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Abstract

The effects of preparation methods, packaging, and additives on shelf life of appetizer chicken drumme-
ttes were investigated. Initial microbial loads of appetizer drummettes affected their refrigerated shelf
life. Drummettes cooked to 93.3C had lower initial microbial loads and longer shelf life when compared
to those cooked to 82.2C. However, this advantage was not observed when ‘rub’ was applied during
the marinating process. No apparent effect (P>0.05) on the growth of psychrotrophs was found when
samples were stored at 3+1C and 7+1C with or without vacuum packaging, Adding sorbic acid (0.5%)
or sodium benzoate (0.5%) in the marinade mixture extended the refrigerated shelf life. The addition
of 50 ppm sodium nitrite further enhanced the shelf life. The increased TBA values of drummettes can
be reduced by the application of vacuum packaging. The addition of sorbic acid or sodium benzoate in
the marinade was not as effective as vacuum packaging in retarding TBA value increase.
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Introduction

Recent concern for caloric and fat levels of deep-
fat fried chicken parts has created a demand for non-
fried food products. Marinated poultry products can
meet these requirements, since they can be proces-
sed without deep-fat frying, are low in calories, and
are more juicy and flavorful. Recently, the top 400
food service companies in America emphasized that
marinated, precooked, nonbreaded wing joints will
be the newest trend among consumers.!

The growth of microorganisms during refrigera-
tion is the most critical factor limiting shelf life. The
increase in bacterial numbers might possibly be due
to an effect of elevated product temperature, storage
temperature, and increased nutrient availability to
microorganisms. Manufacturing processes and hand-
ling could affect microbial loads, which in turn affect
the quality and refrigerated shelf life of precooked
products. However, the cooking procedure was also
effective in reducing bacterial numbers.?) Several
methods have been used to extend the shelf life of
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refrigerated poultry products, such as the use of irra-
diation, packaging, storage conditions, antimicrobial
additives, etc.

Relatively few of the chemicals known to inhibit
growth of bacterial spores are used in foods. Ben-
zoate, sorbate, and nitrite have been used as antimic-
robial additives for foods.” Huhtanen and Feigberg®
indicated that potassium sorbate and sorbic acid
were influencial in delaying Clostridium botulinum
growth in chicken and turkey frankfurters formula-
ted without nitrite. A reduction in bacterial growth
(4-10 days) was demonstrated with 100 and 150 ppm
nitrite in chicken patties.®’ The use of sorbate in co-
inbination with reduced levels of nitrite was as effec-
tive as higher concentration of nitrite. Chemical inhi-
bitors also are usually more effective when used in
conjunction with other treatment such as low tempe-
rature processing, storage conditions, etc. It is also
difficult to accurately predict inhibitory levels of che-
micals required in precooked marinated poultry on
the basis of reported investigations. Studies on the
antimicrobial activity of sorbate, benzoate, or sorbate
in combination with nitrite in precooked marinated
chicken products are limited thus far.

Warmed-over flavor (WOF) has been characterized
as the rapid rancidity developed in precooked meat
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during refrigerated or frozen storage. Phospholipids
are the primary contributors to WOF® Miller et al.?
found that precooked pork chops had higher TBA va-
lues and lower flavor scores than uncooked samples
when stored at —18C for 3 months. Igene et @l.®
showed a high correlation of WOF with TBA values
and indicated that TBA values can be indicators for
WOF formation in cooked chicken.

The purpose of this study was to determine the
effects of rubbing, internal cooking temperature, sto-
rage temperature, packaging, and use of different ad-
ditives on the refrigerated shelf life of precooked
marinated chicken drummettes.

Materials and Methods

Sample preparation

Commerecial frozen chicken drummettes (first wing
joint) were obtained. After thawing at 7+1C for 24
hr, the drummettes were marinated in a solution co-
ntaining 20% marinade. For each 100 g of raw drum-
mettes, 20 g of marinade were used. A commercial
rub (containg starch, seasoning, etc.) was added at
18.6% (based on solution weight) to study the rub-
bing treatment effect. Marinade containing sorbic
acid (0.5%) or sodium benzonate (0.5%) with or wi-
thout addition of sodium nitrite (50 ppm) were tested
separately. The drummettes were marinated in a he-
xagonal shape drum (101.5 cm X 38 cm) rotated at 31.
5 rpm for 10 min and an additional 5 min for the rub
added treatments.

The marinated drummettes were cooked in a con-
vection oven (Model CTB-1, Blodgett Oven Co., Bur-
lington, VT, USA) at 237.7C to an internal endpoint
temperature of 82.2TC and 93.3C. Copper constantan
thermocouple wires connected to a Speedomax Mul-
tipoint Recording potentiometer (Leeds and North-
rup Co., North Wales, PA, USA) were used to record
the temperatures.

After cooking, the chicken drummettes were coo-
led at room temperature for approximately 30 min
before packaging in polyethylene bags. The drumme-
ttes were also vacuum skin packaged with Cryovac
LDX 2699 film (Top Web) and Cryovac T 6040 B film
(Bottom Web) on a Cryovac VS 44 Series 11 packaging
machine. The prepared drummette samples were
stored at 3+1T and 71T for shelf life studies.

Total plate counts
Total psychrotrophic plate counts for samples sto-

red at 3+1C and 7+1C were measured for a period
of 24 days at 4-day intervals for the chicken drum-
mettes.

Hand-deboned drummettes were ground aseptica-
1ly through a homestyle grinder and 30 g of the sam-
ples were blended with 270 m/ of sterilized 0.1% Ba-
cto peptone (Difco) solution in a sterile Waring blen-
dor at high speed for 1 min. Serial dilutions of the
samples were plated on plate count agar (PCA) (Di-
fco).

The PCA plates were incubated at 20+1C for 72 hr
for total psychrotrophic plate counts. The average
number of colonies from the duplicate plates were
reported as number of colony forming units (CFU)
per gram of samples.

2-Thiobarbituric acid values

The TBA values of the samples were obtained by
a distillation method.”’ Briefly, 10 g of finely minced
samples were added to a Kjeldahl flask containing
97.5m/ distilled water and 2.5m/ 4 N HCL. One or
two drops of antifoam and 2 to 3 glass beads were
added. The flasks were connected to a Kjeldahl disti-
llation apparatus and 50 m/ of the distillate was colle-
cted. Five m! of each distillate was transferred to a
test tube containing 5 m! of TBA reagent, stoppered,
mixed, and placed in a boiling water bath for 30 min.
After cooling, the absorbance was measured against
a reagent blank at a wavelength of 538 nm. The TBA
value (mg of malonaldehyde/1,000 g of sample) was
obtained by multiplying the absorbance by a constant
7.8.

Statistical analysis

The results were analyzed using analysis of varia-
nce (ANOVA) for a completely random design™® with
four replications per treatment. Duncan’s New Mul-
tiple Range Test™ was used to separate the means,
determine significant differences, and the occurrence
of all possible interactions between the means.

Results and Discussion

Initial microbial loads of appetizer drummettes af-
fected the refrigerated shelf life. As expected, samp-
les with lower initial microbial loads had a longer
refrigerated shelf life. Minimum contamination be-
fore and during packaging or processing is important
for an extended storage shelf life."” Mast and Mac-
Neil"? extended the shelf life of the mechanicaily-
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Table 1. The growth of psychrotrophic microorganisms in marianated chicken drummettes as affected by internal coo-

king temperature and rubbing at 3+ 17T storage®

log CFU/g*
Initial Days required to reach
Treatment
loads 6 7 8
With ‘rub’
Cooked to 82.2C 2.11° 9.73* 11.40° 15.83
Cooked to 93.3C 2.01> 10.807 12.18° 16.23%
Without ‘rub’
Cooked to 82.2C 1.72° 10.00% 12.90¢ 15.30?
Cooked to 92.3C 1.46* 19.10° 22.02° >24.00¢

?Means within a column followed by unlike letters differ significantly (P<0.05)

®Each number is a mean of 4 observations

Table 2. The growth of psychrotrophic microorganisms in marianated chicken drummettes as affected by packaging

and storage temperature®

log CFU/g°
Initial Days required to reach
Treatment”
loads 6 7 8
Non-vacuum
Stored at 7+1C 2.15° 10.80° 12,18 18.23
Stored at 3+1T 2.09° 10.00* 11.83° 17.50°
Vacuum
Stored at 7+1C 2.05 11.20° 14.30° 18.83*
Stored at 3+1C 2.117 10.58° 13.08* 18.65°

*Means within a column followed by unlike letters differ significantly (P <0.05)

®Each number is a mean of 4 observations

deboned poultry meat by heat pasteurization, since
the initial bacterial loads were greatly reduced.
Cunningham and Bowers™ studied the stability
of chicken patties and indicated that total microbial
counts of the patties ranged from 9X10° to 7X 10°g
after 10 days storage at 3C. Wang et al."® reported
that the log number of mesophilic bacteria counts for
the commercial frozen fried chicken samples ranged
from 2.90 to 4.78/g. In general, slime formation and
off-oder were detected when log psychrotrophic cou-
nts of appetizer drummettes reached 8.0/g of sample.
Cooking appetizer drummettes to an internal tem-
perature of 93.3C decreased the initial microbial
loads when compared to those cooked to an internal
temperature of 82.2C (Table 1). An internal cooking
temperature of 71.1C is required by the USDA (Uni-
ted States Department of Agriculture) for poultry or
meat patties to be labeled “fully-cooked”, while
68.3C is required for cured-cooked poultry pro-
ducts."*"*® Dawson et al."? reported that properly

cooked meat products presented few health prob-
lems, since total bacterial counts were low and esse-
ntially no coliforms survived the cooking processes.

Appetizer drummettes at a 93.3C internal cooking
temperature had longer refrigerated (3+1C) shelf
life than those at a 82.2°C internal cooking tempera-
ture. However, this shelf life advantage was not ob-
served when ‘rub’ (a mixture of starches, seasoning,
and flavoring additives) were applied during the ma-
rinated process (Table 1). It was suspected that the
‘rub’ on marinated products may protect the mic-
roorganisms from destruction or inactivation during
the cooking process and/or may provide an ideal en-
vironment for bacterial growth.

No apparent effect on shelf life extension for appe-
tizer drummettes by vacuum packaging was obser-
ved. No difference (P>0.05) in the microbial growth
pattern was observed for appetizer drummettes sto-
red at either 3+1C or 7+17T with or without vacuum
packaging (Table 2). It was reported that vacuum pa-
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Table 3. The growth of psychrotrophic microorganisms in marianated (without ‘rub’) chicken drummettes as affected
by sorbic acid, sodium benzoate and with/without sodium nitrite at 3+1C storage®

Initial
Treatment

loads
Control 1.83°
Sorbic acid (0.5%) 0.64*
Sodium benzoate (0.5%) 0.54°
Sorbic acid (0.5%) and sodium 0.61°

nitrite (50 ppm)

Sodium benzoate (0.5%) and 0.68°

sodium nitrite (50 ppm)

log CFU/g®

Days required to reach

6 7 8
10.00° 12.90¢ 15.307
16.95 1855 21.70°
16.38° 18.33° 22.68°
19.50° 2L.70¢ >24.00¢
18.70° 21.20° 24.00%

*Means within a column followed by unlike letters differ significantly (P<0.05)

"Each number is a mean of 4 observations

Table 4. The TBA values of marinated chicken drummettes cooked to internal temperature 82.2C as affected by sto-
rage time, packaging method, storage temperature, rubbing and use of additives*”

Storage time (day)*

Treatment _
0 4 12 16 20
With ‘rub’
7+1T storage 0.23°A 0.26°B 0.39°C 0.42°D 0.52°E 0.89'E
3+1C storage 0.18A 0.26°B 0.37°C 0.39*°D 048°E 0.65°F
‘Rub’ vacuum
7+17T storage 0.182A 0.30‘'B 0.35°E 0.31¢C 0.33°D 038 F
3+17T storage 0.18°A 0.18°A 0.32%C 0.33'D 0.34°E 0.44*F
Sorbic acid 0.32B 0.27°A 0.36°C 0.46°D 047'E 0.49>F
(31T storage)
Sodium benzoate 0.22'B 0.20A 0.25°C 0.33°D 0.33°E 0.36°F
(3+1C storage)
Without ‘rub’
7+17T storage 0.22°B 0.22°A 0.31°C 0.32:D 047°E 0.78F
(3+17C storage 0.30°B 0.27°A 0.322C 0.42°D 0.50°E 0.58F
Sorbic acid 0.32°B 0.27°A 0.36°C 0.46°D 0.46°E 0.49"F
(3+1T storage)
Sodium benzoate 0.22°B 0.20™A 0.25*C 0.33°D 0.34°E 0.39°°F

(3+1T storage)

2Means within a column followed by a to f unlike letters differ significantly (P<0.05)
> Means within a row followed by A to F unlike letters differ significantly (P<0.05)

¢Each number is a mean of 4 observations

ckaged cut-up fresh broilers and prefried chicken pa-
tties did not delay or prevent increases in total psy-
chrotrophic counts as compared to non-vacuum pac-
kaged samples during refrigerated storage.?*#V
Addition of sorbic acid (0.5%) or sodium benzoate
(0.5%) in the marinade mixture significantly (P <0.05)
extended the refrigerated shelf life of appetizer dru-
mmettes (Table 3). The shelf life extension effect was
further enhanced by the addition of 50 ppm of so-
dium nitrite (Table 3). Sorbic acid has been reported

to surpress the growth of Salmonella, Staphylococcus,
Escherichia, Pseudomonas, and Clostridium and to ex-
tend chicken product shelf life®?® Sodium benzoate
is also considered to be effective against yeast and
bacterial growth.®’ Ivey and Robach® reported that
low levels of nitrite (50 ppm) and sorbic acid (0.1%
or 0.2%) greatly retarded botulinal growth and toxin
formation. The effectiveness of sorbic acid (0.2%) and
nitrite (40-150 ppm) combination on the botulinal sa-
fety of curred meat products was also verified by So-
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fos et al.®® and Tompkin.?”

Effects of storage temperature, ‘rub’ application,
vacuum packaging, and antimicrobial additive on the
TBA values of appetizer drummettes are summari-
zed in Table 4. The TBA values of appetizer drum-
mettes increased as the storage time progressed. The
increase in TBA value can be retarded by the appli-
cation of vacuum packaging. The addition of sorbic
acid sodium benzoate in the marinade was not as ef-
fective as vacuum packaging in retarding TBA value
increase. Igene ef al.®® showed that TBA-reactive su-
bstances in the distillate of cooked chicken is an indi-
cator for warmed-over flavor. Miller e al.” reported
that pork chops seasoned with nitrite (40-120 ppm)
were effective in inhibiting this warmed-over flavor.
The data on vacuum packaging support the report
of Baker et al.”® who indicated that vacuum-packaged
chicken frankfurters developed fewer changes in fla-
vor and acceptability during storage, while non-va-
cuum samples resulted in faster flavor deterioration.
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