korgchgen, 1968) . -
Chang et al, (1961) found that ascorbate and polyphosphate
antioxidant dips ahd cover solutions min#mized WOA in

refrigerated and frozen, sliced beef. Despite lower

scores obtained for untreated frozen-stored beef, scores for

all treatment variations indicated.that the products were

still desirable (Baldwin and Korschgen, 1968).

K

In a subsequent study (Korschgen et él.,’1970), roast
beef slicgs'fOLGS cm thick), either uhtreated, covered with
gravy or dipped‘in antioxidant, were packaged and then
reheatea either immediately after cooking or after frozen
storage (one day to 12 mohths). Generally, all frozen-
stored beef slices were judged to be desirable; however,
antioxidanﬁ—dipped beef slices and slices covered with gfavy
received higher scores for aroma, juiciness and general
acceptability than comparable untreated slices. For aroma,
flavof, tenderne;s, juiciness an@,general acceptability,
gravy-treated: beef siices were breferred over both

antioxidant-dipped and untreated samples. Their findings

(Korschgen et al., 1970) concur with those of Bengtsson et

~al. (1972) who noted that cooked, frozen foodsApackaged in
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gravy are higher in quality and have a longer shelf life

than similar foods stored with no package addition. Other
studies (Harrison et al., 1953; Bramblett et al., 1965;
Baldwin et.alﬁ, 1969; and Korschgen and Baldwin, 1971) have

also shown that cooked meats in a gravy or sauce retain
desirable sensory quality with frozen storage and reheating.
The ability of some gravies to preserve eating quality
attributes in frozen-stored, reheated roast beef may be
related, in part, to their ingredients. For example, the
gravy used by Korschgen et al. (1970) contained butylated
hydroxyanisole, an antioxidant which retards WOF development
(Sato and Hegarty, 1971). 1In addition, wheat flour and
artificial‘beef‘bases containing hydrolyzea éegetable
protein might be expected to participate in Maillard
browning reactions during reheating, producing antioxidant
substances (Sato et al., 1973; Sangor and Pratt, 1974;
Pratt and Birac, 1979; Lingnert and Eriksson, 1980a, 1980b;
and Lingnert and Lundgren, 1980). Similarly, gravy
containing drippings from beef cooked to alhigh temperature,
beef-cooked by pressure or beef cooked by a low-temperature
method, might also be expected to contain antioxidant
substances produced in nonenzymatic browning reacﬁiéns
(Zipser and Watts, 1561; Sato et al., 1973; and Huang and
-Greene, 1978). 'As well, the gravy flavor itself may mask
flavor alterat;ons in the” meat caused by freezing, storage

-

and réheating. e

Research (Chang et al., 1961; Korschgen et al., 1970;



and Jakobsson and Bengtsson, 1972) has shown that exclusion \
of air from the package can also protect the quality of
 cooked, sliced beef stored chilled or frozen. In "ready-

G

prepareé" roaét beef, gravy may pfeserve quality’ by
,brevenging air from contacting the meat, thus inhibiting lipid
oxidation (and resultant WOA/WOF), and by minimizing
moisture loss from the meat slices during storage. Thus,
the quality of untreated roast beef-sliées packaged in
Traytité:)containers might be expected to decrease with
freezing and storage because there is' an air space between
tﬁe package contents and the-lid in this type of packaging.
Korschgen et al. (1970) packaged beef slices in either foil
trays or boil in—poudh_bagsfﬂ Generally, scores for the
vflavdr,’juicinesg énd overall’acceptability of frozen-
stored. beef slices in boil in-pouch bags were higher tﬁan
those‘for béef slices in foil trays (from which it is
difficuit to exclude air). In addition, the least desirable
samples were those in foil trays with no package addition.
Gravied beef slices in foil'trays received palatability
scores comparable to samples pQEkaged iﬁ boil in-pouch bags
(Korschgen et al., 1970).

Most previous researchers have uséd thick meat Slices

in studies with frbzen, reheated roast beef (Korschgen et

al., 1964; Bramblett et al., 1965; and Baldwin and Korséhgen,
1968). Thick slices should enhance qualﬁty retention in
"ready-prepared" roast beeflj However, the thinner beef

slices typically required for institutional foodservice have
|
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. .
a larger exposed surface area which might result in greater

moisture loss and déterioration of other quality
characteristics duriﬁg frozen storage and pafticularly
‘during the reheating process.

Unfortunately, in hospitals many patients are not
allowed to eat gravy. The addition of pfeservat%yes to
meats for hospitalized patients is aléo‘considered
undesirable. As well, Canadian Food‘and Drug Regulations
(Health and Welfare Canada, 1981 -~ B.14.005) prohibit the
use of chemical antioxidants on sliced or breparéd roast
beef.

Studies investigating the effects of carrageenan glaze
in preserving quality characteristics of thinly-sliced,
frozen, "ready-prepared" roast beef are lackingl Calcium
iota carrageenan (Gelcarinv595), extracted from red marine
plants (order Gigartinales), is a flavorless, freeze/thaw
stable, inert polyséccharide. This compouna is composed of
3,6 anhydro-d-galactose and sulfated d-galactose residues
linked to form long chain polymérs héving molecular weights
of several hundred thousand (Marine .Colloids Division FMC’
Corp., 1981). About 25% of the weight of carrageenan 1is
made gp of ester sulfate groups. In aqueousasolutions,
carrageenan molécules remain in random coil structures.
However, upon cooling, the hyd£ocollbid polymer chains for:
helices which then make up a three-dimensional polymer
network; aggregation of the helical structures results in

gel formation (Sharma, 1981). Thus, carrageenan is -capable

27
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of producing a medium strength water gel. A 0.5% calcium
iota carrﬁgeenén solution in cold water exists in a-
relatively sticky, viscous form suitable for use as alglaZe.
However, since the aqueous gel f;rmation is thermally
reversible (Sharma: 1981), a carrageénan solution loses its
viscosity upon heating. These properties make carrageenan
suitable for glazing chilled sliced heats which aré to be
later reheated. CénadiényFéod and Drug‘Regulations (Health

and Welfare'Canada, 1981 - 172.626) permit the use of

carrageenan in foods.



EXPERIMENTAL PROCEDURE
Experimental Design and Statistical Analysis

"Ready—preparedf roast beef packaged in individual-
serving containers was evaluated according to an
expe;z%ental design involving three cooking methods
(conventional insgitution, hot;water bath and Alto-Shaam),
two types of package addiﬁions {(gravy and carragéenan glaze)
and two storage treatments (fresﬁ and frozen-stored). To
minimiie animal variation effects; the experiment plan used
a "double—éontrol" model'fér the three cooking method
treatments: a muscle cooked by either the hot—watef bath or
Alto-Shaam meﬁhod'was paired Qith a muscle (from the:same
animal) cooked by the coﬁventional method.‘ Each cooked
roast was split into package addition by cooking method

a
treatment‘dbmbinatiohs which were further split into storage
treatment by packaée addition byrcooking method treatment
combinations. Sincé one eXperimental replication made use
of four muséles (two from each of two animals), phé six
replications required a total of 24 muscles (from 12:
animals).  An illustration of bne_experimental replication
appears in Figﬁre 1.
| Data were subjected to analyses of variance. Sources
of variation and degrees of freédom for the different
parameters eValuated are shown in the Appendix; Tables 16 ﬁo
28, pages 132 to 148). Single degree of freedom Comparispns

(Chew, 1976; and Steel and Torrie, 1980) of eéch "test"
f ' )
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Figure 1. Design for one experimental replication1.

o

Animal

\

II

AL

Muscle : left right . left right

Cooking : CONV-1 CONV-2 AS

WwB
method ' . . . .
' ‘ etc ///7///\\\\\\\\ etc etc
P . : 2
ackaging , IND , BLK

Package  GR : GLZ GR

addition ///////«\\\\\\\ E ///////«\\\\\\\ \\\\\\\\
Storage FSH FZN-S FSH FINSS FZN-S
treatment

CONV-1 and -2 Conventional institution (rotary gas oven)

WB : Hot-water bath

AS Alto-Shaam

IND Individual Traytitg:)
BLK - Bulk aluminum foil

GR Gravy

GLZ ’ Carrageenan glaze

FSH ' Fresh

FIN-S , Frozen-stored

s i o P ——— -

1Repeated six times;.for three replicationy, CONV-1. and -2 were left
muscles and for three replications, CONV-T and -2 werg right muscles.

2Evaluated by a consumer taste panel.

-
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cooking methcd (water bath or Alto-Shaam) againstiits
respectiQe.paired "ccntrol" method (conventional){and other
comparisoné were made (Figure 2). These comparisons

involved cooking methods (Comparisons C1, c2 and c3),

cooking method By package addition combinations (Ccmparisons
C4 through C12) and cooking method by packa§e addition by
storage't;eatment combinations (Comparisons C13 through C17).
Valid errors for testing these comparisons were computed by

partitioning applicable replication interactions as outlined

by Rowell.and Walters (1976). For1Comparisons C1, C2 and C3,

the replication by cooking method interaction was
partitioned. For Comparisons C4 through C12, interactions :

between replication and the eight cooKing method by package

"addition combinations were partitioned. For Comparisons C13

through C17, interactions between replication and the 16

cooking method by package addition by storage treatment

combinations were combined to form the error term.

'In addition, certain means were compared using F-values
from the analyses of variance; these comparisons included:
gravy versus carrageenan glaze within storage treatment and
fresh versus frozen-stored.

Missing data for trained taste panel‘evaluatidné in

this experiment were handled by substituting, from a

specific panelist's scores,'valués averaged over all
replications (Appendix, Tables 21, 22 and 23, Footnote 6,
pages 138 to 143). When computing valid error terms for

testing the significance of panelist variation, the number
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2. Single degree of freedom comparisons.

Treatment1

i SRS A R BT K A TSl oy

C1 _C2 €3 C4 C5

cé c7

Comparison2 ﬁ
C8 €9 C10 C11 C12 C13 Cl4 C15 C16 C17

CONV-1
. we
CONV-2

' AS

+ +

CONV-1

wB

CONvV-2

AS

GR'-
GLZ
GR
GLZ
GR

“GLZ

GR
GLZ

CONV-1

CONV-2

AS

FSH
FZN-S
FSH
FZN-S
FSH
FIN-S
FSH

GR
GLZ
GR

GLZ

FSH
FZN-S
FSH
FZN-S
FSH |
FIN-S
FSH
FZN-S

GR

GLZ

GR

GLZ

FZN-S

1See Figure 1, page 20.

2Comparisons are within column.

Comparison codes are:

awithin either storage treatment (FSH or FZN-S)
across both package additions (GR.and GLZ)

c
d

Comparisons are:

1
C2

c3®

ca4?

cs?

a,

a,

b

CONV-1 versus WB

b

CONV-2 versus AS

b

CONV-1 GR versus WB GR

CONV-2 GR versgus AS GR

across all cooking methods (CONV-1 and -2, WB and AS)
across CONV-1 and -2

[difference between CONV-1 and WB] versus [difference between CONV-2 and AS])

(continued)
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Figure 2

cé'

c7
cs
cs

c1o®
Cc11
12
c13°
c14°
c15”’
c16®
c17

g

(continued).

[difference between CONV-1 GR and WB GR] versus [difference between CONV-2 GLZ
and AS GLZ] ' '
CONV-1 GLZ versus WB GLZ
CONV-2 GLZ versus AS GLZ

[(difference between CONV-1 GLZ and WB GLZ] versus [difference between CONV-2 GLZ
and AS GLZ]

CONV GR versus CONV GLZ

'

WB GR versus WB GLZ

AS GR versus AS GLZ

GR FSH versus GR FIN-S
GLZ FSH versus GLZ FZN-S
CONV FSH versus CONV FZN-S
WB FSH versus WB FZN-S

AS FSH versus AS FIN-S
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of missing observations for a parameter was subtracted from
the degrees of freedom for error. Missing chemical data were
handled by substituting values averaged over all

replications (Appendix, Tables 24 and 25, Footnote 6, pages

144 and 145).

B

|
To balance any "treatment order" effects, for every

replication all preparation, sampling and evaluations of
roaét beef for sensory and objective measuréments were
performed‘aCCOrding to complete and incomplete Latin square
designs.

3
The statistical design for the portion of the study

involving bulk-packaged, "ready-prepared" roast beef in

gravy is described in a later section.
Experiment Overview

Throughout the description of the experimental
procedure, "ready-prepared" roast beef refers tovbeeflthat
has been cooked) chilled, sl;ced, packaged and reheated.
CONV-1 and CONV-2, WB and AS,refer to the conventional
institution, hot-water bath Jnd Alto-Shaam cooking method
treatments, respectively (Figure 1}). GRvand GLZ indicate
gravy and caffage;ﬁan glaze, whereas, FSH and FZIN-S refer
ﬁo the fresh and frozen-stored treatments, respectively.
IND and BLK are used to indicate indiVidual-serving
Traytité:>and'bulk aluminum foil packaging (Figure 1).

The épecifications fof the equipment and materialshused

in the study are listed in the Appendix, Figure 8, pagé 149,



The six experimental replications were conducted over
a six-week testing period. B Twice weekly during the first
three weeks, subjective and objective quality evaluations
were made on IND FSH samples (eight cooking method by
package addition cpmbinations); during the remaining three
weeks, similar evaluations Qere made on the IND FZIN-S
product (the same eight treatment combinati?ns). A
chronological flow chart of the experiment is shown in the
- Appendix, Figure 9, page 156 . |

The. first day of a replication, roasts were cooked and

chilled overnight. The second day, roast portions allocated

to IND FSH, IND FZN-S and BLK FZN-S treatments were sliced
and packaged with the appropriate package addition (GR or
GLZ). IND FSH samples were reheated and evaluated
immediately whereas IND FZN-S samples were frozen and stored
for three weeké before being evaluated. BLK FZN-S samples
were frozen and stored for an average of two weeks prior to

evaluation by a consumer taste panel.
Medt Used for the Study
X ,

Eighteen young culled cows (average age 2.5 years) of
mixed breeds (primarlily Beef Synthetic and Dair§
Crossbreds) from the University of Alberta Beef Research
Ranch at Kinsella were trahsported to an Edmonton
meatpacking plant and slaughtered. Details of breeding,
feeding and managemeht of the animals wefé described by

Price and Berg (1981). . B

35
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After 24 h, the biceps femoris muscle was excised from
each of the 36 sides, transported to the Edmonton Research
Station Meat Laboratory, aged seven déys (2°) and trimmed of
fat. Twenty-four muscles (22 paired and 2 unpaired) of
similar weight (average weight 4.6 kg) were selected as
roasts for the study and delivered to the Home Economics
Building, University of Alberta. Specific age, weigh% and
breed information for the animals from which the muscles
were taken is given in the Appendix, Table 29, page 157.

A 200 to 300 g portion, removed from the posteribr end
of each trimmed muscle, was wrapped, frozen and stored
(-25°) for later chemical analysis; the remainder was used
as a roast. Each weighed roast was packaged in a
polyethylene bag and sealed with a twister. The roasts were
frozen and stored (-25°) for 3 to 19 days.

The 24 roasts were randomly assigned to the cooking
hethbd treatments and the six replications (Fiqgure 1). One
roast from each of the two muscle pairs assigned to a
replication was cooked conventionally in an institutional
rotary gas oven; the remaining roast from a pair was cooked
in either a hot;water bath or an Alto-Shaam oven. Two of
the roasts for the sixth replication (CONV-1 and WB) were
unpaired. | |

Prior to coboking, roasts were thawed in their packaging

for a total of 87 h (48 h at 4° and 39 h at 2°).
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Cooking and Chilling Procedures

Roasts were cooked by the conventional institution
method at the Industrial Services Center (ISC) of the
University Hospitals, an off—site coék—freeze food
production facility. Roasts were coocked by the hot-water
bath and Alto-Shaam methods in the Home Economics‘Building,
University of Alberta.

To prevent curling of roasts during cooking, fine slits
(about 1 mm éeep) were made at approximately 3 cm intervals
through the dense connective tissué along the proximal
length of each roast. For cooking, each thawed roast was
placed lengthwise with the medial surface up. Copper
constantan thermocouplés attached to Honeywell recording
potentiometers were used to monitor roast internal
temperatures during cooking, cooling and chilling.

After cooking, cooled roasts were chilled (2°)
overnight for 15 to 18 h before slici;g. For chilling,
roasts were positioned well spaced in a large refrigerator
(Bryan and McKinley, 1979) to allow for maximum air

circulation and efficient cooling.

‘Conventional Institution Method (Rotary Gas Oven)

Each roast was placed on a rack (33 x 26 x 1.3 cm) in
an aluminum roasting pan (41 x 29 x 5 cm) on the same shelf
of a rotary (1 rev/86 sec) gas oven (Nicholson, model 5-26
110) maintained at 177°. A Fisher glass thermometer was
insefted into the center of each roast to monitor iﬁternal'
temperature during cooking. Oven temperature was monitored

[
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with a Taylor oven thermometer. All roasts were cooked to
an internal temperature of 56° to 57°. To monitor post-oven
internél temperature rise, two thermocouples were inserted
into the center of each roast after its removal from the
oven. |

| After cooling to 50°, each cooked.roast waé placed in a
polyethylene bag, sealed, transported to the Hom%&@gggomics

e

Bﬁilding, University of Alberta, and chilled.

Hot~-Water Bath Method

,Prior to cooking, two thermocouples were inserted into
the center of each roast. Each roast was placed into a
Cryovaé:)1 cooking bag, a partial vacuum was drawn and the
bag opening was sealed around the two protruding
thermocouple wires (Ray et al., 1981) with a tQister, The
roast, with the top end of the cooking bag containing the
'thermocouple wires kept above the water line (Segars et al.,
1976), was submerged in a thermostatically controlled,.
circulating hot-water bath (Precision Scientific, model
66802) preheated to and maiﬁtained et 61° (Buck et al.,
1979). Tﬁe water-bath temperature was monitored throughout
cooking’with a centrally-positioned thermocouple. Each
roest was cooked to an internal temperature of 60° and then
held at that temperature in the water bath for 12 min
according to the recommendation of Smith et al. (1581).

After cooling to 505, the roast and drip were femoved

P

1Made from a shrinkable, cross-linked, balanced, biaxially
oriented polyolefin.
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from the cooking bag and the cooked roast was placed in a
polyethylene bag, sealed and chilled.

Alto-Shaam Method

In accordance with the manufacturer's instructions -
(Kamikawa et al., 1979 ) each roast was placed on a rack of
an Alto-Shaam oven (model 750-TH-II) and two'thermoéouples
were inserted into the center of the roast. An aluminum pan
(41 x 29 x 5 cm) lined with aluminum foil was placed on the
bottom of the oven to collect cooking drip from the roast.
The roast and rack were positioned in the preheated oven
(107°) so the meat was centered i; the oven cavity. Inside
oven door vents were closed. Oven temperature was
standardized initially with a~centrally—positiop§d

. %
, By
thermocouple. Each roast was cooke% to an 1ntet%§l

temperature of 56° and allowed to stand at rod
(23 £1°) until it reached the final temperatufe Z60°) .
After Eooling to 50°, the cooked roast was pléced in a

bolyethyléne bag, sealed and chilled.
‘Objective Measurements - Whole Roasts

pH

A‘Fisher Accumet pH/ion meter (mbdel 230) was.usedito
deterﬁine the pH of each raw roast sample. A 20 g sample
removéa’from the posterior end of each roast was blended

with 100 mL distilled water for 60 sec. The homogenate was

filtered into two beake®s for duplicate pH determinations.
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Fat aﬁd Moisture

The percentages of fat (ether extract) and moisture in
each‘réw roast were determined by the meﬁhbds of the
ASSbciation of Official Analytical Cﬁemists (AOAC, 1970).
Samples (200 to 306 g) from the posterior end of the roast
were thawed (4° for 24 h), trimmed of cannectivé tissue,
ground (20 sec), freeze-dried (24 h) and reground. For fat

determinations, duplicate 2 g portions of each freeze-dried

‘sample were placed on a Goldfisch extraction apparatus

(18 h) and the resulting ether extract weighed. For

" moisture determinations, duplicate 2 g portions of each

v

‘an initial internal temperature of 4° to the time when the

¢

freeze-dried sample were oven;dried (105°) for 18 h and
weighed. ’ : |
Thaw Los;’ ' o
for each roast, moisture loss during thawing was
calculated as a percentage based oh the wéight\of the raw

roast before freezing.

Cooking Time

The cooking time in minutes and in minutes per kilogram

(based on the raw, thawed roast weight) was calculated for

i

each cooking method. Roast cqooking time was calculated from

A

maximum internal temperature (vw60°) was attained. The 12
min holding period was included in the cooking time for WB

roasts.

Cooking and Chilliﬁg loases &

Total cooking (volatile and drip), chilling drip and

40
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1

and total cooking/chilling losses were determined and
expressed as percentages, based on the weight of the raw,
thawed roast.

Physical Characteristics - Changes in Roast Dimensions

The length, width and .depth of each‘raw_roast aﬁd of
each cooked roast after chilling were measured. Increases
or decreases in a dimension were calculated and expressed as
positive and negativevpercentages respectiveiy; based on the

physical measurements of the raw roast.

Preparation of Package Additions

Gravy

The gravy was preparedvéqcording to the formula shown
in Figuré 3 (University Hospitalé, ISb, T981). A beef broth
consisting of.watef, beef base and gravy mix was heated to |
95° over direct heat in an 11 L‘aluminum kettle and held at

this temperature for 5 min.» A roux (margarine and flour)

4 : ' ,
was cooked over medium heat until thick and bubbly (3 min).

The roux was stirred graaually intg the simmering bégf~bfoth
“and the mixture waé réheated to 95°. Finally, a paste
consisting'of'modified~éornstaréh:and cold water was added
slowly, with constant stirring, tgﬁthe beef broth mixture;
The gravy was then reheated td 95°3ana cooked over medium
heat for‘an addigfoﬁal 5 min. to reﬁove any raw starch taste.

Carrageenan Glaze 7

-

The glaze was pfepared using calcium iota carrageenan

at a level of 0.5% aécording to .the formula shown in Figure 4
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Figure 3. Gravy formula.

Ingredients Amount
Water ' 8.5 L
Beef base1 200 g
Gravy mix2 . 79
Margarine3 250 g
ALl—purposé wheat flour® \ 250 g
Modified waxy maize corrjstarch5 . 125 g
Water * ' _ 250 mt

Stafford s Beef Consommé Mix (contains hydrolyzed plant protein,
monosodium glutamate, salt, dextrose, caramel, spices and beef extract),
Stafford Foods Ltd. Toronto, Ontario.

2Stafford s Gravy-0-Rich Gravy Mix (contains hydrolyzed plént protein,
monosodium glutamate, salt, vegetable shortening, wheat flour and beef
extraéi) Stafford Foods Ltd., Toronto, Ontario.

3Imperlal Margarine, Monarch Fine Foods Co. , Rexdale, Ontario.

Robln Hood All-Purpose Flour, Robin Hood Multifoods Ltd., Willowdale,

Ontario.

5Col—Flo"67 (poQHered form, freeze-thaw stable), National Starch and

Chemical Corp., New York, New York.

Figure 4. Carrageenan glaze formula.

Ingrediénts ‘ -Amount
Cgrrageenan1 | 10 g
Water J v - - 2.0L

Gelcar1£:>595 calcium iota carrageenan, Marlne Colloids Division.FMC
Corp., Springfield, New Jersey

i..}é e

el

T ‘ - . Wi
\‘l \q,;«i"
) o hd ®



(Marine Colloids Division FMC Corp., 1981). 1In order to
disperse and dissolve it, the carrageenan powder was.
sprinkled gradually on the surface of cold water in an 11 L
alum%num kettle; the water and carrageenan were rapidly

agitated for about 2 min. .

After preparation, the gravy and carrageenan glaze were

chilled (2°) for 14 to 19 h before use.

Slicing Procedures

)

All slicing procedures were standi@,, ﬁé&wduring
preliminary wéfk. Aftér overnight chilling (é°), the cooked
roasts were sectioned as illustratea in Figure 5. Section A
of each roast was removed first and‘slicéd; the remaining

intact roast portions were rewrapped and stored (2°) for an

additional 3 h and then diviaedjinto Sections B, C and D and
St § ‘ .

iy

sliced.

wA,‘ portions‘were sliced'perpendicular to the
graln{ qutomatic slicer {Berkel, model 1536) as shown
invFiguie 6. Ail beef 'slices were 4 mm in thickness except

for those slices allocated to shear force»determinations,
which were 3 mm thick. '

Immédiateiy after sampling was completed, slices from
Section A of each roast were packaged with gravy or glaze,
reheated and evaluated as unfrozen fresh controls (IND FSH).
Slices from roast Sections B, C and D were wrapped iq

plastic wrap and aluminum foil, cH®lled 30 to 60 min (2°)

and transported in insulated styrofoam containers to the ISC

43
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Figure 6. Packaging plﬁnzfor slices from Sections A, B and
C of roasts. ’ ‘

Distal
: trim
Package
Number: 11 —
~ Slice evaluation B
2+ -
3 Shear force —
4— —
5,._. —
Anterior — Trained taste panel . Posterior
6-— -
7 F B
8 I Shear force -
9 - TBA value , =
- and -
10 '  Water holding capacity m
trim
Proximal
Package
Number: 1. Two 4 mm thick slices, gravy
2 Two 4 mm thick slices, glaze
3 Four 3 mm thick slices, gravy
4 Two 4 mm thick slices, gravy
5 Two 4 mm thick slices, gravy.
N 6 Two 4 mm thick slices, glaze
7 Two -4 mm thick slices, glaze
8 Four 3 mm thick slices, glaze i
9 Two 4 mm thick slices, glaze:

10 Two 4 mm thick slices, gravy

1Medial side facing up.
2See Figure 5, page 44.



for freezing. Section B of each roast was used for IND
FZN-S treatments while Section D was used for the BLK FZIN-§
treatment (for evaluation by a consumer panel). Section C
was prepared as a duplicate of Section B in casebpackages

were damaged during mechanical 1idding.
Packages for Individual Service

Packaging Procedures

As shown in Figure 6, separate IND packages of roast
beef (from Sections A, B and C; Figure 5) were prepared for
each. objective measurement and for sensory evaluation.
Packages of roast beef“flices for immediate evaluation as
fresh controls (FSH treétmeﬁts) and for evaluation after
freezing and storage (FZN-S treatments) were.prepared in the
same way.

Traytitég)"s" individual-serving éackages1 (130 x 110 x
40 mm) weré used for packaging‘the meat. TQO 4 ﬁm thick
beef slices (approximately”éo g total) were placed in each
-of the packages (e#cept for those allocated to shear force
determinations whiéh contained four 3 mm thick meat slices).
Gravy (75 mL) was added to the packages allotted for GR
treatments. Beef slices to be glaéed were dipped-
individually into the carrageenaﬁ glaze, drained (3 sec) and
plaéed into their packages. A ‘ 2

Packages of roast beef to be evaluated immediately (FSH

1Made from paperboard, Polyethylene Terephtalate (F
laminated claycoated solid bleached sulphite (SBS).
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treatyents) were sealed with all-purpose aluminum foil.
Packages of - beef designated for FZN-S treatments were lidded,
after fréezing, with the specially-designed Traytité:)lids
and microwave sealed with a Sprinter mechanical lidder. All
packages had an air space of approximately 2 cm bstween the

surface of the contents and the 1id.

Freezing and Storage Procedures

A liquid carbon dioxide (LCO2) freezing system
(Kryospray, mo@el 4150) (-60°) was used to freeze the cooked,
sliced roast beef. The center temperature of the packages'
of meat was monitore& before and after freezing with a
Bailey Instruments digital probe thermometer.

The same freezing tunnel conveyor speed was used for
freezing all of the Traytit£:>packages of roast beef. The
mean freézing time was 9 min 57 sec (rangé, 9 min 28 sec to
10 min 23 sec). | ;

All packages of frozen roast beef were subseduently

placed in a walk-in freezer (-15t 3°) for 2.h and then

transported in styrofoam containers to thée Home Economics

—

S

Building, University of Alberta. Traytitgz)packages of
‘roast beef were stored (-25°) for three weeks.

Reconstitution Procedures

All reconstitution procedurés were standardized in
preliminéry work. During reheating, the internal |
temperature of the beef in Traytité:)packages was ﬁonitored”
with copper cogstantan thermocouples attached to a Honeywell

’

recording potentiometer.
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FSH beef samples (inﬁernal temperature, 10t 5°) were
reheated immediately after packaging. To facilitate
thermocouple insertion, prior to reheating, FZN-S beef
samples were tempered at room temperature (23%1°) to
approximately -10°. Packages containing two 4 mm thick beef
slices were tempered 45 min, while those containing four

3 mm thick slices were tempered for 60 min.

//
/

The packaged roast. beef slices were reheated in a
forced~air convection oven (Baker's Pride, model X-L300) at
177° to an internal temperature of 80°. A total of eight
packages per rack were placed in the same relative location
on each of two racks spaced at 16.5 cm intervals. GR and
GLZ samples were reheated on separate racks; the placement
-of each was alternated from one rack to the other with every
replication. : ' %

| g
Objective Measurements

All objective;measurements on beef samples in TraytitéD
packages were made on cooked reheated meat. Sampling.
techniques for the objective tests were standardized. Prior
to samp;ing, the gravy-or glaze Was removed frém all roast
beef slices used for testing:

Because reheating times were short, a stopwatch was
used to monitor the time in minutes for packaged roast |
beef slices to reach an internal temperature of 80°.
Thiobarbituric Acid Value

Thiobarbituric acid (TBA) values, for the quantitative
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determination of oxidative rancidity, were obtained by
employing the distillation method of Tarladgis et al. (1960)
on duplicate 10 g samples of each reheated roast beef sample.

For each determination, the cooled meat sample was
blended for 90 sec with 50 mL distilled water, transferred
to a Kjeldahl flask using an additional 47.5 mL distilled
water and acidifiea with 2.5 mL of 4 N hydrochloric acid.
The slurry was distilled for 10 min on a Kjeldahl apparatus
uﬁtil 50 mL of distillate was collécted. A portion of the
distillate QS mL) was mixed with 5 mL of TBA reagent (0.02
M 2-thiobarbituric acid in 90% glacial acetic acid) in a
stoppered test tube, warmed in a boiling water bath for 35
min and then cooled for 10 min under cold runnimg water.

Thé absorbance of the solution was read at 532 nm against an
appropriate reagent blank using an Ultraviolet
Speétrophofometer (Pye Unicam SP, model 1800). The
wavelength for maximum absorption (532 nm) was determined by
plotting the absorption spectra of a standard TBA, TEP (1,7,
3,3‘— tetraethoxypropane) solution as outlined by Tarladgis
et al. (1960).

Standard curves were prepared (Tarladgis et ai., 1960)
by making diultions .of a 1x10_8 to 7x10_8 moles
malonaldéhyde per 5 mL TBA reagent and treated as a sample;
absorbances were read at 532 nm.

A percent recovery determination was made (Tarladgis et
al., 1960) by distilling (on a‘Kjeldahl-appaFatus) 100 mL

each of seven acidified standard TEP solutions giving
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malonaldehyde concentrations ranging from 2x107% to 1.4x107°

M and treating as samples.

TBA values (milligrams malonaldehyde per k%logram of
sample) were calculated by multiplying absorbances by the K
constant 7.8 (Tarladgis et al., 1960).

Shear Force Measurements

Duplicate reheated samples were tested on an Ottawa

Texture Measuring System (OTMS) equipped with a Kramer shear

compression cell, ds;ng the method described by Hawrysh and
Berg (1976). Two cooled (23t 1°) beef slices, cut into 6.7
X 3.3 x 0.3 cm pieces and weighing approximately 12.9 g,
were placed in the standard shear compression test cell with
the meat. fibers positioned vertically. A 30 sec downstroke
speed and a 100% range selection were ﬁsed as operaﬁing
parameters. Shear values were calcﬁlated as maximum force
in kilograms per gram of sample.
The water holding capacity (WHC) of reheated roast beef
samples was determined using the ‘method ‘described by Hawrysh
and Berg (1976). Triplicate 0.5 g samples, taken from each
of two cooled (23 % 1°) beef slices, were placed individually
between circles of Whatman -No. 1 filter papér (15.0 cm in
diameter) and aluminum foil (5.5 cm in diameteri. ‘The three A/;:L
samples were stacked alternately betweep four plexigléss 3 
plates and this unit was pressed in a Carver Laboratory ‘ _ we
Press under a pressure of 878.8 kg/cm® for 60 sec.

The areas of the pressed meat and the expressed fluid '
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AN
imprinted on the filter paper were determined with a

compensating planimeter (Hugh Owens, model 349-1838). As

-+

described by Miller and Harrison (1965), relative WHC was
calculated by subtracting the ratio of the area of the
pressed meat to the area of the expressed fluid from unity

(the maximum expressible liquid index).

Sensory Measurements

Slice évaluation

At each p;nel session, four experienced panélists,
individuals from the staff of the Faculty of Home Economics,
University of Alberta, each evaluated thé appearance of the
eight reheated roast beef treatments. After removing thé'
gravy or glaze, two slices representing eéch coékinq method
by paékage éddition combination were placed'on separate,
'cdded; white plates ﬁnder a MacBeth Skjlight'set at daylight.

Panelists us;d a catergory séale scorecard (Appendix,
Figure 10, page 15%) to evaluate the color,-grain, degree of

doneness, uniformity of doneness and overall appearance of

the roast beef slices. Color was rated on a scale of 5

52

w;(very;gooQ% to 1 (very poor), grain on a scale of 5,(fine)

v to 1 (vérf%coa{&e), degree of doneness.on a nine-point

o

N y ok

‘déhélé—pointéd”ééale of 5 (medium} to 1 (rare or well-done),
A B . e :

'ﬂandfpnfformifyvof doneness on a scale of 5 (same degree of
‘fﬁgﬁbgenessﬁfproughéug slice) to 1 (marked ring effecti’g

Overall appearanée was rated on a scale of S (very desirable)
to T (very undesirable). The order in which the four judges

evaluated the eight samples was predetermined by three 8x8
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Latin square designs divided in half; each judge evaluated
the samples in a different ¢ der for every replication. .

To ascertain possible causeé Qf off-color or unusual
surface characteristics 'such as iridescence, judges were
asked to state reasons for aésigning a score of 3 or less to
the color or overall appearance of a sample,

o
Taste_Panel Selection_and Training

An eight—member.taste panel consisting of graduate
students and étaff fromhthe Faculty of Home Economics,
Uniyersity of Alberta, was selected and trained according to
methods similar to those of Cross et al. (1978) and the
gujdelinés of the American Meat Science Aésociation (AMSA, |
ﬁb77). A ;otal of 15 ééndidates were selgcted for the |
initial screening process on the basis of their interest,
avallability and preference for roast beéf. The screehing
p:ocess} designed to quickly eliminé;e }ndividuals who,chld ’é
not descriminate larée quality differénces, consisted oflé”
series of ‘12 triangle tests, three per day fdr eééh of four
days;r During screening, the épility of ‘an individual to
differentiate betwéen fresh and»warmed—over; juicy ahd dry,
| tender and tough roast beef gamples wéé tested, since these
were the attributesjof roast beef of primary interest for

the actual study. On the basis of a seguential analysis

-

chart (Cross et al., i978), 11 judges were selected for
training. o

Training séssionf re cdnducted three to four’times
per week for seven week::., The jddges were gradually



acquainted‘With the evaluation procedure and introduced to

the scorecard characteristics: The judges also assisted in

]
(&

the development of the final scorecard. Several training

sessions were designed to familiarize the panelists with

different levels of each guality attribute. During the}ejﬁyﬁm

sessions, brief discussions were held where judges helo?
each other to ldentify the extremes, the middle’and other
points on the seven-point scale for each quality
characteristic. Throughout these and otherfsessions,
panelists were maée aware of.the characteristics of high
quality, freshly roasted beef.

During téflnlng, judges evaluated a wide variety of
samples of roast beef including all treatments to be studied
and many variations of fresh and}frozenfstored, reheated
samples. Warﬁed—over samples were obtained by storing
cooked roast beef slices, elther in the refrigerator or
freezer, for varying.lengths of time in different package
types and subsequently reheating them to 80° Samples with‘
a weak aroma and flavor were prepared by packaglng cooked
roast beef slices 1n;water and storing them .in the freezer
oefore tempefing‘andfreheatingr Tender,’moderately tough
and tough beeﬁocuts;bere‘roasted to rare, medium and well-
done stages to provlde judges with illustrations of samples
differgng,in tenderness and juiciness. Various brands of
beef broth made into gravies and~dips were also added to

packages of cooked roast beef in order to expose panelists

to different bouillon-like flavors and aromas.
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A total of nine characteristics considered to be v

‘important in "ready-prepared" roast beef were evaluated on a
o

seven-point category scale, with 7 indicating the'higﬂést

quality and 1 indicating the lowest quality. The oo

instructions given to the judges and the scorecard appear'in
the Appendix, Figures 11 and 12, pages 159 and 161.

Judges were instructed to rate sample aroma aftg?
: 0

removing the 1id from the container and smelling the sample
three times. Flavor was evaluated with continued chgwihg of
a sample. Desirability of aroma and flavor were evalﬁ;ted
on é scale of 7 (very desirable) to 1 (very undesirabie).

"Beefy" aroma and flavor were-each evaluated on an intensity

\
\

scale of 7 (very beefy) to 1 (very weak).

kY

N
Intensities of WOA and WOF were evaluated on a scale of

7 (no?ldetectable) to 1 (extremely strong). "fo standardize
judges' scores for intensity of WOA and WOF, a food anchor
was employed (McLandreS;, 1972; Fdrbes,v1973;vand Smith,
1976). The preparation of this anchor (slices of cooked,
reheated ground beef loaf) was standardized and ig%outlined
in the Appeﬁdix, Figuré 13, page 162. TBA tests were dggﬁ
(as outlined on page 49) on duplicQte“{b g sémples of t&f%
~ground beef anchor. Dhripg trgining, judges éstablished the
ground beef‘anchor as being equivalent to a score of 4
(moderately Fntehse) for WOA and WOF. . The grdund beef
anchor alSoﬂassisted judges in verifying the éharacteristics

of WOA and WOF at the beginning of each taste panel session.

Panelists wbre inskructed to lift the container 1id, smell

/
|
J
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the ground beef anchor three times and to taste a slice of
the anchor prior to evaluating roast beef samples for WOA
and WOF intensity.

| Juiciness (based on five chews of one 2 cm x 2 cm x 4
mm sample) and tendernees (based on tﬁe number of chews
required to completely hasticate»a sample) werelevaluated on
a scale of 7 (very juicy or tender) to 1 (very dry or tough).
A raisin (California dark seedless variety), chewedﬂfive
times, was employed-by the judges to standardize juiciness
scores (Smith, 19765. ‘Duriﬁé training, panelists
established the feisin as beingiequivelent to a score of 5
(Slightly@quicy). ‘

Overall ecceptability was evaluated on-.a scale of 7
‘(very'acceptable) to 1 (verx.unacceptable). Panelists Qere
requested to indicate reasons for scoring 3 or lower for a
particular palétability attribute and were also asked to
describe the aroma and flavor of a sample by checking an
appropriate descriptive term(s) from the lists at the bottom ,
of the scorecard (see Appendix, Figure 12, page 161). |
Throﬁgh thei; deseriptions of the roast beef’eamples durigg
training, judges assistedrin specifying ﬁhese descriptive
terms which were discussea and standardized so all panelists
held a common definition for eaeh.

The performance of each of the 11 judges was evaluated
twice, after four and seven weeksyof'trafning, according to
’ e}

a modified method of Cross et al, (1978). Candiégtesvwere

ranked according to their ability to discriminate between



samples and to reproduce judgements of the same sample type
' A,‘ ' i

consistently from session to session. On this basis, the

eight best panelists and one alternate panelist were

selected for the study.

—— i —— i — - ————— ——— s —— = ——— —— ———— —

The eight panelists each evaluated eight sets of coded
reheated meat sampie§ at every panel session using the
A_procedures learned in training. Taste panel sessions were
held at 10:20 am twice per week in an air-conditioned
sensory panel room equipped with individual booths and white
light.

Ali sampliné procedures for trained taste panel
evaluations were standardized during preliminary work. Four
roast beef slices (twé Trayti_tpackages) péf each of the
eight cooking method by package addition combinations were
allocated for evaluation by the panel at each session. The
gravy and glaze were reméved from the roast beef slices
béfore sampling. Four judges receivéd samples from one
package; the othef four received samples from the second
package. For each of the éight treatments,'éacb judge
§@ceived two samples (2 cm x 2 cm x 4 mm) from the center
region of adjacent slices in the roast. Each paneliét
received one sample from thé same location in both slices
from one package. Relative sample position for a panelist
was identical'fo: every treatment in a repliéation and was
rotated in a clockwise direction, one position every

replication.
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Samples were placed in coded.individual Pyre§:)custard
cups (140 mL) and, covered with glass lids. Dufing the
evaluation, the samples in thé Pyre£:>cups were kept warm
(50°) by placing the cups over hot water (85°) in double
boilers, made from nested Corning casserole dishes (900 mL),
and holding these units on Salton electric Hotrayéz)and
Hotableézz To ensure that they were similar @n temperature,
all samples were held in this war;ing systém for 10.minl
before each taste panel session. The eight samples Qere
presented to the panelists in three sets. The first set
consisted of two ground beef slices (2 cm x 2 cm X 5 mm) to
~anchor WOA/WOF plus two foast beef samples and the‘second
and third sets consisted of three;samples each.’

Each panglisf received a tray containing the~coded
reheated roast beef samples (two samples representing each
cooking method'by package addition cbmbination), the food
anchors for WOA/WOF and juiciness, a set Qf eight scorecards
(Appendix, Figure 12, page 161), an individual chew range
card (developed during training), a pencil, fork, népkin,
expectoration cup and two toothpicks. To help eliminate
..flavor carryovér.getween samples, panelists were' also
provided with unsalted soda crackers'and room-temperature
'water (23 £1°) composed'of two parts tap water to one part
carbonated water (a modified recommendation of Hill aﬁd Glew,
1970; and Hill et al., 1977).

| As described earlier, to balance "treatment ordér"

effects, the judges evaluated the treatments according to




six 8x8 Latin square designs, one per replication; no two

judges evaluated the samples in the same order.

Packages for Bulk Service

.

Statistical Design

. "Ready-prepared" BLK GR Fﬁﬁ%ﬁ roast beef samples
o C SN

p:egared‘by'three cooking methods for six replications,(see
Figure .1, pag% 30) were evaluated by a c0nsumer‘taste penel.
Half of the panelists eveluated CONV-1 and WB samples while
the other half rated COﬁV;Z and AS treatments. Each .
replication by roast pair (CONV-1/WB or CONV-2/AS) was
designatea es a cell; thus, there were 12 cells (six
replications by two roast pairs). Obse:vations were evenly
distributed within cells (i.e. between paired roasts) but
unevenly distributed among cells. Treatment me€ans.were
computed on an unweighted'bésis according to the means for
replications.

wDéta were subjected to analyses of variance. Sources:
of vardiation and degrees of freedom for the different
parameters evalueted are shown in the Appendix, Table 28,

page 148. Sinéle degree of freedom comparisons (Chew, 1976y

and Steel and Torrie, 1980) of eaeh."teEt" cocking method . °

(WB er As) against its respective "control" (CONy—1 or
CONV-2) as well as an indirect.comparison (WB vexsus AS)
were made (Comparisons C1, C2 and C3, Figure 2, page 32).
Valid errors for testing these{comparisons were computednby

. partitioning replication by cooking method “§nteractions.
. ' ] ‘:yv;":‘ . ,

¥
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Processing Procedures

' For the consumer evaluation, approximately 375 g of

sliced beef (4 mm thick) from Section D of each'.past (see

Figure 5, page 44) was placed into each Ecko bulk aluminum

foil package (214 x 151 x 46 mm) and covered with gravy
(225 mL). |

The LCO2 freezing system described earlier was used to
freeze the cooked, sliced roast beef "in gravy. . The meat
tehperature within the péckages was monitored before and
after freezing-with a Bailey Instruments digital probe
thermometer. ‘The mean freezing time for BLK packages was 20
min 29 sec (range, 18 min‘56 sec to 21 min 10 sec). The
packages of frozen roast beef were sealed with éluminum foil,
placed in a walk-in freezer (-15 % 3°)‘!g¥‘2 h and then
transported in styrofoam containers to the Home Economics
Building, University of Alberta. BLK GR packages of roast
beef were stored f—25°) for an averége of two weeks before
evaluation. &

HTempering and reconstitution p;ocedures for BLK GR
éackages of roast beef were standardized, Internal
temperatures of the roast beef during reheating were
mbhitored with copper constantan thermocouples attached to a
Honeywell recording botentiometer. To facilitate
thermOCOuple ihsértion prior to reheating, tﬁé packages of
roastvbeé% were tempered in a refrigerator (2°) for 16 h to
an internal temperature of approximately -10°. The 24

packages, eight at a time, were reheated in a forced-air
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convection oven (Market Forge, model M2600) at 177° to an
internal ﬁemperature of 80°. Two packages were placed on
each of four evenly spaced racks in fhe oven. To maximize
air circulation, packége positions on adjacent racks were
.staggered. |

To ensure accuracy, a stopwatch was used to monitor the
time in minutes for packages of roast beef to reach an
internal tempefature of 80°.

Sensory Evaluation by Consumer Panel

Volunteers from the staff of the University Hospitals
participated in a consumer evaluation of BLK GR FZIN-S
samples representing three cooking method treatments (CONV-1
and CONV-2, WB and AS) and six replications. Sixty-two‘
participants\rated samples from the CONV-1 and WB treatments
while 65 other consumers evaluated samples representing the
CONV-2 and AS treatments. The evaluation was conducted
between 2:00 aﬁd 3:30 pm in a large room in the University
Hospital furnished with long tablés placed end to eng and
with chairs arranged along one side.

For the evaluation, 24 BLK GR packages of roas£ beef
were reheated (eight at a time) and hela warm (75 + 5°) on a
mobile hot serving uni£ (Vollrath, model 99148) during three
30 min serviﬁg‘shifts. The warm roast beef siices were
served on coded disposable white plasticiplates.

Each panelist received a tray containing two coded
roast beef samples.in gravy and a scorecard (Appehdix,

Figure 14, page 163), pencil, fork, knife, napkin,
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expectoration cup and glass of water (23t 1°). Panelists
evaluatgd the appearance, tenderness, juicinesq, flavor,
teméerature and overall acceptability of the saﬁples on a
five-point category scale, with 5 representing the highest
score (Appendixh‘Figure 14, page 163). A list of
descriptive terms was provided to aid consumers -in the
evaluation of flavor. Demographic information (age and sex)
about each pafticipant was a;so obtained. An example of a
completed scorecard was postea and the judges were
inétructed to take a drink of water between tasting samples.
Discussion during the evaluation was discourgged.

After completing the evaluation which required about 10
min, the panelists were served refreshments in an adjoining

room.

4
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RESULTS AND DISCUSSION

Throughout the discussion, "ready-prepared" roast beef
refers to beef that has been cooked (by the conventional,
water bath or Alto-Shaam methods), éhilled,
sliced, packaged (with either gravy or carrageenan glaze)
and reheated (either fresh or after frozen storage). CONV-1
and CONV-2, WB and AS refer to the conventional institution,
hot-water bath and Alto-Shaam cooking method treatments
respectively (Figure 1, page 30). GR and GLZ indicate gravy
and carrageenan glaze, whereas FSH and FZIN-S refer to the

fresh and frozen-stored treatments, respectively (Figure 1).
Whole Roasts - Cooking Method

Data for objective measurements on roastsvfrom each of
the cooking methods-are shown in Table 1. There were no
significant differences in the weights of paired raw roasts.
Although roast pairs were gandomly‘assigned to treatments,
CQNV—1/WB,roas£ pairs wefe.lféhter than CONV-2/AS pairs.
Data for pH»ahd for percentages of either extract, total
moisture and thaw loss indiéaﬁe that roasts cooked by all
methbds were similar. |

The cooking times for roasts in minutes and in minutes

per kilogram show éignificant differences Attributable tb
cooking method (Table 1); CONV roasts cooked in ﬁhe
shortest time, followed by the AS roasts. Rbasts céoked by

the WB method required'the»longest cooking time, more than

twice that of CONV treatments. Dinardo et al. (1982) also
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Table 1. Means and F-values for Comparisons C%1, C2 and C31 for objective data on roasts
cooked by the conventional, water bath and Alto-Shaam methods.

Cooking Method2 F-value
Measurements CONV-1 W8 CONV-2  AS c1 c2 c3
Raw Roasts
Weight (kg)’ 3.68 3.88 3.94 3.9 3.60 0.01 12.05%
pH’ 5.6 5.6 5.6 5.6 0.45 0.00 0.62
Ether Extract (%) 3.5 3.5 3.6 3.8 0.07 1.17 0.21
Total Moisture (%) 74.5 74.1 73.8 73.8 .45 0.00 0.56
Thaw Loss (%)° 58 5.9 55 5.7 0.05 0.12 0.00
Cooked Ruasts3 ‘ 4 .‘
Cooking Time (min) 138.1 338.0 151.3 194.9  1158.27%%  72.14%% 355,87%%
Cooking Time (min/kg) 37.7 ° 87.9 38.6 50.2 357.28%%  55.57#% 155,79%%
Final Internal Temp (SC) 60.2 60.0  60.8 60.0 0.08 3.86 1.07
Cooking Losses (%) )
Total 17.7  16.5 18.5 17.7 2.61 3.49  0.48
volatile 5.3 0.00 16.1 B.O 639.50%% 244.39%*% 147, 70%*
Drip 2.4 16,5 2.4 9.7 592.64%% 140.11%% 54 33w*
Chilling Drip (%) 1.9 1.0 1.7 1.2 22.64%%  13.49% 6.82%
Total Cooking/ 19.6 17.5 20.2 18.9 8.56%  15,52¢ 1.68
chilling Loss (%)
Dimensional Change (%)
Length -17.0  -8.5 -17.9 -11.4 36.43%%  4.87 0.30
Wwidth -0.2 -0.8 +1.0 - 3.0 0.02 0.84 0.19
Depth + 0.3 -0.1 0.0 -2.7 0.02 0.62 0.28

'1See Figure 2, page 32, .for déscriptions of comparisons.

2

& W

* Significant at P <0.05
#¢ - Significant at P <0.01

oo
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values are the means of six determinations, one per replication.

Values are the means of 12 determinations, twd per replication.‘

See ?igure 1, page 30, for descriptions of treatment abbreviations.
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reported that the cooking time for roasts cooked to 60° in a
water bath (60°) was approximately twice as léng as that for
roasts cqoked conventionally. In the present study,
differences in cooking times are as expected since the oven
temperatyre was 177° for CONV roasts and 107° for AS roasts,
while thé water temperature was 61° for WB treatments,
similar 'to the desired final internal roast temperature
(60°).

In‘the'present study, CONV roasts required an average
of 38.2 min/kg to cook to an internal temperature of 60°.
Hunt et al. (1963) feported a similar cooking time (36.92
min/kg) for 4.5 kg top roﬁnd roasts cooked conventidnally
(177°) to 60°L

Buck et al. (1979) cooked a variety of roast types
(longiésimus, semimembranosus, semitendinosus, biceps
femoris and recfus femoris), ranging from 1 to 4 kg in
weight, to 60° in a hot-water bath (60 to 61°) and reported
.an average cooking time of 178.48 min/kg. The cooking time
observed for WB roasts in the curremt,stﬁdy/was shorter
(Table 1). A»factof.influencing cooking time may have been
the long, fiat'(average depth at th;ckest point, 8.4 cm),
tapered shape of the biceps femoris muscles used in the »
present study. The longer cooking times noted by Buck étcal;
(1979) hay be rglated to the muscle types: studied, their
shape and\?imensions - specificali§>thickness rather than

weight. = Other factors such as the initial roast temperature,

the water bath volume, the amount of water circulation and

g
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the method of coolfn%stoasts may also have influenced

cooking time. ﬂ&

-

. o Ty ! .
T Hunt et al. (1963) reported a cooking time of 75.3

'y
min/k% tor‘4w5 kg top round roasts dry'heaturoasted 5t*@07°
to ah“iﬁggtdél‘temperatdre of 60°. Although the oven
temperature was 107°, the cooking tgme for AS roasts (Table
1) was considerably shorter than that of Hunt et al. (1963).
In addition to’the influence of roast shape and size on
cooking time, the high humidity generated in the Alto—shaam

oven (Gnodfellow and“ErOWn, 1978) and the electrical thermal

cables surrounding the cooking cavity may have contributed

'_to the faster rate of heat penetration in AS roasts.

There were no significant differences in the final
Y ,
internal temperatures attained by roasts cooked by each
method (Table 1); the averageffinaﬁrinternal temperature of

all roasts was 60.25°

-

The averadge peroentaéedtotal cooking losses for roasts
show no significant differences attributable to cooking
method. Percentage total‘cooking losses for CGNV roasts
(Table 1) were similar to those noted by Shaffer et al.
(1973) for beef top round roasts. -.: e |

Buck et al. (1979):and Dlnardo et al. (1;82) reported
51gn1f1cantly lower total cooklng losses for a .variety of
roasts cooked to 60° by'the water- bath method than for

comparable roasts cooked by a low temperature (94 ) dry heat

method. 1In addltlon, total ccoklng losses (10. 71 %) for the

water bath method were lower (Buck et al., 1979) than “those
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noted in the current experiment. Dinardoyet al. (1982),
using a similar water bath method, obtained cooking losses
of 9% for roasts {(1"to 3 kgi remo;ed from the bath at an
internal roast temperature of 60° and 13% to 15.5%,‘
respectively, for roasts held 2 h and 4%h in the bath after
reachrng 606; Proponents of. commercial low—temgerature".
water cookrng of meat in vacuumized bags have obtained
yields of up to 88% to 90% (Griffiths, 1976). The cooking
losses (Table 1) determined in‘tbe present study may be due .
to tbe faster rate of heatﬁpenetratioh?observed and to the
flat, tapered shape (and therefore larger surface area for
moistore loss) of the muscles studied. 1In addltlon,
partially evacuated Cryovaé:>cook1ng bags (Ray et al.,

1981) were used in the present exgerlment rather thanatbe
fuiiy evacuated heat’ stablllzed nylon cooklng bags employed
by Buck et al. (1979) and Dlnardo et al. (1982)." In a
project in whlch roasts were cooked to 68° by a hot ~-water
bath method w1th hourly anremental water temperature:
1ncreases from 68 to 80°, ‘kay et al. (1980) obtalned total
cooklng losses of 20 .2 and 22.1 percent for semltendlnosus
andisemlmembranosus roasts, respectively. Using a somewhat
SlMllar cooklng method Ray et ;al. (1;81) reported a cpoking . i
loss of 18. 4% in roasts cookedlto 66°.

Marshall et al. (1960) showed that 4.5:kg>top round

 roaSts cooked to 60° by\dry heat (107 ) had cooking losses

s ki 2

of approx1mately 10%. However, Buck et al. (1979) and

Dinardo et 'al. (1982) obtained cooktng:losses of 13.8% and
. “" ’ ' ’ A\*/ o , o ’ R

-
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16.0%, res: ‘®ly, for roasts cooked to 60° by slow dry

heat (94°). Vollmar et al. (1976)_cooked beef top round

roasts at 94° to 60° and obtained cooking losses of 18.0%

for-roasts cooked by dry heat and 20.8% for roasts cooked in

oven film bags. Cooking losses of 19.3% have been reported

for foil—wrapped‘biceps femoris roasts eooked at 93° to ah"”v~

internal temperature of 65°A(Bramblett and vail, 1964)..*In

the present stﬁdy, AS roasts had a 17.7% cooking loss. The

moist low-temperature cooking environment generated in the

Alto-Shaam oven may be comparable to the coocking environment »

in an oven fiim bag or a'foil enclosure. e
. Both volatile and drip losses‘EOr roasts representfng

’ [}
all cooklng methods differed 51gn1f1cantly (Table 1). As

expected, for the CONV method, the largest portion of the . ft
total cooking loss was evaporatlve loss. -In contrast,
'because they were cop@leteiy enclosed in waterproof bags
during cooking and cooling, WB roasts had no apprec1able
volatlle losses. For roasts cdgged by the AS method

* volatile and drip losses were nearly'31mllak (Table 1).
Meat roasted slowly, in a partially or fully,pressure—closed
onen (79 to 1075), typically loses a larger percentage of |
its cooking loss as drip than meat roasted conventlonally»‘
1nd1cat1ng that water has been expressed from the meat but
not evaporated (Schoman and Ball 1961). ;

Roasts lost a small amount of drip during chilling (2°) ;

to 3 +1° (Table 1). Percentage chilling drip was greater . | %.

for roasts from CONV treatments than for comparable roasts
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significant. There was no difference in the change in

‘decreases and 4.7% and 9.5% depth increases were noted (Ray

o
/
/

1

represeﬁting the WB and AS treatments. In addition, total
cooklng/chllllng losses were 51gn1f1cantly higher for CONV
roasts than for WB and AS roasts.

] Adthough no 51gnlflcant differences attributable to
cooklng method were observed for pe;centage width and depth-
change~afte§ cockling and chilling, roasts cooked by the CONV '

method demonstrated a greater (P < 0.01) percentage

decrease in length than did comparable WB roasts (Table 1). 3

In'addition, roasts cooked by the CONV method shrank more in

lefigth than did AS -roasts, although this differehce,is not

length between WB and AS roasts. Dinardo et al. ((1982)

reported that roasts cooked to 60° in a hot-water bath (60°)

gave greater cooked yields than comparable roasts cooked to
)\/.

60° by dry heat (94°). Ray et al (1980) cooked roasts .in

e R e ™

Cryovaé:>bags to 68° in a water bath by gra;ually 1ncrea51ng /
the water temperature from 68 to 80° over the cooking perlod.
For.semitendihosus and eeﬁimembranosds roasts respectively,
21.5% ‘and 28.4% fgﬁgth decreases, 7.6% and 9.6% width

: - / , .
et al., 1980). These values (Ray et al., 1980) are 1
considerably higher than the dimensional changes observed in

3

the present study (Table 1). u ' . T ~
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Packages for Individual Service

Cooking Method

Table 2 summarizes means and F-values for subjective
and objectivé data on FSH "ready-prepared" roast beef cooked
by the CONV and WB methods. No significant differences
between CONV and WB treatments were oBserved in slice
evaluation scores for overall appearance, color, degree ofh
doneness and uniformity of doneness. However, samples from
the &B treatment were scored significantlykhigher for grain
than comparable CONV samples, indicating that WB beef sliéles
had a finer, more éttractive gréin. |

(1982) noted that

Buck et al. (1979) anq Dinardo.et€%%@
roasts cooked to rare by the water bati ;’%dd were &ore
uniform in cr;sstectidnal doneness ttizyébasts cooked by
dry heat, which displayed a dgfﬁpite/?r}ﬁg.effect". Results
' obtained by Dinardo et al. ‘(,1982)‘/(5%1‘8'sdubstantiated by’
Gardner color values. In thevpfé;ent study, differences ih»

A
uniformity of doneness of beef/due to cooking method,
although evident in. the freshly sliced roast beef, were
eliminated by reheating the beef to the weil—done stage.

:Trained‘panelists (Table 2) detecﬁed no significant
effects of cooking method on the desirability of aroma and .
flavor, intensity of beefy aroma and flavor, inﬁensity of
" WOA. and WOF, juiciness and overall ;cceptability,of FSH
"ready-prepared" roast ggef. Dinardo et al. (1982) also

found no flavor diﬁferenqés between roast beef cooked in a

R T R T o
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&
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’

1
! Table 2. Means and F-values for Comparison C1 for subjective and objective dpta on "ready-
prepared" roast beef cooked by the conventional and water bath methods - fresh.
b}

Cooking Method2

- Measurements CONV-1 w8 F-value
Sub jective
Slice evaluation3
Overall appearance- ‘ 3.3 3.6 2.53
Color ' 3.5 3.5 ‘ 0.05
Grain 3.4 3.9 13.85%+
Degree of doneness™ 3.2 3.6 2.39
Uniformity of doneness - 3.9 3.8 2.06
Trained taste panelA
Desirability of - aroma 5.3 5.3 0.62
; - flavor 5.0 5.2 1.21
Intensity of beefy ~ aroma ) 5.0 5.1 2,90
' “ flavor 5.0 5.1 @10
Intensity of warmed-aver - aroma 6.4 6.5 .1
’ - flavor 6.5 6.6 0.61
Tenderness ‘S ¢ 4.6 5.2 ) 6.98*
Juiciness oY 3.5 . 3.8 . 0.39
Overall acceptability : , 4.8 °5.0 ‘ 1.19
° . fd,
Objective <3 ’
TBA value (mg malogaldehyde/kg) ' 3 .8 . A7 '2.03
Shear force (kg/g)” . 0.26 0.25 : T4
Water holding capacity 0.51 . . 0.54 0.68

- 5
See Flgure 2, page 32 for description of comparison.

2S,ee Figure 1, page 30, for descriptions of treatment abbreviations.

3Maximum score, 5. Values are the means of 48 judgements,.one per package addition per’
‘replication by each of’ four panelists. -

AMaximum score, 7. Values are the means of 96 judgements, one per package addition per
replication by each of eight panelists.

5values are the means of 24 determinations, two per package addition per replication.
anlues are the medns of 36 determinations, three per package addition per replication.

*  Significant at P <0.05 . 3
. ** Significant at P <0.01 -

A~
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water bath and samples cooked by dry heat. Héwever, WB FSH
sumpleé in the present study received signifiqantly higher
tendernesé scores than comparable CONV samples. ¥
TBA and WHC values feor CONV FSH and WB FSH treatments
did not differ significanély and therefore substantiate

sensory scores for intensity of WOA/WOF and for juiciness,

respectively (Table 2). Shear force data for CONV and WB

‘treatments were similar; however, these ddta do not support

i’

‘7 and WOF for FSH "ready-prepared" roast beef. Panelist

judges' tenderness scores. -

Summarized in Table 3 are means and F-values for

(O
E oA

Paby 1Y

LY

subjective and objective data on FSH "ready-prepared" roas

+

8 s
significant differences in the overall ap

[N

grain, degree of doneness and uniformity ¥
Ep

slices attributablg to cobking method.

&

LW R 1
Taste pan ts detected no treatment differences for

‘desirability of ‘aroma and flavor and for intensity of WOA

peefy

o

S SR

scored the aroma of AS FSH samples as more (P <.0.01f
than that of comparable CONV samples; however this
difference was not noted in scores for intensif@ of beefy

flavor. There were no significant differences in tenderness,
‘ Wy RS ’

juiciness and oygralf%acééﬁ%abilihy scores between -CONV and

AS treatmerits. ‘Nielsen and Hall (Tiiifa?lso reportéd no X

difference in the tenderness of rump\ro#sts dry-heat roasted

BTk

to 71° at 163° and 10%°.

TBA and Wﬁ& values for CON@Sandiﬁs'sampLgs did not ' %

.




[

73
Table 3. Means and F-values. for Comparison C21 for subjective and objective data on "ready-
prepared" roast beef cooked by the conventional and Alto-Shaam methods - fresh.
' 2
Cooking Method
Measurements CONV-2 AS F-value
Sub jective
Slice eyaluation3
Overall appearance 3.3 3.3 0.01 ;
Color 3.5 3.5 0.00
Grain 3.3 3.5 0.33
Degree of doneness 31 3.0 0.20
Uniformity of doneness 3.7 4.1 2.66
Trained taste p,anela v @
Desirability of - aroma 5.2 5.4 1.42
» - flavor 5.1 5.1 0.40
e Intensity of beefy - aroma 4.8 5.1 29, 15%=
B © - flavor 5.1 5.0 0.86
Intensity of warmed-over - aroma 6.5 6.4 0,54
' - flavor 6.4 6.5 . - 0.96
. Tenderness 4.7 4.7 - .83 .
4 Juiciness 3.5 3.2 2.25 !
~ Overall acceptability, 4.9 4.9 1@;01 3
. '
Objective ~ k.
4
TBA value (mg malogaldehyde/kg) 1.3 1.4 ‘ 0.19 o
Shear force (kg/g)”. P . 0.25 0.27 5.87 i
. i
Water holding capacity 0.53 0.54 0.09 . i
46 Lot
e B
See Figure 2, page 32, for description of comparison. i 3
See Figure 1, page 30, for descriptions of treatment abbreviations.
3Maximun score, 5. Values are the means of 48 judgements, one per package addition per
replication by each of four panelists,
'ﬂaxlmun score, 7. values are the means of 96 judgements, one per package addition per ,
replication by each of eight panelists. » i

. . .
5Values are the means of 24 determinations, three per package addition per replication.

ot iz W‘J\

6Values are the means of 36 determinations, three per package addition per repykation.
»  sSignificant at P < 0.05 ’
#+ Significant at P <0.01 ' ¥

L2 . \
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differ significantly; thése data agree with sensory scores
>for intensity of WOA/WOF and’for juiciness, respectively
(Tabie 3). Shear force values for CONV and AS ﬁreatments
Qere similar and also support tenderness scbres. Hunt .et
al. (1963) found no significant difference in‘warner
Bratzler shear values between?beef top round roasts dry—héat
roastegvto 60° at 177° versus 107°.

#leans and F-values for data on FSH "read‘y—prepared"l
roast beef cooked by the WB and AS methods éfe presentea in - /7/
aﬁggievg.b No sigﬁificant differences attributable to cooging
method were foﬁn@g?éf‘égzhfdf.the characteristics ev;luated.
Tendéfgésé.scores, however, tended to be higher for WB FSH
Samples than for comparable AS samples, although this T
difference is not significant. Kramer sﬁéar+§pnce.values
also tended to be lower for WB than for AS saméles.

Buck et ,al. (1979) found that roasts cooked to 60° by. - i,
-the water bath hod ;eceived higher tenderness scores, :

demonstrated lower Warner Bratzler shear force valdes and

PRCR RO

had higher press fluid values than comparable b- cooked by

a slow dry-heat method. Dinardo et al. (1982) ai o reported

k2
&
3

Mﬁ&léﬁ%r“ rﬁer Bfatzger shear Qalues gnd higher tenderness
scores for beef cosked to rare by the water bath method than
fq@mbeef cooked to.ﬁb°"%t 94°. In the present study,
‘ggwever, effects of WB cooking on the tenderness and
ﬁéi;tness of FSHr"ready-prepared" roast beef may have been

minimized by reheating the thin (4 mm ) beef slices; ¢

Generally, scores for appearance characteristics -of FSH :

’

T A e A T T



g0 jective data on "ready-

1
Table 4. Means and F-values for Comparison C3 for subjectiv i
vaam methods - fresh,

prepared" roast beef cooked by the water bath and'Alto?

Cooking Method2

~

Measurements : w8 AS F-value
Sub jective '
\\‘ 3
Sl}ce evaluation
\ .
Qverall appearance 3.6 3.3 1.36
Color , , 3.5 3.5 0.03
Grain : 3.9 3.5 0.65
Degree of doneness - 3.6 3.0 3.48
Uniformity of doneness 3.8 4.1 3.99
Trained taste panelh
Desirability of ~ aroma 5,3 5.4 0.06
- - flavor 5.2 5.1 0.75
Intensity of beefy. - aroma . 5.1 . 5.0 2.05 -
- flavor 5.1 5.0 0.39
Intensity of warmed-over - aroma - ' i 4.5 6.4 2.36
. »".ﬁ e - flavor 82§ 6.5 3.75
Tenderness . . 5.2 4.7 4.00
Juieiness’ ’ . 3.8 3.2 .1.18
Overall acceptability o 5.0 4.9 0.99
AN

Objective _ :

" TBA value (mg~méloga1dehyde/kg)5 1.7 1.4 1.19
Shear force (kg/g) 5 , 0.25 0.27 5.44
Water holding capacity : : 0.54 P - SN - 0.18

L N
1. S *
See Figure Z, page 32, for description of comparjison. /
) : {

2 T
- See Figure 1, page 30, for descriptions of treatment abbreviations.

3 N .
Maximum score, 5. Values are the means of 48 judgements, one per package addition per
replication by each of four panelists.

4Maximum score, 7. Values are the means of 96 judgements, one per package addition per
_replication by each of eight panelists.

5Values are the means of 24 determinations, two per package addition per replication.
- -
6Values are the means of 36 determinations, tQFee per package addition per replication.

* .Significant at P <0.05

#*  Significant at P < 0.01 .
&
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“were low compared to that of the'WOA/WOF ground beef anchor1 : ?~ 3
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"ready-prepared" roast beef indicate that beef samples
representing each of the cooking methods were comparable and
were judged as desirable by trained judges bTablés 2 to 4).
Cremer and Chipley (1980) also reported good scores for the
appearance, color and textgre‘of beef bottom round roasts
cooked to about 75°, chilled (approximately 15 h), sliced
and reheated (to ab?ut 63°).

Juiciness scorééjand WHC values (Tables 2 to 4) for FSH
“ready-prepared” roast beef did not differ among cookingr |
method treatments as might be suggested by data for cooking/
chiiling losses (Table 1). The reheating proéess may have
ellmlnated cooklng method effects on sample ju1c1ness ang

H
m01sture content. Furthermore, even in studies with freshly

roasted beef, other researchers (Buck‘et al., 1979) have

found the correlation between cooking losses and juiciness :

scores to be low.

For beef slices from all cookihg methods, TBA values

which was established as being equivalent to a score of 4

(moderate) on the seven-point intensity scale. TBA values

e d gt .
i b i, s i

for FSH beef samples substantiate WOA/WOF sensory scores

(Tables 2 to 4) which indicate that WOA and WOF were very

i

sllgﬁﬂpto not detectable in beef samples prepared by each of
the cooklng methods .

1Mean TBA value for WOA/WOF anchor durlng evaluations of FSH
treatments, 5.3+0.8. ] . o
. *
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Published information on TBA values of meat which has
been roasted, chilled, sliced and immediately reheated is

Baldwin and Korschgen (1968) reported TBA values

limited.
of approximately 0.25 to 0.45 for meat foasted, chilled,

EF)

sliced (1.75 cm thick) and broiled. Johnston and Baldwin

(1980) obtained a TBA value of 0.386 for freshly roasted

beef. HoWevef, these workers (Baldwin and Korschgen, 1968;

and Johnston and Baldwin, 1980) used an extraction method

for the determination of malonaldehyde, which gives TBA
values of about one-half the magnitude of values obtained
with the distillation method emplayed in the present study.
Téste panelist§rperceiv§@ no oxid;zed’flayor in freshly

cooked beef steaks havihg;a TBA value of 1.0 (Haymon et al

1976) .
In éeneral, data for CONV, WB and AS samples of FSH

"ready—prepéred" roast bevf were similar and indicate that
.ﬂ . . -

*

. w i
“beef slices cooked by each of the three methods were¥

nacceptable to very acceptable with respect to most qdality

3

» characteristics evaluated. 'In similar studies, other

S e A SR R b R R

R N
researchers (Baldwin and Korschgen, 1968; Korschgen et al.,

]970; and Cremer and Chipley, 1980) have also found cooked,

e A 0 s

sliced, freshly reheated beef to be of desi:ablé guality.

Fresh and Frozen-Stored_Samples : .

i o e - —— ———r — ——— ———— ——_— O o~ —

Table 5 summarizes means and F-values for subjective

and objective data on RSH and FZN-S "ready-prepared" roast

beef cooked by the CONV, WB and AS methods. No significant

effects attributable to frézen storags were noted for the

e L g
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overallwapﬁggréhce)of CONV and AS samples. However, WB FSH
sample appearance was scored signif%cantly higher than
comparable FZIN-S sample appearance. For color and
unifofmity of doneness, FSH and %ZN—S roast beef slices
representing each cooking method received similar Scores.
No off-color was observed in FSH samples, though judges
occasionally ;oted an iridescence on the surface of some:
FZN¥S.beef slices from all cooking methods.

Freeziné and storage altered (P < 0.01)

the grain of "ready-prepared" roast beef cooked by each

/

S

method (Table 5). The grain of FSH samples was finer and
more attractive than thatrof compafable_FZN-S samples.
Panelists detected no significant differences in the deéree
of doneness of .CONV beef slices attributable to frozeh
storage. Although significant;differences in degree of
doneness were deteéted between FSH 'and FZN-S beef slices
from the WB and AS‘cooking methods, for practical

purposes the differences are'negligible. Judges indicatéd«
that all meat slices appeired dry and somewhat overdone,

.

particularly around the edges. ~The use of thin’slices,

combined with reheating the meat to 80°, probably accounts
for the dryness of meat samples.

For desirability of aroma, FSH fready~prepared" roast
beef samples cooked by each technique were scored higher

(P < 0.01) than comparable FIZIN-S treatments. CONV FSH and

- CONV FZIN-S:.samples received similar scores for flavor

igﬁWB,Eﬁgﬁénq AS<FSH t;eagmeqts wereygated :




significantly’higher than comparable FZN-S samples for this
“attribute. In”somewhat,similar studies, previous wogkers
have also noted decreases in aroma (Baldwin and Korséhgen;
1968;-and Korschgen et al., 1970) and flavor (Bramblg%t et
al., 1965; Baldwin and Korschgen, 1968;- and Korschgeh“et éil;
1970) spéres for sliced cooked Beef due to freezing and
storage. | |

For samples representing each cooking method: the .
intensity of beefy aroma and flavor decreased significantly
. with freezing and storage (Table 5). 1In addition, panelisté
ffeduently described the aroma and flavor of FSH samples‘as‘
"beefy". 'There were no significant effects due to frozen
storage-on the‘ihtensity of WOA in beef slices‘from each ;
cooking procedure.v Although judges detected slightly more
WOF in CONV FSH samples than inﬂcompafqble CONV FZN-S
samples (P < 0.05), for practical purp#ées this différence
is small. Beef samples cocked by both:the WB and AS’' methods

had WOF scores which were similar for both storage ;

”~v i

treatments. However, judges more ofteh déscribediFSH -
samples as having a characteristic "fresh” aroma ?nd.fl$§or.
/%zN—s
treatments were similar (Table 5). WB FSH and S FSH f

Teﬂderﬁess scores for the CTONV FSH and CONV

samples were rated significantly higher in tenderhess than .

comparable FZN-S samples. Korsch§en et al. Cﬁ970) evaluated
: ‘ ‘ : . .. - /’/r © R }\ .
foil-wrapped beef round roasts that were cooked at 95° to|

|
I
f

i

71°, sliced (0.65 cm thickf,,packagedhin foil trays and
o ; .

~ reheated. 'They%(korsghégn &t al., 1970) repbfted
‘ : ‘ - . \ : o

(Y

80




.Bramblett et al. (1965) cooked f01l wrapped beef round

~ tenderness of the cooked beef slices (3ﬂcm thick? after

& _ N / \
significantly highar tenderness scores for fres samples .

t

than for samples stored frozen (three months) In contrast,

\
roasts (93°) to 65° and noted no appreciable decrease in the
. ‘ N
-
three months frozen gtorage. No.,difference in the

" tenderness of freshly reheated beef slices (i.?S\cm thick),

from chuck roll roasts cooked (149°) to 435mand?comparable
frozen-stored (one month) reheated beef slices was found
(Baldwin and Korschgen, 1968).

Juiciness scores (Table 5) for samples from each

. cooking method were similar for both FSH and FZN-S

treatments. Baldw1n apd Korschgen (1968) also obtained

Z

_51mllar scores for the ju1c1ness of reheated fresh and short

.

frozen-stored cooked beef slices. 1In contrast,,Korschgen et

'al.‘(1970) reported significantly higher'juiciness scores

fpr sliced cooked beef in foil trays reheated fresh than for

comparable beef'slices reheated after three months‘frozen
storage. However as noted eariier, processing technrques
(cooking method and temperatnre} final roast internal
temperature, slice thickness,'pag§age addition, reheating
method and internal q§mperature of me;t slices attained in
reheating) employed in these studies (Baldwin and Korschéen,
}968; and Korschgen et al., 1970) differed from'those used
in the present experiment.

‘Juiciness was the only attribute scored below 4 on the

seven-point scale. This score indicates that samples were

2

. .

". '1’:535‘9;‘*7"5“';"‘*’;' it



slightly dry to neither.juicy nor dry LTabieVS): Others

(Korschgen et al., 1970; and Bdﬁdwin‘andeorséhgen, 1968)

have reported higher juiciness scores for’ fresh and frozen-

stored cooked sliced beef thanﬁthose obtainéd in the current
séudy. in the present engiiment, the drynéss of meat '
slices may Sefdﬁe to fhg use of thin §lices anq'éo the - 3
iﬁtefnai%temperature meat slices attained in reheating. o

‘Overali acceptability scores for“gampies representing
é;cﬁ-cboking method»were significgﬁtly hﬁgher'for'%SH than
for FZN-S tgeatménté. However, for "reédy—prepared" roast
beef representing each §tQ£§ge Ereatﬁqpt, overall
acceptability scores were gggd\(4.5 to' 5 on;a seven—péfnt
scale). . | g _ ¢

' For samples representing each cooking ﬁekhod; theré‘

were no significant differences in TBA values attributable
to freeziné and storagex.fThese data generally sppgg;;,tasté'
panel sooges for WOA ané'WOF'(?able 5);\’Ba1dWiAand |

5

Korschgen (1968) repor%ed no‘éignificant\differences-in the

- TBA values of control samples and frozen-stored cooked

d

sliced beef. In another study, the TBA values reported for

freshly cooked ground beef patfiés and for‘cooked, frozen-

stored reheated patties were also similar (Bowers and Engler,

1975) . Haymon et~a1. (1976). notedra slight increase in'the

TBA value of frozen-stored (four weeks) cooked beef steak

S

"~ over that jof a fresh’prodﬁct. In contrast, Chang et al.

(1961) found lower TBA values in meat which had beenvcooked,

frozen and thawed. TheAéeneral handling pracedures

' -
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in the prei?nt‘Study.
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(roasting, overnight chilling,/thinly slicing and reheéting)
épﬁlied ?o both FSH ;nd FZN-S treatments'probably'aécount for
the‘sligﬂt amount of oxidation ihdicated'by TBA values and
for the glight améunt of WOA and WOF detected by panelists

 Shear values did not differ significantly between FSH

»

‘and FZN-S treatments représen%ing each cooking method.

These data support sensory scores for the tenderness oﬁ CQNV
and AS samplesnbut do not agree withréensory déta fot.the:
tenderness of\WB samples.' Factors such as softness,
juiciness and desirability of flavor may haveiinflqénced
judges' percépéiqn of the tenderness of .WB sgmples.llln
investigating the quglity of frozen cooked beef,/ptger

b

workers (Dah}ingér and Lewis, .1954) ﬂéve also reported a

‘lack of agreement between subjective and" instrumental

measures of tenderness.

., For all cooking met\ods,‘WHC values decreased

o ' //

.

/

decrease in the moistness of beef slices may have been due to
‘ 5 A

significantly withffreezing and storage.(TéBle 5). The

evaporation of moisture during freezing and frozen storage.
_ . N
{

However, for each cooking procedure, taste panelists did not

4

detect a difference in the juiciness of rol and F2N-S
)

_samples. Buck et al. (1979) found that press fluid values

di6 ngt support taste panel scores for the juiciness of
freshly\cboked beef. In the present study, WHC values were
low (Table 5) compared to those obtained in previous work for

freshly cooked beef (Hawrysh and Befg, 1976; Hawrysh and

 Berg, 1979; and Hawrysh et‘al., 1979). Therefore, beef
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gk

R R S R BTl T o

é
3
3
]
3
£
3
:




"i‘!*‘#’“mmw- o ‘ k -(\¥ e ' e .‘

T

| 84

* {° .
-dryness was pgobably due to the reheating process. For both : Lo
FSH and FZN-S treatments, juiciness scores were felatively -
low (Table 5), ipdicative of 'slightly dry to.nelther juicy

. - t ’ N
nor -dry meat. Judges often commetited that samples were dry.

Frozen-Stored_ Samples | “

N e - — . —— — ——— - — ——

: "’,. . . [ : . .
Table 6 summarizes means and F-values for subijective .

"
i Mk b ea e s £,

f‘ and objective data on FZN-S "ready-prepared" roast beef;
cooked by the CONV and WB methods. No significant

differences between CONV and WB treatments were found in the

data for overall appearance, color,,grain, degree of

Led

doneness and uniformity of doneness of beef'sliceé;v _ , 3
"Trained judges detected no significant effects of 4 L

either the CONV or WB cooking methods on the desirability of

N ) 3 .
' aroma and flavor, intemsity of beefy aroma and flavor and

intensity of WOA of‘FZN—Swgready—prepared" roa;t beef .
However; judges noted that CONV FZN-S samples had |
éigﬁificantly more WOF than comparable WB samples, although
for practical purposes this difference is hegligible.
Previous research (Zipser, and Watts, 1961;‘Huang and Greene,
1978 and Sato‘et'al;, 1973) has shown th;t browning
reactioné Wﬁiéh occﬁrydu?ing slow cooking of beef to high ) g
temperatureé‘resuit’in tﬁe productzén of antioxidant ' f
compouhds in the meat.” In the present sﬁudy; some _ 3
éntioxidant compounds may have been produced iﬂgroasts-

cooked by thé long, slow water bath method. However,‘cooking .3
the meat to rare rather than well-done érobably‘limited the e a

extent to which WOF-retarding substances were f5?ﬁed¢ For
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Table 6. Means and F-values for Comparison C1 for subjective and apbjective data on . .
"ready-prepared” roast beef cooked by the tonventional and water batb methods. - -
frozen-stored. ‘ .
Ay '/
. 2 ’
Cooking Method ;
Measurements CONV-1 ~WB F-value §
: |
" Subjective ‘ ' ' ¥ i
3 . q ) ) +
. Slice evaluation
Overall appearance 3.2 3.1 0.93
Color ‘ 3.3 3.2 0.11
Grain / 3.0 3.1 0.52 *
Degree of donenéss 3.2 3.3 ©0.10
Uniformity of doneness 3.7 3.9 0.56
Trained taste panelA
K .
Desirability of* - aroma 5.0 5.0 1.22°
- e - flavor 4.8 4.9 2.03
Intensity of beefy - aroma 4.4 4.6 3.12
- flavor - 4.5 4.8 2.68
Intensity .of warmed-over - aroma 6.5 6.6 " 0.88
- flavor 6.5 6.7 23.06%+
Tenderness . 4.5 4.8 22.42%%
N ~ Juiciness S 3.4 3.7 16.56%*
Overall acceptability \/ 4.3 4.7 11.05% -
~ ' /\
Objective \/—'/
TBA value (mg'malogaldehyde/kg) 1.8 1.4 2.82
Shear force (kg/g) 0.28 0.24 12.41%
0.40 0.42 0.40 °

1 : '
See Figure 2, page 32 for description of comparison.

2See Figure 1,

Maximum score, 5.
replication by each of four panelists. N

aMaximum score, 7.
T replication by each of eight panelists.

5Values are the means of 24 determinations, two per package addition per replication.

6Values are the means of 36 determinations, three per package addition per replication.

*  Significant at P <0.05
ol significant at P <0.01 o

page 30, for descriptlons of treatment abbreviations

Malues are thetmeans of 48 judgements, one per package addltlon per

values are the means of 96 judgements, one per package addition per
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scores for intensity of WOA. TBA data dofnot'supportj‘

tenderness, juiciness and overallvacceptability, WB FZN-S

samples recelved significantly higher scores tnan aid

comparable CONV FZN-§S samples\. o oy

TBA values for CONY FZN-S and WB FZN-S treatments did

not differ significan§ly and therefore substantiate sensory'

“*,

sensory scores for WOF intensity. - The small difference in
n _ , )
WOF between CONV and WB treatments was not reflected in the

©

chemical determination of fipid oxidation (TBA value).
.Kramer shear force values were significantly lower for
WB FZN-S samples than for comparable CONV FZN-S samples. ,

These data agree with taste panel scores‘fer tenderness ,

-
N

(Table 6) which show that WB samples were more tender than

CONV samples. . B

WHC values for FZN S "ready- prepared" roast beef did not

differ significdntly for the CONV ‘and WB cooking techniques.

These data do not substantiate taste panel juiciness scores.

Others (Buck et al., 1979) have found that press fluid
values and sensory scores for juiciness do not always

4

support each other. '

| éummarized in Table 7 are means and F-values for
subjective and objective data on FZN S "ready prepared" )
roast beef cooﬁe _by the CONV and AS methods ‘Qhere were no
significant ‘differences in the scores for overall appearance,
color, grain, degree of doneness and uniformity of doneness
of beef sli?es.from CONV FZN-S and As FZN-S treatments.

Altheugh.judges*scored rhe desirability of aroma and
\ :
o y | : }3
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Table 7, Means and F-values for Comparison C21 for subjective and objective data on ;

" "ready-prepared” roast beef cooked by the conventional and Alto-Shaam methods -

frozen-stored. \
y
. Cooking method2 ¢
Measurements CONvV-2 AS F-value
‘Subjective '
Slice evaluation3 : ) i
’ Overall appearance 3.4 3. ’g
Color 3.2 . 3,P;” ,
Grain’ ! 3.1 "‘ w”p
Degree of doneness 2.9 ’2 & 4! “““
Uniformity of doneness * 3.8 3.8
- Trained taste paneln ‘
Desirability of - aroma 5.1 4.9 7.34%
- flavor 4.9 4.8 28.78%+
Intensity of beefy - aroma 4.6 4.4 10.21* ’
- flavor 4.7 4.6 1.93
Intensity of warmed-over - aroma 6.6 6.5 4,18
- flavor 6.6 6.6 0.88 b
Tenderness 4.7 4.4 5.04
Juiciness - 3.6 . 3.5 - 0.65
Overall acceptability 4.7 4.5 12.46%
Objective
TBA value (mg malogaldehyde/kg) 1.4 1.4 0.25
Shear force (kg/g)” 0.27 0.26 1.46
Water holding capacity 0.41 0.42 0.00 ° ’
See Figure 2, page 32, for descriptlon of comparison f
See Figure 1, page 30, for descrlptions of treatment abbreviations. é
3Maximum score, 5. Vvalues are the means of 48 judgements one per package addition per - ® i
replication by each of four panelists. ' %
’, AMaximum score, 7. Values are the means of 96 judgements, one per package additlon per '
replication by each of elght panelists. :

SValues are the means of 24 deteﬂminations, two per package addition per replication.

**  Significant at P <0.05
. . #* Significant at P <0.01

P ) . S
Values are the means of 36 determinations, three per package addition per replication.
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flavor, intensity of beefy aroma and overall acceptability

of CONV FZN-S samples higher than tho%e of“COmparable AS

Y

- FZN-S samples, these~differences are small and may not be
L}

of practical significance. Though the difference is not
significant CONV FZN-S samples tended to be rated hlgher
for tendernejs than comparable AS FZN-8 samples. Judges

detected no dlfferences in the 1nten51ty of beefy flavor,

‘1nten51ty of WOA and WOF and ]ulclness of FZN-S "ready-

prepared" roast beef due to the CONV and AS cooking

v u
procedures.

TBA, shear force and WHC values for CONV FZN-S and AS
FZN-S samples did npt differ signifieantly. These data.
agree with sensory scores for intensity/of WOA/WOF, \
tenderness and ]u1c1ness, respectively. "

Means and F-values for data on FZN-S "ready prepared"
roast beef cooked by the WB and AS methods are presented ;n

Table 8. No significant differences between the WB and AS

. cooking techniques were observed for the overall appearance,

-

color, grain, degree of doneness and uniformity of doneness
of FZN;S beeﬁ slices.

Taste panelists rated the desirability of aroma,
intensity of beefy aroma and flavor, intensity of WOF,
tenderness,. juiciness and overall acceptability of WB FZN- S

beef slices significantly higher than those of comparable

: ‘ |
AS FZN-S samples. However, the aroma and flavor,

differences are small. For FZN-S beef} there were no

differences between the WB and ‘AS cooking procedures for

k A
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Table 8. Means and F-values for Comparison C3 for subjective and objective data on
"ready-prepared" roast beef cooked by the water bath and Alto-Shaam methods -
frozen-stored. J
. ‘ . .
- g 2
. Cooking Method
a .
Measurements ' ~ W8 AS F-value -
Subjective .
Slice emluation3 J »
‘ Y -
Overall appearance . 3.1 3.1 0.08
Color 3.2 3.3 0.16
Grain 3.1 2.9 0.19
‘Degree of doneness 3.3 2.8 0.19
. ) ' ‘Uniformity of doneness 3.9 3.8 0.07 .
Trained taste panela ) x
Desirability of | - aroma 5.0 4.9 28. 45%%
- flavor 4.9 4.8 5.56 . f
e Intensity of beefy - aroma 4.6 4.4 12.34% ‘
4 Tayiio - flavor 4.8 4.6 6.30%
) %?)aayggg*‘ Intensity of warmed-over - aroma 6.6 6.5 2.87
- - flavor 6.7 6.6 7.16*
Tenderness - 4.8 4.4 22 .33%% 3
Juiciness ° 3.7 3.5 8.39% | )
Overall acceptability b 4.7 4.5 19.78% :
i
Objective . LI “
TBA value (mg malogaldehyde/kg)s 1.4 ' 1.4 2.91
- Shear force (kg/g)” / - 0.24 0.26 4.96
Water holding capacity 0.42 0.42 ’ 0.08
1See Figure 2, page 32, for description of comparison. 5
2See Figure 1, page 30, for descriptions of treatment abbreviations. ‘ f
3 . : s
Maximum score, 5. Values are the means of 48 Judgements, one per package addition per 4
replication by each of four panelists. ’
4Maximum score, 7. Values are the means of 96 judgements, one per package addition per f
replication by each of eight panelists. » ' :
5Value‘s are the means of 24 determinations, two per‘paékage addition per replication.
' 6Values are the means of 36 determinations, three per package addition per replication.
*  Significant at P < 0.05 . o *

**  Significant at P < 0.01

-




‘desirability of flavor and intenéity of WOA. No significant

differences between WB FZN-S and AS FZN-S tréatméhts were
- observed for TBA, shear for;e and WHC values. The high '/
| F-value for shear force tends to support tenderness scores.

For each of the cboking method treatments, the TBA
value was low compared to that of the WQA/WOF anchor . TBA -
values substantiate panelists' scores for the FEN-S
treatment (Tables 6 to 8) which indicate that WOA and WOF
were very slight to not detectable in samples prepared by
all cooking methods. .

Baldwin and Korschgen (1968) found that TBA values for
sliced beef cooked to 43° were low (less than 1.0) even
after one year of froz#n storage. However, the extraction
method used by Baldwin and Korschgen (1968) gives lower TBA
values than the distillation ;éthod employed in the present
study. Mo;eover, these workers (Baldwin and Korscﬁgen,

1968) fdund'no significant correlation beéween"sensory and
TBA data for meat frozen and stored 1 day to 12 months. 1In
contrast, Jakobsson and Bengtsson (19972), in a project with
sliced beef (1.5~cm thick) fried to the well-done stage and
stored either chilled (1 to 21 d?ys) or f;o%en (two’months),
found good correlation between TéA values and of f-flavor

scbres. Although these workers (Jakobsson and Bengtsson,

'1972) did not measure the TBA value for fresh reference

1Mean TBA value for WOA/WOF anchor during evaluations of
FZN-S treatments, 5.2 +1.15.
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sambles, their TBA values were 'low for the frozen brgduct
compared to the product which was stored chilled.‘ Bdttkué
(1976) noted that du;ing”storage at -20°, malonaldehyde
comgines quickly with thé €-amino groups of myosin,
rendering TBA values lower than those of meat stored chilled.
Previous research suggests that the felationship
between TBA values and sensory scores for WOA/WOF is
variable. Tarladgis et al. (1960). concluded that TBA values
of- 0.5 to 1.0 are in the range for WOA detection.in meat.
In a recent study with consumer panelists, Greene and Cumuze
(1981) found that the TBA value range in which oxidized
flavor was first detééted was 0.6 to 2.0. ‘
Data from a number of studies (Chang et al., 1961;
Bowers and Engler, 1975; younathan et al., 1980; Haymon et
al., 1976;‘énd Huang and Greene, 1978) show that there is
'both'vgriabiiity and inconsis£ency in the relaﬁionship
between WOF'detection by trained panelists and TBA values.
Because the manner in whicﬁ cﬁemical reaction products
.contributing to *the TBA value are proaﬁced and ;ecdmbihed
in food systems is extremely variable (Dawson’ana Schierholz,
©1976), TBA values may noflbe predictable and’mdy not be
reliable indicators of the extent to which WOA and WOF will
be detected subjectively.
Huang and Greene (1978) suggested that a TBRA (TBA
retarding activity) index be employed when diséussing data
in terms of relative treatment.effects in order to

eliminate discrepancies arising from the use of absolute TBA

8
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Qélues as the only measure of autoxidation.

In general, data presented in‘Tables 6 to 8 indicate
that for most éharacteristics studied, FIN-6 "ready-prepared"
roast beef cooked by each of thé‘three methods was
acceptable to very acceptable, particularly with regard to
the degree of WOA and WOF intensity. Using garious
combinations of low heat, dry or moist conditions and/or
rare stages of final donehesé for béef, oﬁher researchers
(Bramblett et al., 1965; Baldwin and Korgchgen, 1968; o
Korschgen et all, 1970; and Rappole; 1972) have also found
the quality of ,the slicéd, ﬂfozen—stored, reheated prqduct
to be acceptable. However; in these reports (Bramblett et
dll, 1965; Bald&in and Korschgen, 1968; Korschgen et al.;‘
1970; and Rappolé,_1972) aspects of the experimental
procedure, including slice fhiekneSs(.package addition and
reheating methods as well as other processihg techniques

for "ready-prepared" roast beef, differed and varied

considerably from those used in the present study. .

Package Addition

Just pridr to LCO, freezing, the average center
temperature of roast beef packaged in GR in Traytité:)

packages (IND) was 17.2° (range, 15.6° to 19.0°) and that qf
A\

comparable IND GLZ samples was 18.6° (range, 15.8° to 20.6°).

Immediately after LC02~freezing, thé center temperature of
both IND GR and IND GLZ samples was below 0°. The average
temperature of GR samples was -0.9° (fange{ ~8.8° to -0.3°)

\

\
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while that of IND GLZ samples was -2.0° (range, -8.8" to

«0.3“).' These data are the means of 18 measurements, three
per replication.

~GR FéHZgJ‘Bles required an average reheating time of
9.9t 1.6 min to attain a final center temperature of 80°;
GLZ FSH beef slices reached 80° in an average of 6.9t 1.0
min. GR FZN:S samples required a mean reheéting timé of
20,4+ 2.7 min to acﬁieve a f;nal center temperature of 80°;
GLZ FZN-S beef slices éeached 80° in an average time of
11.8+ 1.1 min. These data are the means of 24 measurements,
one per éookiné method treatment éer replication. The
volume and depth of gravy in GR packages probably accounts,
for the long reheating time réquired for GR beef.

batq for the effects of package addition on the
palatability of FSH "ready-prepared" roast beef are:
presented in Table 9. 'Scores for overall appearance, color,

qu
grain and degree of doneness of beef slices show no

significant differenceé attributable té type of package
aadltion. FSH saﬁples,packaged in GLZ were rated higher
(P < 0.05) for uniformity of doneness than comparable
samples pa;kaged in GR. Judges also- commented thét GR FSH
samples .sometimes had an uneven color. |
T;ained panelists indiéated that type of packégé o
addition had no significant effect on the desirability of
aroma and flavor of FSH "Leady—prepared" roast beef.

However, GR FSH "ready-prepared" roast beef slices had a

¥
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Table 9. Meahs and F-values for subjective and objective data on "ready-preparegd"” roast
beef packaged in gravy and carrageenan glaze - fresh.

Vo . Package Addition1
Measurements . | ' GR GLZ  F-value

)

Sub jective

Slice evaluation2

@

Overall appearance 3.3 3.4 0.29
Color . 3.4 3.5 0.9
Grain . 3.6 3.5 0.37 .
} : Degree of doneness 3.1 3.3 1.08
- Uniformity of daoneness 3.7 4.0 - 4,74%
Trained taste panelB' é
 Desirability of - aroma 5.3 5.3 0.41 |
: . " - flavor 5.1 5.1 0464 1
Intensity of beefy - aroma 5.1 5.0 4.69*
T - flavor 5.2 S 4.9 4.57%
_Intensity of warmed-over - aroma 6.6 6.3 - 10.96%%*
h - flavor - 6.6 6.3 24 .06%% "
Tenderness ' 4.8 4.8, . 0.00 '
‘ Juiciness . 3.8 3.2 14.87%*
Overall acceptability 5.0 4.8 4.0
Objective - '
. - 4 g : . - : .
TBA value (mg malonaldehyde/kg) 1.4 . 1.7 4.33 <
Shear force (kg/g) - 5 0.25 0.27 4.26 O
Water holding capacity . 0.51 0.55 4.82%
o 1See Figure 1, page 30, for descxiptions of treatment abbreviations.
2Maximum score, 5. Values are the means of 96 judgements, one per cooking method per B . ,‘j

replication by each of four panellsts

3Maxlmum score, 7. Values are the means of 192. Judgements one per cooklng method per
replication by each of eight panelists.

4 : .
Vélues are the means of 48 determinations, two per cooking method per repllcatloﬁ
5Values are the means of 72 determinations, three per cooking method per repllcation

- * Slgnlflcant at P < 0.05
' **  Signjficant at P < 0.01
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more intense (P < 0.05) beefy‘aromaland flavor than GLZ FSH
“samples, although the aroma difference is slight. The aroma

‘and"flavof of GR FSH treatments were characterized as

o

"bouillon—like" and occasionally as "oniony", "peppery",

"salty"; "spicy" and "burnt". These characteristics in GR
' £ o ‘
FSH samples may have influenced beefy intensity. Judges

o R AR Pk e bt i S
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often described the GLZ FSH beef slices as "beefy" and also
indicated that comparable GLZ samples were "f:esh", which

, may imply a more natural beefy aroma and flavor. Panelists
also occasionaily described fhe flavor of GLZ FSHrsamples'as
“weak". The data show that GLZ FSH treatments had greafer
(P < 0.01) WOA and WOF than coﬁparable GR samples, howeVeri

the difference is small and therefore may not have practical

siéh;ficance.

There was no éignificant aifferenée in tenderness
bet&een.GR FSH and GLZ FSH treatments. Korschgen et al.
(1970) noted no tenderness difference between freshly
reheated roast beef slices pa;kaged.in foil £rays with and
without gravy., R .

GR, FSH samples were juicier (P < 0.01) fhan comparable

o GLZ FSH samples (Table 9)._ Korschgen et al. (1970) found ‘  %

fréshly cooked reheated beef slices with gravy to be less
juicy than comparable samples packaged without gravy.

Howéver,‘these roasts (Korschgen et al., 1970) werejcooked

to 71°, the siices were 0.65 cm thiék and the handling

- methoas‘for roasts prior to slicing as well as the extent

a
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to wﬁich the mé;t was reheated bere not indicated.

Panelis;s judged the overall acceptability of FSH .
"ready-prepared" roast beef pack;géd with either GR orhGLZ_
to be simiiar; -Korschgén et-al. (1970) feported higher
general acceptabil}ty scores for fresh roast. beef slices
reheatéd without gravy than for comparable samples reheated
with gravy. )

TBA vélues for GLZ FSH treatmeﬁts, although not
'Significantly higher than those determinedifor'GR FSH
treétments, tend to support sensory scores obtained for
intensity of WOA aﬂdvWOF (Table 9) which show that GLZ FSH
~ samples had more WOA and WOF than FSH samples treaﬁed with -
GR. Shear forée valqes for FSH saméles packaged with either
GR or GLZ were similar. These data substantiate taste panel
‘scores for the tenderness of FSH beef. | 4

\The WHQ}valﬁe for GLZ FSH ";eady—prepared" rbast beef
wa; higher (P < 0.05) than that obtained for comparable
GR sliceé. After rémoval from the oyen, GR FSH sémpleé"
remained above a temperature of 75° longer (about 5 min)
than GLZ FSH saﬁples; thus, GR FSH samples may havé lbst
more méisture during reheating. The WHC value for GLZ FSH
treatments mayralso be related to the ability of carrageeﬁan
to forﬁ a tighﬁ water-trapping gel complex (Sanderson, 1981;
Sharma, 1981; and Marine’Colloids Division FMC Corﬁ.;u1981).

* WHC data.for FSH samples‘do not suppért corresponding

taste panel scores for juiciness. Several factors may

contribute to this lack of agreement between subjective and



objeétive data. Panelists evaluated the initial juicihess
(impression after five chews) of samples, while WHC meaSured
total moisture content of the meat. In addition, the.
tightly bound water in the carrageenan glaze, although
released by'pressuré‘in the dqt;fmination of WHC, may not
have been readily ‘expressed from the mgat dufing initial
chewing by panelists. * As well, the bouillon-like flavpr and
spices in the gravy may hav; increased saliva production in
 the mouth,hgiving’judges an impression of greater moistnessf
of samples. Panelists' perception of the juiciness of GR
FSH samples may also have been influenced by the slippery
surface oé@%ﬁb meat and by the fat céntent of any gravy
_adﬁgiing tépthé meat. These differences in juiciness and
.WHF may have been accehted by the generai‘dryness of all FSH
samples,‘as indicated by the'relativélyllow WHC values and

by the low juiciness scorés (Table 9).

In general,'Scores for the appearance and palatability

s

e

of FSH"ready-prepared" roast beef packaged in GR and GLZ
indicate that both produéts were desirabie. In related
experimegts, other researchers (Bramblett et al., 1965;
Baldwih and Korschgen, 1968; Korschgen et al., 1970; aﬁd
Cremer and Chipley, 1980) have also obtaihedlacceptable

fresh "réady—pnepared" roast. beef.

Means .and F-values for data comparing FSH and FZN-S
"ready-prepared" roast beef packaged in GR and GLZ are

summarized in Table 10. For the overall appearance, color,
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graiP, degree of doneness and uniformity of doneness of GR
samples, there were no significant diffe;ences due ﬁo
freezing and'storage. Bramblett et al. ({965) also'ﬁoted
no alteration in the appearancé of cocked slicéd beef in
gréVy.after tﬁree monﬁhs‘frézen storage. Data (Table 10)
for samples covered with GLZ show that freezing and storage

had a significant detrimental effect on the overall

appeérance, color, grain and degree of donéness of beef
slices. However, both FSH énd FZN—é samples‘in GLZ were
si@ilar in uniformity.of doneness. For both FSH and FZN-S
samples, judges océasiénally’described'GLZ beef slices as
'greyish in color. A sed%me§£~on the surface of beef slices,'
whicﬁ was probably due fo adher;pg»gravy br glaze, was also
observed. |

For each type of package addition, the desirability of

° “ B
aroma and flavor of beef samples (Table 10) decreased

i

s%gnificantly with freeé;ng aq? storage, although
gifferences‘in flavor scores bétweeh GLZ FSH and GLZ FZIN-S
samples are slight. Bramblett et al. (1965) reportéa a ‘ f;
slight décrease in the fiavor score for cooked sliced beef
in gravy after three months frozen storage. Korschgén et ;

. T i
al. (1970) noted no signifiéant differences in theuaroma and | .
flavor of fresh‘énd'shogt frozen-stored roast beef slices 1n
éravy.' For cooked beef slices'péckaged without gravy,
Baldwin ana Korséhgep (1968) andtKorschgen et al. (197@)

found that fresh samples were scored higher for aroma and

flavor than comparable samples reheated after one and three

R
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months frozen storage, fespectively.

. For each type of package addiﬁipn, the intensity of
béefy aroma and flavor was weakened (P < 0.01) by freezing
and storage (Table 10). Judges often commented thatlﬁhe
aroma and flavor of FSH (GR and GLZ) samples\ were "beéfy"
whiie comparable FZN-S samples were "weak" in odor and flavor.

‘ For GR sampleé, no differences in WOA ané:WOF intensity
attributable to fréezing and storage were noteé.- Héwever,

for GLZ treatments, Fsﬁ samples wefe‘jhdged'toibe more !
(P 0.01) wérmed-ovef than comparable FZN-S treatments,
although‘the'difference in actual scores is not Yarge. No

reéson for this finding is readily4apparen¢. Perhaps the' @

1 \

decrease in beefy intensity of meat samples due to freezing E

and storage reduced panelists' ability to detect WOA and WOF
in GLZ FZN-S samples.;.In GR samples, the .bouillon-like |
aroma and flavor‘may have mésked a weagened beefi intensity
ﬁand WOA/WOF intensity. '

Although GR FSH samples were more Fender (P < 0.01)
than comparable GR FZN-S samples (Table 10), thEs small
-difference may not have practical meaning. Freezing ana \
stdrage_had no significant effect on the tenderness of GLZ
sampies. Bramblett et al..(1965) and Korschgen et al. (1970)
noted no significant changes in the tenderness of cookeg \
sliced beef in gravy due to frozen storage (three months).

In the present experiment, no significant differences f

in the juiciness of GR and GLZ samples attributable to

freezing and storage were determined (Table 10). Bramblett

*
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et al. (1965) noted only a slight decreaée in the juiciness
of cooked sliced beef in gravy with freézing and‘storage
. (three months). 1In contrast, for cooked sliced beef
paquged with and withoﬁt gravy, Korschgen et ai. (1970)
reported significantly higher juiciness scores for‘fresh
thaﬂvfor comparable frozen-stored (three months) samples.
Fof both GR énd GLZ treatments, the<overall
aéceppability of FSH samples was scored significantly higher
' tHan that of comparable FZN-S samples. Korschgen et al.
(1970) obtained similar results for plain samples bf cooked
. s

sliced beef; however samples packaged in gravy showed no

decrease in overall acceptability after three months frozen

L

s&orage.u
.The FZN—S treatment~had no significadt effect on the )
TBA value of either‘GRvor‘GLZ beef slices (Table 10). These
data support subjective evaluations for the WOA and WOF of
comparable GR samples but disagree with sensory data for
the saﬁe GLZ samples. As described éarlier, TBA values were
generally low compared tp tbésé of the anchor for
WOA/WOF and therefore substantiate taste panelists’
perception of little or no WOA and WOF in any sample.
D Shear force values for FSH and FZN-S samples wifh GR
and GLZ did not differ significantly. These data
substagtiate sensory evaluations for the tenderness of GLZ
treatments agd tend to support subjective data for ﬁhe

tenderness of GR samples. The WHC value for both GR and GLZ

treatments decreased significantly with freezing and storage.
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These data do not substantiate sehsory scores for juiciness.
Buck et al. (1979) also noted that press fluid values did

not substantiate juiciness scores for roast beef.

Data for the effects of type of package addition-on the
palatability charactéristics‘of FZN-S "ready-prepared" roast
beef are presented ianable 11. GR FIN-S beef sliges
‘received higher (P < 0.01) scores for overall appéarance and
grain than did comparable GLZ samples. No significant
differences‘attributable-to,package éddition:were noted for

3

color, degree of doneness and uniformity of doneness of beef
slices. Judges occasidnally noted a greenish iridescenge on
the surface of both GR and GLZ FZN-S meat slices.

Type of package addition had no significant effect on

- T

/fthe degirability of aroma and flavor of FZN-S "ready-
prepared" roast beef. Korschgen et al. (1970) noted no
sigpificant difference in aroma scbres for cooked beef
slices froien,three months with and without gravy. However,
they (Korschgen et al., 1970) reported higher flavbr scores
for samples with gravy than for comparable samples without
gravy.

In the present study, GR FZN-S beef samples had a more
Intense (P < ¥.01) beefy aroma and flavor than comparable‘
GLZ FZN-S beéf (Tabie 11). As déscribed éarlier, the aroma
and flavbr of GR FiN-S beef ﬁended to be "bouillon—like",

while GLZ FZIN-S samples were described as "beefy" and less

artificial in odor and flavor-than comparable GR slices.
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Table 11. Means and F-values for subjective and objective data on "ready-prepared" roast
beef packaged in gravy and carrageenan glaze - frozen-stored.
Package Addition1
Measurements GR GLZ F-value
Sub jective s
Slice evaluation2 > .
Overall appearance 3.3 3.0 ‘ 8.99%#
.Color 3.4 3.2 3.88
Grain 3.6 2.5 87.05%%
Degree of doneness 3.0 3.0 0.00
Uniformity of doneness 3.7 3.9 1.80
Trained taste panel3 i
Desirability of, - aroma 5.0. 5.0 0.28 ;
- flavor 4.8 5.0 v 3.65 ;
Intensity of beefy - aroma 4.6 4.4 16.57%* !
. - flavor 4.8 4.5 11.70%= 4
Intensity of warmed-over - aroma 6.5 6.5 0.89 . 4
- flavor 6.7 6.5 5.21% :
Tenderness , 4.6 4.7 ’ 1.95
Juiciness 3.7 3.3 8.78%*
Overall acceptability 4.6 4.5 0.22
Objective )
" TBA value (mg maloﬂaldehyde/kg)4 . 1.5 1.4 0.51
Shear force (kg/g) 5 0.27 0.26 1.48
Water holding capacity : 0.38 C.44 8.471%x

,1 . N
See Figure 1, page 30, for descriptions of treatment abbreviations.

2 :
Maximum score, 5. Values are the means of 96 judgements, one per cooking method per 3
replication by each of four panelists. !

3 , .
Maximum score, 7. Values are the means of 192 judgements, one per cooking methad per
replication by each of eight panelists.

4 ) ]
Values are the means of 48 determinations, two per cooking per replication.
5

Values- are the means of 72 determinations, three per cooking method per replication.

* = Significant at P < 0.05
** Significant at P < 0.01

‘
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No significant difference in WOA intensity attributable
to type of package addition was noted for FZN-S "ready-
prepared" roast beef. GLZ FZN-S samples were judged as
having more (P < 0.05) %&F than comparable GR treatments.

- However, the qeneralfy Blgh scores indicate the presence
of very llttle woiﬁéhd WOF in elther GR or GLZ FZN-S beef.
The WOF in GR FZNfS samples may have'been masked by the
bouillon-like flavor of the gravy : .

There was no 51gn1f1cant dlfference in tenderness
between GR FZN-S and GLZ FIZIN-S treatments (Table 11).
Korechgen et al. (1970) found cooﬁed beef slices frozen -
(three months)‘with gravy to be more tender than compaqable‘
samples frozen without"grayy. In the present study, GR

" FZN-S samples were juioier (P < 0.01) than comparable GLZ
FZN-S treatments. Korschgen et al. (1970) found no
significant difference in juiciness scores between plain and
graV1ed cooked sliced beef stored frozen for three months.
Panelists ]udged the overall acceptablllty of FZIN- S'"ready—
prepared" roast beef packaged with either GR or GLZ to be
similar (Ta%le 11). Korechgen et‘al.‘(1970) reported a
hlgher general acceptablllty score for €ooked sliced beef

frozen (three months) in gravy than for comparable samples

packaged without gravy.

’

TBA values were similar for both FZN-S package addition
_treatments (Table 11). These data support sensory scores
for WOA intensity and, since the difference in flavor scores

o

is small, also tend to substantiate scores for WOF intensity.

S o i
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" The difference in degree of WOF detected by judges for GR

and GLi samples may have been more related to other types of
flavor difference rather than to. an actual difference in
degree of lipid oxidation between the type of package
addition. TBA values in general, compared to those obtained
for the WOA/WOF anchor, indicate the presence of very little
lipid oxidation in the beef samples.

Shear force values for GR FZN-S and GLZ FZN-S
treatments did not differ. These data agree with sensory
scores for tenderness. The WHC value for GLZ FZN-S "ready-
prepared" roast beef was significantly higher than that
obtained for comparable GR FZN-S "samples. Possible
explanations for lack of agreeﬁent between sensory and
objective data were presented earlier,

Although FZN-S "ready-prepared” roast beef packaged in

GLZ was judged as having a coarse grain, trained panelists

generally found the palatability of GR FZN-S and‘GLZ FZN-S

- beef to be comparable and desirable, partlcularly with

regard to degree of WOA and WOF Korschgen et al. (1970)
reported that roast beef sllces frozen three months in gravy

in foil trays were de51rable in eating quality. whlle

Jcomparable samples frozen without gravy tended to be. g

undesirable. ' The results of Korschgen et al. (1970) and
those of the present study suggest.that the carrageenah
glaze protects the eating quality of frozen-stored beef
slices as well as gravy, while packaging roast beef sllces_

i

untreated is less effectlve
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Packages for Bulk Service

Temperatures and Reheating Times

Samples representing the CONV-1 and CONV-2, WB and AS
cooking method treatments (see Figure 1, page 30) were
frozen in gravy in bulk aluminum foil trays (BLK GR) and
stored for an a&erage of two weeks beforé being reheated for
evaluation.- Just prior to LCO2 freezing, the average center
temperature of BLK GR roast beef was 14.1° (range, 8.1° to

18.6°). Immediately after LCO freezing, the center

2
temperature of all packages of BLK GR roasﬁ ??ef was below
0°; the average‘temperature'was'41.3° (faﬁge, -0.6° to
-2.5%). These values are the means of 24 measurements, one
per COoking method per replication.

BLK GR FZN-s roast beef samples required an average
reheating time of 26.8 + 4.7 min-to attain a final internal
‘teﬁperature of 80°. This value is the mean of 24 |
measurements, one per cooking method treatment per

replication.

Sensory Evaluation by Consumer Panel

Consumer acceptance of the "ready-prepared" roast beef
was determlned by serving BLK FZN-S roast beef famples in
gravy to a-taste panel consictlng of 127 hosplﬂal staff
members. The evﬁluation was conducted upder cafeteria-style
Vconditions. b ' ' &

Demographic data (sex and age), obtained from consumer

panelists on a voluntary basis, are prg$ente@ in Table 12.

Of the 62 individuals who evaluated CONV-1-aAd WB samples

W T L
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Ta l}le 12.

Sex and age of participants in consumer
evaluation of "ready-prepared" roast beef.

Number Percentage

Group

1!

Number Percentagd

Group 22

Total

Sex
Male

Female

Not given

Age

19 -
.26 -
36 -
51 -

18
25
35
50
65

years
years
years
years

years

Not given

62

20
39

15
24
15

100

32
63

[92]

24
39
24

65

50

19
19
10
10

100

77
12

29
29
15
15

1Consumefs evaluating CONV-1 and WB samples.

2Consumers evaluating CONV-2 and AS samples.

107
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\
(Group 1 consumers), 32% indicated they were male and 63%

indicated they were fehale. The majority (39%) of’these 62
part1c1pants were known to be, in .the 26 to 35 year age dgroup.
‘Approx1mately 5% of Group 1.eensumers did not 1nd1cate their
sex and 5% did not give their age. ., Of the 65 consumer |
panelists who evaluated CONV-2 and AS samples (Group 2
cdnsumers), 11%’indicated they were male and 77% indicated
tHey were female; 58% ef Group-.2 eensuhers were known to be
equally distributed between the 19 to 25 and 26 to 35 year‘

age groups. Twelbe percent of Group 2vparticipants,did not

indicate their sex and 9% did not giQe t;eir age. The large
preportion'Of female participants in the”eonsumer e&aluation
was expected, since the grogp was drawn from hospital staff.

Data from‘the consumer evaluation of BLKYGR FZN-S
"ready-prepared" roast beef cooked by thevCONV—1 and WB
métheds are presented&iﬁ Table 13. Consumer panelists.
detected ne significant differencee attributable to cooking
method for any of the quality characteristics evaluated.
-Samplee were generally rated as acceptable (3 tor4 on a five-
p01nt scaLe)

The differences in flavor deSLrablllty and tenderness
between CONV and WB samples noted by trained panelists for
IND GR treatments (see Appendix; Table 30, Comparison C4,
page 164) were not detected by censumer panelists in their
evaluation of BLK GR treatments (Téple 13). The warm
holding of the-BLK roast beef slices in gravy for up to 30

min may have eliminated the tenderness in BLK WB: samples that

I

Feip
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Table 13. Means and F-values for Comparison C11 for consu&er data on frozen-stored, bulk—
packaged, "ready-prepared" roast beef in gravy cooked by the conventional and
water bath methods.

| ! Cooking Method®

CharacteristicB' 4 CONV=1 T ows F-value
Appearance - 3.6 3.6 0.49
Flavor- "+ 3.5 3.3 1.90
Tenderness : ' . 2.8 3.1 L 1.76
Juiciness 3.1 31 0.02
Temperature ' _ 3.4 3.4 1.93
Overall acceptability . 3.3 3.3 0.03

1 .
2See Figure 2, page 32, for description of comparison.
See Figure 1, page 30, for descriptions of treatment abbreviations.

Maximum score, 5. Values are the means of 62 judgements.
. -

Table 14, Means and F-values for Comparison C21 for consumer data on frozen-stored, bulk-
packaged, "ready-prepared" roast beef in gravy cooked by the conventional and
Alto-Shaam methods. ) . i
2 "
Cooking Method

-

Characteristic3 CONV-2 AS F-value :
Appearance . ‘ 3.8 3.6 3.69 ‘
Flavor 3:4 3.1 2.31 E
Tenderness 2.8 2.4 7.76% :
Juiciness ' 3.1 2.4 21.65%*
Temperature ™~ 3.4 3.5 2.32

Vr~\\’,—ﬂxgrall acceptability : . 3.4 3.1 4.36

1 : ‘
See Figure 2, page 32, for descriptior of comparison.
See Figure 1, page 30, for descriptions of treatment abbreviations.
Maximum score, 5. Values are the means of 65 judgements.

" Table 15. Means and F-values for Comparison C31 for consumer data on frozen-stored, bulk-
packaged, "ready-prepared" roast beef in gravy cooked by the water bath and
Alto-Shaam methods.

gooking Method2
w8

Characteristic3 AS F-value ok
Appearance 3.6 . 3.6 1.82
Flavor 3.3 3.1 0.04
Tenderness 3.1 2.4 6.20
Juiciness 3.1 2.4 6.82*
Temperature’ ' 3.4 - 3.5 - 2.65
Overall acceptability 3.3 3.1 0.90

1 .
See Figure 2, page 32, for description of comparison.

See Figure 1, page 30, for descriptions of treatment abbreviations.
Maximum score, S. .

values are the means of 62 judgements

values are the means of 65 judgements.

*  Significant at P < 0.05 ‘ ,

** Significant at P <0.01 ) o i

W o WN




1

110

was noted. by the traiheé judges in IND WB GR beef. 1In
addition, the gravy accompanying.consumer roast beef sahples
may hgve masked the treatment effectsbnoted by the trained
faste panel who évaluated samples with the gravy removed.

vSummarized in Table 14 are means and F-values for data

_from the consumer evaluation of BLK GR FZN-§ "ready-

pgepared" roast beef cooked by the CONV-2 and AS methods.
For the appearance} flavor and temperature of BLK GR FZIN-S
beef slices, consumer panelists detected no .significant

differences attributable to the CONV and AS cooking methods.

However, CONV BLK GR samples were rated significantly higher

for tenderness and juiciness than comparable AS bee% slices.

Although the difference is no# significant, the overall
acceptability score for CONV BLK GR beef sampléénalso tends
to be higher than that for comparéble AS beef.

Trained panelists judged the teﬁderness and juiciness
of CONV—Z'and AS‘samgles from IND GR treatments to bé
similar (see Appendix, Table 30, Comparison C5, page‘164);
férhaps the warm holdiné of  BLK GR beef slices for cafeteria
servicevdecreased the'tenderness.and juiciness*of the AS
beef samples which the consumers evaluated (Table 14). .
Consﬁmer overall acceptability scores for CONV and AS beef
slices (BLK GR) tend to agree with trained taste panel
scores for the overall acceptability of IND GR treatments
prepared by these cooking methods.

Means and F-values for the consumer evaluation of BLK

GR FZN-S "ready-prepared" roast beef cooked by the WB and AS




methods are shown ‘in Table 15. There were no significant
aifferences in the appearancé, flavor, temperature.and
"overall acceptability of BLK GR FZN-S samples due to the WB
and AS cooking methods. The tenderness score for WB BLK GR
samples was higher (P < 0.055), although not significantly
sé, than that for comparable AS samples. WB BLK GR samples
were also‘juicier (P < 0.05) than AS BLK GR beef slices.

Consumer ,ratings for the tenderness and juiciness Qﬁ
ELK GR FIN-S "ready-prepared" roast beef (Table 15) tend to
bagree with trained taste panel evaiuation§ of comparable iND
GR treatments for fhese quality attributes (see Appendix,
Table 30, Compafison C6, page 164). However, trained judges
séored the overall acceptfbility of WB IND GR FZN-S beef v;‘
slices higher than that of comparable AS samples.

Consumers rated AS BLK FZN-S beef samples (Tables 14
ard 15) between "upacceptable" and "neither acceptable nor
unacceptable” (2 to 3 on a five-point scale) fof tenderness
and juiciness. Thus, the AS cooking method may ﬁot be
appropriate for the preparatibn of BLK "reédy—prepared"
rogst beef to be held warm in gravy for cafeteria service.

‘Generally, the hospital staff‘codsumer‘panelists judgéd
the quality of BLK GR FZN-S "ready-prepared" roast beef
cooked by CONV and WB methods between "neither acceptable
‘nor unacceptable" and "acceptable" (3 to 4 on. a five-point
‘scéle). Results from previous consumer surveys of hospital

food and foodservice (Maller et al., 1980; and Roles, 1980)

suggest that patient ratings of roast beef, and of hospital

ko
[
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foodlquality in general, are typically higher than staff
ratings. Reasons for the more critical attitude of hospital
staff may be that staff are more familiar with the food and
that they pay directly for their meals. Thus, éatieq?/r///, )
acceptance of "rgady?prepared" BLK GR roast beefiﬁéuld
probébly be:greater than that obtained from these staffv
ratings (Tablei 13, 14 and 15).

Tﬁese data (Tables 13, 14 and 15) obtained fdr frozen-

stored, "ready-prepared" roast beef compare favorably to

those found for traditionally-prepared roast beef in
previous hospital‘sunveys of food quality (Maller et al.,
1980; and Roles, .1980). Other reseafchers (Glew et al.,

196§/70; and Millross et al.,. 1973) using consumer

e R N T e R e s Ta

questionnaires, have found that the general qﬁality”of féod
prepared in a coo%—free%e system can be as good as that of .
food p;epared in a fraditionai foodservice operation.

However, most other workefs (Glew et al., 1969/70; Millross et
al., 1973; and Maller et al.; 1980) have not included

evaluations of all of the important quality chafacteristics

of foast beef .

iyt
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SUMMARY AND CONCLUSIONS

Beef biceps femoris roasts were cooked by the
vconventional institution (CONV), hot-water bath (WB) and
Alto-Shaam (AS) methods, chilled and §*1ced thlnly The
cooked beef slices were then packaged w1th either gravy (GR)
or carrageenan glaze (GLZ) 1n_1nd1v1dual—serving_Traytité:>
containers (IND) énd with GR in bulk aluminum foil trays
(BLK). IND treatments were reheat#d either immediately ¥
after packaging as fresh controls kFSH) or a?&er freezipg
and frozen storage (FZN-S) for three weeks. BLK GR beef
slices were reheated after an average of two weeks of frozen

storage. Quality'characteriStics of IND "ready-prepared"
@oast beef as affected byvcdbking method, type of package
addition and frozen storage were evaluated by trained panels

and by instrumental. and chemical techniques. A‘consumer

panel evaluated the quality of BLK GR roast beef samples

under cafeteria conditions.
Data for the effects of cooking method on whole roasts

show that the CONV éooking time was the .fastest, followed by

the AS method, and that the WB méthod required more than

twice as long to cook roastd as the CONV method. The
average percentage total”cooking losseé for roasts show no
significant differences due to cooking method. For CONV
roasts, the largest po;tion of the total cooking loss was
evaporative. WB roasts had no appreciable volatile loss;

whereas roasts cooked by the AS method had,generally similar

volatile and drip losses. Percentage drip loss duringi-
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chilling was greater for CONV roasts than for comparable AS
and WB roasts which were generally’similar. Percentage
fofal‘cooking/chillipg losses of CONV roasts were
significantly higher than those of roasts from the WB and AS
treatments. CONV roasts shrapk more (P < 0.01) in length
after cooking and chilling than comparable WB roasts. CONV"
roasts also tended to.shrink more in length than AS roasts.

For IND FSH "ready-prepared" roast beef, no significant

differences attribdtable to cooﬁing method (CONV, WB and AS) f
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were observed in sllce evaluatlon scores for overall
appearance, color, degree of doneness and uniformity of
doneness. However, WB FSH beef slices had a flner, more
attractive grain (P < 0.01) than comparable CONV samples.

No differences in scores for grain between either CONV FSH
and AS FSH or between WB FSH and AS FSH beef slices were
found. Trained panellsts detected no effects of cooking
method on the de51rab111ty of aroma and flavor, 1nten51ty of
beefy flavor, intensity of warmed-over aroma (WOA) and
warmed over flavor. (WOF), juiciness and overall
acceptablllty of FSH "ready prepared" roast beef. HerVer)‘
AS FSH beef slices had a more (P < 0.01) lntense beefy aroma
than comparable CONV samples. No differences in intensity .
of beefy aroma between either CONV FSH and WB'FSH or betweea
WB and AS treatments were observed. WB FSH samples were
more (P < 0.05) tender tban comparable CONV beef slices and‘

tended to be more tender than AS samples. CONV FSH and AS

FSH samples were similar in tenderness. There were no




differenges in the thiobarbituric acid (TBA) and water
holding capacity (WHC) values of FSH samples due to eooking
method.” For FSH beef slidea, shear force values tended to
be lower for WB and CONV beef than for AS samples.

Findings for FSH and FZN-S "ready-prepared" roast beef
show no significant effects aue to freezing and storage for
the overall appearance of CONV and AS samples. The
appearance of WB'FSH’beef was scored higher (P < 0.01) than
that of comparable WB FZN-S samples. There were no
differences due to fteezing and storage for the color and
uniformity of doneness of beef\slicesbrepresenting each
cooking method. CONV FSH and CONV FZN-S beef slices were
rated as similar in well- doneness, however WB FSH and AS FSH
beef slices were ]udged to be less well-done than comparable
FZIN-5 samples. FSH samples cooked by each method had a
finer (P < 0.01) grdin than FZN-S beef slices. FSH samples
represeating each cooking'technique'were rated higher
(P < 0;01) for aroma desirability than comparable FZN-S

samples. CONY FSH and CONV FZN-S beef slices received

similar scores for flavor desirability. However, WB FSH and

'AS FSH samples wete rated significantly higher inflavor
desi;ability than comparable FZN-S samples. For samples
cooked'by each method, intensity of beefy aroma and flavor
‘decreased'signifieantly with ffeezing and storage.
‘Generally, freezing and storage had no effect on WOA/WOF
scores for samples representing each'eooking hethod,

although judges more often described FSH samples as having a
B > . \
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"fresh" aroma and flavor. CONV FSH and CONV FZN-S samples .
were similar in tenderness. WB FSH and AS FSH beef slices
were rated significantly higher in tenderness than
comparable FZN-S samples. Freezing and storage had. no
effect on the juiciness of beef slices from each cooking
procedure.. Although FSH samples representing each cooking
method were scored significantly highe} than FZN-S samples
for overall acceptability, scores for this attribute‘
indicate that all products were good. Shear force and TBA
values for beef slices cooked by each method show no'
~differences. attributable to the FZN-gS treathent. For each
cooking procedure, WHC values decfeased (P < 0.01) with‘
freezing ‘and storage.

For FZIN-S "ready-prepared" roast beef, there were no
significant differences in slice evaluafﬁdn scores due't§
cooking method. Desirability of aroma and flavor, intensity
of beefy aroma and flavor. and intensity of WOA of CON¥ FZN-S
and WB FZN-§ samples did not differ. Though CONV FZN-S beef
slices had more (P < 0.01) WOF than comparable WB slices, the
practical difference is slight. The juicéness, téndernesé
and 0verall;acceptability of WB FIN-S samples were scored
significantly higher thaﬁ comparable CONV FZIN-S beef. For
FZN-S "ready-prepared" roast beef there were generally no’
differences‘in the quality attributes of beef slices prepared
by the CONV and AS procedures. Although the desirability of
aroma ana flavor, intensity of beefy aréma and overall |

acceptability of CONV FZN-S beef were scored significantly -



higher than those of comparable AS‘fZN—S samples, the

differences are small. CONV FZN-S samples tended to be more

tender than AS FZIN-S samples. Judges rated the desirability

of‘aroma, intensity of beefy aroma and flavof,'intenéity of ;
e : ,

WOF, tenderness, juiciness and overall acceptability'of WB

FZIN-S samples significantly higher than those of AS FZN-S

slices, though differences in aroma and flavor scores are

negligible. 1In addition, no difference$ inuflaVor

desirability and WOR intensity ‘between WB FZN-S and AS FZN-S.

treatmehts were noted.

For FZN-S samples, no differences due to -the three

cooking procedures were obtained for TBA values, which are

e o S sl e 8

low and substantiate the high sensory scores for WOA/WOF. ]
The shear force value for WB FZN-S beef was_significéntly
Jlower than that for CONV FZN-S samples. and it tended to be
lower than that for AS FZN-S slices. No differences in WHC
values of FZN-S beef from the three cooking procedures were
found.

For FSH "ready-prepared"” roast beef treated with GR and
"GLZ, no differences due to type of package addition were
noted for overall appearance, color, grain, and degree of
doneness. GLZ FSH samples were scored higher (P < 0.05) for
uniformity of doneness than GR FSH beef slices.  Panelists
detected no differences between GﬁlFSH and. GLZ FSH,
treatments for desirability of aroma and flavor. GR FSH
samples were judged to have a slightly but significantly

more intense beefy aroma and flavor as well as less i
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(P < 0.01) WOA/WOF than GLZ FSH samples-  The aroma and
. . v

flavor of GR FSH treatments were characterized as "bouillon-

like" while GLZ FSH‘samples were described as "beefy", g
"fresh" and "weak". No differences in tenderness and
“overall acceptability of FSH samples due to type of package
addition were noted. GR FSH beef slices were judged to be
juicier (P < 0.01) than GLZ FSH samples. There were no
significant\diffefences due to package addition for the TBaA

and shear force values of FSH samples. .WHC values were

higher (P < 0.05) for é;i FSH tham for comparable GR beef : i
slices. o o , _ -
) l Scores for appearance characteristics of "ready- ;
. pAe;ared" roast beef were similar for FSH and FZN—S;Samples

] , .
packaged in GR. However, freezing and storage had a

ottt I L B R o ST

significant detrimental_effect,on the overall appearance, =
color, degree of doneness‘'and, in particular, éhe grain of
beef slices packaged in GLZ. For each type of package.
additioh, the desirability of aroma and flavor of beef
samples decreased significaptly Qith freezing and storage,
aithough the flavor difference for GLZ samples is slight.
For both GR and GLZ, the infensity'of beefy aroma and flavor
was weakened (P < 0.01) by freezing and storage. As well,
judges often described the aroma and flavor of FSH samples
as "beefy" while FZN-S beef .slices were "weak". For GR
samples, no difference in WOA/WOF intensity due to freeziﬁg
and storage was noted. GLZ FSH samples were perceived as

having slightly but significantly more WOA and WOF than GLZ

. -

™
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FZN-S samples. GR FSH samples were more (P < 0l01) tender
than GR FZN-S samples; freezing and storage had no effect

on the tenderness of GLZ samples. There were no significant
differences in the juiciness of GR and GLZ samples due to
freezing and storage. For both GR and GLZ beef slices, the
overall acceptability of FSH samples was scored
significantly higher than that of comparable FZN-S beef.
Freezing and storage had no signﬁfic;ntveffect on the TBA
and shear férce values obtained for either GR or GLZ beef
~slices. The WHC value for both GR and GLZ treatments
decreased (P <_0:01) with freezing and storage.

Data for FIZIN-S "ready;prepared" roast béef packaged in

GR and CLZ show that GR FZN-S samples received higher

(P < 0.01) scores for overall appearance and grain than GLZ
FZIN-S samples.' No significant differences due to type of
paciage addition were found for coior, dégfée of doneness,
uniformity of doneness and for the desirabilitgxoanroﬁa and
flavor of FZN-S beef. GR FéN—S beef samples héd a more
intense (é < 0.01) beefy aroma and flavor than GLZ FZN—S\
slices. Again, GR FZN—S beef slices tended to be “bouilloh—
1ike;; GLZ.FZNfé samples were described as "beefy" and Igss
artifiéial in odor and flavor. Sensory scores for FZN-S
beef indicated the prééence ofvveryvlittle WOA{WOF. GR and
GLZ saﬁples received similarxécoées for WOA iﬁ#ensity; GLZ
FZN-S samples had slightly but significantly mdre WOF than
GR FZN-S beef slices. The tenderness of GR FZN-S and GLZ

FZN-S beef was similar, however GR FZN-S samples were

A
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juicier (P < 0.01) than comparable GI.Z FZN-S slices.
Overall acceptability scores, TBA numbers and shear force
values for FZN—S'"ready—prepared" roast beef show no
significant differences due to type of package addition.
The WHC value for GLZ FZN-S samples was higher (P < 0.01)
than that obtained for GR FZN-S samples. ‘
rd ~

Frozén-stored, "ready-prepared" roast beef cooked by
the CONV, WB and AS wethods was evaluated by 127 hospital
staff consumer panelistg under simulated cafeteria—style
cdndi;ﬂons. Data for BLK GR FZN-S treatments show that
consumer panelists detected no significanf differences among
the three cooking methods for appearance, flavor, |
temperature and overall acceptability. Although both CONV
BLK GR FZN-S and WB BLK GR FZN-S sampies recéivéd similar
tenderness scores, CONV BLK GR FZN-S slices were rated
higher (P < 0.05) than comparable AS samples for tenderness.
WB BLK GR FZN—S'sampleé also tended to be rated higher
(P < 0.055) than comparable AS beefvslices for tenderness.
Consumers Jjudged CONV Bik GR FZN-S and WB BLK GR FZN-S beef
to be similar in juiciness, however both CONV and WB |
treatments received significantly higher juicinesé scores
than comparable AS sappies. In general, CONV BLK GR FZN-S
and comparable‘WB "regdy—prepared“ roast beg? élices were
judged by consumers to be hneither aéceptable nor
unacceétable" to "acceptable" in gquality.
«

Results of the experiment suggest that, because of

their lower cooking/chilling losses and reduced shrinkage

Q
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(in roast length), the WB and AS methods of preparing roast
beef offer more economical alternatives than the traditional
institutional cooking method. FEach ot the three cooking
procedures resulteQ/in acceptable frozen-stored, "ready-
prepared” roast beef when packaged in [ﬁ% Traytité:>
containers. waever, the data indicate that WB IND FZN-S
samples were more tender, juicier and more acceptable in
overall eating quality than comparable CONV and AS samples,
CONV IND FZN-S samples tended to be more tender and were
judged to be better in overall.acceptability than comparable
AS samples. Consumer evaluations of the tendérness of bulk-
packaged, frozen-stored, "ready-prepared" roast beef in
gravy tend to supporﬁ data obtained from trained panelists
for the tenderness of similar beef samples packaged in
Traytité:)containers. Because the AS samples received low
consumer panel scores ("unacceptable" to "heithér écceptable
nor uancceptable™) for tenderness and.juiciness, the AS
cooking method may not be apprdpriate for the preparation of
frozen-stored, "ready—prepéred" roast beef in gravy for
cafeterié service.

WOA/WOF scofes for "ready-prepared” roast beef were
generally not affected by cooking method. Trained panelists
detected little or no oxidative rancidity in fr&zen—stored

beef treated with either package addition, although beef

» a

slices covered with GLZ had ajboarse, less attractive grain

-

than compafable samples packaged with GR. . Thus, carrageenan

glaze appears to be as effective as gravy in protecting
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cooked beef slices from developing WOA/WOF during short

frozen storage. As well, glazed beef slices had a more @5

'natural beefy (though weaker) aroma and flavor than slices

packaged with gravy; which had a-fbouillgn—like" odor and
flavqr. Therefore, carrageenan glaze may offer an
alternative to gravy as a package addition for frozen-stored,
Jready—prepared" roast>beef. However, further
investigations of the effectiveness of differing

concentrations of carrageénan and of ‘other gums in solutions

‘as .glazes in improving the appearance of frozen—stored,

cooked beef slices are essentiél.? Resultsufrom_such studies
would be particularly valuable for individuals who do not
care for gravy or are on diets WE}ch do not permit gravy.

~ For frozen-stored, "ready- prepared" roast beef in
Traytlté:>packaglng, the WB cooking method and GR as a
package addition resulted in juicier beef 'slices than did the-
CONV and AS cooking methods and GLZ treatment, respectively.
However, all beef'sambles were rated "slightly dry" to
"neither juicy nor dry". In addition, slice evaluation

scores and WHC values cdnfirmed that all beef slices were

~dry. The use of thin slices combined with reheating to 80°

probably accounts for this dryness in the meat. Further
re§earch is. required to determine whether increasing the

slice thickness and'IOWering the internal temperature to

which beef slices are reheated can improve the juiciness of

frozen-stored, "ready-prepared" roast beef. Microbiological

testing would be pertinent in,this kind of a study.
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Table 16. Analyses of variance for chemical composition data on raw biceps femoris roasts.

Total Ether
Degrees of : pH 2 Moisture (%) Extract (%)
Source of Variation Freedom MS SE MS SE MS SE
Replication (A) 5 0.01 0.02 5.08 0.62 5,62 0.67
Cogking Method (B) 3 0.00 0.02 1.54 0.51%  0.32 0._549
AB 15 0.00 3.08 3.55
Error 24 0.00 0.00 0.00 .
Total 47
5
Comparisons
C1 Treatment 1 0.00 0.83 0.02
Error 5 0.00 0.57 0.24
C2 Treatment 1 0.00 0.00 0.23
Error 5 0.00 0.49 0.20
C3 Treatment 1 0.00 0.41 0.06 __
Error 5 0.00 0.72 0.30

]
‘Mean square

Standard error

wm & W N

SE estimated using AB interaction.

See Figure 2, page 32,.for descriptions of‘compérisons.

Valid error term for testing significance of replication variation.
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Table 17. Continued.

Dimensional Change (%)

Degrees of 1Length 2 Width © Depth

Source of variation Freedom MS SE MS SE MS ~ SE
Replication (A) 5 56.07 1.83 29.94 4,05 53.88 2.79
Cogking Method (B) 3 123.94 1.50 16.80 3.31 11.72 2.28
AB 15 13.45 65.68 31.08
Total 23
Comparisons ' .
c1 Tref#itment 1 220.85 1.1 0.56

Error 5 6.06 48.77 33.67
C2 Treatment 1 129.50 48.04 . 22.03

Error 5 26.58° 56.90 ’ 35.27
C3 Treatment 1 6.06 17.27 7.79

Error 5 19.90 92.77 27.97

'1Mean square
Standard error
SE estimated using AB intéraction.

valid error term for testingﬁsignificance of replication variation.

\S LI B VY I ]

See Figure 2, page 32, for descriptions of comparisons.



Table 18. Analyses of varlance for slice evaluation panel data - fresh.

Overall Degree of Uniformity
. Degrees of Appqarancs Color Grain Doneness  of Doneness
Source of Variation Freedom MS SE MS SEMS SE MS SE  MS SE
Replication (A) 5 1,61 0.18 2.53 0.17 0.62 0.22 2.75 0.23 3.03 0.17
Cogking Method (B) .3 0.75 0.15 0.02 0.14 3.56 0.18 3.67 0.19 1,70 0,14
AB 15 1.03 0.93 1.50 1.64 0.96
Package Addition (C) 1 0.33 0.11 0.81 0.10 0.47 0.12 2.19 0.15 3.80 0,09
AC | 5 o 1.56 1.25 L 2.47 2.21 0.53
" BC T3 0.77 0.90 0.94 2.09 1.17
ABC 5 15 1.04 0.78 0.87 1.97 Q.89
“(AC,ABC) 20 1.17 0.90 ] 1.27 2.03 0.8p
Panelist (D) 3 1.70 0.10 1.43 0.11 2.91 0.09 14.49 0.09 15.60 0.10
AD 15 0.91 1.29 0.92 0.99 T 1.65
BD 9 0.37 0.40 0.53. 0.24 0.1
ABD 45 0.57 0.57 0.36 0.43 0.54
CD . 3 0.88 1.58 0.20 0.54 0.06
ACD . 15 0.30 0.41 0.42 0.25 0.15:
BCD 9 - 0.10 0.18 0.22 0.21 0.29
ABCD 6 45 0.29 0.35 0.19 0.31 0.24
(AD,ABD,ACD,ABCD) 120 0.47 0.56 0.37 0.43 0.52
Total 7 191
Comparisons
c1 Treatment 1 1.50 0.04 5.51 0.67
Error 5 0.59 0.85 0.40 0.32
Cc2 Treatment 1 " 0.01 0.00 ;o.9a { 4.17
Error 5 1.41 1.03 2.87 1.57
c3 Treatment 1 0.88 0.0 0.95 ;4.08
_ Error 5 0.65 0.39 . 1.46 o 1.02
C4  Treatment 1 0.01 0.42 0.42 0.19
Error ’ 5 0.32 0.37 0.76 0.60
Cs Tregtment 1 0.42 0.63 1.69 4,69
Error 5 2.27 1.53 2.88 1.09
Ccé Treatment 1 0.17 1.04 0.21 1.50
Error 5 1.16 » 0.72 1.13 0.62
c7 Treatment 1 2.76 0.88 7.13 2.52
Error ‘5 1.17 .13 0.61 0.57
c8 Treatment 1 0.63 0.52 0.01 2. 0.52
Error 5 0.78 0.83 1.06 0.7 0.87
C9  Treatment B 3.01 .38~ 3.38  9.38 2.67
Error 5 0.37 0.58 1.5 ° 1.18 0.87
C10 Treatment 1 0.13 °0.38 0.59 0.75 6.77 ‘
Error 5 1.66 1.14 1.78 4.72 0.69
C11 Treatment 1 1.17 2.30 0.33 4,69 0.13
Error 5 0.43 0.65 1,87 0.69 0.86
CiZ2 Treatment 1 g.19 , 0.33 0.75 0.19 0.33
., Error 5 1.58 1.05 0.86 1.04 0.93
‘Mean square R
2
3Standard error i
ASE estimated using AB interaction.
5Valid error term for testing significance of replication variation,
6Valid error term for testing significance of package addition variation.
7Valid error term for testing significance of panelist’ variation.

See Figure 2, page 32, for descriptions of comparisons.
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Table 19. -Analyses of variance for slice evaluation panel data - frozen-stored.

Overall ) Degree of Uniformity

Degrees of App?arancs Color Grain Doneness of»Doneness
Source of variation Freedom SE- MS SE MS SE MS SE MS SE -
Replication (A) 5 1.49 0.19 1.70 0.21 0.39 0.10 2.15 0.24 0.210.17
Cozking Method (B) '3 0.110.16 0.14 0.18 0.52 0.08 3.21 0.19 0.16 0.14
15 1.21 1.47 i 0.31 1.82 0.95
Package Addition (C) 1 4.69 0.07 1.60 0.07 50.53 0.08 0.00 0.07 1.33 0.09
AC ' 5 0.45 “0.40 . 0.61 0.56 0.81
BC - 3 0.63 0.55 .  0.19 0.60 0.80
ABC 5 s 0.54 0.41 0.57 0.43 0.72
(AC,ABC) © 20 0.52 0.41 0.58 0.46 0.74
Panelist (D) 3 4.77 0.10 5.60 0.11 10.91 0.10 17.64 0.08 31.870.09
AD ' 15 0.49 0.77 1.03 0.48 0.53
BD 9 0.75 1.02 0.15 0.38 L0.1
ABD .45 0.55 0.66 0.23 0.35 0.41
co .3 0.78 . 0.77 4,32 0.89 0.46
ACD 15 1.02 0.77 0.96 0.21 0.44
BCO 9 0.36 0.32 0.10 0.40 0.35
ABCD ‘ p 45 . 0.28 0.29 0.28 0.21 0.21
(AD, ABD, ACD, ABCD) 120 0.50 0.55 0.44 0.30 0.35
Total ; 191 .
.. Comparisons . ' : -
C1  Treatment 1 0.32 0.13 0.17 0.07 0.44
Error 5 0.34 1.18. . 0.32 0.63 0.79
C2 Treatment 1 0.00 0.26 0.5 0.17 0.02
o~  Errar 5 2,12+ 1.24 1 0.36 2.41 1.39
C3  Treatment 1 0.13 0.38 0.06 0.22 0.13
" Error 5 1.64 2.28 0.33. 1.18 1.88
C4 Treatment 1 0.08 0.13 0.01 0.63 6.88
‘Error 5 0.60 0.83 0.78 0.56 0.46
C5 Treatment 1 0.42 1.02 0.42 0.19 1.17
Error 5 0.86 0.53 0.12 1.10 0.62 .
C6 Treatment 1 0.07 0.21 - 0.26 0.07 0.01
Error 5 0.49 0.94  0.56 0.70 0.46
L7 Treatment 1 1.7 0.75 0.42 0.19 0.00
, Error - 5 %40 0,69 1.05 0.48 0.59
C8  Treatment 1 0.52  0.08 0.19 1.02 0.75
. Error 5 1.86  1.22 0.29 2.06 1.15
C9 Treatment 1 0.07 0.17 0.02 0.17 0.38
Error 5 1.63 1.74 0.35 0.64 1.76
C10 ' Teeatment 1 0.32 0.00 23.50 0.84 3.38
Error 5 0.89 0.66 0.42 1.42 0.88
Ci1 Treatment 1 3.00  1.88 17.52 0.42 0.05
Error 5 0.35 0.28 S 1,52 0.12 0.35
€12 Treatment 1 3.26 1.33 10.08 0.52 0.26 :
; Error 5 0.46 ' 0.40 0.18 0.11 1.46
2Mean square '

Standard error

SE estimated using AB interaction. .

valid error term for testing significance of replicatlon variation
valid error term for testing signifiéance of package addition variation.
valid error term for testing significance of panelist variation.

See Figure 2, page 32, for descriptions of comparisons.
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Table 20. Analyses of variance for slice evaluation panel data - fresh and frozen-stored.

Overall Degree of Uniformity
Degrees of App?arancg Color Grain Doneness  of Doneness
Source of Variation Freedom ; SE- MS SE MS SEMS SE MS SE
Replication (A) 5 2.59 0.10 3.86 0.14 0.74 0.10 4.35 0.19 1.48 O.N
Cogking_Method (B) 3 0.25 0.08 0.06 0.11 2.09 0.08 5.42.0.16 0.86 0.09
AB 15 0.67 1.27 0.60 2.32 0.82
Package Addition (C) 1 1.26 0.07 0.07 0.06 30.38 0.07 2.50 0.09 4.82 0.07
8C . 3 0.66 0.68 0.31 2.88 1.72
Storage Treatment (D) 1 6.25 0.07 4.38 0.06 23.01 0.07 13.13 0.09 0.59 0.07
BOD : 3 0.62 0.10 1.99 o143 0.99
co 1 3.76 2.34 20.63 0.07 0.32
8CD 3 0.73 0.77 0.82 7.67 . 0.24
(AC,ABC,AD,ABD,ACD, ABCD) 60 1.00 0.75 0.94 - 1.43 0.93
Panelist (E) 3 5.72 0.07 6.15 0.08 12.24 0.07 19.50 0.08 44.78 0.07
BE 9 0.75 1.00 0.23 0.68 0.1
ce 3 1.48 1.78 3.06 0.96 0.28 |
BCE 9 0.22 0.20 0.08 0.29 0.34
DE 3 0.75 0.88 1.59 1.59 2.69
BOE 9 . 0.37 0.4 0.45 0.42 0.1
COE 3 0.18 0.57 1.45 0.94 0.24
BCDE - 9 0.24 0.30 0.23 0.82 0.30
(AE, AEB, AEC,AEBC_AED, :
AEBD, AECD, AEBCD) ; 240 0.49 0.55 0.41 0.32 0.44
Total 383 '
. 7
Comparisons )
C13 Treatment 1 0.16 0.16 0.03 5.67 0.02
Error 60 . 1.00 . 0.75. 0.94 1.43 0.93
C14 Treatment 1 9.86 6.56 43.61 7.52 0.88
Error 60 1.00 - 0.75 0.94 1.43 0.93
C15 Treatment 1 1.33 2.08 3.26 T 1.33 0.16
Error 60 1.00 0.75 0.94 1.43 0.93
Ci6 Treatment 1 5.75 2.04 17.51 6.51 0.26
Error 60 1.00 0.75 0.94 1.43 0.93
C17 Treatment 1 0.94 . 0.51 8.17 9.38 2.19
Error 60 1.00 0.75 0.94 1.43 0.93
;Mean square

Standard error

SE estimated using AB interaction.

valid error term for testing signiffcance of repllcation variation.

Valid error term for testing 51gn1ficance of package “dddition and storage treatment
variation,

valid error term for testing significance of panelist variation.

‘see Figure 2, page 32, for descrlptions of comparlsons. ‘
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Table 21. Analyses of variance for trained taste panel data - fresh.
@ Desirability -Beefy Intensity Warmed-over
. Degrees of Aﬁoma 2 Flavor = Aroma Flavor Aroma Intensity
Source of \ariation Freedom MS SE”- MS SE  MS SE MS SE  MS SE
Replication (A) 5 2.530.09 1.09 0.13 2.06 0.08 0.96 0.12 0.74 0.07
Conking Method (B) 3 0.310.07 0.920.11 1.70 0.06 0.16 0.10 0.14 0.06
st 15 0.48 1.10 0.40 0.90 0.32
Package Addition (C) 1 0.200.05 0.28 0.05 1.26 0.04 4,82 0.07 4.17 0.04
AC 5 0.15 - 0.85 0.57 2.70 0.25
BC 1.67 0.26 0.87 0.04 0.16
ABC 15 0.61 0.30 0.17 0.50 0.42
(AC,ABC)> 20 0.49 0.44 0.27 1.05 0.38
Panelist (D) 7 33.91 0.11 37.18 0.11 31.20 0.13 31.15 0.12 25.14 0.08
AD 35 1.14 ©0.83 1.20 0.97 0.43
BD 21 0.44 0.81 0.95 0.76 0.39
ABD 105 0.48 0.51 0.76 0.68 0.27
co 7 5.05 3.33 4,18 3,58 0.83
ACD 35 0.71 0.49 0.79 0.49 0.39
8CD 21 0.86 0.49 1.06 0.34 0.37
- ABCD v 105 0.45 0.56 0.57 0.72 0.28 °
(AD,ABD,ACD,ABCD)6 280 0.60(272df)0.58(271df)0.77(271df)0.73(272df)0.32(271df)
.Total 383
‘ 7
Comparisons \ .
C1  Treatment 1 0.29 2.71 0.94 0.19 0.13
Error 5 0.46 2.24 0.47 1.84 0.12
C2- Treatment 1 0.63 0.05 2.95 0.29 0.13
Error 5 0.44 0.13 0.10 0.33 0.24
C3 Treatment 1 0.03 1.00 0.28 0.47 0.26
Error 5 0.56 1.33 0.14 1.21 0.11
C4 Treatment 1 1.26 1.98 1.50 0.07 0.04
Error 5 0.85 1.52 0.48 1.06 0.12
C5 Treatment 1 0.67 0.04 2.04 0.30 0.01
i Error 5 0.42 0.27 0.19 0.31 0.56
C6 Treatment 1. 0.05 0.73 0.02 0.33 0.01
Error 5 1.07 0.92 0.12 8.33 0.36
C7 .Treatment 1 0.14 0.84 0.02 0.12 0.51
- Error 5 0.29 0.99 0.17 0.50 0.16
C8 Treatment 1 0.0% 0.02 1.00 0.04 0.17
Error 5 ‘0.42 0.04 0.01 B.72 0.04
C9 Treatment 1 0.23 0.32 0.37 0.15 0.63
Error 5 0.10 0.61 0.09 0.67 0.4
C10 Treatment 1 1.05 0.33 0.07 2.90 2.76
Error 5 0.18 0.80 0.12 '2.19 0.09
~C11  Treatment 1 2.22 Q.15 3.23 1.40 0.38
Error 5 0.42 0.37 v 0.41 1.06 0.20
C12 Treatment i 0.88 0.40 0.01 0.63 “1.26
Error 5 0.93 0.25 0.42 Q.79 1.06

e

Continued.
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Table 21. Continued.

\ : Warmed-over . Overall
: Degrees of Flavor I?tensiEy Tenderness  Juiciness Acceptability
Source of Variation fFreedom MS SE MS SE MS SE MS SE
Replication (A) 3 5 0.17 0.07 2.51 0.4 -7.150.29  1.89 0.15
Coaking Method (B) 3 0.24 0.06  6.92 0.11 6.64 0.24  1.42 0.12
AB o\ 15 ‘ 0.36 1.22 5.34 1.36
Package Addition (C) 1 7.04 0.04  0.00 0.04 25.83.0.10 -:4.29 0.07
AC ' 5 0.45 0.26 2.47 1.07
BC : 3 0.24 0.64 0.21 0.24
ABC A T 15 0.24 0.40 1.49 1.07
(AC,AB::)5 20 0.29 0.36 1.74 1.07
Panelist (D) 7 34.61 0.07 40.59 0.10 15.59 0.10 15.27 .13
D , 35 0.19 T4 0.76 1.20°
BD 21 0.32 0.78 0.41 1.05
ABD 105 0.18 0.50 0.44 0.83
0) 7 1,01 0.40 0.36 3.91
ACD 35 0.20 0.31 0.52
BCD 21 0.17 0.26 P9 0.45
ABCD 105 . 0.29 0.33 WO 0.67
(AD,ABD,ACD,ABCD)® 280 0.23(271df) 0.51(272df) 0.47(270df) 0.80(271df) _—
Total 383
Cgmgarisons7 o
C1  Treatment 1 0.33 - 15.87 4.26 4.03
Error 5 0.55 2.27 " 10.82 3.39
C2 Treatment 1 0.02 " 0.02 5.40 0.00.
Error 5 0.32 . 0.71 © o 2.40 0.27
€3 Treatment 1 0.09 7.37 9.63 1.90
Error 5 0.02 1.847 8.12 1.92
C4  Treatment 1 0.09 10.80' 1.35 1.71
Error . 0.29 1.76 8.12 2.53
'C5 Treatment 0.26 0.01 - 1.93 0.07
. Error 0.24 0.99 2.00 ~ 0.59
C6 Treatme 0.02 5.74 3.26 0.54
, Error 5 0.23 1.94 5.04 1.54
C7 . Treat o 0.26 5.51 3.08 2.34
Error ; 5 - 0.44 0.74 4.98 1.84
C8 Treatment 1 0.09 0.09 3.60 0.03
Error 5 0.37 0.12 S 1.02 0.73
C9 Treatment 1 0.33 2.08 - 6.68 < 1.47
Error 5 0.16 %0.38 4.43 0.91
C10 Treatment 1 2.76 0.05 13.13 1.92
Error 5 0.19 ~ D.06 1.75 1.94
C11 Treatment 1. 2.34 " 1.08 6.41 1.71
Error 5 0.52 " 0.69 3.58 0.75
C12 Treatment 1 2:04 0.67 6.30 0.77
Error 5 0.24 ‘ 0.37 1.34 . 0.88
éMean square
Standard error
zSE estimated using AB interaction.

Valid error term for testing significance of replication variation.
valid error term for testing significance of package 3ddition variation.
Valid error term for testing significance of panelist variation. One panelist (8df)
missing for the third replication. Other values (0 to 2df) missing due to judges'
oversights. :

7See Figure 2, page 32, for descriptions of comparisons.
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Table 22. Analyses of variance for trained taste panel data - frozen stored.

) Desirability Beefy Intensity Warmed-over
Degrees of Aﬁoma Flavor Aroma. Flavor Aroma '
Source of variation = Freedom MS SET MS SE MS SE MS SE  MS SE
Replication (A) 5 0.76 0.07 -1.23 0.08 1.28 0.10 2.82 0.11 0.44 0.06
Cogking Method (B) 3 0.61 0.05 0.40 0.07 1.82 0.08 0.98 0.09 0.28 0.05
AB 15 0.29 0.44 0.59 . 0.76 .24
Package Addition (C) 1 0.12 0.09 1.97 6.05 6.51 0.05 7.79 0.06 0.17 0.03
AC 5 0.39 1.57 0.04 1.33 0.11
BC 3 1.07 . 0.39 2.57 3.00 0.06
ABC 5 15 0.43 0.20 0.51 0.45 0.22
(ACABC) 20 0.42 - 0.54 0.39 0.67 0.19
Panelist (D) 7 '39.91 0.10 47.44 0.11 31.68 0.14 40.24 0.14 18.11 0.08
AD , 35 0.75 1.40 1.76 1.81 0.71
8D ' 21 0.28-, 0.72 0.56 1.55 0.35
ABD 105 0.46 7 0.34 0.87 0.66 0.28
cD 7 1.40 3,92 2.53 3.68 0.72
ACD 35 0.33 0.59 1.09 1.15 0.16
BCD - 21 0.55 0.57 | 1.09 0.72 0.15
ABCD ‘ 6 105 0.31 0.42 0.60 0.54 0.25
(AD, ABD, ACD, ABCD) 280 0.46(256df)0.59(254df)8.99(256df)0.90(255df)0. 33 (256df)
Total 7 ) 383 .
Comparisons , . ) . .
C1  Treatment 1 0.32 0.57 2.50 1.98 0.22
Error 5 0.26 0.28 0.80° 0.74 0.25
C2 Treatment 1 1.45 0.63 2.88 0.88 0.45
- Error 5 0.20 0.02 0.28 0.46 0.11
€3 Treatment 1 1.56 1.20 5.37 2.75 0.65
Error 5 0.05 0.22 0.44 0.44 0.23
C4 Treatment 1 0.20 1.38 0.09 0.40 0.04
Error 5 0.55 0.16 0.99 0.38 0.34
C5 Treatment 1 0.02 0.24 2.04 3.96 0.04 :
Error 5 0.21 0.06 0.64 0,14 - 0.27 !
C6 Treatment ' 1 0.17 1.38 1.49 3.44 0.08 ‘
Error 5 0.31 0.17 0.80 0.16 0.42 !
C7 Treatment 1 0.12 0.01 3.76 1.84 0.21 :
Error 5 0.05 .19 0.49 0.99 0.17 >
C8 Treatment 1 2.47 /g.aq 0.94 - 0.44 0.56 \
Error 5 0.61 0.06 10.18 0.70 0.11 \
C9 Treatment 1 1.84 0.14 4.23 0.24 0.73 \\\
Error 5 0.31 _0.15 0.53 1.08 0.14 ,
. C10 Treatment 1 0.09 2.23 6.49 10.04 0.04 ’
Error 5 0.62 0.62 0.17 0.74 0.20
C11 Treatment 1 0.92 0.05 2.91 4,73 0.00
Error 5 0.40 0.52 0.44 . 0.22 0.26
C12 Treatment 1 0.02 0.84 0.04 1.15 0.28
Error 5 0.48 0.87 0.34 1.25 0.08

Continued.



Table 22. Continued.

7
Comparisons

/

Warmed-over Overall
Degrees of Flavor Intensi&y Tenderness Juiciness Acceptability
- Source of variation Freedom MS SE MS SE. MS SE MS SE
Replication (A) 5. 0.77.0.04 0.01 0.1 3.95 0.1 3.25 0.07
Cogking Method (B) 3 0.36 0.03 3.25 0.09 1.49 0.09 2.52 0.06
15 0.1 0.83, 0.74 0.33 .
Package Addition (C) 1 1.53 0.04 1.14 0.06 13.02 0.09 0.14 0.06
AC 5 0.17 0.94 3.88 1.38 -
BC 3 0.05 0.33 0.30 0.1
ABC 5 15 0.34 2 0.46 0.68 0.41
(AC,ABC) 20 . 0.29 0.58 1.48 0.65
Panelist (D) 7 6.93 0.08 53.99 0.1 19.13 0.12 18.47 0.13
AD 35 0.82 0.96 115 2.17
BD 21 0.29 1.20 0.73 1.33
ABD 105 0.20 0.48 0.41 0.52
cD 7 0.79 0.19 1.28 8.75
ACD 35 0.21 0.57 1.06 0.89
BCD 21 0.17 0.38 0.54 0.75
ABCD , p 105 0.15 0.45 0.41 0.41
(AD,ABD,ACD, ABCD) 280 0.28(254df) 0.59(256df) 0.64(256df) 0.81(253df)
Total 282

C1 Treatment 1 0.97 6.20 3.74 - 5.92

*  Error 5 .0.04 0.28 0.23 0.54

C2 Treatment 1 0.09 3.15 0.67 1.10

Error v 5 0.10 0.63 1.03 0.09

C3 Treatment 1 0.83 9.10 3.78 6.05

- Error 5 0.12 0.41 0.45 0.3

C4 Treatment 1 0.51 5.09 1.33 2.73

Error 5 0.26 0.37 0.61 0.56

C5 Treatment 7% 1 0.00 1.53 1.17 1.28

Error ’ 5 0.05 0.61 - 21.16 -0.09

C6 Treatment 1 0.28 - 5.81 2.50 3.88

Error 5 0.25 0.76 0.66 0.30

C7 Treatment 1 0.46 1.60 2.50 3.19

Error 5 0.35 0.49 0.35 0.32

£8 Treatment 1 0.16 1.84 0.01 0.12

Error 5 0.28 0.12 0.45 0.25

€9 Treatment 1 0.58 3.64 1.37 2:28

Error S 0.57 0.14 0.17 0.32

C10 Treatment 1 0.54 1.38 9,36 0.35

Error 5 0.13 0.25 2.02 0.98

C11 Treatment 1 "0.24 0.09 1.73 0.02

Error 5 0.35 8.34 1.16 0.18

C12 Treatment 1 0.50 0.60 2.47 0.06

N Error 5 _0.28 0.68 1.76 0.80
"Mean square

Standard error'

O B WN

SE estimated using AB interaction.

valid error term for testing significance of replication variation.
valid error term for testing significance of package addition variation.
valid error term for testing significance of panelist variation.

One panelist (8df)

missing for the fifth and two panelists (16df) missing for the sixth replication. Other

7

values (0 to 3 df) missing due to judges' oversights.
See Figure 2, page 32, for descriptions of comparisons.
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Table 23. Analyses of variance for trained taste panel data - fresh and frozen-stored.

Desirability . Beefy Intensity Warmed-over
. Degrees of Aﬁoma 2 Flavor Aroma Flavor Aroma Intensity
Source of Variation Freedom MS SE” MS SE  MS SE  MS SE MS SE
Replication (A) 5 2.46 0.06 1.09 0.09 2.83 0.06 2.35 0.09 0.12 0.06
Cogking Method (B) 3 0.23 0.06 1.02 0.07 1.40 0.05 0.94 0.08 0.29 0.05
AB . ‘ N 0.46 0.94 0.47 1.10 0.42
Package Addition (C) 1 8.01 0.03 1.87 0.04 6.75 0.03 12.43 0.05 3.00 0.03
BC - ‘ 3 2.47 0.159 2.55 1.88 0.17
Storage Treatment (D) 1 15.22 0.03 9.61 0.04 48.30 0.03 30.04 0.05 1.02 0.03
8D 3 0.68 0.2 2.12 0.19 0.13
(0} 1 0.31 0.38 1.02 0.18 1.33
BCD . 3 0.27 0.06 0.89 1.16 0.05°
(AC,A?C,AD,ABO,ACQ, ' '
ABCD) .. 60 0.45 0.58 0.40 0.83 0.31 .
Panelist (E) 7 72.12 0.07 80.97 0.08 59.99 0.10 68.96 0.09 42.45 0.06
BE 21 0.50 0.95 0.83 1.49 0.40
CE A ‘ <7 " 5.79 6.06° 5.68 6.67 1.00
BCE 21 0.98 0.46 1.57 0.67 ©0.42
DE ' - 7 1.7 3.65 2.89 2.43 0.80
. BOE 21 0.22 0.57 0.68 0.82 0.34
CDE 7 0.66 - 1.19 1.04 0.59 0.55
BCDE ‘ 21 0.42 g 0.59 0.59 0.40 0.09
(AE,AEB,AEC,AEBCSAED, ‘
* AEBD,AECD, AEBCD) 560 0.53(528df)0.59(525df)0.88(527df)0.81(527df)0. 33(527df)
Total . 767
. 7
- Comparisons
C13 Treatment 1 5.58 6.91 17.64 12.80 0.01
Error 60 0.45 0.58 0.40 +0.83 0.31
C14 Treatment B 9.95 3.08 31.68 o 17.43 2.34
Error ' 60 0.45 0.58 0.40 0.83 0.31
C15 Treatment 1 4.25 2.30 15.40 16.63 0.62
Error 60 0.45 0.58 0.40 0.83 0.31
C16 Treatment 1 4,20 4.14 11.95 5.43 0.73
Error 60 0.45 0.58 0.40 0.83 0.31
C17 Treatment 1 8.04 4.08 23.94 8.21 0.00
Error : 60 ‘0. 45 0.58 0.40 0.83 0.31
5 .
Continued.
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Table 23. Continued.

Warmed-over Overall
, Degrees of Flavor I?tensiﬁy Tenderness  Juiciness Acceptability
Source of variation Freedom MS SE MS SE MS SE MS SE
Replication (A) 3 5 0.27 0.04 2.14 0.08 4.45 0.16 2.12 0.08
Cogking Method (B) 3 0.46 0.04 8.77 0.06 6.32 0.13 3.46 0.07
AB 15 0.24 0.79 3.22 0.85
Package Addition (C) . 1 7.57 0.03 0.61 0.04 -37.76 0.08 3.00 0.05
BC 3 0.14 0.50 0.1 0.13
Storage Treatment (D) 1 2.99 0.03 8.31 0.04 0.33 0.08 21.94 0.05
8D 3 0.14 1.40 1.82 0.48
cD 1 1.00 0.53 1.09 1.44
8CD 3 0.16 0.07 0.40 0.21
(AD,A?C,AD,ABD,ACD, ' } : ) g’
ABCD) . 60 0.3 0.75 2.34 . 1.04
Panelist (E) 7 49.15 0.05 88.18 0.08 29.61 0.08 29.99 0.09
BE : 21 . 0.36 1.19 0.55 1.67
CE ' 7 1.03 0.48 1.33 10.94
BCE 21 0.23 0.32 0.56 0.44
DE 7 T 2.39 6.39 5.1 3.76
BOE 21 0.25 0.78 0.59 0.71
CoE 7 0.78 0.1 0.30 1.73
BCDE . 21 0.12 0.32 0.30 0.75
(AE, AEB, AEC, AEBC AED, o
AEBD, AECD, AEBCD) 560 0.26(525df) 0.55(528df) 0.55(526df) 0.81(524df)
Total 767 |
Comparisons : ,
C13 Treatment 1 0.27. 6.51 0.1 17.30
Error 60 0.31 0.75 2.34 1.04
C14 Treatment ¢1 3.73 2.33 1.3 6.08
Error 60 0.31 0.75 2.34 1.04
C15 Treatment 1 1.53 0.69 0.01 9.44
Error 60 0.31 0.75 2.34 1.04
C16 Treatment 1 0.68 7.52 ) 0.67 6.56-
Error 60 0.3 0.75 734 1.04
C17 Treatment 1 0.79 3.41 4,32 6.06
Error 60 0.31 0.75 o 2.34 1.04
Mean square '
Standard error
SE estimated using A8 interaction. _
Valid error term for testing significance of replication variation.

Vi W N -

Valid error term for testing significance of package addition and storage treatment
variation. ‘

Valid error term for;testing significance of panelist variation. One panelist (8df)
missing for the third (fresh), one panelist (8df) missing for the fifth (frozen-stored),
and two panelists (16df) missing for the sixth (frozen-stored) replications. Other
values (0 to 4df) missing due to judges' oversights.

See Figure 2, page 32, for descriptions of-comparisons.
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Table 24. Analyses of variance for TBA and shear force values - fresh or frozen-stored.

0

. Fresh Firozen-Stored
Degrees of TBA1Value§ Shear Force TBA Values Shear Force
Source of Variation Freedom MS SE MS SE MS SE MS SE
Replication (A) 3 5 2.59 0.24 0.01v 0.00 2.87 0.17 0.01 0.00
Cogking Method (B) 3 1.44 0.20 0.00 0.00 0.88 0.14 0.01 0.00
AB , 15 0.95 0.00 0.44 0.00
Package Addition (C) 1 3.16 0.12 0.01 0.00 0.28 0.11 0.00 O.QO
AC 5 0.63 0.00 0.50 0.00
BC 3 0.29 "~ 0.00 0.34 0.00
ARC 5 . 15 0.77 0.00 0.56 0.00
(AC,ABC) 20 0.73 - 0.00 0.55 0.00
Error 48 0.13(35df) 0.00 0.14(40df) 0.00
Total . 95
“Coggarisons .
c1 Treatment 1 0.33 0.00 1.78 0.02
' Error 5 0.16 0.00 0.63 0.00
C2 Treatment 1 0.17 0.00 0.04 0.00
Error 5 0.93 0.00 0.15 .0.00
C3  Treatment - 1 0.49 0.00 1.17 0.01
: Error 5 0.41 0.00 0.40 0.00
C4 Treatment 1 0.05 0.00 0.10 0.02
Error 5 0.23 0.00 0.36 0.00
C5 Treatment 1 0.08 0.00 0.19 0.00
Error 5 0.48 0.00 0.07 0.00
C6 Treatment 1 0.00 0.00 0.28 0.01
Error 5 0.24 0.00 0.12 0.00
C7 Treatment 1 1.05 0.00 2.49 0.00
: Error ! 5 0.10 - 0.00 1.03 0.00
C8 Treatment 1 0.09 0.01 0.03 0.00
Error 5 0.68 0.00. "0.39 0.00
C9 Treatment 1 0.88 0.00 1.00 0.00
Error 5 0.22 0.00 0.80 0.00,
€10 ‘Treatment 1 2.86 '0.00 0.08 0.01 .
Error 5 0.33 0.00 0.31 0.00
C11 Treatment 1 0.19 0.00 0.97 0.00
Error 5 0.51 0.00 0.37 0.00
C12 Treatment 1 0.54 0.0 0.23 0.30
Error 5 1.21 0.00 0.72 0.00

Mean square ‘ !
Standard error .
SE estimated using AB interaction.

13 (fresh and 8 (frozen-stored) missing TBA values.
See Figure 2, page 32, for descriptions of comparisons.

NN U N

valid error term for testing significance of replication variation.
valid error term for testing significance of package addition variation.
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Table 25. Analyses of variance for TBA and shear force values - fresh and frozen-stored.

Degrees of : IBA Values 2 Shear Force
Source of Variation Freedom MS SE MS SE
Replication (A) 5 4.34 0.17 0.01 0.00
cOZking Method (B) 3 2.04 0.14 0.01 0.00 -
AB ™ 15 0.92 0.00
Package Addition (C) 1 0.78 0.08 0.00 0.00
AC 5 0.38 0.00
BC - 3 0.56 0.00
ABC 15 0.99 0.00
Storage Treatment (D) 1 0.14 0.08 0.00 0.00 °
AD 5 1.12 0.01
BD 3 0.29 0.00
ABD 15 0.47 0.00
(5] 1 2.66 0.01
ACD 5 0.75 0.00
B8CD 3 0.07 0.00
ABCD 15 0.33 0.00
(AC, ABC, AD, ABD, ACD, .
ABCD)6 60 0.64 0.00
Error 96 0.11(75df) 0.00
Total - 19N
Comparisons
" C13 Treatment 1 0.78 0.01

Error 60 0.64 0.00
C14 Treatment 1 2.02 - © 0.00

Error 60 0.64 0.00
C15 Treatment 1 0.01 0.01

Error v 60 0.64 0.00
C16 Treatment 1 0.89 0.00

Error 60 0.64 0.00 -
C17 treatment 1 ) '0.00 0.00

Error 60 0.64 0.00
;Méan square
3Standard error
ASE estimated using AB interaction:
5Valid error term for testing significance of replication variation.

valid error term for testing significance of package addition and storage treatment
variation. ;
721 missing TBA values. .

See Figure 2, page 32, for descriptions of comparisons.
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Table 26. Analyses of variance for water holding capacity values - fresh or frozen-stored.

Water Holding Capacity,

Degrees of fFresh Frozen-Stored :
Source of variation Freedom MS1 SE2 MS SE
Replication (A) 5 0.01 0.02 0.08 0.04 .
Cogking Method (B) 3 0.0 0.02 0.00 0.03
15 0.01 0.03
Package Addition (C) 1 0.05 0.01 0.13 0.01
AC | 5 0.01 0.01
BC 3 0.00 0.00
ABC 5 ‘ 15 ” 0.01 © 0.02
(AC,ABC) 20 ©0.01 , 0.02 .
Error 96 0.00 0.00
Total 143
Comparisons ’
C1  Treatment 1 0.01 0.01
Error 5 0.01 " 0.02
£2  Treatment 1 0.00 : 0.00
Error 5 0.01 - 0.04
C3  Treatment 1 0.00 0.00 y
Error 5 0.01 0.04
C4  Treatment 1 0.01 0.00
Error 5 0.02 0.03
C5 Treatment ] 0.00 0.01
Error 5 0.0 0.03
C6 Treatment 1 0.01 0.00
" Ertror 5 0.01 0.04
C7  Treatment 1 0.00 0.00 %
: Error 5 0.00 0.02 ®
C8 Treatment 1 0.00 5 0.00
Error 5 0.01 0.02
C9 Treatment 1 0.00 . 0.01
Error 5 0.00 0.02
C10 Treatment 1> 0.03 0.09
Error . 5 0.02 0.02
C11 Treatment 1 0.00 - 0.03
Error 5 0.01 ] 0.02 -
C12 Treatment 1 0.02 0.02
Error 5 0.0 0.01

1Mean square ’ . ~—
3Standard error

SE estimated using AB interaction.

Valid error term for testing significance of replication variation.
Valid error term for testing significance of package addition variation.

See Figure 2, page 32, for descriptions of comparisons.
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Table 27. Analyses of variance for water holding capacity values - fresh and frozen-stored.

Degrees WaEer Holding Capacity2

Source of variation Freedom MS SE
Replication (A) 5 0.07 0.02
Cogking Method (B) 3 ° 0.01 0.02
AB 15 0.03
Package Addition (C) 1 0.17 0.01
AC S 0.01
BC ’ 3 0.00
ABC 15 0.02
Storage Treatment (D) 1 1.00 0.01
AD 5 0.02
BD . 3 0.00
ABD 15 0.0t1
co 1 0.01
ACD 5. 0.00
BCD 3 0.00
ABCD 15 0.01
(AD,AEC,AD,ABD,ACD,
ABCD)” ! 60 0.01
Error 192 0.00
Total 5 287 .
Comparisons
€13 Treatment 1 0.61

Error 60 0.0
Cl14 Treatment 1 0.40

Error 60 0.01
C15 Treatment 1 0.48

Error 60 0.01
C16 Treatment 1 0.24

Error 60 0.01
C17 Treatment 1 0.27

Error 60 0.01
;Mean square )
Standard error . '
ZSE estimated using AB interaction.
5Valid error term for testing significance of replication variation.

valid error term for testing significance of package addition and storage treatments

variation.

See Figure 2, page 32, for descriptions of comparisons.
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Table 29. Animal1 age, weight and biceps femoris muscle
weight statistics for the study!

Mean ‘&_rlg_e_a_ |

Age (years) 2.47 : 1.92 to 3.07 é

Live weight (kg) 537.12 . 426 to 647 :
Warm carcass weight (kg) 289.79 232 to 356

) 4.64 3.69 to 5.86 ;

Muscle weight (kg)

1Breeds - 19 Beef Synthetic sides (6 cripple herd) and 5
Dairy Crossbred sides

(Animal breed composition included Angus, Bfownin,
Brown Swiss, Charolais, Galloway, Hereford, -
Holstein and Simmental.) . '
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Figure 11 . Instructions for sensory evaluation of sliced
roast- beef,

4

For each palatability characteristic listed on the
scorecard, rate each roast beef sample according to the
seven-point scale provided. Do this by placing a "V " in the
appropriate box comtaining the descriptive words which best

"describe your impression of the sample. Evaluate each sample

individually, trying not to make comparisons between samples.
If you assign a score of 3 or less to a particular sample,
where applicable please explain why in the COMMENTS section
of the scorecard.

Then, look at the list of terms suggested at the bottom
of the scorecard and check the term or terms that describe
your impressions of‘the aroma and flavor of the sample.

AROMA - Lift the 1lid, immediately place the beef sample
directly under your nose and breath in three times. Theén,
using the seven-point scale, score the sample for -
desirability of aroma. Then, rate the sample for intensity
of "warmed-over" aroma. An anchor has been provided to help
you standardize your scores for "warmed-over" aroma; this
should be smelled three times before smelling the test
sample of roast beef. Finally, score the sample of beef for
intensity of beefy aroma. )

JUICINESS - Juiciness refers to your impression of the

moistness of the sample after five chews. An anchor has been

provided to:standardize juiciness scores. Chew the anchor
five times. Then, place one square of beef in your mouth so
you are biting down into the flat surface of the slice, chew
five times and“evaluate the sample for Ju101ness according to
the seven-point scale.

TENDERNESS .- Continue chewing the meat sample or take a

second square of sample and place it in your mouth so you are
biting down into the flat surface of the slice. " Count the
number of chews required to completely masticate the sample
and record this number on your scorecard. Then refer to your
chew range card and score the sample for tenderness according
to the seven- point scale. '

FLAVOR - Flavor is your impression of the beef sample after

continued chewing. Chew the sample until it is completely

masticated. Then, record your impressions_of the i
desirability of the flavor, the intensity of "warmed-over" ' '
flavor and the intensity of beefy flavor of the sample

according to the seven-point scale prov1ded. An anchor has

been provided to standardize scores for "warmed-over" flavor !
intensity. Taste a square of the anchor before tasting and : i

ecoring the test sample of beef for intensity of "warmed-

over" flavor. There is no need to swallow the anchor if %
you do not wish to do so. .

¥
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OVERALL ACCEPTABILITY - Overall acceptability refers to your
overall impression of the desirability of the sample and,

like the other palatability characteristics, is evaluated on
the seven-point scale.

COMMENTS - Your comments about the sample are welcome and
would be very helpful. 1In addition, use this section of the
scorecard, where applicable, to give reasons for assigning

a score oF 3 or less for a partlcular palatability
characteristic.

FLAVOR CARRYOVER PREVENTION - Be sure to rinse your mouth
with water between tasting samples as well as after tasting
anchors in order to eliminate flavor carryover. Unsalted
crackers have also been provided for this purpose.

NOTE: - When using the seven-point rating scale to
evaluate a sample, keep in mind the descriptive
terminology listed under each score from 1. to
7 . £

- You are not required to swallow the beef samples

tasted for evaluating juiciness and flavor, nor
is it necessary to swallow anchors.

- Before leaving your booth, check to ensure that
you have completed the entire scorecard.

THANKYOU !

[
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Figuré 13. Method of preparation of anchor used to
‘standardize trained taste panel scores for
‘'warmed-over ‘aroma and flavor,

Indiviéual 250 g loaves were formed from a 7 kg

uniformly mixed lot of ground beef (18% fat and 63%

moisture),7placed in aluminum foil loaf pans (15.5 x 9.0 x

5.0 cm), vacuum packaged in Cryovaé:)bags, frozen and stored

(-25°) for two to eight weeks.

The ground bgef samples used to anchor taste panel

scores for intensity of WOA and WOF were prepared in th same

way before each tasting session. One ground beef loaf was |

defrosted (2°) for 24 h and heated in a household electric

oven (Kenmore, Mark 3) (177°) to an internal temperature of

72° (monitored with a Fisher glass thermometer). The loaf
was cooled at room temperature (23t 1°) to 50°, the drip was
drained off and the loaf was cut, crosswise, into 5 mm thick
slices. The slices were placed in a single layer on a glass
plate, covered loosely with a second plate, cooled at room
temperature for a further 30 min, then stored (2°) for 22‘h.

’Each panélist»receivéd two slices (2’cm X 2 cm x 5 mm)
of ground beef loaf in a 56 mL beaker.covered with a watch-
glass. The ground beef anchor.was warmed for 10 min over
hot water (85°) and presented to the judges warm (50°)

o

with their first set of samples at each tasting session.
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- Table 32. Means apd F-values for subjective and objective data on "ready-prepared" roast
beef - /fresh and frozen—stored ~

/

I
h

| Storage Treatment1

Measurements | : ‘ ‘ , FSH FZN-S F-value
Subjective ‘ ‘

Slice evaiuation2

Overall appearance 3.4 3.1 6.26*
Color ‘ A 3.5 3.3 5.83%
Grain L ’ 3.5 3.0 24,4714
. Degree of doneness 3.4 3.0 9.16*
Uniformity of doneness 3.9 3.8 0.63
Trained taste panel
Desirability of - aroma 5.3 5.0 335.85%%
. - flavor 5.1 4.9 16.59%*
Intensity of beefy - aroma 5.0 4.5 121.97%%
o ' ~ flavor 5.1 4.7 i B6.10%*
Intensity of warmed-over - aroma 6.5 6.5 - / 3.27
© ' -*flavor 6.5 6.6 / 9.66%*
.. Tenderness 4.8 4.6 11, 14%»
¥ Juiciness o 3.5 3.5 0.14
Overall acceptability . 4.? 4,5 L2118
‘ 2
' Objective
TBA value (mg malonaldehyde/kg)” 1.5 1.5 0.2%
Shear force (kg/g) 5 _ 0.26 0.26 0.25
Water holding capacity ' 0.53. 0.41 T7.79%% -

See Flgure 1, page 30, for descriptions of treatment abbreviétions.

Maximum score, 5. Values are the means of 192 judgements; one per cooking method per.. .

package add;tion per replication by each of four panglisps. ) ' ‘ . N
3Maximum score, 7. Values ST the means of 384 judgements, one per cooking method per

package addition per replic on by leach of eight panelists.

Values are 'the means of 96 determinations two per cooking method per package addition
per replication. P

5Values are the means of 144 determinations, three per cooking method per package addition
per replication. .

* Significant at P <0.05
' ** Significant at P < 0.01

Lo
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1A typical conventional institution roasting method is ‘
cooking meat in dry heat on a rack in a shallow open pan 1in

¢ a rotary gas oven at 177°.
" a




