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8 weeks .of age, the chickens frombeach.ration treatment

.'for,chickens,fed each of the rationsvdiffered signifidantly.

ABSTRACT

Broiler chickens were fed four rations: SBM, a;soyheanr
‘meal control ration; SBMF, a soybean meal ration withﬂa
higher fiber and-fat content; RSM, a- 15% Span rapeseed meal
ration; an RSMHM, a 15% Span rapeseed meal with 5% herring :

meal, 0.1% DL methionine and 0.05% choline chloride. fAt

were~commercially killed, eviscerated and assigned to one

elranon A ot

. ’ Vg " N
of three storage treatments- fresh short frozen storage

KlB days) or long frozen storage (6 months)

U

Broilers fed the RSM ration: had lower (P< 0. 05) initial

raw and cooked weights than comparable chickens fed the SBM

" and RSMHM rations. The initial raw’ and cooked weights of

chickens fed the RSMHM ration were similar to the weig;ts’;/_;~—_—;——J
of chickens on the SBM ration The thaw loss of - large . ' ;
chickens (RSMHM ration) was - lower than the thaw loss of

smaller chickens (RSM ration) Total cooking and volatile

losses for SBM. broilers were significantly lower than the
losses for comparable chickehs on the other rations Drip
loss, pH of broth and cooked meat, percentage total moisture,
percentage ether extrack, monocarbonyls shear force for
light and dark meat and water holding capacity were not

significantly affected by ration treatment. TBA numbers

The oddor, flavor and overall acceptability scores given

by trained. panelistk'for light meat dark'meat and,broth'

iv



sanples.were lower (P€‘0.0§) for chickens fed the RSMHM .
ration than,the scores:for comparable chickens fed the SBM,
SBMF and RSM'rations. Feeding the RSM ration to chickens
resulted in significantly lower flavor scores for dark meat
and broth, and a lower (P< 0.05) overall acceptability score .
for dark meat than the scores assigned to comparaole samoles
obtained from chickens fed the‘SBM ratlon. There‘Qere no
significant differences in Julciness attributable to ration.
" Tenderness scores for light‘and dark meat from chickens fed
the RSMHM ration were lower (P« 0. 05) than tenderness scdres
for comparable samples from SBM chickens |

A consumer panel assigned significantly lower odor
flavor and acceptability scores to chickens fed the RSMHM»
ration than to chickens fed either the SBM or RSM rations.
Chickens representing the RSM ration recelved slightly
lower palatability scores than SBM chickens . Preference
ratings indicate that chickens fed t-he RSMHM ration were
‘rated as "least preferred" more frequently'(P<‘Or05) than
chickens fed either the SBM or RSM ratiOns, which received
similar ratings | .

Storage treatment did not significantly affect initial
raw\weight cooked weight cooking losses (total _volatile
| and'drip) pH of broth and cooked meat , total moisture (Z)
'ether extract (%), monocarbonyls and shear- force for dark
meat samples, ‘Thaw loss for chickens frozen and stored
_18.days was lower Ef< 0.05) than thelthaw‘loss for frozen

. chickens, stored 6 manths. The TBA number for chickens

o
3



held frozen for 6 months was lower (P« 0.055 than the TBA
nunbers for;fresh'chickens and frozén chickens stored 18
days.blL}ght meat cores from chickens held frozen for 6‘
~months required less (P< 0.05) shear force than comparable
cores from chickens assigned to the other two storage treatf‘
ments. Water holding capacity of frozen chickens stored_'
6 months was»lowerK(P< 0.0S)}than water holding capacity-of
fresh,chickens: '

Generally,"trained panelists indlcated that broiler
eating qualit& was not influenced by frozen'storage;f_Odor
scores for light meat from froéen anckens were signifioantly
-lower than comparable.samples from‘fresh chickens. Qarkf
meat from chicken frozen and stored 18 days reoe1Ved;a
lower (P< 0.05) odor score tnan dark meat from chicﬁens held
frozen for. 6 months - The odor- score for broth from chickens
frozen and stored 6 months was lower (P< 0. 05) than the odor
score for broths prepared from fresh chickens. |

Data_for the combined effects of .ration and storage
‘indicate that short and long frozen storage does not affect
the eating quality of chickens fed the SBM, SBMF and RSM -
rations. However, odor scores for 11ght meat.and broth.
samples from chickens fed the RSMHM rationlwerevadversely

affected when chickens were frozen and stored for 6 months.

vi
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INTROD[IJCTION
-

Currently, soybean meal is thé main vegetable protein
used 1n rations for.éoultry in ﬁajor poultry producing areas
" of the world. Howe&er, the increasing scarcity and high
price of protein,iﬁgredients for'poultry‘and_animal feeding
‘necessitate consideraﬁion of the suitability of other sources
of protein in ration fprmulations. Canada isbthe world's
la:gest producer of rapeseed (Downey et éi., 1974) . In addi-
tion to being economic to pfoduce in this country, rapeseed
provides an excellent:source of proﬁein. Thus, commercial
feed mixes‘in Canada include rapeseed meal as a protein sup-
plement to the 15% level in rations for broiler chickens.

Although many studies have investigated the nutritive
value of -rapeseed meal aﬁd the performance of broilers
raised on rapeseed meal (Clandinin and Robblee, 1970; Clan-
dinin et al., 1972 a; Clandinin et al., 1972 b; Leslie and
Summers,'1975)‘tﬁere is very little published information
regarding the eating quality of broilers fed rapeééed,méal
rations. The»major‘puréoée.of this project was to evaluate
the eating guality characteristics of chickengiraised onja
commercial ra..on containiﬁg.rapeseed meal using objective
measurements and sudjective evaluations'by & trzined panel
and a‘conéume; >ancl. . In order £d investigate‘the effects®
of a high level of methyl groups in the fation-on th; eatjf%
quality of bfoile;s, a raﬁion containinglrapeseed,meall ,

herring meal, methionine and choline chloride was also in- -

(f



included. Chickens fed soybean meal rations served as con-
trols.

Much of the chicken marketed to the consumer is in the
frozen state. 1In addition, chicken is purchaﬁed fresh, fro-
zen at home and stored until used. The length.of home stor-
age time for frozen pouléry may vary from one week or less
to six months or'more. Generally, a frbzén'storage period
of 6 months is. considered to yield a ﬁroduct of optimum
guality. One year is‘thé maximum period of fioéen storagé
recommended in order’to insu:e good quality (Tressler and
- Evers, 1957; Simpson, 1962; Palmer, 19725. Reseérch is
required to evaluate the effects_of short and long frozen
stgrage periocds, currently utilized by consumers; on the
eating quality of chicken meat from broilers. Therefore,
in fhis study three storage periods were- included to proli_mt

vide information on the palatability of brdiler chickens

fed typical commercial rations.



LITERATURE REVIEW

Factors‘recognized as influencing the eating quality
and acceptability'of poultry include tenderness, juiciness
and typlcal poultry odor and flavor. Perhaps one of the
most 1mportant crlterla 1nfluenc1ng the consumer's satis-
faction with the eatlng quality of brorlers 1s the flavor
of the chlcken meat The effects of dlet on. the productlon
of de51rable or undesrrable odors and flavors in poultry-
meat and eggs have been reviewed by Dawson and Bouwkamp
(1969) . Fishy flavor'in poultry meat and eggs has‘loné

~been attributed to poultry raticns.
Rations With Rapeseed Meal.

Although rapeseed meal is widely used in Canada as a
proteln supplement Ln brorler rations, studies of the ef—
fects of rapeseed meal rations on the eating quallty of -
broilers are llmlted Recently, Yule and McBride (1976)
reported that the inclusion of rapeseed meal at the 5% level
(with or w1thout lupin meal) had no detectable effect on the
color, appearance, flavor texture and general acceptablllty
of broiler meat when evaluated by a tralned taste panel.
However, Yule and McBrlde (1976) speculated that levels ot
rapeseed meal above 5% ln»the,ratlon may-cause‘off—flavors
in broller meat.

Other research conducted in Australia by Spurway (1972)

¢



has shown that mutton ontained from sheep grazing on rape-
seed crops ﬁay'have "off-flavors" similar to that of boiled
cabbage. Park et al. (1972) found that the meat obtained
.frén sheep that‘had grazed on rape.haa a‘nausenting aroma ~ﬁb
and'flavor and received significantly lower flavor scores |
than meat taken from éheep which fed in other pasturés.
Further work by Wheeler et al. - (1974) confirmed the occur-.
rence of a stfong, unatt;active foreign flavor in meat from
sheep grazing rape,‘but the intensity of the.flavor.waslnot
consistent. The inlensity of the off-flavor was not éf—
fected by,cultivar,‘grbw%h stage, length of grazing perioa
or breed or age of sheep (Wheeier et al., 1974).

| RaPeseed meal has been implicatea in the produétion of
tainted eggé. Abnormalities in the‘oaor and flavor, of eggs .
from hens fed a diet'containing 8% rapeseed meal were first
reportéd by Vogt et ai; - (1969) .. The eggs in that study
were found to have a mustard oilﬂodér. A later study (Over-
field and Elson, 1975) noted that eggs laid by hens fed |
diets containing eithér 6 or 9% rapeseea meal fof,S days
had a characteristic "fishy" taint. ‘No tainted eggs wene
produced folloWing temoval of rapeseed meal fron-the diets,
Overfield nna Elsonl(l975) also reported that as the per-
centage ofvrapeseed meal in the rétion'increased from O'to
9% the.inciaence of egg taint increased. | |
| Leslie et al.”(}973)lfed much higher level; (26%) of»

Echo rapeseed meal than those usually recommended for laying

hens (5%) and found that the eggs laid by White Leghorn hens



5
were similar in odor and flavor to comparable eggs pro-
duced by chickens fed a corn-soya centrol ration.

Later work by Hawrysh et al. (1975) determined the
effects'of breed Or strain of hen, level and type of rape-
seed meal and the presence of a source of myr051nase in |
the ration on the incldence oﬁ offéodor~and off flavor in
eggs. Results from those experiments 1nd1cated thaé scrambled
€ggs prepared from brown-shelled eggs laid by Rhode Island
' Red hens fed a dlet containing 6 8% Span rapeseed mealvhad -
an off-odor and off-flavor. However, brown-shelle eggs
from White Plymouth Rock pullets and white- shelléd ‘eggs
lald by Whlte Leghorn pullets had normal odor and flavor
- Rations contalnlng B. napus. rapeseed meal at the 5% level
and a source of myrosinase resulted in the productlon of
"fishy" scrambled eggs from Whlte Plymouth Rock eggs Thus,
these flndlngs (Hawrysh et al, +1975) indicated that the
- production of tainted eggs is 1nfluenced by several factors'
including breed of hen, type of rapeseed meal and the pre-
sence of myrosinase. _

Further studies by Blair et al. (l975l investigated
the effect on egg quality of feeding 5 or 10% Span rapeseed:
meal to several strains of laylng hens. No egg taint was
determlned when eggs from White Leghorn hens were evalu—
ated. However, the results of this study (Blair et al.

1975) suggest that a high proportion of some strains of
hens laying brown—shelled €ggs were liable. to produce

tainted eggs when fed diets containing low levels (5%) of

- o - ¢

\
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6
rapeseed meal. Bolton.et a;. (1976) found that fishy taints
could also occur in white-shelled eggs bf some hens of .a
strain of Brown Leghofns.

. Egg tainting is recognized as a complex problqm (Hob- -
son—Frqhdék et al., 1973);' Factors in&blvedviﬁ the pro—'
fduétionlof fainted eggs ;ﬂclude type and amount of rapéseéd
meal :(Hawrysh et al.,1975; Blair et al., 1975), the breed
“or strain of hen (Ha&rysh et al., 1975; Bolton et al., 1976)
and fﬁe individual henﬂwith;n‘the breed (Blair et ai., 1975;
Bolton et al.; 1976); Baséd on their resea;ch,-Bolton et
al. (1976) §ugée5t that the production of £ainted eggs is

~ under genetic cohtrol, whiie'Blair et al. (1975) proﬁose
'that trimethylaminé (TMA) metabolism in the hen is a possi-~
ble key to this complex problem |
‘ - Studies in the Unlted Kingdom by Hobson—Frohock et
'_al. (1973) 1solated TMA in the yolk of tainted eggs from
a strain of hens which produced broﬁn—éhelled eggs. The
Neggs, aescribéd as ﬁaving;a "fiéhy" or "erabbY“ taint, were
found to contain~mofe ﬁhan 1.0 ug.TMA/g egg, whereas un-
tainted eggs containéd less than'd.l ug TMA/g egg.-:HObsonf
Frohock et él. (1973)lobserveqqthat”when TMA-hydrochloride
‘(100 mg/day) was fed to laying hens tainted eggs were pro-
duced within 6 days. Iﬁ addition,)tainted eggs'were pro—
duced by feedlng a. dlet containing partlcular batches of
rapeseed,megl to selected chlckens, ;Slnce the rapeseed mealA
.cpntéined 1éés ﬁhan 1 ug f#ee TMA/g rapéseed méai, it |

‘would not provide an immediaté source of preformed TMA.




'

Thus, these authors (Hobson—Frohockdet al. ,?1973) stated
" that a dietary source of TMA or of TMA precursor in the ra-
tion was necessary to produce taint in eggs. ~
A second paper by Hobson Frohock et al. (1975) sug-
gests that the ability of the laying hen to metabolize TMA
1s involved in, the production of egg taint and that this'
ability is probably controlled genetically ~Since rapeseed
meal contains a very Low concentration of free TMAf(Hdbson—
Frohock et.al., 1973), this study (Hobsoh—F;ohock et al.,
1975) postulates that actiye'rapeseed meal may contain
“either an inhibitor of genetically limited'trimethylamine
foﬁidase activity or an excess of a prectxsqn“to TMA pro-
lduction. If a defect is present in susceptible hens yhich
prevents the oxidation oflTMA to TMA—oxide, which can be
exereted; the blodd concenttation of TMA Qould increase and
the eggsvproddced couldthe fiShy. This theory may explain
th'e' findings of Blair‘et al. (1975) in which only certain -
strains of hensvandvcertain individuals within the stfain
were found to lay tainted éggs. Bolton et al. (1976) postu-
late‘ that fishy tainting of the eggs from hens fed rapeseed

~

medl was conditional on the presence of a single major auto-

somal semi-dominant gene in the hen.

RatiOns With Fish Products

Fish me ~ave long been considered an excellent

source of pr e for “he growing broiler and laying hen.



g -
However, there is some concern regarding the use of fiéh pro-
'bducts in poultry rations on the production ofvfishy off-
odors and Off-flavors in the.broiler meat . Early research
by Carrick and Hauge (1926) found that the meat Oobtained
‘from chickens fed a diet containing 2; cod.livef oil had.no
off-flavor when tasted warm but possessed a slight-abnormal
.flavor when tasted cold. Crulckshank (;939) observed that
dlets contalnlng 2% cod liver 011 and 2% cod llver 0il plus )
15% hlgh grade fish meal produced chlcken meat.w1th no off-
flavor, but that 2% cod liver oil plus fg%rlow grade fish |
. Meal caused a slight but definite fishy. flavor in the dark‘
meat. Tepper et;al.'(1939)‘found no serious off- flavors or“
‘off-odors in chickens fed dieés oontaining 13% fish,meal. -
Asmuyndson et al. '(1938) reported no off-flavor in turkeys
fed a ration contalnlng 25% high grade fish meal However,
Asmundson et al. (1938) noted off-flavors in the turkeys
when either 2 or 5% sardlne or cod liver 0il were added to
the flSh meal rations. - Carlson et al. (l957) used a basal
dlet contalnlng 5% menhaden flSh meal (whlch contrlbuted
O 5% flSh 011) and 1ncreased the level of 011 in the diet
by addlng varylng amounts of fish oil to the ratlon These
researchers (Caflson et al., 1957) found that_between lfand
(2% aldedfffsh oil.wasfthe,oritical level which fesuited in
' fishy and offeflavors in chicken meat.. In contrast,vSala
and Chiarella (1963) reported no fishy flavor in broilers
fed 24% anchovy meag which contrlbuted 1.4% fish 011 ‘to the

dlet Hardln et al. (1964) observed that 15% solvent
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e#tracted‘fish meal in broiler diets did not produce fishy"
flavor in br01ler meat unless 1.5% fish oil was added to
brlng the total dletary o1l content to 1.8%. From these
early studles, Fry et al. (1965) concluded that: (l) fish
oil per se may exert. a more serious effect on broiler flavor
than-oil ‘added in the form of flSh meal, (2) off- flavors be-
come apparent when total dletary flSh orls are in the range
of 1.5 to 2.0%, and (3) the quallty of the flSh meal in-
flnences_the'presence of fishy flavors in broiler flesh.

In fact »Fry-et al. (1965) substltuted 100¢% hlgh quallty
solvent extracted anchovy fish ;eal for soybean meal in
broiler rations without causing undesirable off—flavors in ?

ponltry meat.
) x‘;

Investlgatlng the use of menhaden 011 'in broiler ra-
tions, Edwards and May (1965) reported that the addlton of
fas llttle as 2% menhaden orl to the ration 1mparted off—
flavor to the meat of.chlckens fed the ratlon.' Further re- .
search hv Holdas and May (1966) determined the effect of
| feeding diets containing»fish,oil or fish meal with an equi-
‘valent amount of oil on_the flavor of broth, dark‘ﬁeat and |
skin of chickens.. The\results indicated that the fishy;
flavor in'carcasses‘appeared after 15 days‘on the ration
and at low levels (2.5%) of total fish oll. Levels:of,
1.25% or less total fish oil in'the’ration conld’belnsed
without causing any s}gnificant fishy flavor in the chicken

Q

meat (Holdas and May, 1966) .-

1
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Rojas et al. (1969) replaced soybean meal protein with
various levels of Peruvian'anchovy meal (ranging from 2 toh
20%) . Fish meai levels upAto 8% caused no fishy or off-
flavored chicken meat. However, levels of iO, 15 and 26%
fish meal containing 0.8, i;32 and 1.76% dietary.oii, re-
sepctively, were associated with fishy and off- flavored meat.

Differences inithe type of fish meal and the methods
of‘Processing the fish meal may influence the development
of'rishy'taintsvin poultry. Opstvedt (1971) noted that
16% solvent extracted herring meal in broiler rations
caused no fish taint in chicken meat, whereas when 16%-
ordinary herring meal was fed “to br01lers, 13% of the judge-
ments indicated fishiness Wessels et al. -(1973)'found

that ‘carcasses Of chickens which had received diets con—‘
taining 120% solvent extracted anchovy or mackerel fzsh
meals consistently had a chickeny flavor. However, when
the diets contained either water or acid extracted fish
meal, the resulting carcasses had a neutral flavor  Un-
extracted_fish mealvand the triglyceride fraction_of fish
o1l (at'thev2.0% level) in theddiet-produced chicken me€at
'Wlth a "fishy" taint - » |

Early research by Miller and Robisch (1969) indicated
that off-flavor in chicken meat resulting from continuous
feeding of 1.% and 2.5% herring and menhaden oil to. brOiler
chickens was correlated ‘with the ‘increased dep031tion of

ZQ:S w3, 22:5 w3, and 22:6 w3 fatty acids in the muscle

~ tissues.
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Opstvedt (1971) also reported a'corrélation between
the flavdr quality of the chicken meaf and the content of’
C20:5, C22:5 and C22:6 fatty acids in the meat. Apparently,
a lével of'2% or more of these long chain polyunsaturated
fatty acids in tﬁe meat produced by feeding 12% éntioxidant
stabilized capelin fish meal to chickens, caused flavor
.deterioratioh.‘ HowevVer, Opstvedt (19715 noted that when
—the C20:5, C22:5 and C22:6'fatty acid éonténtvin the
brOiler'meat reached a levei of about 1%, which was achieved
by feeding chickens a ration with 12% stabilized fish meal
Plﬁs 8% grodna—nqt 011, excellent flavor quality. was ob-
‘tained. In aadition,_the inclusion of 8% ground-nut oil in .

~a diet containing 12% stabilized fish meal resulted in a

- chakge in the fatty acid composition of the tissue fats.

tﬁe'conteﬁt of the-Cl8:1 and C18:2 fatty acids in the car-
cassAfat;” The author, OpstVed@ (1971), félt that these-
findings éroVidéd evidencé that flavor‘deterioratiqn in
broiler heat Qas closely associated to the level of fat and
fétty acid cqmposition of the ration. | .

More .recently, Opstvedt (1974) observed that various
‘dietéry’fatty acids were -found at similar levels in the
carcéss fat‘of‘chickehs.’ The_chickény flavor or the degree
of fishy’off—flavor in the broiler meat were dependent on
the]leyel of the w3 fa;ty acids preseﬁtuin'the carcass fats.

Four percent of the polyenoic marine fatty acids (C20:5 +
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Cc22: 5 + C22:6) in carcass fats obtained by feeding a ra-

tion contalnlng 15% antioxidant stablllzed fish meal, géve
a high degree of fishy off—flavor in the chicken meat. Low-
ering the level of polyenoic marine fatty acids to 1.3 to
1.4% in chicken carcasses by the addition of 8%hground—nut
oil to the ratién,~resu%£9@ in chicken meat with no fishy‘
off-flavor. |
Atkinséﬁ et al. (1972 a) found negative correlations
between the level of €20:5 fatty acid and C22:5 + C22:6
fatty acids in the chicken carcasses and the flavor scores
given to meat samples, but the relat;onshlp was not stat-
istically significant. These reseéréhers (Atkiﬁson et al.,
1972 a) Sdggést that factors other than the long chain
highly unsaturated fatty acids or their breakdown products

are involved in taint development.

Rations With Fish Products Plus Added Amines

A‘number of wofkers EHalloran, 1972; Atkinson et al.;
1972 b; Wessels et al. l973)lhave,e9aluatéd the importance
of certaln amines or their precursors in produc1ng of f-
flavors in broiler meat. Halloran (1972) reported that a
‘diet'containing'TMA'plué O% fish 0il produced a fishy fla-
vor in oniy one. out of 48 observations (2.1l%). Feeding a
control ration with 0.75% fish oil a;d no TMA produced no
“fdshy.flavor in the meat, however the skin of these brdilr

ers was designated as fishy in two out of 24 observations
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(8.3%) . More observations of fishiness for meat (8.3%)
and skin (l2.5%)lresulted when TMA and 0.753 fish oil.
were added to the basal diet and fed to broilers. Halloran
(1972) also noted that the addition of TMA, with or without
O.iS% fish vil, resulted in off—flavors other than fishy,
but that increasing the level df'fish”oil did not increase
off-flavor observations n the TMA treatments. All off-
flavorsAQi.e. inc}uding'fishy flavor) Qere more pronounced
when 0.101% TMA was includea in the ration; The most fre-
quently mentioned off-flavors (in decreasing order) we:ei
bitter, fishy, strong;'fish oil and oily. |
Atkinson' et al. (1972 b) observed that neu£ral chicken
flavor was produced when chickens were fed 8% stabilized
fish meal (containing 9.7% total fag) in the ration, but
that the addition of amines (TMA, ethanolaminé (Eta) ,
and choline chloride) or their precursofs to the diets‘cbn—
taining fish meal depressed flavor scores of the éhicken
in most i;stances. A significant decline in‘fiavor scores
resulted from the addition of amincs to a réﬁion céntaining'
fat-free fish meal- (0.2% total fat). However,the addition
of these amines to a diet COdtaining no fish meai did not
.cause a significant drop in ﬁhe flavor SCOfeS'of chicken
(Atkiﬁéon et al., 1972 b). The authors (Atkinson et al.,
Vl972 b) suégest that aminés cannot be solely'responsible
fOr taint devélOpment in broiler meat and'that the EreSenqe
" of fish oil or a constituent of fish'méal is needed, in

addition to high levels of amines, to cause the off-flavors.
. ] d



- Wessels et al. (1973) found that the addition of
amines (TMA, EtA, and choline) aggravated fish; taints
which were produced when broilers were fed either 20% un-
extracted fish meal or the triglyceride fraction of tge
fish o1l (at the 2.0% level). Chickens fed a ration con-
tainlng 20% solvent extracted fish meal without amines pro¥
duced meat¥with a consistently good chicken flavor. Un- !
fortunately, Wessels et al. (1973) did,not add amines to
the ratioﬁ containing 20% solvent extracted fiéh meal to test
the effect that such an“addition would have on chicken meat

'
flavor.

Storage

~

Accordiné‘tp Klosé)(l968) about 30% of the uncooked

-

c.alcken, 80% ofvfhe turkey and almost all-fﬁrther précessed
poultry products }n\ﬁhe'United States are commercially -t
frqzen. Generally, fresh broiler chickens are frozen in

the home by consumers if they are not tq be cooked immédi—
ately. Préservation by freezing should have no detrimental
effect if processing, packaqing, freezing,.gboragevand
thawihg operationsfére properly -onducted (deJFremery and
Sayre} 1968) . In order to maintain original high quality,
especially if poultry is to be stored longer than six months,
Tressler and Evers'(1957) recommended that three conditions
.should be satisfied: (1% the storage temperature should be

'yery low and uniform, (2) the relative humidity should be

w
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\high, and (3) the poultry products should be well-wrapped
in moisture-vapor-proof matériél. If storage temperature
ié maintained at .--18.o or below with minimal temperature
fluctuation and the poultry ié prOpériy‘packaged, the pro-
auct shonld be stable for a year and possibly two years V
(de Fremery and.Sayre, 1968).

The ultimate consideration regarding frozen poultry
is palatability and consumer acceptance. Differences in
eating quality between fresh and frozen'cnicken have gen-
erally'been small, however . investigators do no£ agree'on
the effects that freezing and'frozen storage have on the
eating quality of poultry. -Early work by Stewart et al.
(1945) reported that trained panelists rated all palatabiiity
characteristins evaluated in fresh broilérs slightly high-
er than those characteristics evaluated in chickens frozen
and stored at -23° for 23 days, .although the differences
wereinot significant. Hoyever, with ionger storage the
scores fpr aroma, flavor,’juiCinesé and £enderness for the
frozen broilers decieased, and tne’differences between the
fresh and frozen chickens became highly significant after
51 days of frozen storage. Khan and van den Berg (1967) .
élaimed that freezing caused a small bnt significnnt»losé
of eéting quality, although none 55 the frozen samples wére
considered unacceptable. |
| May and Saffle k1964) reported no significant differ-
endesiin organoleptic quality.betwéen froien.andfiée—packéd

halves of the same chicken stored up to 14 days. In fact,

!
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mean flavor scores for white and dark meat were slightly

higher for the frozen than for the ice-pac~red halves on
eight ofithe ten days tested (May and Saffle, 1964); Spen-
cer et al. (1961) observed no significant differences in
flavor between fried meat samples'from frozen and fresh
broilers. However, in evaluating extraoted broth, the
taste panel founddthat broth from fresh chicken had sign-
ficadtly higher-flavor intensrty than the broth from com-
parable frozen broilers.

. Several consumer studies haverconsidered the accept- -
ability of fresh versus frozen chicken. Mountney et ai.
(1960) observed that half of the consumers preferr 1 sam;
'ples of freshkchicken over samples from comparable frozen
chickens stored:for 3 months. When the frozen storage
perlod was extended to 9 months,3 out of 5 consumers pre—
ferred the fresh sample. These researchers (Mountney et'
al:,.1960).concluded there is enoudh difference.in the
flavor of frozen chicken'stored 3 and 9 months to oreate
a sllght resrstance toward this: product From a rather
‘exten51ve consumer survey Brant et al. (1965) indicated
‘that over 3/4 of the conSumers preferred fresh broilers to
frozen broilers, although over 2/3 of these consumers sub-
- sequently froze the broilers at home. Winawer anc 2
(1964) reported‘consuMer reluctance in purchasing trozen *
ohicken..'However, 63% of the consumers froze chicken c*

home’even if they planned to cook it within one or two days.
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Storage and Ration

Few studies have determined the effect of various
rations on the frozen storage stability of poultry. -In
their study Klose et al. (1951) 1nvestlgated the role of
dietary fat, in dlets containing 5% linseed 011 w1th or
without 10% fish meal (which contributed 0. 6% fish 011)
on the quallty of fresh and frozen, stored turkeys. Klose
et al.‘(l9511 noted that the fatty acid composition of.
catcass fat, which reflects the'fatty acid composition of
the dietary fat, plays a decisive role in the storage life
of turkeys Darrow and Essary'k1955) concluded, that the

addltlon of low lévels ofisbeef tallow, hydrolyzed cotton-
seed fdats and soybean.fats to broiler dlets did not in-
crease Or decrease the storage life of the poultiyt The
organoleptic scores for aroma, flavot and juiciness in-
dicateethat broilere which received the additional fats in
the diet were comparable to controls after 6 and 9 months
storage at -12.8 to —20 5° (Darrow and Essary, 1955) |

Marion and Woodroof (1963) also found that the fatty
aciad composltlon of the skln, breast meat and thigh meat
itended to reflect the CompOSlthn of the fats included in
the dlet . Although the total llpld level in chicken muSCle
tissues is low, the. authors (Marion and Woodroof, 1963) )
stated that the long chain bolyuhsaturated°fatty acid com-
p031t10n of the muscle tlssue may prov1de an explanatlon

for the relative ease with which’ broiler meat ox1dlzes-
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. during storage.

Using the TBA test, Salmoh ana O'Neil (1973) studied
the efféét‘of feeding diets containing 11.4% of either
rapeseed oil or palm 0il to turkeys on the stability of
the abdominal depot fat of turkeys stored for eight months
at either -12° or -22°. Neither depot fat norrthigh meat
of turkeys fed either rapeseed oil .or palm o0il were affected
A e)% sForage at -22°. ‘However,.at —lé° the depot'fat of
_turkeys fed rapeseed o0il became rancid. This loss of qual-
ity at ;l2° was assocliated with higher levels of linoleic
and linolenic' acids in' the liéid of the depot fét from
tﬁrkeys:fed 11.4% rapeséed oil. The stability .of breast
liipid wés not‘affected by storage at either temperature
(-12° or -22°). Accoiding'to salion and O'Neil t1973),
the use of unsaturated oils’ in poultry rations, which re-

sults in increasing unsaturation of carcass fat, will re-

~quire greater emphasis on proper handling«and storage.



19 .
.EXPERIMENTAL PROCEDURE :

Experimental‘Design and Statistical Analysis

Broiler chickens were evaiuated according to a design
~which provided for four rations (see Table 1, page 22, for
ration composition),‘three replications (killing times) ,
three storage treatmentsv(fresh, short‘frozenvstorage (18
days) and long7frozen storaée (6 months)), and.four cooking
times. Therefore for each of the .four cooking times, there
was'one chicken per rationioer killing time per storage
combination.

Flgure 1 summarlzes the method of assigning chlckens to
the treatments For each repllcatlon (WI,WII or WIII), after
elimiﬁation of extremes in weight, twelve chickens of srmllar
size were randomly chosen from the fifty chlckens representlng
each ration. Four chickens per ration were then randomly as-
'sioned"to one of the storage periods; fresh (Sl),'short frozen
(Sz) or long frozen (S3) and also to one of the four'cooking‘

-C C,.or C

17 727 =3 4)'

four chickens (one from each ration treatment) were cooked

‘times,(c Consequently at one cooking time,
ThlS procedure was repeated for each of the three repllcatlons,

'therefore, fresh broiler chickens were evaluated for the three
snccessive weeks following delivery of the chickens “Chickens
frozen for a short perlod of time were evaluated for the next
three weeks and after six months, the chickens a551gned to the

long frozen storage treatment were evaluated for a three week

.5\\\'

period.



Figure 1. Experimental design for assigning chickens
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to each treatment

WI, WII or WIII*

etc

replication (k{lling time) repeated for three consecutive weeks

WII, WIII - WI= Oct. 21, 1975; WIIL = Oct. 28, 1975; and
WIII = Nov. 5, 1975 T

= Soybean meal (Control) ration (SBM)

- Soybean meal ration with high fat and fiber content (SBMF)
—vRapeseed meal ration (RSM)

R 2
-~ Rapeseed meal ration with’herring meal, DL methionine
"and choline chloride (RSMHM) ,

- Fresh storage

- Short- frozen storage (18 days)

- Long frozen storage (6 months) )
C, - Time of cooking of 4 chickens from each of the 4

~ rations within -each killing by storage combinationm.

20
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Data were analyzed u51ng analyses of varlance. Sources

of varlat;on were ratlon (n=4), repllcatlon or kllllng time
(n=3), "storage (n=3), cooking time (n=4) and for taste panel
data, panelists‘(n=6). The design’of the experinent,
described earlier;vwasia split-plot with whole units con-
sisting of the twelve ration by killing time combinations.
Sub-units consisted of storage periods and in taste panei
studles the units within storage sub units- were panellsts
(ie. sub sub -units). Means within 51gn1f1cant sources of
variation were compared using Duncan's New MultiblefRange

Test at P <0.05”(Steel‘and Torrie, 1960} .

L
e

Chickens Used :for the Study

Three trials, involving 200‘broiler'chickens-in each,

were conducted. For'each trial, White Mountain—Hnbbard

CthkS were hatched, ‘weekly: for three consecutlve weeks at

the University of Alberta farm. After each “hatching, dup-

- licate lots of 25 one—day‘oldvmale chicks were placed on one
" of two experimental rations'containing either 15% Span
rapeseed meal (RSM),'or 15% Span RSM, 5% herring meal, 0.1%

DL methionine and 0.05% choline chloride (RSMHM). The .

latter ration was devised to proVidefa high level -of methyl

.groups. A 28% soybean meal (SBM) control ratlon and a

control ration contalnlng a hlgh flber and fat content

.

(SBMF) were also included. The SBMF ration was 1ncluded to’

provide aeflber and fat content similar to that of the RSM p

v



22

chickens.

50% Choline chloride -

Table 1. Compdsition of ﬁhe rations fed to proile;
Rations
seMt - SBMF? RSM_3 rsmMuM?

Ground wheat (13% protein) 62 51.95 53.45. ©. 55.05
Wheat shorts | ‘ 1.67 0.17 0.17 1.97 ;
‘Stabilized fat 3 6.3 6.3 6.3
Dehydrated alfalfa meal " ¥

(17% protein) 1 1 1/ 1
Soybean.mégl (48.5% protein) 28 31.25 19.75 11.15
Rapeseed meal (36% protein) - - 15 ) 15
Hefring meal (75X protein) - - - -5
Solka-floc ' - 5 — - -
Ground»limestone 1.5 1.5 1.5 l.§
Calcium phosphate 1.75 1.75 1.75 1.75
Todized salt 0.2; 0.25 0.25. o 0.25
Manganese oxide 0.02 0.02 0.02  0.02
Zinc oxide.- 0.01. 0.01 0.01 0.01
A-D premix * 0.25 0.25 0.25 o025
'niaiier”Q;;amin mix* 0.5 0.5 0.5 0.5
Amprol 0.05 0.05 0.05 0.05 )

DL Methiénine ; - - 0.1
- - - 0.1

l'Soybean‘meal (control) ration
Soybean meal ration - high fat,
Rapeseed meal ration

Rapesecd meal and herrin
methyl groups ' )
*Supplied the followin

Vitamin A, 3000-7.U.; Vitamin D

’
10 I.U.; vitamin K, 1 mg; Ribofiav

high ‘fiber content

g meal ration with added"

5.levels per kilogram of ration:
600 I.C.U.; Vitamin E,
in, 4 mg; Calcium panto-

thenate, 5 mg; Niacin, 20 mq; Choline chloride, 60 ng; -

folic acid,

227 my.,

v

1 mg; vitamin ulq,.lo mcg; and DL .methionine,
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ration. The,exact.composition of each ration treatment is
shown in.Table l.‘ All rations were kept isocaloric and

.- isonitrogenous- The dlets were fed to the chlckens ad
llbltum for eight weeks ~ All broilers were malntalned under

similar housing ‘and management conditions.
Treatment of the Chickens for Laboratory Work -

Afterleight weeks on'the rations, the broiler chickens
were comnercially killed,veviSCerated, chilled and delivered
to,the Home Economics Building, University of . _. ‘ta. The
chickens were then refrigerated'(é°) for 24 hour welve
undamaged chickens (six -from each lot) were select-d rz-d-

omly from each ratlon The chickens were washed care*- liy

iﬁ"'/’ : and dralned pPrior to random a551gnment to one of the three

Pl

storage perlods; fresh, short frozen storage (18 days), or
long frozen storage (6 months) Chickens as51gned to frozen
storage were weighed vacuum packaged .in Cryovac bags,
sealed and labelled for 1dent1f1catlon. The packaged chick-
-ens were frozen (- -32°) and stored'( 29°) for later evaluation.
.Chlckens a551gned to the fresh storage perlod were treated
1n a manner similar to that descrlbed for the frozen chickens
except that the fresh. chlckens were placea&in polyethylene'
bags, sealed ‘and refrlgerated at 2° until used.
Prior to use, packaged frozen chlckens were defrosted
(on shallow, prewelghed pans) for 48 hours in a refrlgerator

-atvéé.



' Cooking Procedure

Before cookinc, the neck and wing tips were removed

from each chicken and retained for preparation of broth.
" .Each trimmed chicken was placed breast side up on an-.alum-
inum rcasting pan (38cmx25cmx2cm) fitted with a wire rack
(25cmX20cm wifh 1.5cm legs) (Figure 2 ). The internal
temperature and cooking time of each chickeu was monitored
with two copper constantan thermocouples and a Honeywell
recording pctentiometer. One fhermocouple was inserted into
‘the thic&eft part of the left thigh muscles at a 45° angle
to the femur for a distance of 3.5 % 0.5 cm;‘ The second
thermocouple was inserted into the thickesr part'of the ieft
breast (pectoralis major muscle) from the posterior end‘ |
2. 54 cm from and parallel to the keel bone for a distance of
4.0 : 0.5 cm, follow1ng a modified method of Larmond (1975)
Chickens were 1ndrv1dually‘roasted in household electric
ovens (Frigidaire, model RDG 3093) at 163° until an average
1nternal temperature of 89° was reached. The‘poeitioning of
the thermocouples and the 1nternal temperature required to'

ensure adequate doneness were established in prellmlnary

work.

| After cooling tc 50°, each cooked chicken was strippedj
cf surface skin and external fat. ‘The'chickens were dis-
sected and the breasts, thighs, legs and upper wings were

biﬁdividually wrapped in plastic wrap (Saran) ‘and aluminum

foil and stored in a refrigerator (2°) for 18 hoursnuntil

24
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Figure 2. Positioning of ,ﬁrmﬁ:ooocvwmm for cooking chicken.
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used for subjective and objective measurements.

4
Preparation of Broth

The neck and wing. tips trimmed from each raw chicken
were usea to prepare broth following a modified procedure of
Pippen et al. (1954). The neck was cut into three pieces
and the wing tips were cut in half at the joint. The chicken-
pieces wefe combined with an'eéual weight of disti}led‘water'
in‘a stainless steel séucepan (1 quaft). No seasoning Qas
added. After the uncovered mixture had heated rapidly (high
setting) to the boil, the Aéat‘was reduced to low and the
saucepan covered. The broth was allowed to  simmer, with
occésional étirring; for 3 hours f/lo minutes. At the end
 of thebcooking period, thebsolids were discarded and the
bro£h‘was straihed thrbugh fine cotton cloth. Boiled hot
distilled watef was added to compensate for the weight of
liquid lost by evapqration. The broth was then decanteq
into a separatory funnel (250 m%) and the fat was allowed to
accumulate at the top. The aquedus layer -was withdrawn into
a beaker (400 ml). The beaker‘of broth was ﬁightly,covered
with plastic wrap {(Saran) and a piece of aluminuﬁ‘foil, and
refrigerated (2°) uﬁtil'used (lBlhours) for:subjective and ob-
jective measurements. Throughoutvthe study; precautions were
taken to ensure‘that the same.séucépans andLéeparatory funnels

’

weré always used to prepare broths representingtéach ration.
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Object > Measurements

0 |

All objective measurements, except ‘ r thaw loss, were .
made on cooked meat. Sampling techniques for the objective

v

tests were standardized during the preliminary work.

Thaw Loss

Thaw loss of frozen chickens was detérmined and expresé-
ed as a percentage, based on the weight of the raw chicken
prior to freezing. . g

Cooking Losses

Percentage‘total, volatile and drip losses, based on
the weight‘of either the fresh, trimmed chicken or defrosted,
trimmed chicken, were calculated.

P |

A Fisher Accumet Modei 230 pH/ion meter was ° =d to
determine.the pH 6f the cooked light meat and the broth.

For pH.determinations of the light‘ﬁeat, a 20 gram sample
wgs.removed from the postefior ehd‘of the right breast of

eéch chicken (Figure 3, page 29). The sample was

_blended with 100 ml distilled water for one minute and

filtered.into two beakers to give duplicate readings. The
pPH of the broth was determined on the broth remaining after

samples were removed for the taste panel. Duplicate'read—

iﬁés of broth pH were taken immediatély before taste panel

sessions. )
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Right Breast

Taste panel samples °

* Numbers indicate sample position

&
Figure 3. Location of samples for objective measurements
and subjective evaluation of light chicken meat.
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, .
‘Fat and Moisture

The percentages of fat (ether extract) and mpisture
were determined by the methods of.the Association of Offic-
ial AgriculturaL Chemists (AOAC, l965).v Cooked muscle
tissue from the proximal portion of the wings and from the
legs of each,chicken were frozen and stored f to 6'Weeks‘
at -29°. . Immediately before testing commenced, sanples were
thawed (in a refrigerator (2°) for 17 hours) \ grouynd and
mixed thoroughly. Percentage moisture was determined by .
freeze—dry;ng each of the samples and then drying them for
an‘additional 18 hours at 105°. A Goldfisch extraction
apparatus was used to determine the percent ether extract
(fat). Fpr each replication, duplicate determinations‘were
made on each of two_chickens.representing each ration by
storage treatment. |

Thiobarbituric Acid Values (TBA)

Thlobarblturlc acid (TBAT*values, for the determlnatlon‘
of ox1dat1ve rancidity, were obtalned u51ng the method of
ITarladgls et al. (1964) - w1th the follow1ng modifications.
~Duplicate 5 gram samples of ground tlssue (removed from the
back of a deSLgnated cooked chicken) were blended with 50 ml
of glass distilled water for two mlnutes. A second set of
samples from the same chicken, was blended with 1X10 =5 M
1,1,3,3- tetraethoxypropane (TEP) for percent recovery deter—
‘minations. ~The resulting slurries were'quantitatively ; &
transferred, with 50 ml glass distilled water, into funnels

" lined with Whatman No. l fllter paper. The flltrates’
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were acidifed with hydrochloric acid and distilled on a

Kjeldahl apparatus until 50 ml of distillate cbllected in
each of two 50 ml volumetric flasks. Two 5 ml allquots from
each flask were plpetted into test tubes and 5 ml of 0.02 M
2-thiobarbituric ac1d in 90% glacial acetic ac1d was added
‘The test tubes were stoppered placed in a b0111ng water
bath for 45 minutes and then allowed to cool for 10 minutes.
Absorbance was read against an appropriate reagent blank at
532 nm using a Pye Unlcam SP 1800 Ultrav1olet Spectrophoto—
meter. For each replication, dupllcate determlnatlons were
made on each of two chlckens representlng each ration by
storage treatment.

Standard curves were prepared as‘outllned by Tarladgis
et al. (1960) The TBA number was calculated by multi-
- Plying the absorbance by K constants obtained from the
standard curves and the known dilutions according to Tar- -
‘ladgis et al. (1960). |

Mohocarbdnyl Analyses

Monocarbonyls (mg/g fat) were determlned by a modlfled
method of Schwartz et al. (1963). Carbonyl- free hexane,
(prepared as. descrlbed by Hawrysh ‘and Stlne, 1973), was used
to extract the fat from the cooked chlcken skin and from
- the pan drippings resulting from cooklng the chickens:

Water was removed from the hexane- 11p1d solution by adding
'anhydrous granular sodlum sulfate.' The hexane ~-lipid mlxture
was vacuum filtered and the flltrate was centrlfuged (10 -000

rpm for 15 minutes). The supernatant was decanted and
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duplicate samples of known volume (10 to 15 ml) were dried.
After the weight of fat per ml  supernatant was calculated, a
volume of the hexane-lipid mixture corresponding to 8 to 10
| grams of fat‘was added to each of a pair of duplicate 2,4-
dlnitrophenyl hydrazone (DNPH) reaction columns, which had
been prepared as described by Schwartz et’ al. (1963). The
column was flushe with carbonyl free hexane until the
effluent had the same\ spectral properties as that of the
carbonyl free hexane which had passed through the reactlon
‘column’ prior to sample addition. ' The hexane was evaporated
from the solution over steam with nitrogen The lipid
material was removed from the hydrazones with a Celite 545-
Sea Sorb column accordlng to the procedure of Schwartz et
al. (1963) as . modlfled by Anderson (1966). Elution of the
‘hydrazones from the column was'effected with 175 ml of
chloroform—nltromethane solution (3:1 v/v). The carbonyl
.solutlon was evaporated completely and a known volume of

hexane was added to dissolve the hydrazones.“The solutions

" - passed over an activated alumlna column to remove keto-

glycerldes and decomposition products. (Schwartz et.al.,

1963). V'Elutioniof the monocarbonyl-fraction was effected
with 70 ml benZene;hexane solution (1:1 v/v (Schwartz and
Parks' 1961). The optlcal den51ty was\read at 360 nm and mg -
monocarbonyls/gm fat was calculated using the formula of Day
(1965). rDupllcate determlnatlons were made on each of three
chickens taken from each ration by storage treatment combin-

atLon.
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Warner Bratzler Shear

Samples for Warner Bratzler‘shear measurements were
taken from the left breastv(light meat) and the left thigh
{dark meat) as shown in- figures 4 and 5 . The locatlons
used for shear measurements corresponded to the anatomical
p051tion on the right s1de of the chicken which was utillzed
for subjectlve evaluation.

.\ﬁor shear measurements on lightvmeat, two l;cm siices
cut parailel to the grain near the anterior end of_the left
breast were removed and trimmed to yield cores (icm X lem X
muscle width). Each of the.cores was. sheared twice at 1.3
cm intervals using ahWarner Bratzler Shear Apparatue equipped
with. a '22.7 kg dynamometer. The overall shear value of each
light meat chicken sample was the average of four shear
readingsi o |

Dark meat samples for Warner Bratzler shear measure-
ments consisted of a composite muscle sample from the left
thigh. _The meat was removed from the bone according to the
method utilized for‘subjectivelevaluation.- AlcmX1cm
core was cut down the length of the largest piece of~muecle.
tissue (Rigure 5 ). Four shear measnrements were made at
1.3 cm intervals along the length of the core. The four

readings were averaged to give an overall Warner Bratzler -

shear value for dark chicken meat.

Water quding Capacity (WHC)
‘Water holding capacity (WHC) of cooked light meat -

samples was determined by the method of Miller and Harrison
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Left Breast

* Numbers indicate shearing order.

e

measurements of light chicken meat.

“Figﬁre' 4 . Location of samples for Warner Bratzler shear



Left Thigh

Figure 5.

* Numbers indicate shearing.ordér; v e

Location of samples for Warner Bratzler shear

“measurements of dark chicken meat.
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(1965), with modifications suggested. by Forbes (1973).

Triplicate 0.5 gram samples from the rigbt breast'of each
‘chicken (Figure | 3, page, 29) were placed betweeb a sheet
‘of'Whatman No. llqualitative filter paper and a piece of
aluminum forl, and alternately stacked between four‘plexi-
glass plates. This unit was pressed in a Carver Laboratory
Press under a total pressure of 878. 8 kg/cm2 for 30 seconds.
The area of the pressed meat and the expressed fluid

-:were determined using- a Hughes—owens eompensating'planimeter
(Model 349-1838). The ratio of the area of the pressed
chicken meat to the area of the expressed liquid was desig-
nated as the expressible liquid index.\‘Unity arbitrarily was
assumed as the maximum'expressible liquid index for‘any
particular cooked chicken sample,rand the relati&e WHC was
.1.00 minus expressible liquid'indeX'(Miller and”Harri(

1965) . - ' .

-~

Subjective Evaluation by a Trained- Panel

A six-member taste panel consisting of graduate stud-
ents.and staff members from the Facultv of Home Economlcs,
Unlver51ty of Alberta, partlclpated in the study Panel :
members were selected on the ba81s of thelr ablllty, 1nter—
est in the study and availability for the duration of the
study. -

Training Sessions

Training sessions for light and dark chicken meat and

Q
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broth were conducted four times per week for a seven-week

period.. During the traininéj_panelists were. gradually ac—:
quainted with panel ptocedutes,'definitions of terms and the
types of testing techniques to be utilized. Taste panel
‘nembers evaluated samples of light and dark chicken meet end
broth representlng the SBM, RSM and RSMHM ratlons, and-
chlckens avallable on the commercial market. In addltlon,‘
panelists were trained to .distinguish dlfferences between
the odor and flavor of fresh, good quality chicken meat and
- broth, and the odor and flavor of'Tfishy" chicken meat and
_broth. "Fishy" or "oft" samples'used in the training sess-
ions were obtained by stofing‘pieces of 'cooked chicken in a
closed eontainer,witﬁ‘herring meal, or by adding .the juiee
of either canned crab or‘water—packed tuna to the broth.
| Light‘meat and -dark meat samples were_eValu;ted for -
ddor, flavor,‘jniciness, tendegness and-overall accept-
ability<on a sevenepoint scale, ‘with j ;ébresenting the
highest intensity and 1 indicating the.;owest intensity.
'Scorecards and'instructions to the judges are included in
the Appendix, Figures'l and 2, pages 108‘and .109. -Avlist
of descriptive terms,(Appendix, Figute 3, page 111 ) was
nrovided_to judges to eid'in the"evaluatien of odor - and
flavor."In judéing the odor (initial impreséion) and flavor
(inpressiontafter‘cont}nued_chewing) of the chi;ken meat,
paneiiets wete asked to state reaeoné fdr-assigning a score

of three or less. The juiciness (based on three chews) of

chicken samples was evaluated using a technique in which
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standard foodS'served as anchors (McLandress, 1972; Forbes,
1973; Smith, 1976). . The food standards”relat;ng to the anchor
scale for juiciness of heef (Smith, 1976) did not seem to be re-
lated.to chicken, thus, Judges established an anchor scale
 for the ]u1c1ness of both llght and dark chlcken meat.
Garbanzo beans (E1 Paso brand) .were rated as a "2";’or dry,
Awhile dark seedless raisins (WOedward's brand) were assigned
a score of "5", or‘juicy. At the beginning'of‘each panel
session, the anchor foods were tasted to establish a range
'for the 1nten51ty of ju1c1ness of the llght and dark meat
samples; Each panelist standardlzed her tenderness scores
by the number of chews required to completely masticate a
one cm cube of chicken; Overall acceptability was,ebaluated
on a desirability scale of 7 (extremely desirable) to 1 (ex-
tremely undesirable). |

The odor and flavor of broth samples.were evaluated
u51ng a Multlple Comparlson Test. Judges scored each of the .
coded samples in comparlson with-the reference (SBM control
- ration) sample. The scorecard for this test is included in
the Appendix, Figure 4, page 112, A descripti“e~five-point
scale, with 5 indicating "no dlfferencé from the reference
and:l indicating an extreme dlfference from thevreference,'
was used for scOring. Panelists evaluated the broth samples
under red lights so that any color - dlfferences in the broths
that might bias the Judges' evaluations were masked.

Judges were con51dered sufficiently tralned when each

panellst scored the light mea.&sa dark meat and broth samples



39
conSistently from day to day. A range of two points on the
seven-point scale for meat samples and a range of one point
on the five-point scale for broth samples was considered as
a minimum variability

To ensure the panelists acuity, additional panel sess-
ions were scheduled for four weeks prior to the evaluation
of samples_from the long storage treatment. Chickens repre—
senting the SBM, RSM and RSMHM rations were obtaihed from
the University of Alberta farmvimmediately‘before the're—
:fresher sessions and held frozen until used. |

Method of Evaluation

The six panelists each evaluated four sets of coded
light meat samples, coded dark meat samples, and broth
samples at each pahel session ploying the technigues.
developed'during the training period. Taste panel sessions
were .held at '10:45 a.m. and/or 2:15 p,my‘four-times per week
in an air—conditioned room designed specificallg for the
subjective evaluation of food and;equipped Qith individual
.booths. Each panelist received‘a tray containing thevooded.
light meat.samples (two cubes representing each ration
treatmeht); the food stahdards for juiciness, the approp-
riate set of evaluation forms (Appendix, Figures l'to 4,
pages 108 to 112 ;urespectively)} and other necessary items.
Panelists were provided with unsalted soda crackers and
water at room temperature to remove any residual aftertaste

_ from the mouth between tasting samples. 'As each judge

finished scoring the light meat samples, a set of warm,
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coded dark meat samples was presented for evaluation. |
Panelists were given a short break before broth samples were
dlstrlbuted A set of five teaspoons was given to panelists
for scoring the. broth samples. - A

%The-trays were prepared immediately-before panel sess-
1ons to ensure freshness .of the standards and the samples
The posrtlon of samples for light and dark meat was rotated .
for ‘each judge at each Panel session and the order in which
the meat samples and the broth samples were presented was

randomlzed

Sampling Procedure for- the Trained Panel

All sampllng procedures were standarlzed durlng pre—
llmlnary wor
1. Light Chicken Meat

The light meat from the right breast was cut into
pieces as illustrated in Figure 3 , page 29 . The anter-
‘lor (curved) end of the breast was removed following the
grain of the pectora11§~major muscle. Four 1 cm thick
slices were ¢ - and 1 cm cubes were removed from each sllce
(Figure 3 ). Two l cm cubes from each« ratlon treatment
were placed on a coded plate, covered with plastic wrap
b(Saran) and allowed to stand 30 mlnutes in order to reach
‘room temperature {22°) |
2. ’ Dark,Chlcken Meat

A comp051te muscle sample from the rlght thigh was used
for sub]ectlve evaluatlon of dark meat {Figure 6).' The in-

81de portion of the thigh, including the sartorius and
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Right Thigh

* Numbers indicate .sample position.

Figure 6. Location of samples for subjectlve evaluation
of dark chicken meat. _ v

)
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"iliotibialis muscles, was utilized for five of the six sets

of samples. The sixth pair of taste panel samples waé obtain-
ed from meat at the top of the femur‘near the proximal joint.
The meat was slit along the bohes and then carefully separ-
ated from the bones. The 1 cm slices, cut‘perpendicular.to
-the grain of the top muscle (iliotibialis), were cut into 1
cm cubes so that a pair of cubes came from aajaCent posi-
tions (Figure 6). |

The cubes of dark meat representing a particular ration
were placed individually in a covered casserole dish (17.5
cmx25cmk7.5cm), fThe dishes (contaiﬁing all the samples)
were subsequently set in large pyrex‘pans containing hot
water (65 ¥ 5°). The\entire'system was held for EO minutes
at low heat on a Salton Hotable Tea Cart (Model H - 156W )
untll the samples were evaluated by the panellsts. (Modl—
fied procedure of Ferger et al., 1972). The warm samples
were placed on hot coded plates and presented to each of the
judges. -
3; ABroth

“One and one half ﬁours before evaluation, broth samples
were removed from the refrlgerator Each covered broth |
sample was placed 1nd1v1dually in & Corningware saucepan
(1/2 quart) containing boiling water. The broth samples
,were warmed until they were liouified (medium’heat_for 10
minuteé). vTen ml samples of broth were poured into coded 50
ﬁl beakers and the beakers were covered with small watch— v

glasses. :Prior to distribution to judges, the broth samples

oL A
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were heated for 10 minutes on two Saltonkégttrays (Models
. Pl

H 120, Series E and H 920, Series P) set on low. To ensure a
temperature og 55 : 5° during evaluation, broth samples were
placed in aluminum pans (20cmX20cmX4cm) filled with hot sea
sand (heated_in ah‘oven at 107° for .45 miﬁutes) and then

v

:presented to the judges.
Two broth‘samples prepared from chickens fed the SBM
ratién served as the reference sample;,and a set of four
broth ‘samples from chickens fed each 6f the.rations‘(SBM,
. SBMF, RSM and RSMHM)bmade up the complete set of broth
samples evaluated by éach judge at each panel session.

x

Subjective Evaluation by a Consumer Panel

Experimental Design and Statistical Analysis N ' by

The consumer evaluation of chickens’ggs conducted using
a modified procedure of Winawer and - May ,(1964); Three
District Home Economists; employed by Alberta Agriculture in °
-‘th£ee afeas of'Alberta'(Camrose, Ponoka and Vegreville),‘
each randomly selected 50 consumerlhouseholds which were
wi?ling to participate in tﬁe study. The home economists »
distributed the chicken samples and a questiqnnaire'to the
participénts, acted as reéourcé'people'for‘querieé'and
collected the results. |

The McGuire-White social class ’inde# ( M&uir~
and White, 1555 <) servéd'as‘a basis in developin. e

questionnaire (Appendix, Figure 5 , page 113). The
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information'obtained from the questionnaire was ﬁébula£ed to
provide. a description of the consumer population that took
"~ part in the study. The resu1t§ of the consumer evaluation
of the qualityrof the chickens and the preference ratings
" for broilers representing the different rations Qere tabu-
lated. The data weré analyzed using analyses of variance
and means were tested fbr.significance,using Duncan's New

Multiple Range Test (Steel and Torrie, 1960).

Chickens Used for the Consumer Study

Broiler chickens remaining after inifial allotment of
chickené to stofage treatments for laboratbry work were
cleaned as deséribed on page 23. 'Each chicken was identi-
fied with double wing tags, vacuum packaged in a Cryovac
bag, froéen at -32° and stored ‘at ;29° for six weeks. To
avoid presenting the‘participaﬁts with too many samples, -
only chickens raised on the SBM, RSM and RSMHM rations
(Table,'1 . pbage 22 ) were used in the consumer study.
- Just before sample distribution to_consumér participants,
.the.frozen-chickehé were sawed in half and each chickéh half
was individually vacudm packagedvin:a Cryovac'bag;' Consumer
péﬁféts containing‘three_ched frozen half-éhickené, a |
questibnnairé, an instruction sheet, a scorecard (Appgndix,
Figures ‘5; 6 énd 5 , pages 113 to 118 ) ana a small informigg,

ation booklet?! oh chickens, were assembled»l

1Cooking Alberta's Chicken - Alberta Broiler Growers Market~
ing Board Publication
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Cooking Procedure

A copy of the instruction sheet given tp conshmers is
included in the Appendlx, Figure 6 , page 115. Each |
homemaker was 1nstructed to defrost the chicken halves in
their packaging, at either room temperature or in the re—
frlgerator. The thawed samples were removed from their
packaging and each defrcsted, coded chicken-half was ihdiv—
idually druéstore wrapped in aluminum foii. The foil-
wrapped chicken halves were. placed on a racg in a beking pan
and cooked at 176° until done. This procedure prevented the
cooking‘juices‘and odors from mingling in the oven. Par--
.ticipants were informed not to add any herbs orgspices to ‘
the chickens, except for e small amount of salt if aesired._;/ k\

Method of Evaluation -

Twoethirés‘of'the pérticipants scored the chickens -
accordlng to the randomized order listed on their score-
cards. One- thlrd of the wing tags on the frozen chickens
were not visible to the researcher'and could not be random—
ized for panelist evaluaticn. :Thus, the participants
sccring these chicken halves'were asked to write the code
number or each chicken in the space prbyided on the score-
card as thej scored each sampie. | .

‘ The participants evaluated the oaor,'f1avcr and overell
acceptebility'of~each half-chicken individually using a_5-
poiht scale, with 5 representing the higrest score. A ;i;;::>
of the .scorecard used by the consumers for evaluatlon of the A \\\\

chlckens is included in the Appendlx, Figure 7 , page 118 .
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After fhe threé chicken-halves had been evaluated
individually, the participants ranked the samples in order
of preference, with "1l", representing the most,preferfed and
"3", the least preferred sample. A épace was provided for
the participants to give suggestions and comments regarding
the study, and to listvany problems they encounter in cooking

chicken.
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RESULTS AND DISCUSSION

Througheut the discussion $BM refers to the soybean
meal contrqQl ration; SBMF;'to the soybean meal ration with
‘a high fat and high flber content; RSM, to the rapeseed
meal ration; and RSMHM, to the rapeseed meal ration with 5%
Herring meal, 0.1% DL methionine and 0.05% choline.chloride.
Table 1, page 22 , gives the exact composition .of the ra-

tions.
Ration

Objective Measurements

The data for objectlve measurements for chlckens fed»
the four ratlons are presented in Table 2. Analy515 of
variance and appllcatlon of Duncan's Multlple Range test
(Steel and Torrle, 1960) showed that the meanlpercentage
thaw loss for chickens raised on either the SBM or the

RSMHM ration was lower (P <0.05) than the thaw loss of com~

- parable chlckens fed the RSM ratlon. Broxlers representlng A

the. SBMF ratlon had a mean percentage thaw loss similar to
the thaw losses of the chickens from the other three ra-

‘tion treatmedts. Data.for percentagevthaw’loss show that
larger chickens (RSMHM ration) ylelded a lower thaw loss .

'than did smaller chickens (RSM ration). Because the thaw- '

ing time for all.chickens'was cphstant, the higher percent-
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Table 2. Means and Sl'. for objective mcasurements from chickens
fed the four rations. .

Measurements . SBM SBMF Ratio:g: ' RSMIM SE
Thaw loss (3)° 2.9° 3. 3“b 3.6% 2.8 17t
Initial raw weight ()" 1144.7%° 1112, 9 € 1097.2° 1162.2° 11.86"
Cooked weight (g)% 863.8°°  819.6"° 814.6°  860.57 11.82%
'Cooking losses (%)4 b . - © a a
Total 24.5 26.3*. " 257 .26.0 .34%
Volatile 18.6° 20,7 20.6*  20.4° .26%%
Dric. 5.9 5.6 5.2 5.6 .25
pH ' I
Broth 6.7 6.7 6.7 7 .01
Cooked meat 6.2 2 6.2 .2 .01
Totai moisture (%)° 64.8 64.5 64.2 64.4 .44
Ether extract ™° 5.1 ‘5.1 4.8 4.6 .22
TBA mumber® 6.0¢ 7.2 6.4 790 110
Monocarbonyls (mg/g fat)’ .11 17 A2 a7 .01
Shear force (kg/cm core)8 ]
Light meat o2 2.2 2.2 2.3 7
Dark meat 1.1 1.0 1.2 1.1 - .04
Water holding capacity9 ' .66 . .63 .65 .64 .01

4~
]Standlrd error of the means.

2Sc.ae footnote‘l-4 -Téble 1, page 22.
3Va]ues are the means of 24 determinations, one per ch1cken from short
or long frozen storage treatncnts . : -

3

‘Values are the means of 36 determinatxons (Initial raw weight - wing tips and
neck temov_gd )

SValues are the means of 72 determnnuons, two per ch1ckcn

6llalues are the mcans of 36 determinations, two on each of s1x ch1ckens
per stornge pctiod

Values are the means of 18 detemmanons, two on ench of three chxckens
per storage period.

Values are the mcans of 144 detcrminations, four per chicken.

. 9'1._0 - (expressible liquid indcx); the larger the value, the grcater the

amount of liquid expressed. Valucs are the means of 108 determinations,
three per chicken. \ ’ .

adeMeahs within the same row sharing s common superscript letter are not
significantly different at P<O, OS

§ig\1f1cnnt at P<0.05.
gnificant at Pr<0.01.
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age thaw loss obtained for smaller chickens is probably
due to the evaporation.of more,moisture frpm defrosted
chickens.

Thé.mean initiél raw and cooked weightsu(g) of chick-
ens fed the RSM ration were 1err (B< 0.05) than the ini-
tial raw and cooked weights of chickens raised on either
the SBMuor.RSMHM rations. Chiékens representinglthe SBMF
ration had mean raw and cooked weights similar to the
.weights'bf éhickens fed the RSM ahd_SBM'rations (Tabie_é).

Yule and MéBride (1976) noted that live;weights of
chickens wéré depfessed when 5% Ausfra{ian expeller rape-
seed meal was included in the digt alone or in combination
with 8% lupin méal._ Feeding Span rapeseed meal at levels
of 5.5 and 11% résulﬁed in broilers of lower (P < 6.05)
‘weights than those of comparable broilers fed a soybeén
meal control ration (Leeson and Summers, 1976).,

~In cohtrast, eériier WOrk,by Nakaya et al. (1968)
with broilers 4'§o 9 or 10 weeks of age, found-little diff-
erence in body weight gain of broilers fed,ld to 20%‘rape;
seed- oilmeal and broilers fed a sofbean oilméal con£r01
ration. ! These résulﬁs ﬂNa;;yé_et al., 1968) suggested
that lO‘to 20% rapeseed oilmeal might fepiace soybean oil-
meal in‘broiler finisher fations without adverse éffects.
when the dietary levels of energy and protein were con-

-

trolled.
In the present study, supplementation of the RSM ra-

tion with 5% herring meal, 0.1% DL methionine and 0.05%
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choline chloride (RSMHM.ration) resulted in,broilefs wiﬁh
weights similar to those of brbilers on the SBM control
diet. Feeding the RSMHM ration to broilers significantly
improved broiler weights compared to‘thé weights of com-
parable broilers fed the RSM ration (Table 2). These dapa
support the results of Clandinin aﬁd Robblée (1966) who

obseryéd that up to 15% prepress-Solveﬁt‘and solvent ex-
fractéd Canédian rapeseed meals included in rations con-
tainiﬁg 3.0% héﬁ{%ng meal and 0.2% choliﬁe chloride pro-
duced broilers similar in weight to comparable broilers féd
SO an meal‘rations. Energy to érotein felationships:muét
be maintained in order tdrkeep growth prémotion and“feéd
conversion similar between the rapeseed méal ration g§?up
and the.SOybean.meal ration éroup. These researcﬁers
(élandinin and Robblee, 1966) also observed that thé amino
~acid distribution‘of Canadiaﬁ'rapeseed meals waé comparable
to thaf‘bf soybean meal. Mpre‘recently, Clandinin et al.
(1972 a) and M,ara‘ngos’et' al. (1974) found that body weight
was not influencéd'by the inclusion of 15% and 12% re-
Spectively, of various types of rapeseed meals invbréilerv
‘rations cohtaining herring meal. |
Total coéking ahd volatile losses for chickensﬁféd thé
SBM ration weré sighificantly_lower than the losses of
compérable chickens fed the othér thrée rations (Tabie.z).
ﬁrip iosses for chickens representing all of the rations
were similar. |

T - . . » .' 3 ’ ) 3 " . -
-y /- There were no significant differences in pH for either
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broth or cooked meat attrlbutable to ration, although broth

samples gave consistently higher pH readings (approximately
0.5 pH unit). Percentage total moisture and percentage
- ether extract of cooked meat were not srgnlflcantly affectedh
by ratlon treatment (Table 2).

TBA numbers for chickens raised on each of the four
'rations differed significantly (P <0.05). Meat samples
obtained from chickens raised on the SBM ration had the low-
est TBA number; samples representing the RSM ration had
the second lowest number The TBA number&of samples taken
from chickens fed the SBMF ration’was next, and was signi-
flcantly dlfferent from the TBA number of samples repre-
senting the RSMHM raxlon, whlch had the hlghest TBA number.

The composition of the fatty ac1ds in the ration in-
fluences the composition of the carcass fat of the chicken
(Klose et al., 195]; Marion and Woodroof, 1963; Miller and
Robisch, 1969; Atkinson et al., 1972 a). The residual oils
in fish meals have high levels oficertain long chain poly-
.unsaturated fatty acids which are reflected in the fatty y
acid composition of the carcass (Miller and Robisc¢h, 1969; ?%?V
Opstvedt, 1971; Atkinson et al., 1972 a). The oxidation
’level of tissue fat is known to be relateq to the degree of
unsaturation of‘fatty acids in the tissue lipid.. Thus, in_
the present study, - the unsaturated fatty acgids presenc ln
the residual oil of the herrfng meal may contribute to the

hlgh TBA number obtained for chlckens fed the RSMHM ratlon

Webb et al. (1974) noted that the 1nclu510n of fish meal in
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the rations of turkeys resulted in an lncrease in TBA
numbers, with numbers increasing as level of dletary fish

meal increased from 0 to 10%.

higher values for chlckens ralsed on the SBMF and RSMHM

rations than those Obtained for samples from”comparable

chickens, fed-¢f” B <5 o RSM rations, howéver the
differenceq4wé$:‘ ‘ ,ficant {Table 2).
" Warner§g -’hear force values for cooked 1light

i

attrxbutable to ration. Goodwin et al. (1969) stated

and darkfmeat‘samsl showed no 51gn1f1cant dlfferences
that the composition of the diet k- 1 relatlvely llttle'
Oor no influence on tenderness as long as broilers were
grow1ng at the max1mum rate. Water holding capac1ty data
for meat from br01lers raised on the four different ra-

tions were 51m11ar (Table 2) .

Subgectlve Evaluatlon by a Trained Panel

- Data for tralned taste panel evaluatlons of llght
meat dark meat and broth samples are summarized in Table 3.

Taste panel evaluatlons of light meat samples 1nd1cate that

~the odor, flavor and overall acceptablllty scores of sam-

ples from chickens fed the RSMHM ratlon were lower (P< 0.05)
than those for comparable samples from chickens ralsed on

the SBM, SBMF and RSM rations. . Panelists frequently de-
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Table 3. Means and SE1 for subjective evaluations by a
trained panel for light meat, dark meat and broth samples
from chickens fed the four rations. :

, Y
Measurements " SEM : SBMFRat102§SM RSMHM - SE
Light méat3 . . v
odor  4.6° 4.6 462 3.4° 06+
~ Flavor 4.8% 4.7% 6° 2.70 J11RE*
4 Juiciness 4.1 3.9 4.0 .37
Tenderngsg 5.1° 5.0 5.1 4.8 = 07*
Overall acceptability 4.7° 4.6 47 2.7 J11xe*
Dark meat | ' -
Odor 4.2 41 a? 2.6 " oswes
Flavor 4.52 4.3%° 1P 2.1° L08**
Juiciness 4.6 4.6 4.6 4.s 05
Tenderness 5.1° 5.12 5.02P 190 .02+
Overall acceptability 4.5° 4.3%° 7 4.2° 2,05 .06**
Brot}\4 ‘ . ' _
0dor et a2 st 33 Lo
Flavor - 4.3% 4.0 41° o 2.8¢ L06***

1 .
Standard error of the means.

o

2Seé footnote 1-4, Table 1, page 22, ™.

3Seven poiﬁt scale with 7 being the highest score and -1 being the lowest
score. Values are the means of 36 judgments by each of six panelists.

4Five point scale with 5 being 'no differenceﬂ’from reference sample and
1 being "extreme difference". Values are .the means of 36 judgments by
each of six panelists. ‘ '

‘abcMeans within the same row sharing a common superscript letter are not
significantly different at.Ps0.05.

*Significant at P<0,05. .

‘wigignificant at P<0.01. "

*'**Significanc at P<0.001.
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scribed the odor and flavor of light meat samples from
chickens fed the RSMHM ration as "fishy" or "rancid".

There were no significant differences in the juiciness

" of light meat samples attributable to ration (Table 3).

. Tenderness scores for the light meat samples show that

chickens fed the RSMHM diet were less tender (P~<0;05) than
comparablé'samplgs £rom chickens fed either the SBM or

RSM rations. Feeding tHe SEMF ration to broileré resulted
in light heat of similar tenderness to that of comparable'
;amples from Qroilers fed the other-rati;;s (Table 3).
Warner Brétzler shear force values for light meat samples

were slightly higher (less tender) for cores obtained from

. ) = . : Ry L
chickens representlng the RSMHM ration, however no signifi-

cant differences attrlbutable to ration were found (Table 2),;

The data (Table 3) show that pqpellsts scored the odor

' of dark meat from chickens fed the RSMHM ration lower

(P < 0.05) than that of comparable samples from chickens

representing the other three ration treatments. The flavor

and overall acceptability of dark meat samples taken from

chickens fed 'the RSMHM ration were rated significantly

lower thHan the flavor and overall acceptability of com-

parable éamples’from broilers raised on the SBM, SBMF and
RSM rations. Inclusion of 15% rapeseed meal in thé fatidns
of broilers (RSMirétiOn)'resulted in flavor and overall
acéeptébiiity scorés'for dark meat.which were significantly

lower than the-sgpres assigned” to comparable- samples from

-chickens fed the SBM (control) ration. Table 3 also in-

‘-
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dicates thnat the flavor and overall acceptability of samples
of dark meat taken frem chickens raised on. the SBMF ration

’were 51mllar to that of comparable samples from the SBM
and RSM dlets Panelists repeatedly commented that the
odor and flavor of dark chieken meat from the RSMHM ration
treatment was "fishy", "unpleasant", "rancid" or "stale".
According to'some.of the judges, dark meat samples from
chickens fed the RSM ration had a "stale" or "more oilyf
flavor than samples from chickens fed the‘SBM (control)
ration. In addition, dark meat samples from all ratlon
treatments received lower scores fq; odor, flavor and over-
all acceptablllty than comparable light meat samples o
(Table 3);

There were no’' significant dlfferences in Ju1c1ness‘of
dark meat samples attrlbutable to ration treatment. ~How-~ -

1

ever, ‘juiciness scores assigned’to dark meat samples were
higher than those scores given to llght meat samples
(Tablev3) Since the muscle tissue of the thigh has a high-
er lipid and collagen content than muscle tissues of the
breast ef~chickens,‘the3e‘data are as_wouldvbe expected.
The.tenderness'score for dark meat samples.from chickens
raised on the RSMHM ration was significantly dower than

that of comparable samples from chlckens fed either the SBM

\1

or SBMF ratlons‘/ Feedlng br011er§ rapeseed meal at the 15%

-

level (RSM ratl?n) resulted in gark meat samples with a

tenderness sqoré similar to that of comparablq samples from

chi kens fed the other three rations. Warnetearatzler shear
: ?

: . 1 ” |

J’
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data for dark meat samples did not supportftaste panel

scores (Table 2).

Trends similar to those obtained er'the_odor'and flavor
of light meat and dark meat samples were obsetved for the
odor and flavor of broths prepared from chickens raised on
the four rat@ehs. The odor score for broths_madelfrom chick- .
ens fea the RSMHM ration w;;'lower (P < 0.05) than scores for
broths prepared from comparable chickens of the other ratlon
treatments (Table 3). Judges also scored the flavor of the
chlcken broth samples representlng the RSMHM ration lower ”
(P <0.05) than that of breihs made from comparable chickens:
.fed the SBM, SBMF and’RSM rations. The data indicate that
broths prepered”frgh ehickehs fed either the SBMF or RSM
ratibhs had significantly less desirable flavor then.broth
samples made from. broilers fed-the SBM ration (Table 3). l:

In general, the results of the p: sent study show that.
lS%‘rapeseed meal plus 5% herrinc meal with added DL methio-

*\
nine (0. l%) and chollne chlorlde (0. OS%), i.e. the’iSMHM

ratlon,'when fed to brOLlers produced off-odors and aff- pd

/
tlavors .in chicken. Descriptions giveh by the judges fOr,@g ]
the light and dark meat samples from the chickens fed the =

 RSMHM ration were "flshy" "unpleasant", “ran01Q“ or "stale"

\\

'Opstvedt (1971) suggests that the off- flavor in poultry
meat associated WIt]E fish meal feedlng more closely re—
sembles the taste and smell of ranc1d flSh than of fresh

;,,Q.

;In‘hls experlments, the terms "ranc1d",andi“flsh

[N S

SOV SN

R e STV
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- Feeding high levels of VArious types of fish meal (Rojas
et al., 1969; Atkinson et al., 1972 'a, 1972 b) to broilers
causgd off-flavor and off-odor in the chicken meat.
erélly, researchers (Hardin et al., 1964; Fry et al., 1965;
Rojas et al., 1969; Atkinson‘ét al., 1972 a; 1972 b) have
established that the level of fish meal required td produce
tainted méat is much greater than the 5% hefring meal (co;f
taining approximately 7% residual o0il) present in the;RSMHM
ration of this study. Dean et al. (1969) ,inves gatlng the
>flavor assocxated with flsh meals containing 9.2% re-

sidual fat, repprted Lhat flavor dlffejences between br01l—

ers fed a control ration contalnlng 3% white flSh meal and
:br011ers Jéﬁha ration’ contalnlng 9% white fish meal were
deteeted yrth a.frequency that was highly significant in

'skin.and.breast meat. However, in thigh meat flavor differ-

ences were detected only after a ratioh containing 14% fish

'meai wés fed to broiler chickens (Dean et ‘al., 1969). Rojas

et al. (1969) fed levels of up to 8% Peruvian anchovy meal
N 2 b .

(4-8% fat) in rations without producing fishy flavor in

broiler meat. . Neutral flavor in broiler meat was reported

by Atkinson et al. 1972 b) who also fed levels of 8%

-

stabilized fish meal. -  _

According to Opstvedt (1971), the flavor deterioration

-'compbunds in fish meals are belleved to re51de in the lipid

soluble fraction. Fry et al. (1965) concluded that levels

>

of l.25%"flsh bll in the rations were critical in producing

off-flavors and .off-odors in the broiler meat of chickens
oy : : _

s‘-“ s - t
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fed a ration containing fish oil. A significant negative
correlation was observed between long chain polyunsaturated
fatty acids and the flavor quality of eﬁicken meat‘(Opstvedt,
1971) . Fish meals are known to contain residual iong chain
polyenoic fatty acids (Opstvedt, 1971, 1974; Atkinson et al.,
1972 a, 1972 b; Wessels et al., 1973). When fish meal is
fed to chickens the lor, ckain polyenoic fatty acids in theew,

>sidual oil of thevme‘i + .1 be reflected in the ﬁuscleg‘{éﬁ
tissue of the chieken. L1 the pfesent;study however,*ﬁég;?
5% herring meal (containing about 7% fat) in'the RSMHM ra-'
tion probably did not provide the level of fish oil and, thus, . X
the level of polyunsaturated fatty acids necessary toapro— - .?%@
duce off-odors and off-flavors in the chicken meat. Ih | ‘

addition, the 15% Span rapeeeed meal (with 1 to 2% re-

sidual 011) 1ncluded in the RSMHM dlet would contribute only\

A~y

swmall amount<ﬂ?long chain polyunsaturated fatty ac1ds
'(llnolen;c, eicosenoic and erucic) whliich might 1nfluenqe“ R 9
chicken flavor. Thus, factors'other than the level,of ‘
fish meai and residual fish oil (er fatty acid composition
‘'of the residual fish oil) and/or thep;gsidual oils in the
:a}aseed'meal.muet be involved in the'production of fishy

. _ e

odors and flavors determined in chicken carcasses vwhen the:

o

RSMHM ration was fed to broilere:
| In the presenf;studyy the iﬁcorporation of aintienal
methyl grdups, as DL methionine. (b 1 %) andrcholine‘chloride
(0.05 %), to the rapeseed meal ratlon contalnlng 5% herrlng

meal (RSMHM ratlon) may ‘have contributed to the off—odors



by Hanson et al. (1959) was very 51m11ar _to the RSMHM ration
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and off-flavors determined in broiler meat due to the pro;_
duction of trimethylamine. Trlmethylamlne (TMA) , a proteln
degradation product has been isolated in the flesh of fish
and is one of the components responSLble for fish odor
(Halloran, 1972). Both Atkinson et al. (1972 b) and Wessels
et al. (1973) noted that the addition ofdamines to rations

containing fish meals intensified the "fishy" taint in the

‘broiler meat. In studies of broiler flavor, Halloran (1972)

investigated the effect of the addition of TMA to rations
¢containing 0 to 1.50% fish oil. TMA had a consistent effect

on the production of fishy flavorg, regardless of ievel of

o’

‘0il. Off-flavors most frequently mentioned (inzdecreasing'

order) were brtter, flshy, strong, fish 0il and 011y.‘ In'f

another experlment Halloran (1972) added 0.101% TMA to a
ration contalnlng 3.4% fish meal. No flshy flavors. 1h meat f.

were reported when thlS ration was fed to chlckens, howeverﬁ

!

off-flavors described as bitter, oily or strong were pro—' L

duced in 15.6% of the broilers .on the TMA-fish meal dlet

g& , o

(P <0.05).

In contrast Hanson et al. (1959) reported no s1gn1f1— )

cant dlfference in the flavor of modern-type br01leqs fed

I'\

a dlet contalnlng 4. 0% fish meal with 0.1% DL methlonlne

'and 0. 025% chollne chloride and old-type broilers fed a

ration contalnlng 10s flSh meal."wlth the exception of the
inclusion of 15% rapeSeed mealh'the modern type ration used'

-
in the present experiment. Therefore, perhaps some 1nter— N

action between the rapeseed meal, and/or the herring meal,

u tf!& «5 "":?r( x‘,\‘ e T T A O T T et T e A T
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‘and/or the added methyl groups may account for the off-odors

and off- flaJors determlned in the chicken samples obtained
from broilers fed the RSMHM ration.

The concentration of free TMA in rapeseed: meal is very
low (Hob%on-Frohock et al., 1973) : Hobson-Frohock et al.
(1975) postulate that active rapeseed meal may contain either
an inhibitor to trimethylamine oxidase or an excess of a pre-
cursor to TMA production. Thus, it is possible that the pre-
sence of an enzyme inhibitor or a TMA precursor (ln the rape—
'seed meal and/or the herrlng meal) along w1th the dletary
source of TMA\\PL’pethlonlne and choline chloride) in the
RSMHM ration may be respon%?”le*}or the decreased odor and
flavor of chickens raised on the RSMHM diet.

vThe inclusion of Span-rapeseed meal (15%) invthe ra-
tion of broiler chickens (RSM ration) resulted in dark meat
and broth samples with significantly lower flavor scores
than comparable samples from control chlckens fed the SBM
ration (Table 3). Yule and McBride (1976) observed that
5% rapegeed meal in the ration resulted in no detectable
effects on appearance, color, flavor, texture and accepﬁ—'
ablllty of broiler meat. However, they suggested that
“levels of rapeseed meal above 5% may cause off-flavors in
broiler meat’ No publlshed reports have examined whether

'fteedlng rapeseed meal at- levels (15%) present 1n commerc1al

ppultry feeds produced in Canada causes off-flavors and dff—

-~ . o

odors 1n poultry meat
g7

, '\ Reports §f o;f flavor and off—odors in meat from sheep

greming pn rape (&a napus) haVe been documented from Austra-

. f -
’ .

-
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lia (Spurway, 1972; Park et al., 1972; Wheeler et al.
1974); Also, rapeseed meals have beeqﬂlmpllcated 1n the
production of off- flavors and off—odors in eggs laid by
certain strains of hens fed laylng.rations oohtaining
rapeseed meal (Hawryshnet al., '1975; Blair et al., 1975;
Overfield and Eison: 1975;‘Bolton.et'al., 1976) .

The SEMF ration was devised to contain a level of fat
and fiber similar to that of theylS% Span rapeseed meal'.
(RSM) ration.v The higher fat and fiber content of the

SBMF did not seem to affect the eating quality of br01ler

chlckens as compared to chrckens raised on the SBM (control)

ration. -For most quallty characterlstlcs, chlckens re-

presentlng the SBMF ratlon were 51m11ar to the chlckens fed

the RSM ration. . o . B

Subjective Evaluation by a Consumer Panel

A questionnaire (Appendix, ; jure 5 , page ll3), in-

-2

-, Lo
cluded in the consumer packet, prgylded general lnformatlon

about the partlolpantsvln the consumer study. The flndlngs
of the questionnaire are summarized in Figures 7, 8, 9, 10,
11, 12, 13, and 14. Of a sample of 144 consumers, 50%

of the homemakers were gainfully employed while the other
half were not (Figure 7 a). Gainfﬁlly employed;consumer
homemakers were subsequently categorlzed according to type
of employment (Flgure 7 b). .Thlrty—flve percent of the

gainfully employed respondents were employed as]professionf

=
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als'(teachers, nurses, home economists, social workers, §
erc.); 11% were salespeople, 45% were clericel workers
(secreteries, bank tellers, typists, bookkeepers, etc.) and
9% were employedlih miscellaneous jebs. ~

Invtﬁis study an attempt was made to insure thatvali
age groups -of homemakers were represented. Figure 8 illu-
strates the,age distribution,oflthe consumers that partici-
qbted in, this stgdy. Tweive percent of the homemakers were?
24 years of age ¢@r less; 35% were in £h§ 25 to 34 year age
group, 18% were'35 - 44 yeers old- l9%fwere in the 45 to 54
year age - category,'whlle the remaining 16% were 55 years of
age,and older. Data relatlng to family 51ze of consumer
| households are 1llustrared in Figure 9. It is 1nterest1ng
to note that‘the most common family size of participents in
~ this etudy was either 2 or 4, which accounted for 25 and
- 26% of the study populaﬁion, reepectively.7' |

| Findings of the questionnaire also reveeled that for
32% of the respondents in this study farming was tﬁe occupe
tien oFf the main wage earner (Figure 10) . Occup&tlons lx@ﬂ
by the’ remalnder of the main wage earners were profe551onals,
‘'such as doctors, lawyers, teachers, accountants, etc; (19%),
‘skilled laborers (l7%f> clerical workers (13%), busiﬁese
execut;ves (éif,‘retired (6%), unskilled\laborers (3%) and
salespe0ple (2%). B

Figure 11 lllustrates the percentage of main wage
_earners who represented each of five work 31tuatlons.,'A
_large proportion (39%) of the main wage earhers'owned and

managed their own business or farm, while 32% worked. for
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someone else. Twenty-one percent of the main wage earners
worked for someone else, bht in a managerial capacity. A
small proportion of’the main wage earners were retired (G%L
Two percent of the main wage earners owned a ' ‘iness or
farm but empleyed_someone‘else to manage it (7 . are 11).
Since wiliingness to participate ir his study was one
of the criteria in the selection of the consumer panel,
none of the particrpants disliked chicken. The majerity of

¥ . .
consumers (57%) liked chicken very much, 38% liked chicken

<

and 5% neither-liked nor disliked it (Figure 12). Replies

'to the question regarding the frequency of serving . chicken,

1ndlcated that 39% of the part1c1pants served chlcken 2 to

_3 times per month, 28% served chicken once a month 26%

served 1t once apweek, 6% of the respondents served chicken -

»

less than once a month, fand 2% served chicken two or more
times" per week (Flgure 13) .

Although a high percentage ®f farm famllles (32%)
participated in thls-study, it was interesting te—find that
most of the cohsumers purchased chicken from either a local

store (49%) or a private seller (37%) (Figure 14). Only

11% of the participants in this study raised and killed their

own. chickens. The remaining consumers (3%) obtained their
chickens from other sources.
Results ©of the consumer panel evaluations of cooked

o S
chicken meat (Table 4) indicate that feeding the RSMHM ra-

tion to chiékeps resulted in lower (P < 0.05) scores for

R

‘5" ’1
\'

v oA
@

odor, flavor and overall ecceptability than the scores assign-

- ' L
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Table 4. ‘Means and SE for subJect1ve evaluatlons by a consumer
' panel for chicken meat from chickens fed the three
‘fations. g
. .
‘.'hv
" ' Ration’ |
Measurementg L . ‘ . SBM RSM RSMHM SE
0dor” S - 3.8% 3ld 3.3 .09
. Flavor® T 4.0 3.9° 3.4° .08*
. : ... 3 . a a b . .
. Overall acceptability - 3.9 3.7 3.3 .08* -
‘ 4 g S b ..y ab a
Preference - , ‘ 1.8 - 7'1.9 2.3 . -07*
Standard error of the mgans L S _ o .

VZSee footnotes . 1 B and 4, Ta&le 1 p@.ge 22,

3F1ve point ‘scale wrth 5 being the ' hest score and 1 being the lowest.

Values are the mehns Qf 144 determ

Thr-’ée paint scale with 1 "f)elng " 'h* a:l;red" and. 3 belng "least
preferred" Valueg are-the means of.142 de&mlnqtlons

o : v ‘g
bMeans w1th;n the same TOW, sharmg a common supersﬁtrlpt 1ettgr are né

_,slgmficawtly dlffereﬁt at P<O.&5 _ - . .
, R sy
*S'ign%lcar\t at P<0. 05 L . @
- : 5
- . . . u‘AU _' . )
7 v ’,,. T i . e . '
£y - .'.v
'&:& M - &
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ed to comparable samples from chickens fed the SBM and‘RSM
ratlons;‘ For each of the three palatablllty charactqtlstlc
evaluated the consumer panelists assigned Sllghtly lower
scores to the cooked samp%es obtained from chickens fed

the RSM.rat .on than to comparable samples from chickens

fed the ¢ 4 (control) ratlon,:‘ dlfferences were th

signifi 'a» .. Consumer panel ju-?em nts.for odor, flavor

and ove ill acceptablllty of chlckens“representlng the

SBM, RSM and RSMHM.ration treatments were slightly higher
L]

but the trends were similar to those of the tralned panel

(Table 4) Carlson et al. (1957) obtalned 51m11ar results

o |

]

from a consumer panel'and-from a tralned panel'fon'an eval-

nuatlon of the amount of menhaden flsh°011 ow. beef tallow

Ay

hat could be added to the diet w1tho§g lmpalrlng the - ,

flavor of br01lers.,

i

Consumer panellsts also rated the cooked chlcken
W <

samples fOr prgference (Table 4) . Mean scores glven to
W

eachﬁof the ratlons for preference ratrng 1nd1cate that

w -

A <,
. 2, . -
% .
) .Y e
I3 v . T

the chlckens ralsed on the RSMHM ratlon,weré rated 51gn1f1—

cantly lower (i.e. had a,hlgher score denotlnqjlower pre-

v

: [ S~ ,
ference) thqzﬁihé chickens fed either the SBM or RSM rations,’

which were rateé s}dilarlyr"Table.S shows that 40.6&Lof'

gmg‘respondents rated chickens fed the SBM (control) ra-

153135 mmg;t,preferred“f whlle only 21. 7% of the&part1c1—

. paﬁts-rated chrckens froqfthe RSMHM ratlontgroup‘as "most

~ _ - Lo - : N
preferred". 1In contrast,’ gchickens from the RSMHM ration

4

-

ey

s



Table 5. Percentage of consuhersl~ranking,chickens fed the
‘ A h¥ee rations in each preference category.

e
2 Preference Rating3
- Ration™ 1 2 3
SBM _ : 40.6% 37.3%  21.8%
RSM - © 37.8% 33.1% 29.6% .
~ | "
RSMIM 21.7% - 29.6% - 48.695\

1Perce_ntage values are calcudlated as the number out of 142
participants who assigned»each raticn'QP a specific preference §
cdtegory. ‘

Zsé .footnotes 1, 3 and 4, Table 1, page 22.
. ' , »

o 3Preference rating: 1, "most preferred" and 3,-'least preferred'.

) .,'é v
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ftreatment were ranked as /"leaqt preferred" by 48 .6% of

the consumers; while onl $ of the consumers rated the

chickens fed the SBM ratio as "least preferred". Prefer-

ence ratlngs for chlckens fed the RSM ration were between

those of the other two rations (Table Q).

o
. ~

4

1 A Q
:é Storage

-

Objectiwe Measurements

.
(e

~n.

- Table 6 presents data for the objectlve meaSurements
'of fresh chickens and frozen chlckens stored .for either 18

days or 6 months. Percentage<£§aw loss for chlckens frozen
EY
and stored 18 @gys was lower (P < 0. 05) than the thaw loss'
: ‘l? \5
for comparable chlckens frozen and stored 6 months There

were no 51gn1f1cant dlfferences in 1n1t1al raw welght cooked-

o €

_welght cooklng los

. i s 2
total m01sture or percentage ethgﬁdextract attrrbutable to

storage (Table 6).. 1'In a study of freezing methods for chick-~ .

D

en, Streeter and Spencer (1973) found that non- frozen chlcken
halves had lower (P <0. 05) mean cooklng losses than compar—

‘able chicken halves subjected to free21ng Wyche et al

' /

(1972)Dreported no difference in molsture content between
(/Ncooked samples analyzed 1n1t1ally and. cooked¢ch1fhen breasts
" or. thigh drum samples stored frozen for three months. The
precooked frozen, breast and thigh drum parts: stored for-g“

>

three»months had a hlgher’percentage fat content than com~ .

parable fresh cooked chlcken,pi§§s~analyzed 1mmed1ately
@"”Y v S

uaafter coSklng (Wych° et al., 1972). "

ﬁé (total volatlle and*drlp), percentage |

v ivy‘“ﬁ
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Table 6. Means and SF1 for bbjcctiw:- measurcments for fresh -
chickens and frozcn chickens stored 18 days and

6 month<
' ' Frozen Storage
" B . Mecasurements Fresh Short Long SE.
) A T : - (18 days) (6 months)
- : & X 5 -
‘ L en2 - ' .
- - Thaw loss ( )Y© : o - 2.8 . 3.5 - .09*
Initial ray welght (g) - 115120 1122.7 1113.9 12.47°
A Cooked weight (g)? i v TB49.0 - 832.7 837.2 - 19.18
. ' Cooking losses (96) .. R Y Ay LW
;é M il - -
“ Total ) 26,2 "25.8 - ~r, 24,8 .72
b . e . . 1
By : Volatile . . 20.5 20.4 . J9.3 C .72
L i - AR . Drip, N TN 5.4 w55 - .16
v . AL . Ty s ar N ’ ; . A ! h
P e Broth S B X R - Y67t o1
, " Cooked meat i . 4.2 6.2 v re.2 Y. o1 '
s . ) % . : .
thal moisture (?ﬁ,) P 64,2 64.5 - . 64.6. .38 ) :
Ether extract ®* © 49 L, 46 . 5. 2. . '
" TBA nymbe'r v, AT . 8.7° 7.2% 1 4.5P 6%t
 Mond¢arbony1s. tl‘g/g f'ngs N VR ¥ 3 o4 .01 :
* Shear force’ (kg/cm core) g o te T : ; - " &
i R . _ » -
. * Light meat L 2t 2580 o 1,8 ogees
5 Qark meat . . <5 ‘1.2 1. 1.0 050 .
’ : 7 ‘ a ab b
. W'\ter lyoldxnﬂ LBP&Clt)’ . .67 .65° .61 .01*
o o oy ST
Standard error .of thc means. B .
. . . . " . ‘ 1

ZValues are the means of 48 determinations. (Initial v,aw wejght - vinggtdps & neck
3 o . : reneivcd )
Values arc the mecans of 96 dctcrminations,‘@o per chicken. :

FORPE RS
o .
i

R : . 4Va]ues‘ are the means of 48 determinations, two on cach of:24 chickens.
. SV‘alyes are 'the means ofy, 24 degﬁrminations, tw.‘ojm cach of 12 \chickens.
f 6Values ‘are the mecans of 192 determinations, four per chicken.. v j

. 7l 0 - (exprossiblc liquid index); the larger the “value thelgrcnrer thé
' amount of liquid c;q)rc‘%sed Valucs are the means of 144 determinations,
) three per chicken. : : T e

- 3y eans within the same ¥ shmnu, a’ common supericrlpt letter areée not
significantl} different at P<0. OS) :

X " *Significant at P<0:05.
. " o

. ' ++Significant at p<®.0l. - T
***signifiecant at P<0.001. ‘ ' . )

§~Y] . ) . i <

o
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- son and-Carlrn, l96d

X l976)‘to determlne llpld ox1datlon during the storage of poul— .-

77
Data for pH of broth samples from frbzen-chickens stdred

18 dayslhere lower (P <O. 053 than comparabLe b;oth samplés

R N

frOm either fresh chlckens or frozen chickens stored forﬂﬁ
months (Table 6) . ® Since broth pPH determinations were an av- _
erage of 48 dupliggte readings, a difference of one-tenth pH

unit was significant. Pippen‘et al. (}965) reported that

" differences in pH as great as 0.4 pHﬁ‘Qit had littlé, if any,

influence‘on broth flavor. Therefore, the difference in pH
determined in the present study probably has little influence

on broth flavor. Storage tréatment Had no significant effect ()

=

on the .pH readinés of;the cooked meat samples (Table 6).

The TBA number (fable 6) for frozen chicken stored for -
6 months was lower (P <0.05) than»the numbers for comparable
samples of elther fresh chlckens or frozen chlckens stored 18

‘ Y ' .
. 5 9
"1gr*been used by several workers (Martlﬁf“

_:s and Carlin, 1968; Harris and Llnde'

say, 1972; Wyche et al.; 1&72- and\eawson and Schlerholz,

v

A}

try products. uSome of these researchers found that.pBA values

remained the same (Martinson and Carlin, 1968; Sims and Car-

lin, 1968) as stdrage time at —18° increased up to 12 months.

Wyche et al (1972) observed«hlgﬁer TBA numbers in cooked . T

'breast and thigh drum samples after'3 months frozen,storaée

than/thosﬁ%gétermlned in fresh coeked breast and thigh drum
samplesifrom broilers Arafa and Chenw(1976) noted that the

TBA number for pre-cooked chlckens reached a maximum value at
A Y

the fourth month of storage and then decreased before levellng

off at 6 months. ‘ , o
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effects on carbonyl composition of cooked turkey and chlck—

.creased falrly conSLStently.

78

The TBA test measures the c0ncentratlon of malonalde—
hyde, a reaction product of lipid oxidation. 1In the present
study, the loss of malonaldehyde and subsequent decrease in
the TBA value determined for broiler meat from frozen chickens
stored 6 months may oeldue to the formation of carbonyl
addition products'(changlet a17‘j1961) or to a reactlon
of myosin and malonaldehyde (Bjttkus, 1967) during frozen
storage. Dawson and Schierholz.(l976) suggested that the
produots responsible for the TBAvreaction are\produced'éﬂﬁbl
recombined'in,food systemsrin an erratic fashiOn. wfherefore,
TBA results are not always as expected. o

In this experlment total monocarbonyls in the fat
from cooked chicken skln and from the pan drippings were
also analyzed as a measure of 11p1d ox1dat;on in the chlck—

ens. However, there were no 51gnlflcan¢ dlfferences in

7monocarbonyls attrlbutable to storage treatment (Table 6).

Dlmlck and MacNell (1970), studylng storage tlme—temperature

en skin fractlons, reported that as the period at -17. 8°
. \

increased from O\to 23 weeks, monocarbonyl content n-

’ . . . ) .

Warner Bratzler shear force values for light and dark

chicken meat samples are also.given in Table 6. Light meat

cores taken from“chicken frozen and stored for 6 months.

_were more tender (p <'0.05) than comparable ‘cores from either

+

fresh chlckens 0{ frozen chlckens stored 18 days There'

were no 51gn1f1cant dlfferences in shear force values for

‘» _ . <

, .

El
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dark meat samples attrlbutable to ﬁgprage However, the

VR
wi.force required Lo shear dark meat éé@ples was consistently

;Etglower than the force needed to sh _J:light meat samples.
Few studies hdve deﬁermined the relationship between
tenderness and length of frozen storaoe in poultry using
‘WarnervBratzler shear m%asu;eﬁents. Streeter and Spencer
(1973) reportéd similar Warner Bratzler shear Values.for
non-frozen chicken halves and for ohicken halves;frozeh
by the ait blast method and stored one week. Goertz et:
ai. (1960) foundAthat Warner Bratzlef'shear values for‘i.3
cm coreslof dark'turkex/meat'frozen and stored at -17.8°
for 3 months wefevlower'(P <0.05) than those for comparable
cores ffom turkeys frozen and storod one month. v
Water holding cap{ﬁity data: ;ble"6% were lowest for
‘chlckens frozen and st ?%or six months,,hlghest fory .
fresh chickens (P <0.05) ”Ehlckens froéen.and storedqa
shoft period of time had ‘an intermediate value-for;WHC,
‘which was similar to the‘WHC.values_of fresh chfckens and
.frozen chickens storéd 6 months. Goertz ef al. (1960) re-
bortiQ,51mllar water  holding capaoﬁty.vakges for both
-unfrozen turkeys and frozen turke¥s stored elthen one.

\
morth or -3 months, ' “('

fres

~

™

» Sublectlvg,Evaluatlon by a Trained Panel 1 : ¢ ,‘(

, e )
Table 7 summarizes data for subjectlve evaluatlons of .
?

il;ght meat, dark meat and broth samples obtained from fresh
o . \‘ 4 . . " N - B . Y

&



' R"\',‘“‘A,';}‘«‘f';??h/-/" Means and Sk for subjective e'alugtlons by a
Q’M”\@ ~ trained panel for light meat, dark meat and broth -
' ' J samples from fresh chickens and frozen chickens "
3 ‘stored 18 days and 6 months.. . '
" \‘ ’ . . : .
Y e . ' - Frozen Storage
Measurements Fresh Short Long SE
(18 days) (6 months)
q‘i ght Meat2 o . ‘ :
. ) a . b‘ b . A]
Odor 4.4 4.2 4.1° . 04*
Flavor 4.4 4.2 4.0 .08 - ™
CJuici ' ab b a >
o uiciness 4.0 3.8 4,2 .07
Tendemess . ‘; S.1 v 4.9 3.0 . 06
Overall acceptability 4.4 452 Y 4.0 .12
, Dark Meat’ ‘ “ .
Hdor 3.’8ab
Flavor 3.8
',?-.3 Juic:inesns . R 4@}46 o
Tenderness - : o 4.9 ,
o Overall acceptability . 3.7 . ' .
0 Broth® = ; o o
‘i"d . ) ’ -~ . . . a .ab b : a
T Odor % - 42 - 4.0 s 3.9 L05* -0
) Flavor - o 3.9 3.8 ° 3. 645 .06
3 T | o | £ ud
" ] . . , .‘ B . . ("/ -
‘“Standard error of the means. , . e
\ , 2Seven p01nt scale with 7 ’ng the highest. score and 1 bemg the lowest
' score. Values are the means of 48 jydgments gch ef 6 panellsts
- ', ',3Five po‘i‘nt scale with 5 being "no difference" and 1 being "extreme
di fference'. Values are the means of 48 judgments by each of 6
o4 panelists : : - B : ‘ -
o abMeans w1th1n the same row sharlng a common szﬁséript letter are not
_ 51gnlf1cant1)z dlfferent at P<0 05. A : ' .
ot  *Significant at P<0. 05 ‘ ' L
- ' P
- x
4 ke "'~:"



Ay

-

7

r’/ ‘
/81
. e
chickens and frozen chickens stored for either 18 days or
6 months. Odor scores for light meat samples from chickens
frozen and stored for either 18 days or 6 months were signi-
ficantly lower than the odor score for comparable samples
taken from fresh Chickens. Data for:flavor and overall
acceptability of light meat indicate that these quality
scores decreased as length of frozen‘storage increased;

however, the results were not 51gn1f1cant nght meat

samples Obtalned from chlckens frozen for a short tlme

" received a lower (P <0.05) juiciness score than ‘comparable

samples from frozen chlcken stored GHmonths. The " 3u1C1ness

score assrgned to light meat frOm fresh chlckens was simi-

‘ -

lar to that given to light meat sampies taken from chickens

from both frogen storage treatments Storage treatment

did not affect the tenderness scores of llght mea&,samples\
(Table 7). Water holdlng capaclty and Warner Bratzler .

shear data do not support sub]ectlve evabﬁatlons of juici-

g
)

ness and tenderness respectlvely.(Table 6). Other workers;

" Goertz et al (1960) have found that press flUld values and' “

¢
juiciness scores, as well as shear force values and tender*

ness scores do no& always agree

w

The odor of ark meat samples g;om chlckens frozen and
) .
stored for 18 days was 51gn1f1cantly lower than the odor of

comparable samples'from chlckens a551gned to 10ng frozen

storage- (Table 7) .- The odor’ score for dark meat samples

from freéh chlckens was 31m11ar to- the odor scores for

dark meat. from both frozen storage treatments There were

<

[24
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no significant dlfferences in the E&avor juiciness, tender-

ness and overall acceptablllty of dark meat samples attri-
butable to storage treatment Objectlve tenderness deter—

mlnatlons (Warner Bratzler shear values, Table 6) also

show no effect due to storage

] 4 s
Taste panel data for broth'indicate"that the broth

<o

prepared from chlckens,j'ozen for 6 months had a less de-

-

51rableégdor than comparable samples made from fresh Cthk—

v'L\

) | .
.eens (Table 7) .  Broth made from frozen chickens stored. 18

‘fq.%days recelved an odor SC%re 51m11ar to that of comparable

ﬁs

. -af

broths from the other two storage treatmentsb Although data

for the flavor of broth samples show trends 51mllar te

L%aetermlned for odor, these’ dlfferences were notﬂstat—

mﬂx“ly 51gn1flcant

1

Ge.egélly, the eatlnéﬂhuallty of the br01lers was

bl hd

' @
not lnfluenced by the storage treatments 1nvest1gated in

N

the present study, w1th the exceptlon of odor scores for

llght meat and broth samptes- preylously noted. TRere have

been few reports of the effects of length of frozen s@@rage

)
on eatlng quallty of br01ler chlckens An early study by

.Stewart et al. (1945) noted that in shorter frozen storage -

perlods (9 and 23 days) the dlfferences in palatabIVity

'scores (1nclud1ng aroma, flavor, julclness and tenderness)

e

between fresh controls "and rozen br01lers were not 51gnlf1~

cant However, w1th longer frozen .storage (up to 79 days)

'palatablllty scores of frozen broilers decreased, the

£, ;
dlfferences between fresh controls and frozen br01lers

-~

3

L
.
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;storage on ready to—cook cut-up chlcken, suggaste& that

'packaglng and temperature.

- . 83
becoming highly significant.» Spencer et al. (1961) found

no significant differences in the flavor of chicken meat
attributable to frozen storage at -17 8° for 2 to 12 weeks.
However, they observed lower (P <0 0l) fLavor scores for

extracted broth samples obtained from chlckens that were.

held frozen for short‘periods of time (2 to 8 weekS'and 12

weeks). On the basis of their'experiment, Spencer et al.

v

(1961) suggested that the loss in flavor found in frozen

J
br011ers was not,e%%ugh to be ~detected by the dgnsumer -

» N &

'durlng normal q?@klng f s "

S :
W1lls et al (1948), rnvestlgatlng longer frozen

storage perlods, reported that,poultry was Stlll palatable

after 9 months %f frozen storage at -23 2° ‘However Ebonz

P -

et al. (1947) found that cut—up pullets wrapped 1n moisture—

h‘proof cellophane and stored at -17. 8° for 9 months showéd

b

'napprec1able deterloratlon 1n flavor and appearance Later

research by Klose et al. (1959) oh the effect of frozen A,?'

&
W,

_3,:6, 9 and 18 months were Optlmum stor%fe pérlods for

'chicken at teégzratures of -7° <-12° —18° and —2? Qre,—.

spect;vely.' ThlS study (K103e et al., 1959) emphasf;ed
the close relatlonshlp that ex1sts between,process;ng, S -
Thus, the data.for the 1nfluence of storage on the'fv o~

~.. e . © ¥

eatlng quallty of brorlers 1n the ‘present studY”are as

would be expected 51nce the chlckens were well—packaged and

o - /
stored at a constant very 19w temperature (- 29°), Further:

- p 1 .
: . 7rk ‘ i
a . . o - W . -

-~

-
B
N s o e SR , ao - cbitions g
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more, the longest storage period in this experiment,56
months, -is shorter than the one year period of frozen stor-

age Qenerally suggested as optimum for insuriﬁg broiler
\ i .
gquality. :

A o . Ration by Storage

‘. ' ) )
» .

Objective Measurements
Data for all the objective measurements for the inter-

-action of ration and storage are given in the Appendix,
Table 1 J:%?ge 106. | o i

- Subjective Evaluation by a Traihed Panel

The complete data fo:“subjectiqe evaluations by a
trained panel of ration by storage interactions afe’pre—
.sented in the Appendix, Table 2 , page  107. Mean scores
for odorLand flavor of ligﬁt meat, da:k meat and broth are
sumﬁarized in Table 8 . Liéht meat samples showed signifi-
cantvdifferences (P <0.05) forsodér'attribufable to ration
byvstofage interaction. The data for ration within each
stbrage period indicate that the odar scores for chickens
fed the RSMHMvration were significantly diffefent from the -~
other\three rations for éach of the storar~ times. How-
ever, odor scores for'light meat from chickené fed the SBML
"SBMF ana RSM rations varied according td.£Q§ specific stor-

age period. T~ _ght meat samples from chickens fed the SBM

(control) ration and cooked fresh had the highest score and
: ’
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this score was signifisantly different fr&x light meat sam-
ples taken from compa;abIe fresh chickens ed'the>SBMF ra-
tion. For chickens fed the SBM, SBMF and RSM rations, odor.
scores for light meat showed no significant differences with-
in short frozen storage. For loﬁg frozen storage the odor
score for light meat ohtained from chickens fed the SBM ra-
tion wasllower (P <0.05) than the odor score gur comparable
samples from chickeﬁé fed the SBMF ration.

There was no significant difference in odor scores for
light chicken meat‘among the three sfgrage periods for chick-

‘ ens fed either tﬁe SBMF or RSM rations. However, for light
meat samples from chickens raised on the SBM and RSMHM rations,
the odor scores within fresh storage were significantly high-
ef than the scores for chickens fed these rations (SBM and
RSMHM) and assigﬁed to long frozen storage. For chickens fed
the'SBM fétion, but not.the RSMHM ration; light meat from
chicken assigned to shor£ frozen storage geceivéd lower

(P < 0.05) odor scores than comparable samples from fresh chick-
ens - (Table 8 ). .Rafion by storage interéction did not signifi-
cantly affect either the flavor of light meat or the.odbr and
flavor of the dark chicken meat.

Broth odor also was significantly influenced by‘ration
and storage interaction. Within each storaée period, broth -
prepared from chiékens fed the RSMHM ration received gignir/ A
ficantly lower (P« 0.65) odor-scores than broths from all
other ration byt;torage treatment combinationsf Broths

prepared from chickens fed the SBMF and RSM rations held

frozen for 6 months were given significantly lower odor

’
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scores thar. kroths from control chickens frozen’for a long
time. The ocor scores for broth samples p;epared from
chickens representing the SBM, SBMF and RSM rations and
assigned to either fresh or short frozen storagé‘we;e simi-
lar. |

Storage treatment did not affect odor scores for broﬁh
samples prepared f:om -ontrol chickens (SBM fation). Chick-
en broth made;from long frozen broilers fed the SBMF and
RSM rations received lower (P< N.05) odor scores than com-
parable broths from fresh chickens fed‘either the SBMF or
RSM rations. Frozen storage treatments, both shof; and
long, compared to the fresh treatment, resulted in a de-
crease. (P <0.05) in odor écores for broths prepared from
chickens fed the RSMHMrration. Ration by storage inter-
-action did not significantly influence the f;?vor of‘the
broth.

Findings; for odor of light meat and broth in the
present study, indicate that including‘Sé,herring'meal and
adding methyl groups to a ration contéining 15% Span rape-
seed meal caused decreased stability in chickens during .
frozen stofage.‘ In contrast,.odor‘and flavor scores for
light and dark meatléamples, and flavor gscores for broths
obtained from broilers fed the RSM ratlons show that these
carcasses were as stable to frozen storage for 6 months as
comparable samples from broilers fed the SBM‘(control)ira—

tion. For all palatablllty characteristics evaluated (for

ratlon by storage interaction), chlckens fed the SBMF ra- .

|
i
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tion received scores similar to those given to comparable
éamples from chickens representing the RSM diet.- Odor
score§ for broth samplés showed decreased stability to long
frozen storage for chickens fed the RSM and SEMF rations a;

combared to chickens raised on the SBM ration.
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SUMMARY AND CONCLUSIONS

.Broiler chickens were fed four different rations; .
N I,
<

a soybean meal ration (SBM), a soybean meal ration with

a fét and ?iber content dompafable to'that’;f the rapéseed"
meal ration (SBMF); a 15% Span rapeseed meal ration (RSM)
ana a rapeseed meal ration with 5% herring meél,.O.l% bL
methionine and 0.05% choline chloride included (RSMHM) .

The exdct composition of the rations is given 'in Table 1,
‘page 22, At eighf weeks df age}'£he.chickens were commer—'
. clally killed‘anq procéssed. Chickens répresenting éach.'
ration treatment weré assigned to oné of three storage
‘treatments — fre$h, short frozen storage (18 days) or

long frozen étorage (6 months). The gffects of ration and
stoiage tféétments on the eating qualiﬁy characteristics
‘bf'broiler chickens were studied dsing'objecﬁive measure-
ments aﬁd subjective evélﬁations by a trained panel and a
consumer panel. | | |
Data for the effect of ration'treatﬁent‘indicate that

feeding chickens ii%vSpan fapeseed meal (RSM ration).fe_
sulted in £;oi£ers Qith significantly lcwer initial faw
and cooked weights than the weigﬁts of comparablg-;h;ckens
fed the SBM ration. Chickens fed the RSM ratidn had a
higher (P <0.65)'£haw loss than largér chickens_féaithe 
SBM and RSMHM ration#. Tot;l cooking and volatiié losses
for chickens'fepfesenting the RSM éatibn were significantly
higher than the losses for ‘comparable chickensjfeé the SBM

P
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~ (control) ration. The TBA number for chickene raised on
the RSM ration was higher (P <0.05) than the number for
compafable.cohtrol chiekens (SBM retion). |
Inclusion of herring meal, DL methionine and choline
chloride in a 15% Spen rapeseed meal ration (RSMHM ration)
resulted in broilers Qith higher (P < O;OS) initial raw
and.coohed weilghts than the weights of chickens fed the
RSM ratloh, but w1th weights SLmllar to those of chlckens
fed the SBM ration. Due to their larger raw welght Cthk—\
ens representlng the "RSMHM ratlon had a lower (P < 0. 05)
thaw loss than chickens representing the RSM ration,-and a
thaw loss similar’ to that of chickens fed the SBM ration.
.Chlckens raised on the RSMHM ration had 51gn1f1cantly
greater total cooking and volatile losses than comparable
control chickehs (SBM ration). The TBA number for~chickens
representing the RSMHM ration was higher (P< 0.05) than

the TBA numbers for chickens from the other three rations -

1
4.

-treatmenté. B

Chickens ‘$d the SBMF had initial raw and cooked
weights similar to those of eomparable chickeni fed either
the SBM or RSM rations; buﬁ with signiﬁidantly lower weights‘
than chickens fed the RSMHM ratieh. The thaw ioss for
chickens raisedJon the SBMF diet was similar to that ob-
tained for chickene from all other ration treatments. Total
eookinq and volatile losses were higher‘§£e<0.05)‘for

chickens fed the SBMF ration than the losses for chickens

fed the SBM contrd} ration.
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Data for drip loss, pH of broth, pH of cooked meat,
total moisturé (%), ether extract (%), monocarbonyls,
. . : " ' ‘ (s
< shear force for light and dark meat, and water holdlnq\“

£~ N
capacity show no significant differences attributable to

ration.

A trained pahe] rated the flavor and overall accept-
ébility of dark meat‘samples taken from chickens fed the
RSM ration significantly iower'than compar;bie samples from
‘chickens  fed thg SBM ration. .$lavbr and overall accept- ‘

__ability scores for light mgat_samples; and odor, juiciness
and tenderness scores aséiénéd to light and dark méat-samplés
obtained from chickens ‘representing the -RSM ration were sim-
iléf'to cémpérable samples taken from chickens fed the SBM
‘ration{ The odor of broth prepared'frochhickens fed the
RSM ration wasr<similar to the odor of broth méde from chick-
ens‘fgd the.sBM_ratioé. Howeve;} the bToth flavor score
for samples representing the RSM'ration was significanély
lower than the score\}or comparabde bioths made from chick~-
ens fed the SBM’rafion.

. Findings from the ttained’judges,indicate that feeding
b;oiiers the RSMHM ration resulted in lower (P < 0,05) scores
for édof; flavb; énd overall‘aécéétability of L}gﬁt and |

= o
dark meat saﬁples than those scores assigned to,comparable

samples from chickens fed the other three rations. Tender-
. ‘ ,

ness scores.for light ahd dark meat from chickens on the

> ’~

RSMHM treatmerit were lower (P < 0.05) than cdmpargble samples

from control chickens. ' The odor and flavor of broth samples ,

-
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prepared from chickens fed th- RSMHM ration were also
significantly'lbwer than broths prepared from chickens fed
the other three rations. )

Accordlng to trained panellsts, the addltlon of extra
flber and fat to the SBM ration, i.e. the SBMF ration, gen-
erally resulted in light and dark chicken ‘meat that was
'51mllar in eatlng quality to the meat obtalned from broilers
fed the SBM (control) ration. Although the dlfferences
were not Significaht the flavor and overall acceptability
of dark meat samples taken from chickens fed the SBMF ra-
thn Were rated slightly lower than comparable samples ob-"
tained from chlckens fed the control (SBM) ration, and simi-
lar to samples obtained from chickens representlng thekRSM
ration. The odor score a351gned to broth samples obtalned
trof chlckens fed the SBMF ration was 51mllar to the score
'glven to broths prepared from chlckens ralsed on the SBM
dlet The flavor score for broths made from chickens re-
Presenting the SBMF ration was significantly lower than the
flavor score for broths prepared from control chickens
(SBM ration), but similar to_the flavor score given broths
from chickéns'fed;the_RSM‘ratibn.v |

A consumer panel rated the odor, flavor and overall
acCEptablllty of ‘chicken meat from br01lers ralsed on the
SBM, RSM and RSMHM ratlons Data 1nd1cate that feedlng
Chlckens the RSM ration resulted in slightly lower (but

not significant) scores for all three palatability'char—

Acteristics evaluated than the scores for comparable chick-
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ens fed the SBM ration. ”Chickens fed the RSMHM;ration re-

ceirved SLgnlflcantly lower scores for odor, flavor and over-

.~

all acceptablllty than comparable chlckens fed ‘the SBM

ration. o

\;\..{ 5 \
1 ’\J
Frozen storage of broller ohlck6ns\>br.18~days or 6

months had little effect qi lnltléiﬁ£aw weight, cooked-
welght, cooklng lossesj pH of broth and cooked meat, per-
centage total moisture, percentage ether extract, mono-
carbonyls{ and shear force values for dark meat. The thaw
loss of chickens frozen 6 montns was sdignificantly higher

than the thaw loss of-comparable chickens frozen 18 days.

‘The TBA number of chickens frozen and stored 6 months was

lower . (P <0.05) than that of comparable fresh chickens and
frozen chickens, stored 18 days. The shear force value for

~light meat samples taken from chickens frozen and stored

for 6 months was lower (P <0. 05) than the shear force‘values

for comparable samples from either fresh chickens or frozen
'chickens, stored 18 days. Water holding capac1ty was signi-
ficantly lower for the frOZen.chlckens stored 6 months than
for fresh chickens.t |

Generally, trained'taste panel data'indicate tnat
"storage treatment,did not affect the eating‘quality of
broiier chickens. The odor of light meat samples’was low-
ered 51gn1f1cantly by frozen storage for elther 18 days or
6 months compared to the odor of llght meat obtalned from

fresh chickens. However, the odor score of dark meat was

lower (P <0.05) for short frozen chickens than for compar-

?‘

)
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able samples‘from frezen ehickens, stored 6 months. The
odor of.broth prepared'from chickens frozen for 6 mohths
was lQQer (P <O.65) than.the odor of broth made frdﬁ fresh
:hickens. %Phese findings seem to indicate that a loss-ih_
odor of ljght meat and broth occurs when broilers are
frozen and stored particularly for extendad periods of
time

Ration by storage- lnteractlon dld not eXhlblt an effect
on the eating quallty of chickens fed the SBM, SBMF and RSM
rations. Odor scores for light meat and'broth samples from
chiekens fed the RSMHM_ratiou tended to decrease when these
chickens were frozeu and stored.

~ Some differencesiin:quality characteristics of chickens
fed the RSM ration have been noted (dettcreased raw welght
difference in cooking losses and increased TBA~ number) In
addition, data from both a trained and a consumer panel iu—
dicate . that feedlng 15% Span rapeseed meal (RSM ratlon)
may have caused a slight decrease in eatlng quallty “Thus,
further studles are needed to determine whether supplementlng
the bro: er -ations with rapeseed meal results in decreased
eating quality. . Research'is also needed to determine the
effect on. eating quality of broiler‘chickens of feésing,'
rapeseed meel rations from new cultivars of rape{'such as
.Tower»aud vellow seededirape; ‘

Findings from the'preSent study indiqate that although
the addition of 5% herring meal, 0.1% DL methionine and 0.05%
‘chollne chloride to a ratlon contalnlng 15% Span rapeseed meal -

improved the 1n1t1al raw and cooked welghts of chickens,

N
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the eating quality of the chickens (particularly odor,

flavor and overall acceptability),6 as rated by trained and

consumer panels, was adversely affected. A further loss of

eating gquality (odor) resulted when the broilers repre-
senting‘theARSMHM ration were frozen ané stored. These
-results would suggest that either the presence Qf 5% herring
meal and/or higher levels of DL methionine aﬁd'choline chlo-
ride t@an normally incorporated into broiler rations, or

the interaction of the rapeseed meal withadﬁe or both of
these constituents causes tﬁe production of off-odors and
off-flavors in broiler meat. Further research is required

to d?termine the gause(s) for 1loss in'eating quality of

broiler chickens fed the RSMHM ration.

o
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JFigure'2. Instructions given to the trained judges

for subjective evaluation of chicken meat’/
samples. .

INSTRUCTIONS TO JUDGES FOR SENSORY EVALUATION OF POULTRY

Score each palatability/characteristic in the order 7
listed on the scorecar by smarking an "X" in the box under
the column headed 7, 6, S, 4, 3, 2 or 1. Try to judge each
sample individually without consciously comparing it with
other samples. .Consider carefully the descriptive termih-

ology for specific scores wifthin the range of 7 to 1 in
deciding upon the score assign each palatability character-
istic. .

Scoring for Odor - Aroma or odor is the quality of a sub-
stance which affects the sense of smell. Using 1 cube of
.chicken, bring the/ﬁzmple to directly beneath the nose and
inhale quickly 3 times. Then, record the score within a
range of 7 to 1, which describes your impression of the
aroma. Comment$s are welcomed, and a list of descriptive

" terms for odor -are given to assist you.

Scoring for Flavor and Juiciness - Using the same cube as
above, record a score for flavor and another for juiciness
within a. range of 7 to'1 that describes your 1mpre551on of
-the sample.

Juiciness - is the amount of moisture in mouth and remaining
in the chicken after 3 chews. Anchors are provided to stand-
ardize the scores within range. If necessary use them to

refresh your memory.

Flavor - is the intensity of the'chickeny flavor rémaining
in the mouth after complete mastication. Again, the list of
descriptive terms might help you explain the flavor experienced.

Scoring for Tenderness - Use the other cube of chicken to .
score tenderness. Place cube in mouth so that molar teeth
bite down the grain. . CqQunt the number of times you chew the
1 cm cube of chicken before swallowing. Chew until the cube
of chicken is completely masticated, then swallow. (This does.
not mean that you chew the sample just "until you can swallow
1t comfortably .) Record the number of chews required to
masticate the cube. Mark a score from 7 to 1 that describes
your ‘impression of the tenderness of the cube. ' Consider the
scorecard for descriptive terms for specific scores within
‘the range of 7 to 1, using your chew range cards.

} . .

AT AT LRy v e e e U B T



)' . ’ llo
Overall Acceptability - Record a score that, describes your -
impression of the general desirability of fne sample. This .
1s not a total score, i.e. it is not a score obtained by )
adding the scores for the other faétors listed on the score- s’
card. The score for overall acceptability is within the
range of 7 to 1, the same as for each of the other factors
listed on the scorecard. '

R ‘

Comments - Comments about a sample and/or explaining your
‘reason for assigning a particular score are helpful.

Take Your Time - to score each sample. Water is provided)
for rinsing your mouth between samples. Rinse between
samples. It is not necessary to swallor the cube used to
score flavor and juiciness.

Before you turn in your scorecards, check to be sure that

YOou have: ’ . w

(a) scored each palatability characteristic

(b) recorded the number of chews required to completely
masticate the sample. -

<N



LIST

OF DESCRIPTIVE WORDS

AROMA

meaty-brothy
acidic
ammonia-like
“sulfury
rancid

stale

fishy

acrid, burnt
chickeny
foreign

FLAVOR

acidic, sour

metallic

eqggy, sulfury

bitter

grainy, feedy, grassy
bland, little flavor
real chicken, chickeny
off-flavor, odd:

- rangid, stale

greasy, oily

fishy

burnt, acrid : a
salty

sweet

foreign

Figure 3,
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Descriptive terms provided to trained
" - panelists for subjective
the odor and flavor of chicken meat'and
‘broth. '

evaluation of

Py
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" Figure 5. Questionnaire distributed to the
participants of the consumer study.
QUESTIONNAIRE
NAME: —
ADDRESS:
“1. Are you gainfully employed outsidp.the home?
Yes . No
If ys5, what is your occupation?
.2. Please indicate the age group to which you belong as
of your last blrthday ’ .
24 and under
25 - 34
35 - 44
45 - 54
"55 and over-
3. - How many people are there in yodi family?
one, two, _ three, four,
five, - six, seven, 'over.seven.
4. How many of these people are:
under 6 years . 45 - 54
7 <12 ‘ , S5 and over .
13 - 17 -~
18 - 24 : . v
25 - 34 s
35 - 4@ Q
5. What kind of wérk does the main wagé.earner'do7‘ Plcase

describe his or her work as specifically as you can: we -
need t® know the type of work. done, but not ‘the name of
“the company or businéss. .

.

For example: car mechanic at a garage; salesclerk at

a store; teach in a high school; salesman
for a book company; operates a farm of
160 acres; unemployed.
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Which of the following'statements best describes the

'working situation of the person you named main wage

earner. (Check the one which best applies to your
situation,) .

works for someone; does not manage the business

or farm.

works for Someone; does manage the business or &
main part of it. . :

owns a business (or farm), but hires someone
else to manage it. ’

owns and manages his or her own business or farm.
retired.
In general, does Your family like chicken?

'

like very much, like, neither like
nor dislike, disiike, _ dislike very much. -

Approximately how often do you serve chicken to your
family? ‘

2 or more times/week -

about once a week
2or 3 fimes/month
about once a month

less than once a month

not at all in the past 12 months -

to your family?

raise and kill your own

from a private seller .

from a local store

other, pleage specify -

v . . . 4

i
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Figure 6. Instructions provided for subjective
~evaluation of chicken by a consumer panel.

INSTRUCTIONS

You have been asked to participate in a study on
broiler chickens currently being conducted at the Uni-
versity of Alberta.

1. Carefully fill out the questionnaire.

2. Read through the instruction sheet.

We would appreciate if you could return the completed

your District Home Economist by December 19, 1975.

You have, been given three frozen chicken halves to
thaw, cook, taste and evaluate. Each chicken is individ-
ually coded with a metal tag which has a four dlglt code
number on it. This metal tag is attached to the wing of
‘the ‘chicken and should not be removed so that you can
identify each chicken when you are tasting it.

Procedure:

1. Thaw the chicken halves in thelr ackaging. This will
take’ approximately 24 hours- frigerator; 5-7
hours -at room temperature.i ‘(These chickens must be

used within 2 days of thawijng.)

2. Prior to cooking, remove the chicken fr
plastic bag. If you are not used to cogdking and
eating chicken without salt, a s ount of salt
may be used. PLEASE DO NOT SEASON THE CHICKEN with
other spices or. herbs before or after cooking, as
thlS could tend to camouflage flavor and odors. '

3. Wrap each tﬁﬁwed chicken separately in aluminum f01l
making sure that each chicken is securely wrapped..

‘4.  Place the three foil-wrapped.chicken halves on a rack
in a large pan with sides (i.e. cookle sheet, cake pan,
etc.) or on a broiler pan.
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5. Bake at 350°F for approximately 3/4 to 1-1/2 hour,
depending on the size of the chicken, or until the
chicken meat is cooked to the desired degree. Be-
cause of the method used for cooking, the skin will
not brown, so doj|not use this as- your indication of
doneness. Guides which may be used to indicate done-
‘ness include: .

a) Leg should move easily at the hip joint.
-b)  Meat should be soft when the chicken is
cooked.

The chickens may be browned at the end of the cooking
period by pPulling the foil back and raising the oven.
temperature to 425° for about 15 minutes. : ‘

*When the chickens are cooked, they shopld be ‘evaluated
using the scorecargd provided. Please put date -and name on
the scortcard. The meat from each of the chickens should be
smelled, tasted and scored ONE AT A TIME FOLLOWING THE CODE
NUMBER ORDER LISTED ON THE SCORECARD. Refer to the wing tag
for the-code_number. First:smell,;then taste each sample.
Using the scorecard provided put a largé "X" in the box which
describes your opinion of the odor Or aroma, the flavor, and
the overall acceptabil@ty. Any comments you may have are
welcome. After all three chickens have been individually
evaluated, rank them'in :order of your preference. Give 1.
to the most preferred, 2. to the next. best, and 3. to the

least preferred.

. Before returning the questionnaire and scorecard to
- » your local District Home

Economist =

1. Please check that your name and address as well
the date are on the top of the scorecard, and

Sure the questionnaire has been completely

/

Instructions to one third of consumers -

* When the chickens are cooked,’ they should be evaluated
using the scorecard provided. Please put date and name on .
the scorecard. The meat from each of the chickens should" ’
be smelled, tasted. and scored ONE AT A TIM WRITING THE CODE
NUMBER IN THE SPACE PROVIDED AS YOU TASTE EACH CHICKEN. Refer
to the wing tag for the code number. L

]



a

‘ Are there any particular difficulties that you en-
counter in cooking poultry? :

A space is pfovided for these‘at the bottom of the
-§corecard. .

Thank you for participating in this Study. We hope you

and your. family enjoy your chicken dinner. If you are inter—/

ested in receiving information on the results of this study,
please contact me, Carol Steedman, at the University of
Alberta, School of Household Economics, Foods and Nutrition
Division,_Edmonton, Oor your local District Home Economist
after May 15, 1976.

’
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' } ' SCORECARD FOR CHICKEN -

’

DATE: . NAME :
’ : ADDRESS :
CODE 0. L0 4 3 -2 !
Odor or Aroma like vcry' like neither like dislike ‘disl:ike
much nor dislike t . very much
. like very like .neither like dislike "l dislike
Flavor X much nor aislike X very much
Overall . very good good acceptable | poor ¥ |'very paor
Acceptabil "ty . : : :
'Commecnts :
7
CODE 0. _ - 5 - 3 2 !
Odor or Aroma like very like neither like - dislike’ dislike
s much. nor dislike - very much
) like very like | neoither like dislike dislike
Flavor much -] nor Wdislike very much
\\ Ovcrall very good goo0d acceptable . poor . very poor
Acceptability - ' :
Comments ‘ : ' : ‘
. .
‘COBE 0. 3 4 3 ], 2 1
Odor or Aroma | like very like: neither like .} dislike dislike
' much nor dislike : . very much
: Flavol- like very like neither like ~ dislike dislike
° T ~ muzh nor dislike very much
Overall / very qgood - aood |acceptable voor very poor
Acceptahility i :

Comments

Pleasc rank the samples according to your prefercnce.

Codc No.
_ 1. most prcferred
2. . .
3.- least prefurrad -

Suggestions, Comments or Complaints for Alberta Poultry Producers.

- ) Difficulties cncountered in cooking poultry.

Figure 7. Scorccard for subjective cvaluation of
. ‘chicken recat by a  consumer pancl.

vy swatt Pk !




