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SUMMARY

Some sensory characteristics,
general colar gppearance and degree of freezer
burn of raw, and flavor, rancidity, odor and
general acceptability of very lean (7.5 %) beef
patties were studied after frozen storage and
cooking. Meat sample 'was obtained from @
closely trimmed semimembranosus muscle of
a normal fattaned, two years old steer carcass:
Meat was ground and patties in 1.5-2.0 cm

thickness were made by hand, and then vacum
(VP) or non-packaged {NONP) and stored 3 .

days, 1.5, 3 and 4.5 monhts at 23 1°C. At the
end of the each storage intervals evaluations
were done by trained panel.

Sen!so'r-y panel evaluation results indicated
a steady decline in the acceptance of the beef
patties during the frozen storage. However,
mean value of the 8 trained judges for each
characteristic never fell under the mid-point
of 5 on the sensory scale of 1 to 9. The present

work, ant the others previously reported elsew-

here, indicated that hig «quality ground beef,
with the low fat percentage (7.5 %], could be

stored at the freezing temperature of -23°C -

for up to 4.5 monhts, without any drastic chan-
ges in the sensory evaluation results. The sen-
sory panel results of flavor, rancidity, od'pr and
general acceptability of the NONP samples
were not greatly different from the VP ones.
But, the darkening of the color and high percen.
tage of the surface freezer burn, especially af-
ter the 1.5 monhts of the frozen storage wete

the limiting factors of the storage period of ‘

th'e NONU beef pattles

1. INTBODUCTION :

- Much of the meat fiavor and odor research
with beef has been associated with elther .

fresh and/or short term frozen storage. Howe-
ver, 4 s»ngmﬁcant portlon of beef are frozen a

namely;

year or IQnger. Research concerning the sta-

bility of the different lipid classes, their fatty

acid composition, oxidation, accumulation of

lipid soluble carbonyls, fatty acid percentages

and their relation with the sensory evaluation”
of bovine muscle tissue during the frozen stor-

age is vety limited (Gokalp et al., 1981 and

1983; lgene et al., 1980; Kirova and Peshevska, -
1982). The effects of lipid autoxidation and -
accumulation of lipid-soluble carbonyls on the
fiavor, odor, rancidity and general acceptability

of the very lean red beef tissue during prolon-
ged frozen &torage, thawing and cooking: have
not been studied in detail either (Jakobsson
and Bengstsson, 1972; Keller and Kmsel[a 1973
lgene et al., 1980).

Various workers have stated that tissue
lipids are stable during frozen storage (Keskin- -
ol et al., 1964; Witte et al., 1970), however
oxidation and breakdown of the neutral lipids
(NL) and phopholipids (PL) have been ohser-
ved in frozen muscle held at various tempera-
tures for various storage times {Bosund and
Ganrot, 1989; Keller and Kinsella, 1973; Gokalp -
et al., 1981 and 1983). Keller and Kinsella
{(1973) and lgene et al (1980) suggested that
changes in especially polyunsaturated fatty aci-
ds of PL fraction may resuit in the develop-
ment of rancidity and serious flavor prob!ema'
durmg frozen storage and subsequent cookmg
of meat and meat products. Although the per:
cent of PL in beef muscle tissue is quitie low,
but the susceptibility to autoxidation -and
development of oxidative rancldlty makes them
umportant in governing the quality i e. off-flavor,
off-odors and discoloration of beef tissue (Chi-
pault and Hawkins, 1971; Igene et al., 1980;
Nakanishi and Suzama, 1967; Watts, 1962},

General color a;iperande, pigment oxidation
and occuring of surface freezer burn are very :
important quality attributes in the frozen stored
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fresh meat and they are interchangeable rela-
ted to the other quality characteristics. Woi-
kers (Greene, 1969; Igene et al.,, 1980) have
studied the pigment changes and lipid oxidation

in frozen meats. Freezer burn is one of the prin. -

cipal problems in frozen meat. This is dehydra.
tion of the exposed surfaces and fading of
the color- (Czhil et al., 1971}. Frozen animal
‘tissue sometimes. produces a brightening of

the color that changes with progressive storage

from.a whitish.to.an unsightly grayish-yellow

apperance caused by alteration of the tissue .

to a condition described.as spangy or corky and

called freezer burn. The presence of even the .

early stages.of freezer burn depreciates.quali-

ty, later stages of it represent irreversible .

damage, that-remains after thawing but usually
disppears after cooking, but might. cause off-
flavers and denaturation of the proteins {Sny-
der, 1965).. If the.freezer burn is more severe,
it is then irreversible because of damage to

the ‘muscle enzyme systems .and concentration )
of the tissue salis (Kaess and  Weidemann,.

1967).

The increased freezer-burned area of ths .-
tissue favors oxidative rancidity of the fats and . -
the products of the fat oxidation may accelera-.
te the oxidation.of the heme pigments (Snyder,

1865}, The higher freezing and storing tempera..

tures. produce -high. high, intensity of buarn, .
. comparison,

weight loss and evaporation, in
with' the .lower temperatures: (Zacharizh and
Satterlee, -1973}. The: degree of freezer. burn

can suggest-.the approximate .percent weight

. loss in stored. meat..Weight loss during storage
and extent of freezer.burn are positively corre-
lated (Kaess and Weidemann, 1967; Gokaip et
al., 1979).. Significant positive correlations bet-
ween. freezer burn and . 2-thicbarbituric acid
(TBA) wvalties. (r= 0.74). off.- glovor (r=0.78)
and significant negative correlation with flavor
scores. [r= 0.71) were found (Gokalp et . al,
1978 and . 1979). . ‘

In the present investigation, the objective
was to study and ‘evaluater some sensory
characteristics, namely; general color apperan-
ce and degree of freezer burn of raw, and fla-
vaor, ranc:dlty odor and general acceptability

of coocked product and determine the correla- )

tions of these sensory ‘evaluations with some
aspects of fat oxidaticen, lipid soiubie oarbonyls
and TBA values in choice grade muscle tissue
converted into very lean beef patties and fro-
zen stored under vacuum packaged {VP) and
non-packaged (NONP} conditions.

in this work a great emphasis was given

~to organoleptic evaluations of the patties.

Many quality attributes .of food items could be
effectively measured . and determine by the -
physical .and chemical analysis, but, yet there
have not been any instruments developed to -
replace the human senses in evaluation of the
certain quality characteristics i.e. colar, flavor,
odor, rancidity, texture, general acceptability,
etc. {Deatherage, 1977). In the evaluation of
the certian quality characteristics, of food both
objective and organaleptic analysis should. b
accommplished simultaneously, since, food is
processed for human consumption (Gokalp et .
al,, 1978).

2. MATERIAL and METHODS
2.1. Materials .

The present study was conducted concur-
rently with the research works, previously
reported quahtatlve alteration of PL (Gokalp .
et al,, 1981}, fatty acids of NL and PL (Gokalp
et al., 1983) and lipid soluble carbonyl values
(Gokalp, 1984); and used the same meat samp.
les. The experimental design of these research
projects was the same with the exception of
four patties were assigned to each packaging
treatment in the organoleptic evaluations and _
carbonyl works.

The semimembranosus muscle was remo- :
ved: from the round of a Choice Grade two ye--

ars old steer carcass.at | day postmortem. The -

internal temperature of the round had ceached
54-1°C. After removal of the external fat, the

muscle was ground through a 0.32 cm ‘plate, -~
The fat percentage of this ground product was
7.5 % (ether extract). Removal of the outside
fat layer increased the relative percentage of

the vuntramuscular fat which is richer in PL than
regular ground meat. Patties approx:mately 15
t0 2.0 om in thickness and weighing 200 g were
formed by hand and randomly asmgned to one
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of the experimental treatment, VP -and NONP
and frozen .Storage intervals of 3 days, 1.5, 3
and 4.5 months. The experimental des:gn was

8 2x4x4 factorial arrangement, total of 18

patties {4 rephcates each analyzed in duplica-
te) were stored for each packaging method,
thus a total of 32 patties were worked on them.

Patties for VP were immediately placed in
a single layer into Barrier Bags {(Cry-O-Vac
- B-620). A vacuum of 560-610 mm. Hg was
applied to gently draw the air from the bags
and sealed with clips. All samples, VP and
NONP, were placed in a single layer in card-
~board boxes which had the bottom lined with
~freezer paper. Boxes were then placed in a
-23+1°C laboratory-type upright freezer.

2.2 Thawing of,‘tﬁe Samples

At the end of the storage time intérvals,
patties from both packaging treatment were
removed from the freezer and thawed in a
3+1°C refrigerator. The NONP samples were

thawed in unsealed barrier bags. Thawing was

completed in 24 - 28 hr.

2.3 Color and Organoleptic Evaluation

Thawed samples were taken from the bags,

exposed to air under laboratory conditions to
«bloom= 30 min. Samples were randomly arran.
ged on a white paper for the Judges’ evaluation.
‘Each sample was scored by 8 trained Judges
for color and percent of surface discoloration
{primarily freezer ‘burn] using the Hedonic
type scoring system (Figure 1).

After the color evaluation patties were
placed on small afuminum foil trays and cooked
-in an electric oven (165-170¢C), Juice was
retained in the trays during cooking. The pat-
ties were cooked to an internal temperature
of 68°C which rasulted in an interior celor of
light brown, and an exterior showing some bro-
wning. After cooking, one patty was removed
from the oven and served while still warm: The
other patties were held in the open oven and
quickly served while they were still warm.

Each patty was cut lengthwise once and cr'oss—f A
wise 3 times to obtain 8 pieces for 8 panel

members, The samples were evaluated on a
9 point .scale for flavor, rancidity, odor and

general acceptability (Figure 2). For the sen-
sory panel ’evaluamon different code numbers

‘'were used for patty ldentrflcatlon so that the

Judges would not be influenced by the appear-

~ance of the uncooked samples. L

3. RESULTS and DISCUSSION

3.1 Visuai Evaluation of Colorand Freezer
. Burn

"The mean values of visual color evalution
re'sults_‘for each packaging method at the vario-
us frozen storage . intervals are displayed in

~ Figure 3. The mean value for each packaging

method did not show a big difference at the
end of 3 days storage. The viriation among the

two packages increased as the storage . time

progressed. From the analysis of variance re-
sults, a ‘highly significant [P<001] storage
time X packaging method (TX-P) interaction

. was observed, While the color scores of VP

showed a stability throughout the frozen stora.
ge period. NONP samples indicated a darkening .
and unacceptable beef patty appeareances at
the 45 days of storage and continuéd to give
almost, the same undesirable color scores af
the 90 and 135.days of storage period. Oxygen
impermeable film and application of vacuum
reduced the direct tension of atmospheric oxy-
gen and so reduced pigment oxidation in thosa

" samples (Chipault and Hawkins, 1971).

There were significant (P < 0,05} correlati-
ons between the color scores and total unsatu-

. rated fatty acid (UFA) of NL {r = -0.48), and .
highly significant (P<0.01) with total UFA of

PL (r = -0.55) These negative correlations in-
dicated that while the percent of UFA becoms

_.smaler due to the autoxidatian, the color scores

yield higher values of dark. and un:-.acceptablt=i
appegrance. Many ‘researchiers (Hirano and
Olcott, 1971; Love and Pearson, 1974) have
pointed out that the autoxidation of meat pig-

" ment and lipids were interrelated chemical

reactions, but the exact pattern needs more
studying. There were highiy'significaht correla.
tions between panél color and flavor, rancudlty
general acceptability ‘and TBA values but was
not bet ween color and odor scores (Table *
and 2}, In the tables, some of the correlations
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petween the color, freezer burn and = other se of the canstruction of the visual appearance
" quality attribuates gave negative values becau- Scale and sensory evaluation sheets.

" FROZEN BEEF PATTY EVALUATION

Judge‘s” ' _ . _ :
Name : ) - Sample No: -~ Date :
" Uncooked Product
Color .
~ L Very
Dark, not _ S Cherry red, : tigh, not
desirable _ dasirable desirable
9 g8 7. 6 5 4 3 2 1
 Surface ' :
freezer burn ' : o , L
Very
. intense
No burn . burn -
0 % 25 % 50 % . 18 % 100 %
Comments :
Figure 1. Color evaluation score sheet. -
FROZEN BEEF PATYY EVALUATION
Judge's . .
Name : - Sample No : Date :
Fiavor '
Mot
Desirable o - desirable
9 8 7 8 5 4 32 2l
Rancidity _ ' ‘
"~ No . " Extra . -
rancidity ' ' rancid
9 8 . 7 6 5 4 3 2z A .
Odor ' ' _
_Non.
Desirable , _ _ desirable
-9 8 7 8 5 4 3 2 1
General Acceptability
Very Non-
acceptable ' acceptable
9 8 7 6 5 . 4 3 -2 1
‘Comments ‘

Figure 2, Sensorypand evaluation score sheet.
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The data obtained ‘from the: evaluation of
the percent swrface freezer burn are presen-
ted in Figure 4. As in.seen from the percent
of freezer burn area is larger in: the NON?
sample than the VP at any given storage period.
No freezer burn area was observed in the VP
samples compared 0 a 32.90. % in the NONP
samples at 45 days of storage After 45 days
the percent area of freezer burn mcrease_J
al-mdst 1inearly_and,reaché,d a value of 47.14 %
and 24.72 % respectively in the NONP and VP
bieef patties. The F - test indicated a significant
[P = 0.05y ‘effect of TXP interaction of the
freezer burn.  Since, freezer - burn ‘is the
dehydration of the exposed surface and fading
of the color of frozen ‘meat vida oxidation
{Cahill et al., 1971), the. VP wlth .a very_ low
water vapor transmission film minimized the
sublimation and accumulation and the oxida:

tion of the pigment at the surface of the meat -

and more effectively

controlled the freezer
burn. R

Some of the important correlations bet-
ween freezer burn and other quality charac-
~ teristics. are shown in Table 1. The significant
correlations between freezer burn and total
lipid - solubie carbonyls (r = —0.63), monocar.
bonyls (r = —0.43), - rancidity (r = —0.77)
" and TBA (r=0.52) are the indication.of the
affect of the-pigment regression on lipid
oxidation in the frozen meat. There were also
highly significant (P < 0.01) correlat:ons bet-
ween freezer burp area and total UFA of PI
(r = —0.70) and total UFA of NL (r = —0.63)
(Table 2). The increased freezer burned area
of the tissue allows oxygen penetration and

favors autoxidation of lipids, and the products

of fat oxidation may accelera/te the . oxidation
of the heme pigments {Greene, 1969; Snyder.
1965; Watts, 1962).

3.2, Sensory Panek Evaluation of Flavor

Mean values of the 8 judges for flavor
scores are graphed in Figure 5. There is .2
steady decrease in flaver scores for both
samples, VP and NONP, from 3 days to 135
days of storage. The resuit of F - fest indicated
that there was a highly significant (P < 0.01)
packaging effect on flavor scores. The mean

values of VP patties, at-any storage time, werse:
always higher and indicating more acceptable
flavor attributes than the NONP pattles As

'seen from the figure, the effect of storage

time in Ijnear “and hlghly significant at the
P < 0 01 level.

There: were highly 'significant (P < 0.01)
correlations betiveen flavor and other sensory
characteristics of the patties {Table 1). The
flavor ' scores were significantly {P < 0.051
correlated with TBA values {r = —0.55), but

.ador, rancidity and general acceptability scores

were not significantly (P < 0.05) correlated
with the TBA values. In Table 2 some signifi-
carit correlations ‘between flavor and some
UFA of NL and PL are shown, These positive
correlations, between the percent of UFA and .
flavor, indicate that while the percent of UFA,
éspecially in the PL fraction become lower the
flavor acceptablltt'y of the beef pattles dec-
lined.

3.3. Sensory Panel Evaluation of Rancidity

Figure 6 displays the panel . rancidity
scores. Declining of the scores at the end of
the storage, which is the indication of the
higher rancidity than the beginning, is quite
similar to the flavor scores’ However, there
is a sharp decline after the 90 days of storage.
Thiese effects of the storage time on the ran-
cidity scores were found to be significant
P & 0.05).” The "NONP samples always gaysz
lower mean values and so indicating higher
rancidity than the VP samples at every storage
intarvals, but these differences were not found
to be swgmﬂcant at P < 005 level. ’

Some of the |mp0rtant correlatlons with
the rancidity scores are listed in Table 1 and
2. As seen from the tables, total carbonyls,
monocar - bonyls and methyl ketones were
significantly correlated with the rancidity sco-
res. Total UFA of PL (r=10.77) and-NL (r =
0.63) were significantly (P <« 0.01) correlated
with the rancidity scores. There. correlations
indicate while the percent of these UFA dec-
reased the intensity of the undesirable rancid

flavor increased.
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- 34. Sensory Panel Evaluation of Odor

" Mean values of the sensory panel odor
evaluation ‘are seen in Figure 7. As can be
seen from the figure, the packaging methods
did not show a significant (P < 0.05) effect
on the odor scores. The NONP samples gave
slightly higher acceptable odor
comparing to the VP samples at 90 and 135
days of storage. The reason for these is. un-
clear to us at this point, but in could be caused
by the predominant 'multi-blication of faculta-
tive- anaerobes and so deterioration of certain
quality attributes and increase.of off - odors
and off - flavors (Christopher et al., 1979), On
the odor scores, the relative concentration of
methyl ketones which showed the similar trend
with ‘the odor scores in the VP and NONP
samples [(Gokalp, 1984) and gives the minty,
fruity, sweet and oily taste and odor, could

be an influential factor too. A highly significant

P < 0.01) effect of storage time was obser-
ved on the odor scores. The desirability of
_the odor responses of the both samples, VP
and NONP; declined from 3 days to 135 days
of storage.

For some of the correlations, between
the odor scores and the other quality charac-
teristics, see Table 1 and 2,

35, Sensow ‘P’ane‘l Evealuation. of General
Acceptability ) :

The sénsory 'paﬁel data for general accep-

tability are, presented in Figure 8. The general

acceptibility- of the two packaging methods .

followed almost the same trend as odor scores
(Figure 7). A highly significant (P <« 0.01)
quadratic effect of storage time was observed

responses .

on the general acceptability scores, but packa-
ging method did not significantly . (P < 0.05)
influence on the general acceptability of these
beet patties.

‘If we consider 5 as the mid-point bst-
ween the acceptable and unacceptable pheno- -

* mena for the sensory panel evaluation scores,

none of the parel quality characteristics: fla-
vor, odor, rancidity and general acceptability
fell’below this critical point of 5 at any storage
Intervals. .

The correlations between gengral accep-
tability and some other characteristics are gi.
ven in Table 1 and 2. The decreases in the

percent of C end C . fatty acid of PL

18.1 20:4
and C of NL were significantly correlated
18:1 :

with the general acceptability values. The to-
tal UFA of PL and NL levels were also signifi-
cantly correlated with the general acceptabi-
lity scores too. : '

3.6. Conclusion

Sensory. panel evaluation for flavor, ran-
cidity, odor and general a_céeptabi[ity results
indicated a steady decline in the acceptance
of the beef patties during the frozen storage
period. However, mean value of the 8 Judges -
for each characteristic' never fell under the
mid - point of 5 on the sensory scale of 1 to 9.

The present work and the others pre-
viously reported elsewhere {Gokalp et al.,
1981 and 1983; Gokalp, 1984) indicated that
high quality ground beef with the low fat
content (7.5 %) could be stored at the freezing
temperature of —23°C for up to 4.5 monhts,
without any drastic changes In the sensory
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Freezer burn _ 0.87*

49
. Table 1. SImple Correlations. Among Some Of The Depemlant Variables of Beef
: Patty Quality Attr:bu*tes
” . Froozar Flavor  Rancidi General
Color burn S ty Odor acceptability -
2,4 - dienals 040 0.16 —0.08 0.09 0.05 0.20
Methyl ketones - —0,07 —0.36 0.46* 0.48* 0.50* 0.55*" -
Monocarbonyls : —031 - —043* 0.48*% 0.59** 0.43* 0.60** -
Total carbonyls —0.45* —0.63** 074" o.68* 0.73"* 0.67**
General acceptability —0.41* 0.72** 0.90** 0._95'*_ 0.95_“. -
Odor : —0.39  —0.71** 0.91**  093**
Rancidity —0.52** —0.77** 092" -
Flavor -—0.65** —0.86""

* : Highly significant (P « 0.01)
* : Significant (P < 0.05)

panel eva[-uatioh of the .cooked product. The
sensory panel results of flavor, rancidity, odor
and genera) acceptability of the NONP samples
were not greatly different from the VP ones,
But the darkening of the color and high per-
centage of the surface. freezer burn especially
after the 1.5 monhts of the frozen storage, and
possib!e higher weight loss due to th! sub-
limation during the entire storage {Gokalp et
al,, 1879) were the llmltmg factors of the sto-
rage period qf the NONP sampies.

. storage works.

We believe more research work are still
needed in some chemical quality characteris-
tics as well as in the sensory panel characte-
ristics of the frozen stored beef. patties con-
taining varying amount of fat and stored for
different period. The different kind of :packa-
ging film with and without vacuum application,
controlled atmosphere packaging and the lon-

ger frozen storage time than the ones used

here should be studied on the beef patty
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Table 2. Simplé Correlations Of Some ‘thty Acids Of NL And PI. Wlth Some
Visual And Sensory Attributes Of Beef Patties

—0.70* *

F F. R
Color ﬁe ‘  Flavor Rancidity Odor ac(i::l:iallity
N. C14:1 : —0.41*  —0.58"* 0.66**  0.51" 0.53% 048"
N. C16:1 : —036 —0.70** 0.85"*  0.80"% . 0.81**  0.81*
N. C18:1 - —034  —036 0.26 0.32 0.28 0.25
N.C18:2 —023 029 042 ‘026 0.31 0.20
N.Ci18:3 .. 014 022 949 —027 —018  —035
N. Total UFA —048* —0.53"* 0.64°* 053" 0.62** 055
P. C18:1 053** - ipagrr CUp42t T 0.24 024 . 0.09
P. C18:1 - —0.41*  —0.60"" 0T8T Q71T 0.76°* . 0.68**
P. C18:2 007 —0.07 0.22 612 04t - 0.01
P, C18:3 —0.42"  —057** 0.89"*  0.64"" 0.76**  0.64**
P. C20:3 —038  —045" 039 025 . . 034 0.32
pP. C20:4 —056*T —0.71* 0.66** 048" .. . 056%™ .. 0.54%*
P. Total UFA —0.55% 0.59"*

0.77*" 0.63*" 0.65**

N — neutral, P = phospho, UFA — unsaturated
fa.tty acid

ng.‘nly significant (P < 0.01)
* : Bigmificant (P  0.05)-

-OZET -

~ Vakum -(VP) uygulanarak -paketlen-Mi$ ve
peketienmemis (NONP} ve —2373 1C° de 2
giin," 1:5, 3 ve 4.5 ay siire ile depolannus, jyi
kalitede ve diisitk ya§ oranli (% 7.5) -sifir. key.
masindan yapilmis bamburgerlerin, pisirilme-
den once genef renk goOriniimleri ve yiizeysel
don yanig: dereceleri ve pisirildikten sonra ise,

tat, ya§ cksidasyonundan dolay) olan acilagsma

{rancidity}, koku ve genel kaliullenme deger-
leri, 8 kigllik egitilmis panel tarafindan deger-

lendirilmistir. Et drnedi orta derecede yagh ‘

2 yash tosun karkasinin semimembranosus ka-
sindan saglanmis, kas iizerindeki
iyice ayrilmus, kiyma haline getirilmis ve 1.5 -
2.0 ¢m kalinlikda hamburgerler yapimistir.

fazla yag

- Panel neticeleri, depolama siiresince ham-
burgerterde’ ransiditenin devaml yiikseldigini,
tat, koku ve -gemel _-kab,u'I!enmenin ise devamh
ditsis gosterdigini belirtmisgtir, Fakat bu 6zel-
likler, 1'den 9'a kadar veriten rakamsal deger-
lerde higbir zaman orta deger olan 5'in altma
ditsmemistir, %Bvu"¢ai|$ma'§.'re buna paralel ola-
rak yritilen ve neticeleri bagka yerlerde
agiklanan galismatarin  sonuglan, diistik yag
oranl ve iyi kaliteli si§ir kiymasindan yapilmis
hamburgerlerin —23 = 1°C de 4.5 ay slireys
kadar dzelliginde pek biyilik degisiklik olma-
dan depolanabliecegini gbstermektedir, Fakat,
paketlenmemis orneklerde olusan renk bozuk-
luklart ve ileri derecedeki yiizeysel don yanidi
ve olusacak yitksek A'ﬁre diizeyi bu hamburger-
lerin depolanma siiresini limitliyen en tnemli
faktorlerdir. Bu nedenle, uygun bir paketie-
meye ihtivag duyulacaktr.
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