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NTRODUCTION

UN
&laigSURATED lipids in poultry are believed to be the primary source of oxidation products (Lillard, 1978).
thEQXigulétion of these products can produce flavors which are unacceptable. Irradiation pProcessing increases
rhioxid tive rate of formation of some of these products, thus reducing the flavor stability of poultry meat.
s“*bi ants, ascorbic acid and phosphates are frequently added to formulated meat to control lipid oxidation.
Qfantigxa°1d may chelate pro-oxidant metals which initiate oxidation of unsaturated fat or maintain the ability

1970)_ idantg to reduce free radicals by donating hydrogen to phenoxy radicals. (Bauernfeind and Pinkert,

&
DTMEszgrPOSe of this study was to determine the effects of residual oxygen, antioxidants and irradiation
™4 )" "8 on compounds that contribute to the flavor of chicken rolls. The variables in the study were 0, 30
Y levels of irradiation, high and low vacuum packaging and the addition of antioxidants.

TERI
by ALS AND METHODS
EPARATION

xth1? Meat, dark meat and skin were separated from broiler chickens. White meat was ground through a plate
hf 18y sim holes and skin with adhering fat through a plate with 0.5 cm holes. A mixture of 82% white meat
hfroxytolin was mixed with 3% HZO’ 0.75% NaCl and 0.3% sodium tripolyphosphate. Antioxidants (0.01% butylated
%t One\tUene, 0.0025% sodium aScorbate and 0.0025% ascorbic acid) were mixed with part of the added water
Slok rd of the tissue. Sausage casings (10.16 cm diameter) were gtuffed with the mixture and heated

iy SRR house for approximately 18 h to an internal temperature of 75 C. The rolls were cut into 1.3 cm
V;Whes o Packaged in flexible retortable pouches, two per pouch. Those with antioxidants were sealed in
hcmm angder low vacuum (approx. 6 ml residual air) and those without antioxidantg were sealed under low

tag ateq high vacuum (<1 ml residual air). All pouches were flash frozen at -45°C and subsequently

slite

FMTY 0, 30 and 60 kGy) at -45°c. Samples were stored at -29°C until analyzed.

ACID Avarysrs
.4 5
Qi?fyﬁggf of five grams of tissue was ground with ten grams of Celite 545 using a mortar and pestle. The
%smberm.ure was added to a 2.54 cm diameter glass column with a sintered glass filter and eluted with
e¢uting %mEthanol (9:1). The solvent was removed from the eluant using a rotary evaporator at 37 C. The
%r?oped iat “as streaked onto TLC plates coated with a 0.5 mm film of 2.5% boric acid and silica G and then
%aped 0 chloroform:acetone (96:4). After visualization with rhodamine B the free fatty acids were

chwﬁard ?1Ut8d. A combination of triglyceride and cholesteryl ester band was replated and separated on
e%eester ica gel G plates developed with hexane:ethyl ether:acetic acid (90:30:2). Triglycerides and
winfs of thesters were methylated using sodium methoxide and free fatty acids with methanolic HCI. Methyl
h%méither € fatty acids were injected into a Hewlett-Packard GLC Model 5730-A gas chromatograph equipped

A Inte a0 SP-2330 or OV-275 column. Relative amounts of fatty acids were computed by a Hewlett-Packard
¢ 8rator-recorder.
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4 PERIVITIZATION
hyg <05
dy, 4 Q A
e 2ing ?Sdlameter column layered with Celite 545, impregnated with phosphoric acid and 2,4-dinitrophenyl-
°fth8rams “Wartz et al 1963), was used as a base for an additional layer of Celite 545 into which
Y ae Carp of Sample were ground. When eluted with hexane this two stage column accomplished both extraction
&UlfognY1 Ccompounds and their derivitization to 2,4~-dinitrophenylhydrazones. Hydrazones were quantified
QHQR d Mode1 240 spectrophotometer at 430 and 460 nm using the equation of Henick et al (1954).
: WNarygpg
0,
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%ismabs\ 0ds were followed for analysis of moisture, ash, protein and fat. Other assays included NaCl _
Lege (Tes Co., Div. Miles Labs., Inc.), inorganic phosphorus (Fiske and Subbarow, 1925), thiobarbituric
RRSULTS ladgis et a1, 1960).
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xidant;SOrY evaluation of the odor and color of freshly opened pouches, we found that those with
aLhml Were more acceptable than those without antioxidants.
Yy, e
§

&frhmcaicid (18:2) and linolenic acid (18:3) have much higher oxidation rates than monosaturated fatty
%reee fat Major substrates for lipid oxidation (Lillard, 1978). The results from the measurements of
asES i ty acids and the fatty acid composition of the triglycerides are shown in Table 1. There were

€ relative percentage of free polyunsaturated fatty acids with increases in irradiation level
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when samples were packaged under high vacuum or low vacuum without added antioxidants. Antioxidants added 2
to samples packaged under low vacuum retarded the breakdown of free polyunsaturated fatty acids. Irradiati®

i
Table 1. Percentages of Free Fatty Acids and Fatty Acid Composition of the ‘
\

Triglycerides From Chicken Rolls at Irradiation Levels and Packaging Conditions

FREE FATTY ACIDS TRIGLYCERIDES
Fatty :3
Acids 14:0  16:0 16:1 18:0 18:1 18:2 18:3 14:0 16:0 16:1 18:0 18:1 18:2 18
IRRADIATION
DOSE (kGy) LOW VACUUM WITH ANTIOXIDANTS
0 18.9 .27.0 13.6. 6.0 186 028 ER6T68N 19 21 aC8 5.6 38.6 17.2 I
30 8.4 28.2 10.4 tr 37+6 92263 2e3 25.2 9.6 5.3 38.5 17.6 0.6
60 6.5  J12:5  pil2.2  Ntr 54.3 9.00 7624 3.3 33.9 8.6 biZ 33.6 15.3 0.7
LOW VACUUM
0 2.6 7.6 9.2 tr 204 9.8 80 5.6 34.1 1.6 46 3.1 131 ¥
30 6.5 9.9 14.5 +tr  43.5 8.8 6.9 2.4 351 101 47 365 1.3 ¥
60 23:6 15.5" " 23.0° 3.0 26.0 /5, 4.7 4.5 36.0 9.8 4.9 34.4 10.2 tr
HIGH VACUUM
"
0 10208 5. 26035 17295 10 23.5 0 12:1  8:60 0.5 30.0° 9:0 5.4 38.5 16.6 s
r
30 1685222 S8 ST 2720 26.5 glE 6Lt 27.9 9.3 150 39.7 138 5
r
60 13.3 19.4 20.5 6.4 28.5 8.9 7.1 1.0 28.5 " 8.0 10.2 34.8 13.6 <
\
levels had no apparent effect on these polyunsaturated fatty acids when antioxidants were added.
: 15 (
Similar results were observed for the polyunsaturated fatty acids that were derived from the triglycerlde
The trace quantity of 18:3 indicated that nearly all of it had been cleaved. Some protective effect bY
antioxidants is evident by the presence of measurable quantities of 18:3.
5 |
oduc®

Thiobarbituric acid (TBA) values, which measures peroxide decomposition products and final reaction pr
of 1lipid oxidation, is expressed as milligrams of malonaldehyde per 1000 g of wet sample (Figure 1). Thj be
unirradiated samples packaged under high and low vacuum without antioxidants had TBA values between 3 an
Even though this is within the range of odor detectability it is considerably lower than that which 1S tarﬂ
considered a problem (Watts, 1961). It is interesting to note that 30 and 60 kGy levels of irradiation L cat
the progress of 1lipid oxidation when measured by the TBA test. Unfortunately, end products of oxidatio? mor®
cause off-flavors at very low levels and specific oxidative changes rather than total changes may have 2
important role on flavor. TBA values were very low, below the detection threshold (Watts, 1961), when
antioxidants were added regardless of level of irradiation.

0y
arb®
Tarladgis et al (1960) noted that there is no necessary relationship between the TBA test and tota% z eaﬁd
present in meat. Total carbonyls,which are directly responsible for much of the flavor of chicken, lniﬂ

in those samples without antioxidants (Figure 2). The quantities of unsaturated carbonyls were smal d
comparison to the saturated carbonyls. Antioxidants essentially prevented the formation of unsaturat® ing’
carbonyls and high vacuum packaging allowed less unsaturated carbonyl formation than did low vacuum P23 jo
Irradiation levels increased unsaturated carbonyl formation when samples were packaged under low VaCU?ZAnt o
explanation is offered for the relatively high level of saturated carbonyls in the sample with antiox1¢%  yaf
that was not irradiated. Irradiation processing increased the saturated carbonyl formation in samples,adpw
under low and high vacuum. Antioxidants prevented the increase in formation of carbonyls due to irrad *

The results of other analyses are in Table 2. These results were all within the expected rangesS-

CONCLUSIONS

1
0

115" g
IRRADIATION, vacuum packaging and antioxidants have an effect on the oxidative stability of chicken Eoc3f
Irradiation at 30 kGy caused a slight decrease in the content of linoleic and linolenic acids and 60 tu at€”
a larger decrease when samples were packaged under low vacuum. The effect of irradiation on polyunS?A we“} by
fatty acids was reduced or prevented when samples were packaged under high vacuum or when antioxidapﬁczﬁurb |

added to samples packaged under low vacuum. Irradiation retarded the progress of lipid oxidation af tion'a&d
the TBA test. TBA numbers were very low for samples with antioxidants regardless of level of irradlf Sawfin
Antioxidants essentially prevented the formation of umsaturatec carbonyls. Irradiation increased the ea#

carbonyl concentration in samples packaged under low and high vacuum. Antioxidants prevented this 2Lt
carbonyls due to irradiation.
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Table 2. Mean results of other analyses

IRRADIATION
DOSE (kGy) % fat % protein % ash % moisture %NaCl % phosphates
j LOW VACUUM WITH ANTIOXIDANTS
i
0 8.66 22.59 1.85 69.80 1.29 1.13
30 9.02 21.41 1.92 67.25 1.29 1.29
60 7.89 22.20 1.85 66.84 1.29 1.11
LOW VACUUM
0 6.71 22.71 192 62.80 1.28 1.19
30 7.81 24.08 1.92 65.31 1.28 1.08
60 10.18 22.26 2.03 64.64 1.29 0.88
HIGH VACUUM
0 6.41 22.02 1.91 64.88 1.29 0.92
30 12.44 22.68 1877 64.44 1.28 0.08
60 11.59 22.86 1.89 65.75 1.28 1.06
; Mean 8.97 22.53 1.89 65.97 1.29 1.08
w S.D. 2.08 0.72 0.07 1.96 0.01 0.04
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TBA VALUE (mg Malonaldefiyde kg wer tissue)

0 kGy 30 kGy 60 kGy
Level of Irradiation

Fig.1 - Thiobarbituric acid (TBA) values for chicken roll samples at
irradiation level and packaging conditions
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Fig.2 - Total saturated and unsaturated carbonyls for chicken roll samples at
irradiation Tevels and packaging conditions
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