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ABSTRACT

The possible use of gamma irradiation at doses of 1.6 to
L,0 Gy to improve bactericlogical quality of frozen chicken was
investigated. The effects of gamma irradiatiorn on Salmonella
viability in frozen chicken and on sensory quality of frozen
chicken were also evaluated. Djg-velues for different isolated
strains of 3almorella in frozen chicken varied from O0.41 to 0.57
13y. A dose of 4 iy is required for a seven log cycler reduction
of Salmonelia contaminatien in frozen chicken. Approximately 21

per cent of frozen chic'zen examined were contaminatsd with Salmo-

nella, Salmcnella typhimurium, Salmonella virchow, and Salmonella
java were precominant. Irradiation of frozen chicken at a minimum

dose cf 3.2 kGy oliminated Salmonella, Coliform, Escherichia coli,

and 3taphylococcus aureus and, in addition, reduced bacterial load

by 2 log cycles. Faecal streptococci was still present in a 3,2
kGy samples but in a very small percentage and the count was not
over 10C colonies per g. Discolouring of chicken meat was noted
after a 2 kGy treatmeat. The sensory quality of frozen chicken
irradiated at 3 and 4 kUy tended to decrease during frozen storage
but was within the acceptable range on a nine point hedonic scale
even after eignht months of frozen storage. Dosage at 3.2 kGy
appeared to be sufficient for improving bacteriological quality

of frozen chicken.



1. INTRCDUCTION

Poultry industries play an important role in the economy
of the nation., They serve as a main source of protein and provide
foreign exchange earnings. In 1982, Thailand exported more than
30,000 tons of frozen chicken valued at approximately Baht 1,310
milliontt?

The number of cases of Salmonellosis from man and feed
has increased in recent years. Chicken is an important vector of
this disease and bacteriological examination of chicken in Thailand
wave revealed that 6 per cent of frozen chicken may be contami-
nated. 3acteriological gquality of frozen chicken did not always
comply with the guideline, 22 per cent due to coliform, 20 per cemt
due to Faecal streptococci, and 5 per cent due to §taphylococcus

(21

aureus. Apart from Salmonella contamination, the shelf-life of

chic!. » is also short due to its perishable nature and microbial
contamination. Cne method of reducing this Salmonella contamina-
tion of market chicken would be to treat the packaged chicken with
ionizing radiation. 3Jevecral investigations have shown the feasibi-
lity of using ionizing radiation in eliminating Salmonella and
extending the shelf-life of poultry and meats!B-GJ Since the rais-
ing of poultry free from pathogenic microorganisms will not be ,
accomplished in the near future and cross contamination is unavoid-
able, large scale irradiation of chicken would be a very important
preventive method.

This papeﬁ reports the effect of irradiation on Salmonella
and other pathogens in frozen chicken. Identification of Salmo-
nella serotypes aséociated with frozen chicken, determination of
their radiation resistance, and sensory evaluation of the gquality
of irradiated frozén chicken are also included.



2, EXPERIMENTAL

2.1 The effect of irradiation on the quality of frozen

chicken

Commercial samples of frozen chicken (boneless breast,
boneless leg, bone-in-leg, wing sticks, skin, fillet and yakitori)
packed in plastic bags with a net weight of 2 kg per pack were
obtained from 7 pouliry processing plants. The samples were irra-
diated at room temperaturc in a Gammabeam 650 (Atomic Energy Canada
Ltd.) at a dose rate of 0.46 kGy per hour using the dose range of
1.6 to 4.0 kGy and determined for Total viable count, Coliform,

Escherichia coli, Faecal streptococci, Staphylococcus aureus and

Salmonella.

2.1.1 Bacteriological evaluation

Tctal viable counts and most probable number of Coliform

(73

and Escherichia coli were determined by the method of ICMSF.

Isolation and identification of Salmonella serotypes were performed
by the methods recommended by ICMSF and Horwitzgsj Enumeration of
Staphylococcus surcus and Faccal streptococci were made by the
method of the Nordic Committee on Food Analysisggl

2.1.2 Sensory evaluation

The organoleptic properties of raw and cooked chicken meat
made from non-irradiated and irradiated frozen chicken were judged
subjectively by a trained panel of 13 members. Scoring was done
according -to multiple comparisong test described by Larmondglol
Sensory evaluation of irradiated and non-irradiated frozen chicken
was determined after 1,2,3,4 and 8 months. The judges were asked
to evaeluate cooked chicken meat for color and odor using a nine-

pdint hedonic scale.

2.2 Radiation resistance of Salmonella in chicken

Radiation resistance of 3almonella serotypes associated
with chicken wos determined using artificial contaminated chicken.

Half carcasses of chicken were immersed in Salmonella solutions
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containing 108 cells per ml, After draining, chicken carcasses
were packed in plastic bags and kept frogen at -18°C till irradia-
tion. The packed chicken carcasses were irradiated in triplicate
to a maximum dose of 3 kGy in increments of C.75 kGy. A quantita-
tive count of 3Salmonella in irradiated and non-irradiated samples
was determined by the most probable numbers methods as described

5
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3. RESULTS AND DISCUSSICN

3.1 The effect of irradiation on the guality of frozen

ciiicken

3.1,1 3acteriological effect

Results of bacteriological examination of 789 samples of
frozen chicken are shown in Table 3.1.1.1., Total viable counts of
non-irradiated samples ranged from 102 and 106 colonies per g, and
the highest distribution frequency was between 104 and 105 orga-
nisrs per g. Irradiation at 3.2 up to 4.0 kGy reduced the count
by 2 log cycles.

Coliform, Escherichia coli, Staphylococcus aureus, Faeccal

streptococci and Salmonella were detected in 97, S4, 8, 47 and 21
per cent of tne non-irradiatcd 'samples, respectively. After irra-
diation with 3.2 up to 4,0 kGy, no detectable number of Coliform,

Escherichia coli, 3taphylococcus aurcus, and Salmonella was found

in frozen chicken., Faecal streptococci was still present in a

3.2 kGy samples but in a very §m311 percentage and the count was
not cover 100 colonieé per g. Serotypes of Salmonella isolated
from non-irradiated ?nd ix-radia:ted frozen chicken were S, typhimurium,

S. krefeld, 5. emek, 3. virchow, S, senftenberg, S. anatum,

8. panama, 3. ohio, é. java, §ﬁ bovig-morbificars, S. ruiru,

8. heidelberg, 5. starley, S. brandenberg, and §. bredeney (Table
3.,1.,1.2). Microbiolégical stanbard for frozen chicken is shown in

Table 3.1,1.3, If this standard is taken into account, roughly



more thar 2C por cent of the namples examined would fail to meet
its limits. The application of radiation at dose of 3.2 kGy thus
scens to be promising for reducing the bacterial load dowr to

acceptable levels,

3.1.2 Sensory evaluation

rlavor panels were carried out to evaluate the effects of
gamma irradiation, and the interrelationship of gamma irradiation
and storage tirc on frozen chicken quality. Mean flavor panel
scorzs for raw and cooked meat and mean scores for the color and
odor of cooked meat derived from frozen chicken with or without
radiation treatment are listed inm Tables 3.1.2.1, 3.1.2.2, and

2.1.2.%, respectively.

Radiation at dose of b KGy did n-t affect the odor of
frozen chicken but did affeect the color, Mean scores for the
color of raw meat derived from 3 and 4 ¥Cy samples were signifi-
cantly (p <0.,05) higher than those observed for non-irradiated
samples. Change in color was observed zfter a 2 kGy treatment
“where the color became slight pink., After cooking, mean color
scores for irradiated and noneirradiated samples did not differ
significantly, Although analysis of variance showed no signifi-
cant difference in odor between irradiated and non-irradiated
chicken, scores of 3 and 4 kGy samples ware somewhat reduced from
those observed for non-irradiated sampias. Radiation induced
cnanges in color and odor was also observed in chicken carcasses
irradiatcd at doses of 2.5 and 5.0 wsygkj

Storage of irradiated frozen chicken at -18% up to 8
-months did not affcct the yuality of the product (Tables 3,1.,2.2
anc 3,1.2.3), VlMean zcores for the color and odor did not differ
significantly, Doses of irradiation did not intcract signifiannly

witnh storage tine with repard to all sensory factors,



3.2 Radiation resistance of Salmonella in chicken

A number of experiments on cell survival were carried out
with S. typhimurium, 3. senftenberg, S. panama, S. krefeld,
S. infantis, 5. agona, S. derby, 3. thompson, and S. emek. The

effect of gamma irradiation on Salmonella followed the linear log
nurter/dose relationsnip. Dyg-values ranged from 0.41 to 0.57 Gy
(Table 3.2.1). Among Salmonella serotypes found in frozen chicken,
S. senftenberg was the most resistant and S. emek was the least
resistant. Cn the basis of the 7D concept, the dose of &4 kGy is
required for decontamination of Salronella at 106 cells per g. in
frozen chicken, Since the number of viable Salmonella occurring
ir. most foods und animal feeds was seldom found to exceed 1/5[3],
the calculated dose of 4 kGy would be amply safe for decontamina-

tion of Salmorella in frozen chicken.

4. CONCLUSICNS

Commercial samples of frozen chicken from 7 poultry pro-
cessing plants were irradiated at doses from 1,6 to 4.0 kGy.
Irradiated and non-irradiated samplecs were aralyzed for their
bacteriological gquality., Approximately 21 per cent of frozen
chicken examined wevre contaminated with Salmonella. 14 serotypes
of Salmonella were isclated and §. typhimurium, S. virchow, and
S. java were predominant, Irradiation of frozen chicken at a
minimum dose of 3.2 kGy appeared to be effective in eliminating
naturally contaminating Salmonella, Coliform, Escherichia coli,
and Staphylococcus aureus. Total viable count was also reduced
by 2 log cycles. Faecal streptococci was not completely elimi-
nated., The remaining count was not over 100 coclonies per g but
§till in the acceptable level of microbiological standard for
frozen chicken,

A number of experiments on cell survival were carried out
with different isolated strains of Salmonella in frozen inoculated
chicken, Djy-values ranged from C,4l to .57 kGy. On the basis
of the 7D concept, the dose of b kCy is required for decontamina-

tion of 3almonella in frozen chicken.



No objectionable odor of frozen chicken irradiatcd at
doses as high as 4 K3y was found by the sensory panel. Discolour-
ing of chicken mecat was noted at the dose of 2 KGy., The sensory
quality of frozen chicken irradiated at 3 and 4 kGy tended to
decrease during frozen storage but was within the acceptable range
on a nine point hedonic scale even after eight months of frozen
storage. 'Dosage at 3.2 kGy appeared to be sufficient for improv-

ing bacteriological quality of frozen chicken,
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Table 3.1.1.1 Bacteriological examination of non~irradiated anad
irradiated frozen chicken samples.

Dose Number of

Organisms (kdy) samples Number of organisms per g
Total bacterial count 0.0 210 1.0 x 102 - >3.0 x 10°
1.6 69 3.0x10 - 5.2x 10t
1.8 95 2.0x10 - 3.0 x 10’
2.4 66 1.6x 10 - 1.5 x 10"
2.7 95 1.0x10 - 1.1x10
3.0 62 1.5x10 - 5.1x10
3.2 67(1) <10 - 1.0x 10"
3.6 65 3.0x10 - 5.8« 10“
4,0 66(6) <10 - 2.2x10
Coliform C.0 210(6) <3 - 2.4 x 104
1.6 69(63) <3 - 1.0 x10°
1.8 95(91) <3 - 4.3 x 10°
2.4 66(62) <3 - 2.3 x 10°
2.7 95(93) <3 - 2,3 x10
3,0 62(58) <3 - 4,3%10
3.2 67(67) <3
3,6 65(65) <3
4.0 60(60) <3
Eschorichia coli 0.0 210(97) <3 - 1.3 x 10°
1.6 69(69) <3
1.8 95(94) <3 - 4,0
2.4 © 66(66) <3 |
2.7 95(95) <3
3.0 62(62) <3
3.2 £7(67) <3
3.6 65(55) <3
4o 60(6C) <3

= Number in parentiesis is the number of samples that organisms are not
detected, . .



Table 3.1.1.1 (Continued)

Organisms 2:::) 2:;:§Zs°f Number of organisms per g
Staphylococcus aurcus .0 210(193) <102 - 2.4 x 103
1.6 69(69) <10
1.8 . 95(95) <10°
2.4 66(66) <10°
2.7 95(95) <16®
3.0 62(62) <10°
3.2 - 67(67) <10°
3.6 65(65) <10°
4,0 60(60) <10°
Faecal Streptococci 0,0 210(112) <10° - 2,5 x 10“
1.6 69(53) <10° - 1.4 x 10°
1.8 95(91) <10° - 9.0 x 10°
2.4 66(63) <10° - 5,0 x 10°
2.7 95(94) <10° - 7.0 x 102
3.0 62(62) <10° |
3,2 67(64) <10° - 1,0 x 10°
3.6 65(65) <10°
4,0 60(60) <10°
Salmonella spp. 0.0 210(165) Detectable
1.6 69(65) Detectable
1.8 95(89) Detectable
2.b 66(64) Detectable
2,7 95(89) Detectable
3,0 62(48) Detectable
3,2 67(67) ND
3.6 65(65) ND
4.0 - 60(60) ND

« Number in parentnesis is the number of samplos that organisms are not
deteocted, :

- ND = Not detoactable,



Table 3.1.1.2 Salmonella serotypes isclated from ron-irradiated and

irradiated frozer chicken samples.

Dose
Serotypes
(kGy)
0.0 S. anatum, S. krefeld, S. emek, S§. virchow, S. panama, S. ohio,
S. java, S. bovig-morbificans, S. typhimurium, S. ruiru,
S. heidelberg, S. starley, S. senftenberg and S. brandenberg
1.6 S. typhimurium and S. krefeld
1,8 S. krefeld, 3. ohio, S. anatum and §. emek
2.4 S. krefeld and S. emek
2.7 S. typhimurium, S. bredeney, S. krefeld and S. ohio
3.0 §. typhimurium, S. senftenberg and §. virchow
3.2 none
3.6 none
h.o none

Table 3.1.1.3 MNicrobiological standard® for frozem chicken.

Types of organisms Number of organisms per g
Total mesophilic count 5 x 106
Faecal streptococci ' l1x 103
Staphylococcus aureu's 3 x 102

Salmonella spp.

0

i

|

|
-

|

* Thai Industrial Standard (TIS. 590-1985).
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Table 3.1.2.1 Mean1 and analysis of variance of flavor panel scores for
raw and cooked ment derived from non~irradiated and irra-
diated frozen chicken stored at -18°C.

Dose (kGy) Factor mean
Sensory factor F-value
(o] 1l 2 3 4

ranking2

Color raw 5.07 5.50 6.07 6.29 6.29 2.844 Ixh»2>1>0
cooked 4.92 4,77 4.5  5.00 k.85 1.85  3>0oh>l>2

odor  raw 5.93  5.00 b4.64  4.29 4,21  2.04° 15052535k
cooked 5.00 h,77 5.00 4,62 L,15 2.773 0>2>1>3>h

1 Number of judges = 13

2 Factor means with the sarme underline did not vary significantly (p>0.05)
3 Non significant p>0.05
L .

Significant p<0.05

Nine point scale ranging from 9, extremely better than ref2rence, 5 no

difference, and 1, extremely worse than reference.
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Table 3.l1.2.2 Neanl color scores for cooked meat derived from non-irr;dtﬂzd
and irradiated frozen chicken stored at -18°C for various
time periods.

Storage ti-e Irradiation dose (kGy)

(months} - 0 3 A
1 7.33 7.17 7.08
2 7.33 7.42 7.50
5 7.17 7.00 6.75
L 6.92 7.42 7.42
2 6.67 7.33 7.25

‘Factorial analysis

F-value Ranking of level means
Irradiation dose (D) 0.734 35450
Storage tine (T) 1.453 @ 254515853
DxT 1.201 2

1 Number of judges = 12

2 Non-significant p>0.05
Level mean with the same underline did not vary significantly (p>0.05)

Nine point hedonic scale ranging from Y, highest affirmative value, to 1,

lowest affirmative value,
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Table %.1,2.3 Meanl odor scores for cooked meat derived from non-
jrradiated and irradiated frozen chicken stored at -18°¢C
for various time periods,

Storage time Irradiation dose (kGy)

(months) 0 3 4
1 7.33 7.17 6.92
2 7.08 7.25 6.75
3 7.00 €.25 6.50
b 7.00 6.58 7.08
8 6.83 6.58 6.50

Factorial analyses

F-value Ranking of level means
Irradiation dose (D) 1.319 2 o>3>h
Storage time (T) 1.616 2 1>2>4>8>3
DxT 03@72

12

1 Number of judges
2 Non-significant p>0,05
Level means with the same underline did not vary significantly (p>0.05)

Nine point hedonic scale ranging from 9, highest affirmative value, to 1,
lowest affirmative value.
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Table 35,2.1 IJ10 value of various Salmonella serotypes in artifi-

cially contaminated chicken at frozen state.

Salimonella Dlo-\ialue

serotyypes (xGy)
5. tyohimurium 0.46
8. senftenberg 0.57
S. panama 0.44
3. krefeld 0.54
_.:1 infzantis 0.49
5. agora 0.48
S. derby 0.49
3. thompson 0.50
3. emek 0.41
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