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SUMMARY
( )

Experimental 1 : Evaluation of shelf-life of refrigerated

chicken during winter and summer

Microbiological and physicochemical shelf-life in refrigerated chicken is
associated with low microbial numbers during storage and handling In winter and
summer. Aerbic plate counts (APC), gram-negative bacterial counts (GNC), and sensory
evaluations on chicken carcass during retail and refrigerated storages (3t 1&C and
10cC) were evaluated. APC and GNC on whole chicken iIn retail store after storage of
7 days at 3t 1€ increased to 3.11 and 3.89 log units compared to the initial
controls. APC and GNC on whole chicken after storage of 7 days at 10« increased to
5.43 and 5.03 log units. Sensory scores of chicken carcass obtained from retail
store were in the liked less” category after storage of 7 days compared to fresh
controls. These results indicated that chicken carcasses during refrigerated (10C)
storage rapidly allowved the growth of aerobic spoilage bacteria during storage
period, which could not be microbiologically acceptable after storage of 7 days.
Chicken carcasses microflora were evaluated for aerobic microorganism after
defeathering, evisceration, washing, chilling, and sanitizing during a commercial
chicken processing and storage at wholesale and retail sale levels. Sampling was at
between December 1997, and March, 1998. Tap water washing and sanitizing with 25 ppm
chlorine for 10 sec significantly reduced APC and GNC on chicken carcasses from a
commercial chicken-processing plant. After 4 days at 2+ 2&C, APC and GNC on chicken
carcasses iIn retail store rapidly increased compared to those in wholesale store.
Chicken wings from retail store significantly decreased generation time (GT) compared
to other chicken carcasses. Shelf-life of refrigerated chicken and meat has been
associated with its keeping quality such as discoloration and lipid oxidation during
storage and handling in wholesale and retail stores. Consumer perceptions of those
product quality may find their basis in physical characteristics of the product,
which could be partially related to quality grades. pH, color, and thiobarbituric
acid (TBA) values of chicken meat obtained from a commercial chicken-processing plant
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and retail and wholesale stores were evaluated. After storage of 7 days, chicken leg
and breast meat obtained from a commercial chicken-processing plant (Ot 2dC) had a
significantly difference pH and TBA values compared to those obtained from a retail
(Bt 1) and wholesale stores (1+ 1&C). Chicken leg and wing meat obtained from a
commercial chicken-processing plant had a significantly different Hunter color a and
b values after storage of 7 days compared to those obtained from retail and
wholesale stores. TBA values of whole chicken meat obtained from a comrercial
chicken-processing plant before and after chilling were a significantly different
compared to those of after evisceration. On the basis of these results, chicken meat
from the retail and wholesale stores in winter should be applied to a further
suitable storage methods for enhancing its quality.

Key words : chicken, aerobis plate counts, commercial chicken processing

Experimental 2 : Extending Shelf-life of refrigerated

chicken 1In winter and summer

Aerobic bacteria in refrigerated muscle food products can reduce product
shelf-life and potentially decrease food safety during storage and handling. Organic
acids and phosphates, as antimicrobial surface treatments of fresh foods, have been
used to prevent growth of bacteria on muscle food during extended chill storage.
Decontamination of fresh muscle foods is highly dependent on acidulant and phosphate
type, concentration, and exposure time. Although organic acids and phosphates have
antimicrobial effectiveness on fresh muscle foods, there are limited studies on
quality changes induced by organic acid and phosphates treatments.

The purpose of the present study was to evaluate refrigerated shelf-life and
quality changes of chicken (average weight of 500g) surface treated with acetic acid
(AA), lactic acid (LA), or citric acid (CA). The effects of AA, LA, or CA dip
treatments on APC, Hunter color values, and sensory evaluation scores of chicken
wings stored at 4cC were assessed. Chicken were immersed in solutions containing 1-3%
individual acids for 5-10 min. Exposure for 10 min significantly reduced APC on the
surface of chicken for 16 days during storage at 4dC. AA had greater antimicrobial
activity than LA or CA. AA treatment yielded lighter, less red, and less yellow
colored wings than untreated controls. Odor scores of chicken wings treated with

acids were lower than untreated controls, with LA giving better scores than the other
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acids during 12 days of storage. Appearance scores of acid-treated wings were similar
to controls throughout storage. Untrained panelists did not observe color differences
suggested by Hunter color data. Treatment of chicken with 1-3% acidulant would be
recommended over the other acids due to greater antimicrobial effect and more
Tavorable sensory results.

The trisodium phosphate (TSP) plays a major role in poultry and meat processing due
to its antimicrobial activity, water holding capacity, and lipid oxidation property.
Recently, TSP is used to reduce the level of Salmonella and other microorganisms in
chicken carcasses by the approval of the United States Department of Agriculture
(USDA). The effects of trisodiun phosphate (TSP) and acetic acid (AA) on
gran-negative bacterial counts (GNC), pH, thiobarbituric acid (TBA), and sensory
evaluations values of chicken stored at 4« were investigated. Chicken legs were
treated with 5 - 15% (W/Vv) phosphates or a combination of 2.5 - 7.5% TSP and 1.5%
(v/Vv) acetic acid (AA) for 10 min. After 4 days of storage, chicken legs treated
with 7.5 - 10% TSP for 10 min significantly (P < 0.05) reduced GNC compared to the
controls and 5.0% TSP treatments. GNC on chicken legs treated with a combination of
TSP and AA had no significant (P > 0.05) difference between treatments. However, a
combination of 2.5% TSP and 1.5% AA increased antimicrobial activity than treatment
of 5% TSP alone. Chicken legs treated with TSP showed gradual increasement of pH
values compared to the controls during storage at 4dC. Odor and appearance scores of
chicken treated with 5-10% TSP solutions were similar to untreated controls during 12
days of storage.

Based on these results, AA, LA, CA or TSP solution should be used for extending
microbiological shelf-life of refrigerated chicken after defeathering, evisceration,
washing, chilling, and sanitizing during a commercial chicken processing and storage

at wholesale and retail sale levels in winter and summer.

Key words : chicken, commercial chicken processing, wholesale, retaile, acidulant, T SP

Experimental 3 : Improving safety and shelf-life for

industrial application of refrigerated chicken

For improving safety and shelf-life of refrigerated chicken (average weight of
500g per chicken), microbiological and sensory evaluations of chicken treated with

acetic acid(AA), lactic acid (LA), or citric acid (CA) during a comercial chicken
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processing step were assessed. Chicken were dipped in or sprayed with 1-3% AA, LA or
CA at exposure times of 0-10 min or 0-180 sec. Chicken which sprayed with 2-3% AA,
LA or CA for 10 sec at 1.5 atm after evisceration and then dipped for 150 sec at
Tfinal processing step significantly reduced aerobic plate counts (APC) on the surface
of chicken for storage of 16 days at 4dC. Chicken dipped in 1-3% acidulant for
90-150 sec had a significantly inhibitory effect for preventing the growth of APC,
which decreased APC to 0.5-1.5 log unit compared to the controls after acid
treatments. Microbiological shelf-life of chicken dipped in 1-5% AA for 150 sec and
packaged with OPP/PE film during storage at 4dC increased for storage of 12 days to
16 days. For odor scores, chicken treated with 1-3% LA resembled untreated chciken
for during storage days at 4dC. However, odor scores of chicken treated with 1-3% AA
were lower to untreated chicken due to chemical odor during storage days.
Thiobarbituric acid (TBA) values of chicken treated with 1-3% acidulants
significantly increased from initial days to 12days of storage compared to controls.
pH values of chicken treated with 1-3% acidulants significantly decreased at initial
days compared to control, which were consistent with the results for storage of 12
days at 4dC. Chicken dipped in 1-3% AA or LA were a significantly higher Hunter
color L+ values than controls during storage of 4 and 8 days. Chicken dipped in 1-3%
AA or LA were a significantly lower Hunter color at values than controls during
storage of 16 days.

On the basis of these results, chicken dipped in or sprayed with 1-3% of AA, LA or
CA at exposure times for 150 sec before final processing could increased
microbiological shelf-life during storage at 4d«C, which could be used for its
industrial production and application.

Key words : chicken, shelf-life, acetic acid, lactic acid, citric acid,

Experimental 4 : Salmonella spp. Incidence and distribution
during subseguent chicken processing steps

Food borme Diseases caused by Salmonella are most commonly tracted to poultry
products. A study was conducted to determine the presence of Salmonella In processing
carcasses in a comercial poultry slaughterhouse and to identify microbial hazards in
the various steps of processing. The incidence of Salmorella was done at six

sampling points in a poultry slaughterhouse: (1) Pre-scald, (2) Post-scald, (3)

- 15 -



Post-pick, (4) Post-evisceration, (5) Post-water chilling and (6) Final products.

Sanmple were taken from the plant®s slaughter line on eleven different occasions. A
total of 235 chicken carcasses was tested, Salmonella spp. were isolated from 48
(20.4%) of the 235 chicken tested. Salmonella incidence rates decreased to 12.8% in
final products. The serotypes isolated from chicken carcases were S. montevideo
G.7), S. typhimurium (11.1%), S. muenchen (46.3%), S. essen (5.6%), S.
schwarzengrund (6.5%), S. petahtikve (3.7%) and non typable Salmonella (24.7%). It
has been suggested that there are many stages iIn poultry processing wheer
cross—-contamination of caracsses may occur. Antimicrobial drugs susceptibility tests
of Salmonella isolated were performed by agar disc diffusion method, using 10
antibiotics as follows : cefotaxime (CTX), ampicillin (AM), gentamicin (GW),
ciprofloxacin (CIP), cefhalothin (CF), chloramphenicol (C), nalidixic acid (NA),
sulfamethoxazole trimethoprim (SXT), tetracyclin (TE) and kanamycin (K). Most of
strains were highly susceptible to CTX, GM, CIP, CF, C, and SXT, whereas highly
resistant to TE, moderately resistant to AM, NA, and K.

Key words : chicken, Salmonella, poultry slaughterhouse

Experimental 5 : Enhancing safety of refrigerated chicken

during winter and summer

Our objective was to evaluate the antimicrobial effects on Salmonella typhimurium
in refrigerated chicken legs dipped with organic acid. For each treatment, Chicken
(average weight of 500+ 30 g) legs were treated with 0.5-2%(v/v) organic acid and
2.5-100 (w/v) TSP solutions at exposure times of 10 minutes. Controls were sprayed
with tap water only at exposure times of 10 minutes. Treated chicken legs were packed
in Whirl-pak bags and stored at 4 . Samples were appropriately diluted with 1%
peptone water and plated on XLT4 agar for Salmonella typhimurium. Treatments of 1.0%
acetic acid for 10 minutes significantly decreased the growth of Salmnella
typhimurium for 16 days. Treatments of 2.5-10% (Ww/v) TSP and 0.5-2%(v/v) acetic acid
for 10 minutes significantly reduced the growth of Salmonella typhimurium on chicken
legs during storage of 12 days compared to controls. However controls treated with
tap water rapidly increased the growth of Salmonella typhimurium to 2.31 log units
for 16 days. No Salmonella typhimurium were found iIn any samples treated with 2.0%
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acetic acid for 16 days. It was concluded that increasing levels of organic acid by
1.0% exposure times of 10 minutes were an effective preservative for preventing the
growth of Salmonella typhimurium which could be used to ensure the safety of
refrigerated chicken legs. And we can achieve better microbial quality on the poultry

meat during processing after using appropriate detergents and sanitizers.

Key words : chicken, Salmonella typhimurium, organic acid, TSP

Experimental 6 : Evaluation of HACCP system and safety of
refrigerated chicken

There was a limited reported on the effectiveness of spray-washing for
decontamination of chicken legs treated with organic acid. Our objective was to
evaluate the antimicrobial effects on Salmonella typhimurium in refrigerated chicken
legs rinsed and dipped with organic acid. For each treatment, Chicken (average weight
of 500+ 30 g) legs were sprayed with 1 3% organic acid at 1.0 atm for 10 seconds.
Controls were sprayed with tap water only at 1.0 atm for 10 seconds. Treated chicken
legs were packed in Whirl-pak bags and stored at 4 . Samples were appropriately
diluted with 1% peptone water and plated on XLT4 agar for Salmonella typhimurium.
Treatments of 1 2% organic acid at 1.0 atm for 10 sec significantly decreased the
growth of Salmnella typhimurium. However controls treated with tap water rapidly
increased the growth of Salmonella typhimurium to 5.02 log units. No Salmonella
typhimurium were found iIn any samples treated with 3.0% organic acid. Chicken
(average weight of 500+ 30 g) legs were treated with 1-5%(v/V) organic acid solutions
at exposure times of 150 seconds. Treatments of and 3-5%(v/v) acetic acid for 150
seconds significantly reduced the growth of Salmonella typhimurium on chicken legs
during storage of 16 days compared to controls. And to reduce microbial contamination
of poultry meat during processing, Wwe established a Hazard Analysis critical control
points (HACCP) model which includes critical limits for each CCP, monitoring
procedures and corrective actions. It iIs expected that microbial quality will be
improved with the implementation of the HACCP plan.

Key words : Salmorella, chicken, organic acid, HACCP
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1.
Experimental 1 : Evaluation of Shelf-life of refrigerated

chicken during winter and summer

Summary

Microbiological and physicochemical shelf-life in refrigerated chicken is
associated with low microbial numbers during storage and handling In winter and
summer. Aerbic plate counts (APC), gram-negative bacterial counts (GNC), and sensory
evaluations on chicken carcasses during retail and refrigerated storages (3t 1&C and
10cC) were evaluated. APC and GNC on whole chicken iIn retail store after storage of
7 days at 3t 1€ increased to 3.11 and 3.89 log units compared to the initial
controls. APC and GNC on whole chicken after storage of 7 days at 10« increased to
5.43 and 5.03 log units. Sensory scores of chicken carcasses obtained from retail
store were in the liked less™ category after storage of 7 days compared to fresh
controls. These results indicated that chicken carcasses during refrigerated (10C)
storage rapidly allowved the growth of aerobic spoilage bacteria during storage
period, which could not be microbiologically acceptable after storage of 7 days.
Chicken carcasses microflora were evaluated for aerobic microorganism after
defeathering, evisceration, washing, chilling, and sanitizing during a commercial
chicken processing and storage at wholesale and retail sale levels. Sampling was at
between December 1997, and March, 1998. Tap water washing and sanitizing with 25 ppm
chlorine for 10 sec significantly reduced APC and GNC on chicken carcasses from a
commercial chicken-processing plant. After 4 days at 2+ 2&C, APC and GNC on chicken
carcasses iIn retail store rapidly increased compared to those in wholesale store.
Chicken wings from retail store significantly decreased generation time (GT) compared
to other chicken carcasses. Shelf-life of refrigerated chicken and meat has been
associated with its keeping quality such as discoloration and lipid oxidation during
storage and handling in wholesale and retail stores. Consumer perceptions of those
product quality may find their basis in physical characteristics of the product,
which could be partially related to quality grades. pH, color, and thiobarbituric
acid (TBA) values of chicken meat obtained from a commercial chicken-processing plant
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and retail and wholesale stores were evaluated. Sampling was at between December,
1997 and March, 1998. After storage of 7 days, chicken leg and breast meat obtained
from a comercial chicken-processing plant (Ot 2&C) had a significantly difference pH
and TBA values compared to those obtained from a retail (3t 1dC) and wholesale stores
(1= 1€). Chicken leg and wing meat obtained from a commercial chicken-processing
plant had a significantly different Hunter color a and b values after storage of 7
days compared to those obtained from retail and wholesale stores. TBA values of
whole chicken meat obtained from a commercial chicken-processing plant before and
after chilling were a significantly different compared to those of after
evisceration. On the basis of these results, chicken meat fron the retail and
wholesale stores in winter should be applied to a further suitable storage methods
for enhancing its quality.

Key words : chicken, aerobic plate counts, pH, TBA, retail, wholesale
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4.
Standard rinse
peptone water(Difco)

(1998)

30cC, 48
MacConkey agar(Difco)

1 :

Oc4aC 3 -
(0-4c) (20-30c)
- ( )
Whirl-pak bag  50g 50mil 0. 1%(W/A)
1 1 shaking O0-1ml

0.1%W/Vv) peptone water(Difco)
spiral plating method spread plating method
- standard plate count agar(Difco)

30cC, 48 - (Salmorella

) Violet red agar(Difco) 30aC, 48 -

Log1GCFU/ml -
5.
Przybylski (31)
colorimeter - Hunter color(HunterlLab, Color
Difference Meter, Model D-25M) colorimeteric analytical method L, a, b,
scale single processor optical sensor
6. TBA

TBA(2-Thiobarbituric acid)

- 30 -



Salih (1987) . TBA mg malonaldehyde/kg sample
. TEP(1,1,3, 3-tetrathoxypropane)

7. pH

(1998) - , pH flat type surface
electrode 4 pH pH meter(AccumetR,
Model 50, Fisher Scientific Co.) -

8.
9 point hedonic scale 10
- » » » 4
- 5
1-4 1 69 ,
9 -
9.
, ,» TBA , » PH

SAS program (1991) -
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D
5009
( 1 2.
1
4.73 Log CRU/g 7 5.97 Log CFU/g ,
4.09 Log CRU/g 7 5.43 Log CRU/g )
3.4 Log CFU/Y 7
5.60 Log CRU/g , 3.28 Log CRU/g 7
5.35 Log CRU/g - 1-2
4 6.69 Log CFU/g 7
7.3 Log CRU/g , 4 6.49 Log CFU/g 7
7.2 Log CFU/g -
4 6.54 Log CFU/g 7 7.0 Log
CFU/g , 4 6.31 Log CFU/g 7 7.17
Log CRU/g -

1. APC* and GNC* on chicken carcasses obtained from a wholesale store (Chosun
Nongchook Co.) of Fine Korea Company Ltd. during between December 1997 and March
1998.

Log CFU/g
Chicken parts APC GNC
0d 4d 7d od 4.d 7d
Wing 4.73c 5.77b  5.97b 34a&€ 479 5.60a
Leg 4.41b 5.75b  5.43a 3.0a 464d 5.39a
Breast 4.3ab 5.30a 5.30a 3.0a 487b 5.28a
Whole chicken 4.09a 545 5.43a 3.28db 45la 5.35a

Means of 2 replication.aifounts within the same colum with different superscripts
are significantly different (P < 0.05).

1. APC* and GNC* on chicken carcasses dbtained from a retail store (Young Kwang
Co.) of Fine Korea Company Ltd. during between December 1997 and March 1998.
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Log CFU/g
Chicken parts APC GNC
4d 7 d 4d 7 d
Wing 6.69b  7.30a 6.54b  7.00db
Leg 6.15a  7.00a 5.35a 7.00d
Breast 6.02a  7.00a 553 6.78a
Whole chicken 6.49b 7.20a 6.31b 7.17c
*Means of 2 replication. alCounts within the same column with different superscripts are significantly different (P <
0.05).
4
107 CRU/g
4 7 -
- 10 Yerishina spp-
Listeria spp- Pseudomonas spp.-
- Pseudomonas, Acinetobacter/
Moraxella, Lactobacillus spp. Micrococcus
0]} ( ,
1996) - Pseudomonas P. geniculata, P. fragi, P.

rugosa, P. fluorescens, P. mephitica, P. putida

, C D
(¢ , 19979).
2
5009
C 3.
4.39 Log CRU/g,
4.52 Log CRJ/g, 4.42 Log CRU/g,
4.65 Log CRU/g )
4 5.5 Log CRU/g 7 6.61
Log CRU/g -
4 4.61 Log CFU/g 7 6.13 Log CRU/g
) 4 6.58
Log CRU/g 7 6.71 Log CRU/g -
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Log CFU/g

6.41 Log CFU/g

7 6.21

3. APC* and GNC* on chicken carcasses dbtained from a wholesale store and a retail
store on chicken produced by Fine Korea Company Ltd during between December 1997 and

March 1998.
Log CFU/g
Chicken parts APC GNC
0od 4d 7d od 4d 7 d
Wing
Al  4.39+ 0.035a 3.53t 0.071a
B2 4.39+ 0.035a 6.12+ 0.162b 7.00t 0.163c  3.53t 0.07la  5.00+ 0.012b  6.20t 0.0l7a
C3 4.39+ 0.035a  6.51+ 0.000b 7.25+ 0.099c  3.53t 0.07la  6.15+ 0.049c 6.48+ 0.170b
L
* A 4.52+ 0.106a 3.69+ 0.043a
B 4.52+ 0.106a  5.36x 0.012a 6.48+ 0.016b  3.69t 0.043a  4.69+ 0.049% 6.32+ 0.011a
C 4.52+ 0.106a  6.14+ 0.085b 6.31+ 0.013b  3.69+ 0.043a  5.19+ 0.120b 6.21+ 0.28%
Breast
A 4.42+ 0.014a 3.23+ 0.071a
B 4.42+ 0.014a  5.40t 0.012a 6.41+ 0.012b 3.23+ 0.07la  4.33t 0.0l4a 6.01+ 0.013a
C 4.42+ 0.014a 6.24+ 0.282b 6.50+ 0.191b 3.23+ 0.071a  5.72+ 0.163c 6.20+ 0.2304
Whole chicken
A 4.65+ 0.014a 3.62+ 0.028a
B 4.65t 0.014a  5.50+ 0.057a 6.61+ 0.438b 3.62+ 0.028a  4.61+ 0.035a 6.13+ 0.0784
C 4.65+ 0.014a  6.38t 0.163p 6.71+ 0.014b 3.62+ 0.028a  6.41+ 0.012al 6.21+ 0.183a

Means of 2 replication (Mean %= : standard deviation). Xhickens from a commercial
chicken-processing plant. Zhickens from wholesale store during storage of 4 days (O
+ 2&) and 7 days (1 1€). Zhickens from retailsale store during storage of 4 days

(2t 2&C) and 7 days

superscripts are significantly different (P < 0.05).

chain system)

@t 2€)
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(P < 0.05)

(1999)

Ot 2c)

Gt 1€€). adounts within the same colunn with different

(cold
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(1998)



PH, TBA

©f 2c) 7 pH  TBA Gt 1)
(1t 1€) (P < 0.05) )
7 Hunter color a b
TBA -
3
S 5009
( 9. 5.05 Log CRU/g,
5.48 Log CRU/g,
5.4 Log CRU/g, 4.4 Log CRJ/g,
4.12 Log CFU/g )
3.9 Log CRU/g,
4.17 Log CRU/Q, 3.99 Log CRU/q,
3.95 Log CFU/g,
3.29 Log CFU/g )

4_ APC* and GNC* on wholle chicken carcasses during a commercial chicken—-processing

procedures at five different processing steps from Fine Korea Company Ltd conducted
in between December 1997 and March 1998.

Log CFU/
Treatment d g
APC GNC

After defeathering 5.05+ 0.071b 3.90+ 0.064a
After evisceration 5.48+ 0.001c 4.17+ 0.021c
After washing 5.04+ 0.005b 3.99+ 0.330a
After chilling 4.9+ 0.064b 3.95+ 0.332a
After sanitizng 4.12+ 0.170a 3.29+ 0.000b

Means of 2 replication (Mean = : standard deviation). 125 ppm chlorine dipping for
10 sec. acCounts within the same colum with different superscripts are significantly
different (P < 0.05).

(shackle)

( ,
19979) . 106 107
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104 10/ , 103 104

102 10 ( , 19979).
105 107 ’
, 101 10 -
10 101 104
(Kim, 1998).
@
D
500g 10cC
( 5. 5 10C 4.39
Log CFU/g 7 8.9 Log CRU/g , 4.65 Log
CFU/g 7 9.08 Log CRU/g -
3.53 Log CRU/g 7 8.15 Log CRU/g ,
3.62 Log CFU/g 7 8.65 Log CFU/g )
Pseudomonas, Acinetobacter
/ Moraxella, Aeromonas (gram negative bacteria) Microcoocus, Staphy
loccocus (gram positive bacteria)

( , 1994 ; , 19979). Salmone
Ila spp., Campylobacter spp., Staphylococcus spp. Escherichia coli
, Listeria monocytogenes
- Salmonella spp. Campylobacter spp.-

. ( , 19979 .

5. APC* and GNC* on refrigerated (10c&C) chicken carcasses stored at laboratory
during between December 1997 and March 1998.

Log CFU/g
Chicken parts APC GNC
od 4d 7d od 4d 7d
Wing 4.3%9a 8.46a 8.90b 3.53a 8.32a 8.15a
Leg 4.52a 8.18a 8.48a 3.69a 8.34a 8.30a
Breast 4.42a 8.53a 9.02b 3.23a 8.09 8.70m
Whole chicken 4.65a 8.55a 9.08b 3.62a 8.1la 8.65b

Means of 2 replication. acounts within the same colum with different superscripts
are significantly different (P < 0.05).
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2

6
- 30g S00g 10
, 4 7 30 1
3.33 Log CRU/g 7
7.91 Log CRU/g )
4.0 Log CRU/g 7 8.0 Log CRU/g -
2.3 Log CRU/g 7 6.75 Log
CFU/g -
3.16 Log CFU/g 7 7.9 Log CRU/g )

6. APC* and GNC* on refrigerated (10dC) chicken carcasses stored at temperature
abuse for lhr at 30cC during between December 1997 and March 1998.

Log CFU/g
Chicken parts APC GNC
od 4d 7d od 4d 7d
Leg Al 3.90b 6.50a 7.4l1a 3.0b 6.24a 6.30a
B2 3.33a 6.80a 7.91b 2.3a 6.62a 6.75a
Whole chicken A 3.83b - - 3.09b - -
B 4.00b 7.18b 8.0b 3.16b 8.00b 7.90

Means of 2 replication. Xhicken stored at 10cC. Zhicken incubated at 30«C for 1lhr
after storing at 10 for each 3 day. acCounts within the same column with different
superscripts are significantly different (P < 0.05).

2)
2-1)
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("98.5-°98.7 )

S00g
1-7 ‘908 6-7
4.68 Log CFU/g,
4.54 Log CRU/g
4 4.97 Log CFU/g 7 5.22 Log CRU/g
, 4 4.88 Log CRU/g 7 4.90 Log CFU/g
4
4.08 Log CFU/g 7 4.68 Log CFU/g , 4
3.81 Log CRU/g 7 4.32 Log CRU/g
4 4.39 Log CFU/g
7 6.86 Log CFU/g , 4 4.9 Log CFU/g 7
6.67 Log CRU/g
4 4.2 Log CRU/g 7 6.7 Log CFU/g ,
4 4.11 Log CFU/g 7 6.81 Log CFU/g
7
107 CFU/g
4 7

7. APC* and GNC* on chicken carcasses dbtained from a wholesale store and a retail
store on chicken produced by Fine Korea Company Ltd during between June and July
1998.
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Log CFU/g
Chicken parts APC GNC
od 4d 7d od 4d 7d
Wing
Al 4.68 3.92
B2 4.68 4.97a 5.22b 3.92 4.08b 4.68b
C3 4.68 4.39 6.86a 3.92 4.20a 6.70a
Leg
A 4.78 3.75
B 4.78 4.77b 4.95b 3.75 4.47b 4.52b
C 4.78 5.00a 6.22a 3.75 4.15a 6.15a
Breast
A 4.72 3.75
B 4.72 5.12a 5.53b 3.75 4.08b 4.13b
o 4.72 4.90b 6.57a 3.75 4.44a 6.57a
Whole chicken
A 4.54 4.05
B 454 4.88 4.90b 4.05 3.81b 4.32b
o 454 490 6.67a 4.05 4.11a 6.8la

Means of 2 replication. AEChicken from Fine Korea Co. Ltd.B2Chicken from Chosun
NongChook Co. during storage of 4 days (0t 2&C) and 7 days (1t 1) .C3=Chicken from
Young Kwang Co. during storage of 4 days (2+ 2&C) and 7 days (2t 2C). acCounts
within the same colum with different superscripts are significantly different (P <

0.05).
(
, 19973). C ), ,
- (Staphylococcus aureus) 7
» - (Clostridum
botul inum) A, B 10 , E
35 5 Salmonella spp. 6
(¢ , 19979).
2)
1) A€
30g , 209 500g 4C
3 1 35
C 9.
8 A 4.33 Log CRJ)/g 7
5.41 Log CFU/g , 5.45 Log CRU/g 7
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6.64 Log CFU/g ; 3.13 Log

CFU/g 7 5.42 Log CRU/g , 5.0 Log CRU/g
7 5.71 Log CRU/g - 4C
(350)
4.15 Log CFU/g 7 6.08 Log CRU/g ,
5.76 Log CFU/g 7 6.22 Log CFU/g )
3.64 Log CRU/g 7 6.04 Log
CRJ/g , 5.13 Log CRU/g 7 6.71 Log
CFU/g -

8. APC* and GNC* on refrigerated (4€) chicken carcasses stored at temperature
abuse for lhr at 35cC before analysis during July 1998.

Log CFU/g
Chicken parts APC GNC

od 3d 7d od 3d 7d

Leg Al 4.33a 4.93b 5.41b 3.13b 4.30b 5.42b
B2 4.15b 5.49a 6.08a 3.64a 5.10a 6.04a

Wing A 5.16a 5.19p 5.70b 4.19a 4.87b 5.93
B 445 5.58a 5.91a 3.95b 5.20a 5.83

Whole chicken A 5.45b 5.48a 6.64a 5.00b 5.50b 5.71b
B 5.76a 5.00b 6.22b 5.13a 5.80a 6.71a

Means of 2 replication. XChicken stored at 4dC. Zhicken incubated at 35¢C for 1hr
after storing at 4«C for each 3 day. acounts within the same column with different
superscripts are significantly different (P < 0.05).

2) 10
309 . 209 S00g 10
3 1 35
C 9.
9 10 4.46 Log CRU/g 7
7.95 Log CRU/g , 5.12 Log CRU/g 7
8.02 Log CFU/g ] 3.84 Log
CRU/g 7 7.25 Log CRU/g )
4.25 Log CRU/g 7 8.04 Log CFU/g ,
4.88 Log CRU/g 7 8.05 Log CFU/g -
4 G&50) ,
4.71 Log CRU/g 7 8.5 Log CRU/g ,
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5.2 Log CFU/g 7 8.5 Log CFU/g

) 3.91 Log CFU/g 7
7.86 Log CRU/g , 4.25 Log CFU/g 7
8.26 Log CRU/g -
10cC 4

9. APC* and GNC* on refrigerated (10cC) chicken carcasses stored at temperature
abuse for lhr at 35cC during between June and July 1998.

Log CFU/g
Chicken parts APC GNC

od 3d 7d od 3d 7d

Leg Al 4._46b 6.44 7.95b 3.84 5.24 7.25%
B2 4.71la 6.31 8.50a 3.91 5.48 7.86a
Wing A 498 6.00b 8.15b 4.25p 5.30b 8.04b
B 5.21a 7.09a 8.43a 4.79a 6.47a 8.29

Whole chicken A 5.12 6.48b 8.02b 4.88a 5.60b 8.05
B 5.20 6.80a 8.50a 4250 6.24a 8.26

Means of 2 replication. Xhicken stored at 10cC. Zhicken incubated at 35¢ for 1lhr
after storing at 10 for each 3 day. acCounts within the same column with different
superscripts are significantly different (P < 0.05).

3
® )
4 5009
( 10).
4.85 Log CRU/g,
5.0 Log CRU/g, 5.45
4.97 Log CRU/g

. 3.52 Log CRU/g,
4.13 Log CRU/g,

Log CRJ/g,

4.06 Log CRUJ/Q,
CFU/g

10. APC* and GNC* on chicken wings during a comercial chicken-processing

procedures at five different processing steps from Fine Korea Company Ltd conducted
in June 1998.

- 41 -



Log CFU/g
Treatment
APC GN\C
After defeathering 4.85b + 0.0032 3.52c £+ 0.03
After eviseration 500 +0 4.13b + 0.01
Before water chilling 5.45a + 0.09 4.06b + 0.01
Final product 497b + 0.04 4.44a + 0.10

Means of 2 replication. acounts within the same colum with different superscripts

are significantly different (P < 0.05).

@ )

( 11).
5.38 Log CHRU/g,

5.30 Log CRU/g,

5.21 Log CRU/g
3.68 Log CFU/g,

3.38 Log CRU/g,

3.95 Log CRU/g -
)
1998 3 -
10 25ppm (APC)
(P <0.05) - 4
(P < 0.05)
- 1997 12 1998 1
- Gt 1 ) 7 APC
log units - 10 7
5.43 5.03 log units -
10cC
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00g

5.36 Log CHRU/g,

3.51 Log CRU/g,

1997 12

(GNC)

(P < 0.05)

GNC 3.1 3.89
APC GNC




(APC) (G\O)
(P < 0.05)
(4-10c)
G5®)
10

(P < 0.05)

(25-50ppm)

10)
()
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@D
D
(air chilling)
2
1997 12 23-30 Pacific Poultry Co., LTD. Huli-Huli
Chicken ¢ D, , , , ,
Brent H. Hancock - ,
6% Chlorine chilling tank
25-50ppm - dry chlorinating granule
PPG3 (calcium hypochlorite tablets) Butterfield"s phosphate diluent (BPD)
, HACCP syatem ccP -
Simple Green, Foam,High Pressure Hot Water ( 2)
- 50d~ -
» 12
- 1 -
tray Packaging ( 3 -
, 40d- 5
6 - ’ »
Escherichia coli Salmonella , (¢
) ( ) . 22,000
- Chlorine BPD
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3%.1,2,3. 13 Pacific Poultry Co, LTD. o] a1 EARA
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|

18l.1,2,3,'0|2 Pacific Poultry Co. LID, 2| &7 EAH=H
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G-D

D

12 s s s s

(Air chilling) pH - pH
(P < 0.05) )
, PH, , TBA
- 1997 12 1998 1
) O+ 2 ) 7 pH
TBA Gt 1€ ) 1+ 1€ )
- 7 Hunter color a b

Table 12. Mean pH valuesd) on chicken meat obtained from retail and wholesale stores
during between December, 1997 and January, 1998.

pH values
Chicken parts
4 days 7 days
Leg AD 6.84a 7.45b
B2 6.61a 6.78a
(6] 6.28a 7.04b
Breast A 6.32a 7.01b
B 6.02a 6.26b
C 6.23a 6.38a
Wing A 6.88a 7.68b
B 6.49a 6.67b
C 6.45a 7.12b

abdleans within the same row with different superscripts are significantly different
(P<0.05). aeans of 3 replications.DChicken obtained from a comercial
chicken—-processing plant during storage at 0+ 2«C. 2Chicken obtained from wholesale
store during storage of 4 days (0t 2«C) and 7 days (1t 1&C). 3Chicken obtained from
retaile store during storage of 4 days (2+ 2C) and 7 days (Gt 1&).

Table 13. Mean color valuesg) on chicken meat obtained from retail and wholesale
stores during between December, 1997 and January, 1998.

4 days 7 days
Chicken parts
L a b L a b
Leg AD 63.69c 7.19a 2.2/ 62.34c 8.3%9a 4.18b
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B2 63.05c 6.46b 1.35d 62.43c 6.87b 1.5Ad
(6] 62.39c 6.62&b 1.76d 62.83c 6.87b 0.69d
Breast A 65.0llc 4.8lc 8.37a 65.54x 6.02b 8.44a
B 69.25b 4.53c 4.23c 71.79%a 5.95b 3.69c
C 71.44a 4.12a 4.52c 71.8%9a 4.90c 4.24b
Wing A 70.41a 5.82x 6.09 68.64b 9.9%a 9.13a
B 72.23a 6.71d 3.60cdd 71.25a 6.73b 2.59c
C 71.97a 3.78d 1.89d 70.65a 6.51b 2.41c

adleans within the same column with different superscripts are significantly
different (P<0.05). aMeans of 3 replications. IChicken obtained from a comercial
chicken-processing plant during storage at 0+ 2«C. 2Chicken obtained from wholesale
store during storage of 4 days (0t 2«C) and 7 days (1t 1&C). 3Xhicken obtained from
retail store during storage of 4 days (2t 2&C) and 7 days (3t 1C).

Table 14. Mean TBA values3d) on chicken meat obtained from retail and wholesale stores
during between December, 1997 and January, 1998.

TBA values
Chicken parts

4 days 7 days

Leg AD 0.116b 0.084c
B2 0.128a 0.113a

(0¢)) 0.117b 0.105b

Breast A 0.095 c 0.076¢c
B 0.113b 0.109b

o 0.117b 0.102b

adleans within the same column with different superscripts are significantly
different (P<0.05). Means of 3 replications. IChicken obtained from a commercial
chicken-processing plant during storage at 0+ 2«C. 2Chicken obtained from wholesale
store during storage of 4 days (0t 2«C) and 7 days (1t 1&C). 3Chicken obtained from
retaile store during storage of 4 days (2+ 2C) and 7 days (Gt 1&).

Table 15. Mean TBA valuesd) on whole chicken meat obtained from a commercial
chicken-processing plant at each processing steps during between December, 1997 and
January, 1998.

Treatment TBA values
After defeathering 0.17+ 0.03a
AfFter eviseration 0.13+ 0.01a
Before chilling 0.09+ 0.01b
After chilling 0.09+ 0.01b

adleans within the same column with different superscripts are significantly

different (P<0.05). 3dMeans of 3 replications.

2
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1) pH value

16 »
» . pH -
pH value 7 ,
pH value 7 ,
pH value 7 - pH value
7 , pH
value 7 -
pH value 7 ,
pH value 7 .

16. Mean pH values* on chicken carcasses obtained from a wholesale store (Chosun
Nongchook Co.) and a retail store (Young Kwang Co.) on chicken produced by Fine Korea
Company Ltd during between December 1997 and March 1998.

pH
Chicken parts

4d 7d

Leg Al 6.84 7.45
B2 6.61 6.78

C3 6.28 7.04

Breast A 6.32 7.01
B 6.02 6.26

C 6.23 6.38

Wing A 6.88 7.68
B 6.49 6.67

C 6.45 7.12

Means of 3 replications.IChicken from Fine Korea Co. Ltd. Zhicken from Chosun
NongChook Co. during storage of 4 days (Ot 2dC) and 7 days (1t 1€C). Zhicken from
Young Kwang Co. during storage of 4 days (2t 2C) and 7 days (Gt 1@).

2) TBA
17

) , . TBA value 7

TBA value malonaldehyde

dicarbonyl compound -
Pseudomonas spp- , 7
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17. Mean TBA values™* on chicken carcasses obtained fron a wholesale store and a
retail store on chicken produced by Fine Korea Company Ltd during between December
1997 and March 1998.

TBA
Chicken parts

4d 7d

Leg Al 0.116 0.084
B2 0.128 0.113

C3 0.117 0.105

Breast A 0.095 0.076
B 0.113 0.109

C 0.117 0.102

Wing A 0.022 0.020
B 0.022 0.013

C 0.022 0.011

Means of 3 replications. IChicken from Fine Korea Co. Ltd. Zhicken from Chosun
NongChook Co. during storage of 4 days (Ot 2dC) and 7 days (1t 1€C). Zhicken from
Young Kwang Co. during storage of 4 days (2t 2C) and 7 days (Gt 1@).

3
18 » »
, Hurter colorimeter
- L value 7 , a
b value -
value 7 , a b value -
L value 7 , b value
- L value 7
, a value -
L a value 7 , b value -
L, a, b value 7
-C) L value 7
, a b value -
L value 7 , b value -
L value 7 , b value
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18. Mean color values* on chicken carcasses obtained from a wholesale store
(Chosun Nongchook Co.) and a retail store (Young Kwang Co.) on chicken produced by
Fine Korea Company Ltd during between December 1997 and March 1998.

4d 7d
Chicken parts
L a b L a b
Leg Al 63.69 7.19 2.27 62.34 8.39 4.18
B2 63.05 6.46 1.35 62.43 6.87 1.59
C3 62.39 6.62 1.76 62.83 6.87 0.69
Breast A 65.01 4.81 8.37 65.54 6.02 8.4
B 69.25 4.53 4.23 71.79 5.95 3.69
C 71.44 4.12 4.52 71.89 4.9 4.24
Wing A 70.41 5.82 6.09 68.64 9.96 9.13
B 72.23 6.71 3.60 71.25 6.73 2.59
C 71.97 3.78 1.89 70.65 6.51 2.41

Means of 3 replications. IChicken from Fine Korea Co. Ltd. Zhicken from Chosun
NongChook Co. during storage of 4 days (Ot 2dC) and 7 days (1t 1€C). Zhicken from
Young Kwang Co. during storage of 4 days (2t 2C) and 7 days (Gt 1@).

4)
19 »
- 10
9 point hedonic scale -
- 5
69 , 9 ’
14 , 1
- 4 7
- 4
, 7 -

19. Mean sensory evaluation* on chicken carcasses obtained from a wholesale store
(Chosun Nongchook Co.) and a retail store (Young Kwang Co.) on chicken produced by
Fine Korea Company Ltd during between December 1997 and March 1998.
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Odor score Appearance score
Whole chicken
od 4d d od 4d d
Al 5.1 4.9 3.2 4.9 4.9 3.9
B2 - 4.5 3.8 - 4.5 4.1
C3 - 4.9 34 - 4.8 3.1

Means of 3 replications. IChicken from Fine Korea Co. Ltd. Zhicken from Chosun

NongChook Co. during storage of 4 days (Ot 2dC) and 7 days (1t 1€C). Zhicken from
Young Kwang Co. during storage of 4 days (2t 2C) and 7 days (Gt 1@).

@)
kD)

3
- (0-10cC)
5009
a) pH value
20 (“98.5-7 ) ,
, , pH
- pH value 7
. pH value
7 -
pH value 7
- pH value 7

20. Mean pH values* on chicken carcasses obtained from a wholesale store (Chosun

Nongchook Co.) and a retail store (Young Kwang Co.) on chicken produced by Fine Korea
Company Ltd during between June and July 1998.

- 51 -



pH
Chicken parts
od 4d 7d

Leg Al 6.4

Bl 6.4 7.08 6.95

C1 6.4 7.00 7.38
Breast A 6.42

B 6.42 6.23 6.15

C 6.42 6.34 6.77
Wing A 6.91

B 6.91 6.74a 6.78a

C 6.91 6.96 7.70b

Means of 3 replications. Xhicken from Fine Korea Co. Ltd. Zhicken from Chosun
NongChook Co. during storage of 4 days (Ot 2dC) and 7 days (1t 1€C). Zhicken from
Young Kwang Co. during storage of 4 days (2t 2C) and 7 days (Gt 1€).

b) TBA
21 (*98.5-7 ) ,
s s TBA

- TBA value 7

TBA value 3 (P < 0.05)

- TBA
3 (P < 0.05) ]
TBA value 3

21. Mean TBA values* on chicken carcasses obtained from a wholesale store (Chosun
Nongchook Co.) and a retail store (Young Kwang Co.) on chicken produced by Fine Korea
Company Ltd during between June and July 1998.

TBA
Chicken parts
od 3d d
Leg Al 1.629
B2 1.629 1.520a 0.822a
C3 1.629 1.063b 0.461b
Breast A 1.465
B 1.465 1.812a 0.686a
C 1.465 1.200b 0.483b
Wing A 1.539
B 1.539 1.585a 0.436a
C 1.539 1.101b 0.568b

Means of 3 replications. IChicken from Fine Korea Co. Ltd. Zhicken from Chosun
NongChook Co. during storage of 4 days (Ot 2dC) and 7 days (1t 1€C). Zhicken from
Young Kwang Co. during storage of 4 days (2t 2C) and 7 days (Gt 1@).
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1-¢0)

2 (“98. 5-7 ) ,
Hunter colorimeter - L value
7 , a b value -
L value 7 P <
0.05) , a b value -
L, a b value 7 -
a, b value
3 (P < 0.05) ]

22. Mean color values* on chicken carcasses obtained from a wholesale store
(Chosun Nongchook Co.) and a retail store (Young Kwang Co.) on chicken produced by
Fine Korea Company Ltd during between December 1997 and March 1998.

od 3d 7d
Chicken parts
L a b L a b L a b
Leg Al 66.03 5.20 -3.%4
B2 66.03 5.20 -3.54/ 59.60 5.78b -1.56t/ 61.48 7.42a-3.68b
C3 66.03 5.20 -3.54/ 58.60 7.65a -1.13«/ 62.93 6.06b -1.0la
Breast A 74.11 3.24 3.13
B 74.11 3.24 3.13/ 68.23b 2.8b 5.10/ 70.07 4.40b 3.57h
C 68.99 12.65 1.99/ 70.44a 5.66a6.38a/ 69.00 5.09a 7.10a
Wing A 70.64 5.38 0.76
B 70.64 5.38 0.76/ 68.44a 6.04b 3.78/ 64.73 5.81b 1.95b
C 70.64 5.38 0.76/ 67.03b 8.23a 4.23/ 63.75 7.28a 3.95a

Means of 3 replications. IChicken from Fine Korea Co. Ltd. Zhicken from Chosun
NongChook Co. during storage of 4 days (Ot 2dC) and 7 days (1t 1€C). Zhicken from
Young Kwang Co. during storage of 4 days (2t 2C) and 7 days (Gt 1@).
2)

23 (10) (10 3 35
1 D) (98.5-7 ) (¢
5009 ) , TBA )

(P <0.05 -

23. Mean TBA values* on refrigerated (10&) chicken carcasses stored at
temperature abuse for 1 hr at 35& during between June and July 1998.
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Chicken parts od 3d d

Breast Al 0.131b 0.44%a 1.397b
B2 0.311a 0.327b 1.691a
Leg A 0.558a 0.53% 1.261b
B 0.326b 0.645a 2.004a

Means of 3 replications. IChicken stored at 10&C. Zhicken incubated at 35¢ for 1hr
after storing at 10cC for each 3 day.

24 (4) ¢Ux 3 35¢ 1
)) (¢98.5-7 ) (C 500g
)] , odor score .
(P < 0.05) )

24_. Mean odor scores* on refrigerated (A&C) chicken carcasses stored at
temperature abuse for 1 hr at 35 during between June and July 1998.

Whole chicken od 3d 7d
Al 4_.90b 4.33a 3.57a
B2 5.13a 3.20b 2.67

Means of 3 replications. XChicken stored at 4cC. Zhicken incubated at 35« for lhr
after storing at 4« for each 3 day.

25 (Cl») (CIo 3 3BE 1
)) (¢98.5-7 ) (C 500g
)] , odor score .
(P < 0.05) )

25. Mean odor scores* on refrigerated (10&C) chicken carcasses stored at
temperature abuse for 1 hr at 35& during between June and July 1998.

Whole chicken od 3d 7d
Al 4.87b 3.43 2.13a
B2 5.20a 3.43 1.77

Means of 3 replications. IChicken stored at 10&C. Zhicken incubated at 35¢ for 1hr
after storing at 10cC for each 3 day.

26 (4) (4 3 3BC 1
) (‘98.5-7 ) (C 500g

)] , appearance score .
3 (P < 0.05) )

26. Mean appearance scores* on refrigerated (4C) chicken carcasses stored at
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temperature abuse for 1 hr at 35& during between June and July 1998.

Whole chiicken | od 3d 7d
AL 5.30a 4.27a 3.43
B2 5.37a 3.830 3.20b

Means of 3 replications. IChicken stored at 4dC. Zhicken incubated at 35cC for 1hr
after storing at 4«C for each 3 day.

27 (10c€) a0 3 35
1 ) (‘98.5-7 ) ( 5009
)] , appearance score .
3 (P < 0.05) ]

27. Mean appearance scores* on refrigerated (10cC) chicken carcasses stored at
temperature abuse for 1 hr at 35& during between June and July 1998.

Whole chicken | od 3d 7d
AL 5.23a 3.90b 2.83a
B2 5.33 4.03a 1.77b

Means of 3 replications.IXChicken stored at 10d€C. Zhicken incubated at 35¢C for 1hr
after storing at 10cC for each 3 day.

)
pH, TBA, color,
(P < 0.05) -
(4-10) (35E)
10
, (P < 0.05) -
(cross-contamination) .
Salmonella ,
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Experimental 2 : Extending Shelf-life of refrigerated

chicken 1In winter and summer

Summary

Aerobic bacteria in refrigerated muscle food products can reduce product shelf-life
and potentially decrease food safety during storage and handling. Organic acids and
phosphates, as antimicrobial surface treatments of fresh foods, have been used to
prevent growth of bacteria on muscle food during extended chill storage.
Decontamination of fresh muscle foods is highly dependent on acidulant and phosphate
type, concentration, and exposure time. Although organic acids and phosphates have
antimicrobial effectiveness on fresh muscle foods, there are limited studies on
quality changes induced by organic acid and phosphates treatments.

The purpose of the present study was to evaluate refrigerated shelf-life and
quality changes of chicken (average weight of 500g) surface treated with acetic acid
(AA), lactic acid (LA), or citric acid (CA). The effects of AA, LA, or CA dip
treatments on APC, Hunter color values, and sensory evaluation scores of chicken
wings stored at 4dC were assessed. Chicken were immersed in sloutions containing 1-3%
individual acids for 5-10 min. Exposure for 10 min significantly reduced APC on the
surface of chicken for 16 days during storage at 4dC. AA had greater antimicrobial
activity than LA or CA. AA treatment yielded lighter, less red, and less yellow
colored wings than untreated controls. Odor scores of chicken wings treated with
acids were lower than untreated controls, with LA giving better scores than the other
acids during 12 days of storage. Appearance scores of acid-treated wings were similar
to controls throughout storage. Untrained panelists did not observe color differences
suggested by Hunter color data. Treatment of chicken with 1-3% acidulant would be
recommended over the other acids due to greater antimicrobial effect and more
Tavorable sensory results.

The trisodium phosphate (TSP) plays a major role in poultry and meat processing due
to its antimicrobial activity, water holding capacity, and lipid oxidation property.

Recently, TSP is used to reduce the level of salmonella and other microorganisms in
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chicken carcasses by the approval of the United States Department of Agriculture
(USDA). The effects of trisodiun phosphate (TSP) and acetic acid (AA) on
gran-negative bacterial counts (GNC), pH, thiobarbituric acid (TBA), and sensory
evaluations values of chicken stored at 4dC were investigated. Chicken legs were
treated with 5 - 15% (W/Vv) phosphates or a combination of 2.5 - 7.5% TSP and 1.5%
(v/v) acetic acid (AA) for 10 min. After 4 days of storage, chicken legs treated
with 7.5 - 10% TSP for 10 min significantly (P < 0.05) reduced GNC compared to the
controls and 5.0% TSP treatments. GNC on chicken legs treated with a combination of
TSP and AA had no significant (P > 0.05) difference between treatments. However, a
combination of 2.5% TSP and 1.5% AA increased antimicrobial activity than treatment
of 5% TSP alone. Chicken legs treated with TSP showed gradual increasement of pH
values compared to the controls during storage at 4dC. Odor and appearance scores of
chicken treated with 5-10% TSP solutions were similar to untreated controls during 12
days of storage.

Based on these results, AA, LA, CA or TSP solution should be used for extending
microbiological shelf-life of refrigerated chicken after defeathering, evisceration,
washing, chilling, and sanitizing during a commercial chicken processing and storage

at wholesale and retail sale levels in winter and summer.
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(Pseudomonas spp- ) (Salmonella spp. )
(Dubbert, 1988 ; Kim, 1998; Woolthuis Snulders, 1985).

(Kim, 1998
; Kim , 1999).
, (Dubbert, 1988 ; Kim Marshall, 1999 ; Kim , 199
8).
» 4
(Kim, 1998 ; Kim , 1999).
’ (Ahn ’
1995 ; , 1995). »
(Hwvang  Beuchat, 1995; Kim, 1998; Rathgeber Waldrou
p, 1995). ,

(Kim
, 1998 ; Woolthuis Smulders, 1985)).

Kim  Marshall, 19
99, Kim , 1998).

@Bell et al., 1986 ; Kim , 1998 ; Kim Marshall, 1999 ; Woolthuis and
Smulders, 19385).
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Kim
, 1998). ( 500g )

( S00g )

, , , triso
dium phosphate (TSP), sodium pyrophosphate (SPP) sodium tripolyphosphate (STPP)
(dipping method) (spraying method)
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500+ 30g 1,500
- 5 10 (0 x 5 x 10
D) .
2.
500+ 30g C )
’ 2 ’ - 0 4
3 .
- (APC; aerobic plate counts)
(GNC; gram-negative bacterial counts) , TBA , pH,
3.
GRAS 0 2.0% , 0 2.0% 0 2.0%

0O 10% TSP (sodium tripolyphosphate), SPP (sodium pyrophosphate) 0O 5% STPP

(sodium tripolyphosphate)

0 10%
; 2 5L
0 10 , 0 30
4.
2 © 10 )
(30 35K)
5.



Stomacher Lab Blender (standard rinse method) (AOAC,
1984) ) , 50g 50ml 0.1% (WA)
peptone water (Difco, USA) 2 0.1ml

Whirl-pak bag (Difco, USA) 50g 50mil

0.-1% (W/v) peptone water (Difco, USA) 1 : 1 1 shaking
0.1ml - 0.1% (W/v) peptone water
(Difco, USA) Kim (1995) spiral plating
method - standard
plate count agar (Difco, USA) 30 , 48
MacConkey agar (Difco, USA) 30 , 48
LogICRU/g
7.
Hunter color (Hunter

Lab, Color Difference Meter, Model D-25M) colorimeteric analytical method
L, a, b, scale single processor optical sensor
8. TBA

TBA(2-Thiobarbituric acid)
Salih  (1987) . TBA mg malonaldehyde/kg sanple
TEP (1,1,3,3-tetra thoxypropane)

9. pH
Kim  (1998) - , pH  flat type surface
electrode 4 pH pH meter (AccumetR,

Model 50, Fisher Scientific Co.)
10.

9 (9 point hedonic scale) 10
2 2 4
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11.

12.

(GNC),
SAS program (1991)

(APC), TBA

1pH
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@
( 5009 )
(GRAS) ) , 5 10
1% (v/v) , , 1% (w/v) 5
2
- Whirl-Pak sample bag 4 16
Fig. 1 2).
Fig. 1 3.92 log
unit 8 7.27 log unit - 1% 5
3.58 log unit 8 3.93 Logld CFU/g,
16 6.69 log unit 4 16
(P < 0.05) . 1%
5 12
1% 16 -
- Ray Sandine (1991)
pH -
pH D
Fig. 2 3.00 log
unit 8 7.20 log unit - 1% 5
2.58 log unit ,
(P < 0.05) . 1% 5
12 (P < 0.05)
16 -
1% 5 4
4 . 1%
16 (P < 0.05)
. Kim  (1998) 0.5 1.5% 1.5kg 4

- 67 -



Ray Sandine (1991) ,

’ pH
10+ - Contral
- e = 10 AAIS MmN
o — ~— 1% LA/Smin ”
E 8 —-e—- 1% CA/SmIn =
U 1/- ﬁ_,_.-l'_'::__ B e
o 5] — "".-:-F 3
0 ./ _,f;..s £ e
| o et &5
___.,-F"FF __-!-':" ) B
! |'_"_ — _,,_*f_ S a”
2 I T T !
0 4 8 12 16

Storage Time(days)

) chicken breast treated with 1% acetic
acid(CA) for BSminutes

Fig. 1. APC* on refrigerated (4
acid(AA), 1% lactic acid(LC), and 1% citric
between December 1998 and March 1999.

107 CFU/g
104 —a— Control

---k-- 1% AAMSEmMIN
o — —— 1% LASmin
E B .. 1% casmsmin e R
U L ,--:._-f 3 i
o 6 FE
0 “all
- e

4] e v

0 4 8 12 16
Storage Time(days)

Fig. 2. GNC* on vrefrigerated (4 ) chicken breast treated with 1% acetic

acid(Ap), 1% lactic acid(LA), and 1% citric acid(CA) for 5 minutes.
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—8— Cantrol

10 ---a-- 05% AASTOmMIn
— = — 1% AAMOmIn
D - - 1,5% AAMOMIn
B 8 —-e—- 2% AAMOmMIn_— T e S
TH et =
Q ’ s
m 5 llI___.- 1 e
s} T e
J T - — =
4] [ e
‘;--— — —— _--:-.-J-'—:_-—r
= - —— = T
2 T T T T
O 4 8 12 16

Storage Time(days)

Fig. 3. APC* on refrigerated (4 ) chicken breast treated with different levels

aof acetic acid(AA) for 10 minutes.

0.5

2% (v/V) 10
2 - Whirl-Pak sample bag
4 16 (Fig. 3). Fig. 3
4.34 log unit 8
8.27 lag unit - 05 2% 8
, 0.5% 12
- 1.0 2.0% 16
, 4 16 1.5 2.0% 1.C%
(P < 0.05) )
. Kim  (1998) 0.5% 1.5%
4cC
, 8
1.C%
(P <0.05) )
(2) Phosphate
( 500g )
(CRAS) @) TSP (trisodium phosphate, Spectrum Quality

Praduct Co., USA), SPP (sodium pyraophosphate, Spectrum Quality Froduct Co., USA)
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STPP (sadium tripalyphosphate, Spectrum Quality Praduct Co., USA)

5 10 -
5% (w/v) TSP, SPP, STPP 10
2 - Whirl-Pak sample
bag 4 16 (Fig- 4
5). Fig- 4 4.30 log
unit 8 7.66 log unit . 5% TSP, SPP TSPP
10 (P <0.05)
. 5% TSP 10 16
SPF STFP - 4
8 -
104 = Contral
---x-- 5% TSP/ 0min
[=1] - 5% SPPMAOmIin s
5 5 = 50 STEEM Dmin _____;_ﬁ_,_;-"__..-——-_—_——-
L DL s M
Q f'; T -
o 64 LR 3
Ls]
-
L
4 3
2 T T T T
o 4 8 12 16
Storage Time{days)
Fig. 4. APC* on refrigerated (4 ) chicken 1legs treated with 5% TSP
(trisodium phosphate), 5% SPP (sodium pyrophosphate), and 5% STFP  (sodium

tripolyphosphate) for 10 minutes.
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Coantrol

- 586 TSP/MM10min

- s SPPMOmIn

5% STPP/MOmin ___"j'_._.:——---

o
1

0
]

Log CFU/g

1 I

12 16

Storage Time(days)

Fig. 5. ONC* on refrigerated (4 ) chicken legs treated with 5% TSP
(trisoadium phosphate), 5% SPP(sodium pyrophosphate), and 5% STPP  (sodium
tripolyphosphate) for 10 minutes.

Fig. 5 3.65 lag unit
8 7.15 log unit - 5% TSP, S% SPP 5% STPP

10 5% TSP 16
(P < 0.05) SPP STPP

12 - 5% TSP 10
5% SPF 5% TSPP P <
0.05) )
4
- 5% TSP

8 -

Kim  Narshall (1999) trisdoium phosphate (TSP) QG 1Q%

4C 16
. TSP
1993 (FDA) , US Federal
Regulation (CRAS; generally
recognized as a safe) - (1999) 5 7.5% TSP 1%
10 4cC »

- Molins (1991) TSP

107 CFU/g
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€©)
500g
(Fig-. 6 8).
5.6 log unit ,
2.5 10« TSP 10 4 ¢
+2 ) . 8 4 1+ 2
8.06 lag unit 6.86 log unit (Fig-
6 7). =2 ) 2.5% TSP 10
4.72 log unit -4 1+ 2 4 7.4 log
unit  5.43 log unit 4 -
=2 ) 2.5 1% TSP 10 8
10
o =
3 B —— ﬁ;_. __-_;:=:-}
T B ST
U e ) —=— Control
g! ---a-- 2.5% TSPMOmin
J — = — 50% TSPMO0min
— -+ -- 7.5% TSPI10min
= 10% TSP/ Omin
2 1 T 1 T
O 4 8 12 15

Storage Time(days)

Fig. 6. APC* on chicken wings treated with different levels of TSP (trisodium

phosphate) during storage at 4 .

5.60 log unit

4 10% TSP 8
(P < 0.05) )
TSP
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] (1998) ,

. 4
(P < 0.05)
109 —=— Contral
-—-a-- 2.5% TSPM0min
o » — 5.0% TSPH0min
':" 8- = 7.5% TSPMOmin ‘_,_.._-.i!
i —-#—- 10% TSP/ 0min we T
T e et -
U B _.______ "--.__--_ ’;__‘_.. F e
o &1 — ik
o] SRR e
-l = :______ - T o
S R g
4 e
2 | 1 T 1
Q 4 8 12 16

Storage Time(days)

Fig. 7. APC* on vrefrigerated (1 2 ) chicken wings treated with different
levels of TSP(trisodium phosphate) for 10 minutes during storage at retail

store.

10
—=— Contral
---w-- 0.5% AAMOmin
E‘ 84 — - — 1% AAMOmIn
E s <=1 5% AAMOmIn - .
Q —-'—-2%%1Dm|nf/‘_
&
2 5 ,/
o
= B S —————
.--—-—__"'- —— -3
ST T o S A AP
T T 1 r
4 8 12 16

Storage Time(days)

Fig. 8. Mean APC values* on chicken wings treated with different levels of

acetic acid for 10 minutes during storage at 4 .
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4.34 log unit

10 0.5 2.0% 10
16 “@ )
(Fig- 8). 0.5 2.0% 10
0.62 1.18 log unit - 16 1+ 2
8
- 1% 16
- 10 0.5 2.0% axt2 )
16 -

@

(“98. 11 ’98. 4.) -

1% (dipping methad) 0 10
2 Whirl-Pak Sample bag 4
16 -
Table 1 5
pH 6.70 8 7.19 B , ,
5 pH (P < 0.05)
12 - glycogen
pH



pH

pH pH
(Kim , 1998; Molins, 1991).

Table 1. Changes of pH values* on refrigerated (4 ) chicken legs treated with

1% acetic acid, 1% lactic acid, and 1% citric acid for 5 minutes.

<<:Storage time
“~(days)
Treatments~__ - - - - - - - - L
Cantrol 6.70+ 0.16b 6.97+ 0.07b  7.19+ 0.21b 7.07+ 0.11a 7.36+ 0.10a
1.0% AAL 5.15+ 0.70a 6.36+ 0.10a 6.45+ 0.04a 6.63+ 0.18a 7.47+ 0.17a
1.C% LA2 4.71+ 0.08a 6.58+ 0.10zb 6.92+ 0.08b 7.09+ 0.27a 7.42+ 0.18a
1.0% CA3 5.07+ 0.07a 6.48+ 0.13a 7.09+ 0.22cb 7.53+ 0.32a 7.64+ 0.l14a

“Means of 3 replications (Meant : standard error). IAA=acetic acid, LA = lactic acid,

0 4 8 12 16

CA = citric acid. &dVeans within the sare column with different superscripts are

significantly different (P<0.05).

Table 2 5
TBA 0.163 8 0.141 - 1% 5
TBA (P < 0.05) 8
- Gray (1996)
. Salih (987)
- Siu  Draper (1978)
TBA ,

. Kim  (1999)
TEA

TBA
- Newburg Concon (1980) malonaldehyde

Table 2. Changes of TBA values* on refrigerated (4 ) chicken legs treated with

1% acetic acid, 1% lactic acid, and 1% citric acid for 5 minutes.

::Storage time
T~ (days) 0 4 8 12 16
Treatments —_ o o , _ _
Control 1.14+ 0.07b 1.34+ 0.C3a 0.10+ 0.02a (0.51+ 0.05a 0.4+ 0.10a
1.0% AAL 1.11+ 0.19%b 1.37+ 0.04a 1.12+ 0.03b 0.93+ 0.03b 1.24+ 0.04b
1.0% LA2 0.91+ 0.08a 1.34+ 0.02a 0.98+ 0.C5a 1.08+ 0.07b C.76+ 0.07c
1.0% CA3 0.92+ 0.0la 1.26+ 0.04a (0.89+ 0.03a (.63t 0.05a1.13+ 0.06zb
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Means of 3 replications (Mean + : standard error). 1AA=acetic acid. ZLA = lactic
acid. ICA = citric acid. &dveans within the same column with different superscripts
are significantly different (F<0.05).

8 TBA
. Table 3
5 L4+ () 67.9 8
64.2 - 1% 5 L+
(P < 0.05) 12

Table 3. Changes of Hunter color L values* on refrigerated (4 ) chicken legs
treated with 1% acetic acid, 1% lactic acid, and 1% citric acid for 5

minutes.

:::Storageftiwe

T~ (days) 0 4 8 12 16
Treatments —
Control 67.9+ 0.56a €63.8+ 0.75a 64.2+ 1.0la €9.6+ 0.24a 60.4+ 1.40a
1.0% AAL 70.0+ 0.63b 65.9+ 1.59a 69.0+ 0.72b 70.0+ 0.33a 66.3+ 1.07b
1.0% LA2 71.0+ 0.44b 65.6+ 0.92a 66.8+ 1.46:b 64.7+ 2.11b 68.8+ 1.12b
1.0% CA3 69.9+ 0.9Ceb 67.2+ 1.23a 66.7+ 0.68:b 65.1+ 0.62b 66.2+ 0.82b

“Means of737replicationsf(Meani :7standard7error)- IAA=acetic acid, A = lactic acid,
CA = citric acid. &dVeans within the sare column with different superscripts are

significantly different (P<0.05).

Table 4 5
at () 4.2 8 4.4 . 1% , ,
5 a (P < 0.05)
12 . Table 5
5 b+
-1.9 8 G.0 - 1% , , 5
og] (P < 0.05) 8
- Kim vVarshall
(1999) 5 15% TSP 10
(Hunter ccolor a ) (Hunter color b )
- (Hunter
color L ) » » ’
(P <0.05)
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Table 4. Changes of Hunter colaor a values* on refrigerated (4 ) chicken legs
treated with 1% acetic acid, 1% lactic acid, and 1% citric acid for 5

minutes.

::Storageftime

T~ (days) 0 4 8 12 16
_Treatwents ~—_
Cantrol 4.23+ 0.89a 4.28+ 0.62a 4.40+ 0.47a 4.09+ 0.47a 7.38+ 0.41b

1.0% AAL 2.53+ 0.65p 6.00+ 0.67b 5.23+ 0.58b 3.88+ 0.67a 5.31+ 0.6la
1.0% LA2 1.93+ 0.33b 5.76+ 0.85b 4.20+ 0.9Ca 4.50+ 1.42b 3.5S+ 0.3Sc
1.0% CA3 3.25+ 0.33c 4.35+ 0.40a 5.18+ 0.58b 5.51+ 0.93c 4.65+ 0.62d

“Means of737replications (Meaniizfstandardferror)-7lAA=aceticfacid,72LA = lactic acid,
CA = citric acid. &Changes aofs within the same column with different superscripts

are significantly different (F<0.05).

Table 5. Changes of Hunter color b values* on refrigerated (4 ) chicken legs

treated with 1% acetic acid, 1% lactic acid, and 1% citric acid for 5 minutes.

~—Storage time

~_(days) 0 4 8 12 16
Treatments o o - o 4447
Controal -1.91+ 0.76a -3.39%+ 0.73a-0.01+ 0.83a 2.58+ 0.91a 1.50+ 0.80a
1.0% AAL -3.63+ 0.73b -3.30+ 0.45a 0.03+ 1.08a -0.7+ 0.84b 4.20+ 1.9%
1.0% LA2 -3.76+ 1.06b -2.23+ 0.73b 0.59+ 1.11a 1.54+ 1.61c 7.95+ 1.69c
1.0% CA3 -4.13+ 0.57c -1.14+ 1.07c-1.18+ 0.98a 1.65+ 0.66c 3.65+ 0.90d

’Meansfoffsfreplicationsf(Meaniiz7standard7error)-71AA=aceticfacid,72LA7=7lacticfacid,
CA = citric acid. &cChanges ofs within the same column with different superscripts

are significantly different (F<0.05).

Table 6 5
odor 5.5 8 2.5 - 1%
5 odor
12 -
8 (P < 0.05)

Table 6. Changes of ador scores* on refrigerated (4 ) chicken legs treated with

1% acetic acid, 1% lactic acid, and 1% citric acid for 5 minutes.
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~_Sto rageftirre

(days) 0 4 8 12 16
_ Treatments o . - - - - - - -
Cantrol 5.50+ 0.19b 3.75+ 0.31a 2.50+ 0.1%9a 1.25+ 0.16a 1.00+ 0.0Ca
1.0% AAL 4.50+ 0.19a 3.50+ 0.60a 4.50+ 0.19b 2.63+ 0.18b 1.75+ C.16b
1.0% LA2 4.75+ 0.16a 3.50+ 0.42a 5.00+ 0.0Cb 1.75+ 0.16a 1.25+ 0.16a
1.0% CA3 5.00+ 0.0Ca 3.38+ 0.46a 4.50+ 0.19b 1.00+ 0.00a 1.00+ 0.0Ca

“Means of737replicationsf(Meanii:7standard7error)-71AA=aceticfacid, LA = lactic acid,
CA = citric acid. &dVeans within the sare column with different superscripts are
significantly different (P<0.05).

Table 7 5

4.88 8 3.25 - 1%

5 (P < 0.05)
8 (P < 0.05)
Table 7. Changes of appearance scores* on refrigerated (4 ) chicken legs

treated with 1% acetic acid, 1% lactic acid, and 1% citric acid for 5

minutes.

:::Storageftime
(days) 0 4 8 12 16

j reatments

Cantrol 4.88+ 0.13a4.38+ 0.18a 3.25+ 0.31a 1.25+ 0.16a 1.25+ Q.16a
1.0% AAL 4.88+ 0.13a3.88+ 0.13cb 4.75+ 0.16b 2.50+ 0.19b 1.50+ 0.1%a
1.0% LA2 4.75+ 0.16a3.38+ 0.26b 6.92+ 0.16c 1.63+ 0.18a 1.25+ 0.16a

1.0% CA3 5.00+ 0.00a3.00+ 0.27b 7.0S+ 0.1Sc 1.13+ 0.13a 1.00+ 0.0Ca

“Neans of 3 renlications (Meant - standard error). 1AA=acetic acid. :LA = lactic acid.
CA = citric acid. &dVeans within the sare column with different superscripts are
significantly different (P<0.05).

Kim (1995) Kim (1998) 1.5% 10
, 4
(Table 8 10). 0.5
2.0% 10
2 Whirl-Pak Sarple bag 4 16
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. Table 8

10 pH 6.85 16
7.36 -
(P < 0.05) pH 1 2% 16
pH (P < 0.05) . Table 9
10 TBA 0.841 8 16 1.069
0.841 . P <
0.05) % 16 TBA

Table 8. Changes of pH values* on refrigerated (4 ) chicken legs treated with

different levels of acetic acid faor 10 minutes.

<<:i$torageiime
T~ (days) 0 4 8 12 16

Treatments o o o o o o o o o B
Cantral 6.85+ 0.10d 6.89+ 0.C6c 7.08+ 0.08d 7.51+ 0.11c 7.36+ 0.0Sc
0.5%AAL 5.89+ 0.0S8c 6.81+ 0.C4c 6.80+ 0.08tc 6.83+ 0.08b 7.44+ 0.12c
1.0%AA 5.44+ 0.08b 6.40+ 0.15b 6.58+ 0.02b 6.43+ 0.03a 6.66+ 0.03b
1.5%AA 4.93+ 0.07a 6.75+ 0.0Sc 6.27+ 0.04a 6.34t 0.05a 6.35+ 0.05a
2.0%AA 4.94+ (0.05a 6.12+ 0.05a 6.22+ 0.0%a 6.27+ 0.04a 6.20+ 0.0da

“Means of 3 replications (Meant : standard errar). JAA = acetic acid. &veans within

the same column with different superscripts are significantly different (P<0.05).

TBA value malonaldehyde
dicarbanyl campound (Molins,

1991). Pseudomonas spp-

Table 9. Changes of TBA values* on refrigerated (4 ) chicken legs treated with

different levels of acetic acid for 10 minutes.

:iStorageftime

T~ (days) 0 4 8 12 16
Treatments

Control 0.84+ 0.01b 1.58+ 0.04c 1.07+ 0.01b 1.13+ 0.01b 0.84+ 0.04a

0.5%AA 1.43+ 0.04c 1.44+ 0.03b 0.88+ (0.07a 0.98+ 0.02a (.98+ 0.03a

1.0%AA 1.31+ 0.02a 1.14+ 0.0la 1.07+ 0.03b 1.24+ 0.03b 1.16+ 0.C8zb

1.5%AA 1.44+ 0.03c 1.22+ 0.04éb 1.95+ 0.16c 2.03+ 0.07c 1.19+ 0.12:b

2.Q%AA 1.30+ 0.001 2.06+ 0.04d 0.28+ 0.02c 0.34+ 0.01d 1.88+ 0.10c

“Means of 3 replications (Meant : standard errar). JAA = acetic acid. &veans within

the same column with different superscripts are significantly different (P<0.05).

- 79 -



Table 10
L+ ()
8

16

67.1

0.5 1.5%

16

10

62.7 -

(P > 0.05)

2%

Table 10. Changes of Hunter color L values* on refrigerated (4 ) chicken legs
treated with different levels of acetic acid for 10 minutes.
Starage tire
T (days) 0 4 8 12 16
Treatnments o - o - o - o o o ~
Cantral 67.1+ 1.10a 61.4+ 0.77a 64.6+ 0.67a 62.0+ 0.6la 62.7+ 0.42:d
0.5%AA 66.7+ 0.71a 65.8+ 0.51kc 63.7+ 0.28a 65.1+ 0.56tc 61.3+ 0.51a
1.0%AA 67.7+ 0.80a 64.9+ 1.35lc 64.4+ 0.82a 68.1+ 1.45c 61.8+ 0.52a
1.5%AA 64.4+ 0.37a 63.8+ 0.64cb 66.7+ 1.16a 64.6+ 0.83b 61.6+ 0.3%
2 .Q%AA 66.1+ 1.00a 65.4+ 0.84kc 58.7+ 7.43a 66.4+ 0.87tc 63.8+ (0.44kc

“Means of 3 replications (Meant : standard errar). JAA = acetic acid. &ltVeans within

the same column with different superscripts are significantly different (P<0.05).

Table 11 10
at 4.3 16 17.7 .
(P > 0.05) 2%
16 0.5 1.%% a (P<0.05
. Table 12 10
Hunter collor b -1.8 16 -7.3 . 0.5 1.5%
2% (P < 0.05)
2% 12 P >
0.05) .
Table 11. Changes of Hunter color a values* on refrigerated (4 ) chicken legs
treated with different levels of acetic acid for 10 minutes.
Starage time
T~ (days) 0 4 8 12 16
Treatments ——_ o o - - - o B
Control 4.3+ 0.17a 19.3+ 1.40tc 5.3t 0.45a 8.3+ 0.40kc 17.7« 1.16a
0.5%AA 4.1+ 0.47a 16.2+ 1.04kc 6.8+ 0.34cb 8.0+ 0.2%kc 24.3+ 1.04kc
1.0%AA 3.8+ 0.36a 21.2+ 1.31«d 7.0+ 0.48:b 6.4+ 0.41a 23.7+ 1.15b
1.5%AA 3.2+ 0.27a 13.7+ 0.62b 5.7+ 0.28a 6.7+ 0.3%a 24.4+ 0.41kc
2.0%AA 4.2+ 0.60a 11.6+ (C.65a 7.2+ 0.29b 7.5+ 0.35eb 17.4+ 0.71a

“Means of 3 replications
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the same column with different superscripts are significantly different (P<0.05).

Gill (1996) oxymyaglabin
- Deoxymyaglobin oxymyoglobin
metmyaglobin
- Kim  (1999) 4 (1t 10 et 2 3+
1©) 4 (Gt 20)

(P < 0.05) ;

Table 12. Changes of Hunter color b values* on refrigerated (4 ) chicken legs

treated with different levels of acetic acid for 10 minutes.

:iStorageftime

T~ (days) 0 4 8 12 16
Treatments - o - - - - - - - ~
Cantraol -1.8+ 0.46db -7.6+ 1.57a -2.4+ 0.47a -1.5+ 0.6la -7.3+ 0.33a
0.5%AA -3.2+ 0.74a -7.0+ 0.63a -1.0+ 0.51a -3.2+ 0.87a -9.6+ 0.56c
1.0%AA -3.2+ 0.52a -6.8+ 0.58a -2.7+ 0.79a -0.3+ 0.38a -8.6+ 1.09b
1.5%AA -2.2+£ 0.86:b -6.2+ 0.48a -1.6+ 0.7la -0.9+ 0.73a -8.5+ 0.67b
2_0%AA -0.4+ 0.75kc -5.7+ 0.35a -2.9+ 0.52a -1.1+ 0.97a -8.5+ 0.76b

“Means of 3 replications (Meant : standard errar). JAA = acetic acid. &veans within

the same column with different superscripts are significantly different (P<0.05).

Table 13, 14 10 9 point hedonic scale
5 6 9 ,
9 , 14,
1 . Table 3-13
10 adar 6.0 16 1.75
- 0.5% 10 odor
8 16 e >
0.05). Table 14 10
5.50 16 1.88 - 0.5 1%
10 (P > 0.05)
12 16 -

Table 13. Changes of odor scores* on refrigerated (4 ) chicken legs treated

with different levels of acetic acid for 10 minutes.
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:::Storageftiwe

T—__(days) 0 4 8 12 16
Treatments o _ o . o o o o o -
Cantrol 6.00+ 0.00cd 4.50+ 0.19tc 3.50+ 0.19a 1.63+ 0.18a 1.75+ 0.16a
0.5%AA 5.00+ 0.0Ctc 5.50+ 0.19d 4.00+ 0.38a 2.63+ 0.18tc 1.63+ 0.38a
1.0%AA 4.50+ 0.1Sb 4.00+ 0.27b 3.50+ 0.19% 2.13+ 0.23b 2.25+ 0.3la
1.5%AA 4.50+ 0.19b 4.75+ 0.16c 3.50+ 0.19a 2.00+ 0.00eb 2.75+ 0.42a
2 .0%AA 3.50+ 0.1%a 3.75+ 0.16a 3.75+ 0.31la 2.25+ 0.16b 1.75+ 0.37a

“Means of 3 replications (Meant : standard errar). JAA = acetic acid. &ltVeans within

the same column with different superscripts are significantly different (P<0.05).

Table 14. Changes of appearance scores* on refrigerated (4 ) chicken legs

treated with different levels of acetic acid for 10 minutes.

Storage time

>~ (days) 0 4 8 12 16
Treatments
Cantral 5.50+ 0.19%b 4.50+ 0.19a 4.00+ 0.00cb 2.50+ 0.19a 1.88+ 0.23a
0.5%AA 5.75+ 0.16b 5.00+ 0.C0a 4.25+ 0.16tc 2.50+ 0.19a 1.88+ 0.30a
1.0%AA 5.50+ 0.19%b 4.75+ 0.16a 4.25+ 0.16kc 1.88+ 0.30a 2.25+ (0.16a
1.5%AA 5.00+ 0.27a 5.00+ 0.C0a 3.75+ 0.16a 2.13+ 0.13a 2.63t 0.26a
2.0%AA 5.00+ 0.00a 4.75+ 0.16a 4.00+ 0.00b 2.13+ 0.23a 1.88+ 0.30a

“Means of 3 replications (Meant : standard errar). JAA = acetic acid. &veans within

the same column with different superscripts are significantly different (P<0.05).

2%
. 4
- Marshall Kim (1996)

(2) Phosphate
TSP (trisodium phosphate,Spectrum Product Quality Co., USA), SPP
(sodium pyrophosphate, Spectrum Product Quality Co., USA) STFP  (sodium
tripolyphosphate, Spectrum Froduct Quality Co., USA)
500g

5% (w/v) TSP, SPF, STPP 10
2 - Whirl-Pak sarple bag
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4 16 . Table 15

10 pH 6.92
8 7.16 - % TSP, SPP, TSPP 10
pH (P < 0.05) 8 12
. Table 16 10
TBA 0.015 8 0.125 . 5% TSP,
SPP, TSPP 10 TBA (P <0.05)

16 -

Table 15. Changes of pH values* on refrigerated (4 ) chicken legs treated with
B% TSP, 5% SPP, and 5% STPP for 10 rinutes.

Storage time

“~_(days) 0 4 8 12 16
jreatmentS\ B B B - B - B B B -
Cantrol 6.92+ 0.06a 7.36+ 0.22¢b 7.16+ 0.13a 7.54+ 0.19a 7.68+ 0.Q7cb

5.0% TSPF1 10.40+ 0.26b 7.72+ 0.18b 7.45+ 0.16a 7.62+ 0.08a 7.92+ C.2la
5.0% SPP2  7.98+ 0.17c 7.27+= 0.04db 7.72+ 0.16a 7.63+ 0.19a 7.81+ 0.20eb

5.0% STPP3 7.38+ 0.11c 7.06+ 0.06a 7.35+ 0.08a 7.55+ 0.12a 7.22+ 0.06b
Neans of 3 replications (Veant : standard error). ITSP = triscdium phosphate, SPP =

sadium pyrophosphate, STPP = sadium tripolyphosphate. &kvVeans within the sare colurn

with different superscripts are significantly different (F<C.C5).

Table 16. Changes of TBA values* on refrigerated (4 ) chicken legs treated
with 5% TSP, 5% SPP, and 5% STPP for 10 minutes.

Storage time

T~ (days) 0 4 8 12 16
jeatments; B B B B B - B B B -
Control 0.00t 0.01a 1.35+ 0.1Ca 0.88+ 0.01cb (O.79+ 0.0la 0.68+ 0.04a

5.0% TSP1 1.0C+ 0.03b 1.22+ 0.02a 0.87+ 0.13a  1.12+ 0.03b 0.70+ C.08a
5.0% SFP2 1.0C+ 0.01b 1.20+ 0.27a 0.63+ 0.03a 0.78+ 0.00c 0.58+ 0.03a

5.0% STPP3 1.11+ 0.02c 1.20+ 0.02a 1.14+ 0.04b 1.17+ 0.02b 0.72+ 0.04a

Neans of 3 replications (Neant : standard error). TSP  trisodium phosphate. ZSPP =
sodium pvraochosphate. ISTPP = sodium trivolvohosphate. édveans within the sare column
with different superscripts are significantly different (P<0.05).

Kir  (1999) TBA 7
(€t 2¢0)
- TBA
(Braper ).
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Table 17 10

L+ () 657 8 63.7 5% TSP, SPP, TSPP 10

L4 (P > 0.05)
16

Table 17. Changes of Hunter color L values* on refrigerated (4 ) chicken
treated with 5% TSP, 5% SPP, and 5% STPP for 10 minutes.

legs

Starage time

~_(days) 0 4 8 12 16
Treatments
Control 65.7+ 0.32a 61.4+ 0.44a 63.7+ 0.24a 61.8+ 0.37a 63.5+ 0.08a

5.0% TSP1 64.5+ 0.31a 64.5+ 0.35a 64.4+ 0.37a 56.4+ 0.55a 64.6+ 0.28a
5.0% SPP2 63.3+ 0.28a 64.0+ 0.6la 61.9+ 0.34éb 59.8+ 0.29 62.9+ 0.23a

5.0% STPP3  55.7+ 2.52a 65.C+ 0.5Ca 59.4+ 0.18b 62.5+ 0.33a 55.9+ 0.50a
“Means of 3 replications (Meant : standard error). ITSP = trisodium phosphate, ZSPP =

sodium pyrophosphate, STPP = sodium tripolyphosphate. &dveans within the sare column

with different superscripts are significantly different (P<0.05).

Table 18 10

a+ 16.1 8 12.6 . B TSP 10
ar (P < 0.05) 16

Table 18. Changes of Hunter color a values* on refrigerated (4 ) chicken
treated with 5% TSP, 5% SPP, and 5% STPP for 10 minutes.

legs

Starage time

T~(days) 0 4 8 12 16
Treatments
Contral 16.1+ 1.22a 13.9+ 0.15a 12.7+ 0.65a 10.5+ 0.48a 9.75+ 0.7%b
5.0% TSP1 14.3+ 0.67¢b 10.6+ 0.64ecb 10.1+ 0.66b 5.89+ 0.24b 5.82+ 0.34a
5.0% SFP2 13.1+ 0.96:b 8.76+ 0.63cb 7.28+ 0.64c 6.93+ 0.95b 6.95+ 0.54a

5.0% STPP3 11.9+ 1.06b 5.02+ 0.23b 10.5+ 0.46b 7.30+ 0.42b 13.4+ 0.13c

Veans of 3 replications (Veant : standard error). TSP = triscdium phoschate. <SFP =
sadium pvrachoschate. ISTPP = sadium trinclyphoschate. &dveans within the sare colurn
with different superscripts are significantly different (P<C.C5).

Table 19 10

b+ -8.6 8 -2.4 - 5% SPP TSPP 10

og] 16 P
< (0.05)
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Table 19. Changes of Hunter color b values* on refrigerated (4 ) chicken legs

treated with 5% TSP, 5% SPP, and 5% STPP for 10 minutes.

Storace tinre

~~_(days) 0 4 8 12 16
Treatments
Contral -8.56+ 0.88a-8.44+ 1.34a-2.36+ 0.21a 3.18+ 1.15a 6.73+ 1.77a
5.0% TSPL  -8.75+ 0.65a -5.94+ 0.40c -6.53+ 1.01b -4.13+ 0.68b 1.24+ 1.25b
5.0% SPP2  -6.16+ 1.25c -4.10+ 1.50b -5.94+ 0.49c -1.89+ 0.73b 1.20+ 0.83b

5.0% STPP3  -7.88+ 0.40b -6.08+ 1.48c -5.88+ 0.57b 2.04+ 0.57c 0.49+ 0.75b

Neans of 3 replications (Meant : standard error). TISP = triscdium phosohate. ZSFP =
sodium pvrochosphate. STPP = sadium tripclvohosphate. édVeans within the sare column
with different superscripts are significantly different (P<0.05).

5% -

Valins (1991) , (red
meat) -
Table 20 10
ador 6.0 8 2.0 - 5% TSP, SPP, TSPP 10
ader (P <0.05)
8 -

Table 20. Changes of odor scores* on refrigerated (4 ) chicken legs treated

with 5% TSP, 5% SFP, and 5% STPP for 10 minutes.

Storage time

T~ (days) 0 4 8 12 16
Treatments i::
Control 6.00+ 0.00a 3.50+ 0.19a 1.75+ 0.16a 1.00+ 0.C0a 1.00+ 0.CCa

5.0% TSP1 4.00+ 0.00b 4.75+ 0.16b 3.50+ 0.1Sb 2.0C+ 0.0Cb 1.00+ 0.0Ca
5.0% SPP2 5.00+ 0.00c 4.75+ 0.16b 2.50+ 0.19c 1.00+ C.0Ca 1.00+ 0.COa

5.0% STPP3  5.50+ 0.07d 5.0C+ 0.00b 2.50+ 0.19c 1.50+ 0.13c 1.5C+ 0.16b
“Means of 3 replications (Meant : standard error). ITSP = trisodium phosphate, ZSPP =

sodium pyrophosphate, STPP = sodium tripolyphosphate. &dveans within the sare column

with different superscripts are significantly different (P<0.05).

Table 21 10
appearance 5.50 8 2.5 - % TSP STPP
10 appearance
8 TSP, SPP TSPP ;
5.6 CFU/g TSP,
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SPP TSPP

Table 21. Changes of appearance scores* on refrigerated (4 ) chicken legs

treated with 5% TSP, 5% SPP, and 5% STPP for 10 minutes.

Storage time
“~_(days) 0 4 8 12 16

Treatments i::

Control 5.50+ 0.19a 4.50+ 0.19b 2.50+ 0.19a 1.00+ 0.0Ca 1.00+ 0.00a
5.0% TSP1 5.50+ 0.19a 5.00+ 0.00a 4.00+ 0.00b 2.50+ 0.19 1.00+ 0.00a
5.0% SPP2 6.50+ 0.19b 4.75+ 0.16¢b 3.50+ 0.19b 1.50+ 0.19%c 1.00+ 0.00a

5.0% STPP3 €6.00+ 0.38:b 5.00+ 0.00a 3.25+ 0.31b 1.75+ C.16tc 1.75+ 0.16¢C
“Means of 3 replications (Meant : standard error). ITSP = trisodium phosphate, ZSPP =

sodium pyrophosphate, STPP = sodium tripolyphosphate. &dveans within the sare column

with different superscripts are significantly different (P<0.05).

5.6 CFU/g
TSP, SPP TSPP 8
- odor appearance 8
(Kim Marshall, 1999).
€))
( S00g )
(Table 3-22 3-25).
5.6 log unit ,
ax2 ) . Table 22
10 pH 8.02 8
7.63 . 25 1% TSP 10 pH
(P < 0.05) 16
Lewis (1986)
pH - Aust (1984)

pH .

Table 22. Changes of pH values* on chicken legs treated with different levels of
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trisodium phosphate (TSP) for 10 minutes during storage at retail store (1t 2 )

Storage tive

“~.(days) 0 4 8 12 16
Treatments
Contral 7.02+ 0.07a 6.96+ 0.04a 7.63+ 0.15a 8.42+ 0.17a 7.89+ 0.23a

2.5% TSP 9.07+ C.Q7b 7.46+ 0.09%b 7.87+ 0.04a 8.03+ 0.03b 8.11+ 0.12a
5.0% TSP 8.95+ 0.33b 7.96+ 0.13c 8.30+ 0.06b 8.19+ 0.02eb 7.79+ C.21a
7.5% TSP 9.39+ C0.51b 8.38+ 0.04d 8.51+ C.04tc 8.25+ 0.10b 8.05+ 0.11a

10.0% TSP 10.18+ 0.53c 8.47+ 0.06d 8.64+ 0.08c 8.48+ 0.05a 8.14+ 0.23a

“Means ofisgfeolicationsAIMeanii:AStandardgérror)- eMeans within the sare column
with different superscripts are significantly different (P<0.05).

Table 23 10
TBA (0.124 8 0.208 - 2.5 1% TSP 10
TBA
16 -
7.5% TSP TBA (G
< 0.05) ) 7.5%
TSP

Table 23. Changes of TBA values* oan chicken legs treated with different levels of

trisodium phosphate (TSP) for 10 minutes during storage at retail store (1t 2 )

Storage time

“~(days) 0 4 8 12 16
Treatments B - B B -
Contral 0.86x 0.0la (.84t 0.0la 1.04+ 0.06a 1.41+ 0.03a 0.80t 0.02a

2.5% TSP 0.95+ 0.02b 0.71+ 0.05b 1.00+ 0.02a 1.60+ 0.02b 1.36+ 0.0Cb

5.0% TSP 0.98+ 0.04b 0.59+ 0.02c 0.70+ 0.0sb 1.36+ 0.02a 1.16+ 0.02c

7.5% TSP 0.97+ 0.03b 0.61+ 0.02tc 1.00+ 0.08a 1.53+ 0.02b 1.23+ 0.04c

10.0% TSP 1.12+ 0.02c 0.04+ 0.02tc 1.01+ 0.02a 1.24+ 0.03c 0.96+ 0.0Cd
“Means aof 3 replications (Meant : standard error). &Means within the sare column

with different superscripts are significantly different (P<0.05).

Table 24, 25 10 9 paint hedonic scale
5 6 9 ?
9 , 14,
1 - ador appearance
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TSP 12 P <
0.05) ]

Table 24. Changes of odor scores* aon chicken legs treated with different levels of

trisodium phosphate (TSF) for 10 minutes during storage at retail store (1£ 2 )

Starage time

T~(days) 0 4 8 12 16
Treatments - B B B - B B B B -
Control 4.75+ 0.16a 5.00+ 0.00a 2.50+ 0.19a 1.00+ 0.0CCa 1.00+ 0.0Ca
2.5% TSP 5.00+ 0.00a4.75+ 0.46a 4.00+ 0.0Cb 2.50+ 0.1%b 1.0C+ 0.0Ca
5.0% TSP 4.50+ 0.19a4.75+ 0.46a 3.50+ 0.19% 3.00+ 0.0Ctc 1.00+ 0.0Ca
7.5% TSP 4.75+ 0.16a4.0C+ 0.0Cb 4.00+ 0.38b 3.50+ 0.19c 2.50C+ 0.1%b
10.0% TSP 4.50+ 0.19a4.0C+ 0.0Cb 3.75+ 0.16b 3.25+ 0.31c 2.00+ 0.00c

“Means ofisireplicationsi(Meani :7standard7error)- IMeans within the sare column

with different superscripts are significantly different (P<0.05).

Table 25. Changes of appearance scores* on chicken legs treated with different levels

of trisodium phasphate (TSP) for 10 minutes during starage at retail store (1t 2 )

Storage time

T~ (days) 0 4 8 12 16
Treatments ~~ - B o
Control 5.00t 0.00a 4.63+ 0.18a 2.25+ 0.16a 1.25+ 0.16a 1.0C+ 0.07a

2.5% TSP 4.63+ 0.18a 5.00+ 0.00a 3.00+ 0.00zb 2.00+ 0.CCb 1.00+ 0.21a

5.0% TSP 4.88+ 0.13a 4.75+ 0.16a 3.50+ 0.19%kc 2.00+ 0.00b 1.00+ C.20a

7.5% TSP 4.88+ 0.30a 4.50+ 0.19:b 4.00+ 0.27c 2.75+ 0.16¢c 2.00+ 0.C6b

10.0% TSP 4.63+ 0.18a 4.00+ 0.00b 3.25+ 0.31kc 2.75+ 0.16c 2.00+ 0.20b
“Means aof 3 replications (Meant : standard error). &tMeans within the sare column

with different superscripts are significantly different (P<0.05).

@
)
(“99. 6 - "99_ 8)
500g ) 1% (v/v) ,
, 1% (w/v) 10
2 - Whirl-Pak
sample bag 4 16

(Fig. 11  12). Fig. 11
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5.14 log unit 8 8.15 log unit - 1%

10 3.63 log unit 8 4.68
Logl0 CFU/g, 16 6.92 log unit 16
(P < 0.05) . 1%
10 8
1% 16
- Fig. 12 4.11 lag
unit 8 7.71 log unit - 1% 10
1.30 log unit
- 1% 10 8
(P < 0.05)
16 -
4
4 8
- 1% 10 4
8 - 1%
16 (P < 0.05)
] 107 CFU/g
, 1% 16
10 =— Contral
&% AASTOmIn
D ——— 1% LA/MOmin .- "1}
I R
Qo f.f'f p e 7
I P
AT
2 T T 1 T
o 4 8 12 16

Storage Time(days)

Fig. 11. APC* on refrigerated (4 ) chicken wings treated with 1% acetic acid

(AA), 1% lactic acid (LA), and 1% citric acid (CA) far 10minutes.
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10 - —=— Contral /10min
---k-- 1% AAMOmin =
— = — 1% LA/1Omin I
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n) ]
|
1_\1
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\
|I. 1|'
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2
0 : : ; :
0 4 8 12 16

Storage Time(days)

Fig. 12. GNC* on refrigerated (4 ) chicken wings treated with 1% acetic acid
(AA), 1% lactic acid (LA), and 1% citric acid (CA) for 10minutes.

Kim (1998) 4cC 4
Ray Sandine (1991)

Pseudamonas spp- » »

pH .

(Ray Sandine, 1991).

)
(“‘99. 6. "99. 8)
50Cg TSP (trisodium
phasphate,Spectrum Quality Product Co., USA), SPP (sodium pyrophosphate, Spectrum
Quality Product Co., USA) STPP (sadium tripolyphosphate, Spectrum Quality Product

Co., USA) )
5% (W/V) TSP, SPF,  STPP 10

2 . Whirl-Pak sample

bag 4 16 (Fig. 13

14). Fig. 13 5.56 lag
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unit 8 8.00 log unit 4

- 9% TSP 10

(P < 0.05) . B TSP 10

8 12

5% SPP

5% STPP 4 - Fig. 14

(Spectrum Quality Product Co., USA)
5%  SPP TSPP

5% TSP 10

5% TSP, 5% SPP, 5% STPP

10

5% SPP 5% TSPP

(P < 0.05) ;

—&— Controlf10min

10+
---x-- 5% TSPM0min ——
o — = — 5% SPP/10min T
= 8 —-+— 5% STPPMOMIn - ____ -~
L / .u"'--'f'
U = e
-
m E_ _—:"_"_.-r--.- # *
u =" ity P
-
4 ------------ -'-
2 T 1 L T

Storage Time(days)

) chicken wings treated with 5% trisodium

Fig. 13. APC* on refrigerated(4
5% sodium

phosphate (spP), % sodium pyrophosphate(SPP), and

tripolyphosphate(STPP) for 10rinutes.
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w— Contral/10min
m -—-a -~ 5% TSP/10min
3 8 — = — &% SPP/M0Omin —
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ﬂ 7 "".-l{- - g
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4PFT———
= T ""‘-
2 T T
0 < 8

T
e
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——
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Storage Time(days)

Fig. 14. GNC* on refrigerated(4

(TSP), 5% sodium pyrophosphate(SFP), and 5%
10rinutes.
4
B% TSF
- 2.5 7.5% (wv) TSP
2
4 16
Fig. 15
8 8.16 log unit
. 2.5 7.5% TSP 10
(P < 0.05) - 7.5%
12
8 5% TSP
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10

) chicken wings treated with 5% trisodium phosphate

sadium  tripolyphosphate(STFF)  for

4
8 12
107 CFU/g
4
. Whirl-Pak sample bag
(Fig. 15 16).
5.30 log unit
4 4
TSP 10
2.5% TSP
4



107 e controliiomin
-~ 2.5% TSP/MOmIn g
o — = — E.0% TSP/10min _./‘/_’_.’__.-::_-!
5 B —e—-75um TSPHDTJ;,/'__T_—_—..—F-- A
- -
b _,_-"'{,-‘r’ i v _.-'f::;-
o P
3 z -~
6 il ~
Eon Ir"'"----#- . et - "';:;.
| T =T
= -
4_
2 I T | |
0 4 8 12 16

Storage Time(days)

Fig. 15. APC* on refrigerated(4 ) chicken wings treated with different levels

af trisadium phosphate (TSF) faor 10rinutes.

10+ —=— Control/1 Omin

o 2.5% TSPMOmin &
— = — 50% TSPMOmin e
o — L 5
- g =-+=-T7.5% TSPMOmin —— e
- e g",;"‘
m . y
Q 47
e
o 7
o A==
| o
I 1 1
8 12 16

Storage Time(days)
Fig. 16. CONC* on refrigerated (4 ) chicken wings treated with different levels

of trisodium phosphate (TSP) for 10rinutes.

Fig. 16 2.5 7.5% TSP 10
2.5% TSP 8
7.5% TSP 10 16

5% SPP 5% TSPP (P < 0.05)
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7.5% TSP

12 . Rathgeber Waldroup (1995)
Brifisal KM (sodium acid pyrophosphate  arthophospharic acid )]
Escherichia coli
, 4.4cC 2 . Kim
Marshall (1999) TSP  monopctassium phaosphate(MKP), sodium pyrophosphate(SPF)
monoscdium phosphate(MSF) , 5 1%
TSP - 5% TSP
10 TSP 4cC, 12 VKP, MSP SPP 3
log unit -
&)
)
(“‘99. 6 ’99. 8)
, , 500g
- 1% (v/v) , , 1% (w/v)
1.5 atm, 30 , Am
2 - Whirl-Pak sample bag 4Co
16 (Fig. 17 18).
Fig. 17 5.56 log unit
8 7.19 log unit - 1% 30
3.63 log unit 8 6-40 Logl0 CFU/g,
12 6.83 log unit - 1%
30 8
1% 12 . Fig. 18
4.57 log unit 8
€6.87 log unit - 1% 30
2.55 log unit -
1% 12 . G
< 0.05) - Woolthuis  Smulders (1985)
(Longissinus muscle) 1.25% L-lactic acid 101 x 103 Pa
0.8-1.3 log CFU/cr2 ,
Entercbacteriaceae 1.8 log CFU/cm2 1.3 log CFU/cm2
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1% 1%

1%

1.5atm, 30

. 4 . 1%
12 ® <
0.05) - 107 CFU/g
1 12
10 —a— Coantrolf.5atm
&= 1% 4001 Satm
g ] <% 1% LA/, Satm ________—_—_:_‘—_'-:?:‘!
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Storage Time(days)

Fig. 17. APC* on refrigerated (4 ) chicken wings after spraying treatments with

1% acetic acid (AR), 1% lactic acid (LA), and 1% citric acid (CA) for 30
seconas -
10 »— =52/ Satm
---e-- 1% AAM Satm
E} 5 —-r— 1% LAM Satm __J———"—_-__-:_-E-'?!
p= —e—- 1% CAM.Satm AT
b el
- /_- B S
o &7 AT
Q e P
B el -
4 k- -
2 | T T !
0 4 8 12 16
Storage Time(d)
Fig. 18. CONC* on refrigerated (4 ) chicken wings after spraying treatments

with 1% acetic acid (AA), 1% lactic acid (LA), or 1% citric acid (CA) far 30 seconds.

- 905 -



4cC 16

pH
(Kim , 1998; Ray Sandine, 1991).

( ) Phosphate

TSP (trisodium phosphate, Spectrum CQuality Product Co.,

USA) (“99. 6.  ”99. 8)
500g )
2.5 7.5% (Wv) TSP 10
1.5atr, 1m 30 2
- Whirl-Pak sample bag 4 16
(Fig. 19 20). Fig. 19
5.18 lag unit 4 7.41 log unit 4
4 - 2.5 7.5% TSP 1.5atm, 30
(P < 0.05)
- 5 7.5% TSP 8
2.5% TSP 0] 4
. Fig. 20 (Spectrum Quality Product Co., USA)
25 750 TSP 1.5 atm, 30 TSP
12 -
4 4
, 7-5% TSP
8
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10 s— Controlf1. Satm

----- 255 TSP/ S5atm
o — > — 50% TSPM.5atm
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Q
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a8 12 16

Storage Time(days)

Fig-19. APC* on refrigerated (4 ) chicken wings after spraying treatments

with different levels of trisadium phosphate (TSP) for 30 seconds.

10 —a— controlft 5atm
e 2.5% TSPM . Satm
o _ = 5.0% TSP/ Satm -
5 87— 75% TP 5atm L eme—
B Lo e
0 ST T
- _.4"/
o -
g
o
T T T
B 12 16

Storage Time(days)

Fig.- 20. CONC* on refrigerated (4 ) chicken wings after spraying treatments

with different levels of trisodium phosphate (TSP) for 30 seconds .

TSP
- TSP

2L , 5L .
TSP TSP
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2.5 7.5% (W) TSP 10 C )

1.5atm, 1m 30 2
- Whirl-Pak sample bag 10 16
(Fig- 22 22). Fig- 21
5.18 log unit 4 8.18 log unit
1t o) . 25 7.5% TSP 1.5atm, 30
(P < 0.05)
- 2.5 7.5% TSP 1C o)
Fig. 22 -
10 0
, TSP
10
[#1]
3
w B8
Q
g" —a— Cantralf1. Satm
=l 6 e 2 5% TSPM . Satm
= 5 0% TSPM 5atm
= 7.5% TSP/1.5atm
4 [ !

0 5 10 15 20
Storage Time(days)

Fig. 21. APC* on vrefrigerated (10 ) chicken wings after spraying treatments

with different levels of trisodium phosphate (TSP) for 30 seconds.
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10+

—a— Control’1.5atm

a-- 2 5% TSPM.5atm
— - — 5.0% TSPFM.5atm
—-+—- 7. 5% TSP/1.5atm

Log CFU/g

2 1 T T
O 4 = 12 16

Storage Time(days)

Fig. 22. CGNC* on refrigerated (10 ) chicken wings after spraying treatments

with different levels of trisodium phosphate (TSP) for 30 seconds.

@D
)
- 1%
10 2
bag 4 10 16
- 4 Table 26

10 pH  6.46 8 7.32

- 1% , , 10 pH
(P < 0.05) ) 12

(Bipping method)
Whirl-Pak Sample

Table 26. Changes of pH values* on refrigerated (4 ) chicken legs treated with

1% acetic acid (AR), 1% lactic acid (LA), and 1% citric acid (CA) for 10 minutes.

Storage time

~(days) 0 4 8 12 16

T reatments
Control 6.46+ 0.08c 6.81+ 0.14c 7.32+ 0.19b 7.75+ 0.13b 7.28+ 0.08a
1%AA 4,86+ 0.12b 6.34+ 0.07eb 6.28+ 0.06a 6.88+ 0.16a 7.01+ 0.17a
1%LA 434+ 0.06a 6.44+ 0.05kc 6.41+ 0.09a 6.54+ 0.08a 7.41+ 0.15a
1%CA 439+ 0.05a 6.20+ 0.11eb 6.45+ 0.05a 7.07+ 0.17a 7.14+ 0.1la

Means of 3 replications (Meant : standard errar). &dMeans within
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with different superscripts are significantly different (P<0.05).

Table 27, 28 4 10
odor appearance - 1%
10 odor 12
(P > 0.05) , odor  appearance 16
- L4
, 1% 12
(Table 29).

Table 27. Changes of odor scores* on refrigerated (4 ) chicken legs treated
with 1% acetic acid (AA), 1% lactic acid (LA), and 1% citric acid (CA) for 10

minutes.

Storage time

“~(days) 0 4 8 12 16
T reatments
Control 5.38+ 0.18a 4.88+ 0.30b 2.63x 0.32a 1.63+ 0.26a 1.63+ 0.26a
1%AA 450+ 0.19a 4.88+ 0.30b 3.75%= 0.31a 2.63+ 0.18b  2.25+ 0.25a
1%LA 4.88+ 0.30a 4.63+ 0.26b 3.50+ 0.19a 275+ 0.17b  1.75+ 0.31a
1%CA 4.88+ 0.30a 3.88+ 0.23b 2.88+ 0.30a 2.25+ 0.31eb  1.88+ 0.15a

“Means aof 3 replications (Meant : standard error). &tMeans within the sare column

with different superscripts are significantly different (P<0.05).

Table 28. Changes of appearance scores* on refrigerated (4 ) chicken legs
treated with 1% acetic acid (AA), 1% lactic acid (LA), and 1% citric acid (CA) for 10

minutes.

storage time

(days) 0 4 8 12 16

T reatments
Control 575t 0.17a 513+ 0.35a 2.88+ 0.13a 213+ 0.23a 1.25% 0.17a
1%AA 5.00+ 0.27a 4.75+ 0.31a 3.25+ 0.3la 3.00f 0.27a 2.00+ 0.27a
1%LA 538t 0.26a 4.63+ 0.26a 2.63+ 0.42a 3.13+ 0.23a 1.63% 0.26a
1%CA 5.00+ 0.26a 4.75+ 0.17a 2.13+ 0.40a 250+ 0.38a 1.75% 0.3la

“Means aof 3 replications (Meant : standard error). &dVeans within the sare column

with different superscripts are significantly different (P<0.05).

@
()
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10

bag 4 10 16
- Table 29
pH  7.52 8
10 pH
8 -
Table 29. Changes of pH values* an

refrigerated (4

1%
2 Whirl-Pak Sample

10
7.58 1)
(P < 0.05) )

) chicken legs after

spraying treatments with 1% acetic acid (AA), 1% lactic acid (LA), or 1% citric acid

(CA) for 30 seconds.

Storage time

“~(days) 0 4 8 12 16
T reatments
Control 752+ 0.14b 6.87+ 0.26a 7.58+ 0.23b 7.64+ 0.25¢b  7.56+ 0.16a
1.0%AA 574+ 0.14a 6.94+ 0.06a 6.70+ 0.04a 7.75+ 0.21b 7.18%+ 0.09a
1.0%LA 592+ 0.71a 7.04+ 0.09a 7.79+ 0.09a 7.52+ 0.20eb  7.75+ 0.22a
1.0%CA 5.44+ 0.16a 6.77x 0.15 6.99+ 0.06a 6.94+ 0.07a 7.81+ 0.22a

“Means aof 3 replications (Meant : standard error). &tMeans within the sare column

with different superscripts are significantly different (P<0.05).

Table 30, 31

12

Table 30.

spraying treatments with 1% acetic acid (AA), 1% lactic acid (LA), or 1% citric acid

odor

(CA) for 30 seconds.

appearance

10

(P > 0.05)

ador

Changes of odor scores* on refrigerated (4

appearance

) chicken

10

Storage time

. (days) 0 4 8 12 16
T reatments
Control 475+ 0.3la 450+ 0.19a 3.63 0.32a 2.75+ 0.25¢b  1.50+ 0.27a
1.0%AA 475+ 0.16a 3.88+ 0.125a 3.75%+ 0.366a 2.38+ 0.263a 2.50+ 0.189%b
1.0%LA 463+ 0.375a 4.00+ 0.02a 3.88+ 0.23a 3.38+ 0.26b 2.00+ 0.19zb
1.0%CA 463+ 0.32a 3.75+ 0.25a 3.38+ 0.38a 3.63+ 0.18b  1.50%+ 0.19a

“Means aof 3 replications (Meant : standard error). &tMeans within the sare column

with different superscripts are significantly different (P<0.05).
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Table 31. Changes of appearance scares* on refrigerated (4 ) chicken legs after
spraying treatments with 1% acetic acid (AA), 1% lactic acid (LA),or 1% citric acid

(CA) for 30 seconds.

Storage time

“~_(days) 0 4 8 12 16
T reatments
Control 463+ 0.18a 4.38+x 0.07a 3.75+ 04la 2.38f 0.26a 1.38t 0.18a
1.0% AA 5.00+ 0.00a 4.13+ 0.55a 4.00+ 0.38a 2.75+ 0.31a 2.63+ 0.38b
1.0%LA 525+ 0.16a 4.38+ 0.38a 3.38+ 0.59a 3.13+ 0.31la 2.25+ 0.25¢b
1.0%CA 488+ 0.29a 3.75+ 0.53a 4.00+ 0.46a 3.13+ 0.39a 1.50+ 0.33cb

“Means aof 3 replications (Meant : standard error). &tMeans within the sare column

with different superscripts are significantly different (P<0.05).

Woclthuis  Smullders (1985) 1.25% L- lactic acid

, 2.Q%
» 1%
(P < 0.056) -
2.5-7.5% TSP
- Kim Marshall (1999) 5-10% TSP 4cC
(1.5 kg )
2.
D
)
(f99. 6 ’99. 8)
» » 50Cg
- 1% (v/v) , 1% (w/v)
10 2
- Whirl-Pak sample bag @z )
16 (Fig- 23 24).
Fig. 23 4.93 log unit
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4 7.18 log unit - 1% 10

3.69 log unit 8 4.04 Log CFU/g, 16
6.39 log unit 16 <
0.05) . 1% 10
8 1%
16 . Fig. 24
3.31 log unit 4 7.12
log unit - 1% 10
2.25 log unit - 1%
10 8 (P < 0.05)
16 -
1% 10
8 - 1%
16 (P < 0.05)
; 107 CFU/g
, 1% 16

10 —a— Controalf10min
-k 1% AAF1OmIN
o g "~ 1% LA/IOmin Y
= —-+—- 1% CAMOmIn ___;,.f;‘i—*— -
L —a——
U }‘-:"" Lol
o 6 e
o e -
- ;
;.I o
P —
2 T T T T
0 4 8 12 16

Storage Time(days)

Fig. 23. APC* on refrigerated (2t 2 ) chicken wings treated with 1% acetic

acid, 1% lactic acid, and 1% citric acid for 10minutes.
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10 =— Control/10min
---&-- 1% AAMOmMIn
— -+ — 1% LAMDmin I
8- i
- 1% CAM Ormin i =

Log CFU/g

I

12 16
Storage Time(days)

Fig.- 24. CONC* on refrigerated (2t 2 ) chicken wings treated with 1% acetic

acid(Ap), 1% lactic acid(LA), and 1% citric acid(CA) for 10rinutes.

, 1% s o )

12 16

( ) Phaosphate
TSP (trisodium phosphate, Spectrum Quality Product Co., USA)

(“99. 6. ’99. 8) @2 )
500g )
2.5 7.5% (WA) TSP 10
2 - Whirl-Pak sample bag
@+2 ) 16 (Fig.. 25
26). Fig. 25 4.27 log
unit 8 6.19 log unit - 7.5% TSP 10
(P < 0.05) . 7.5%
TSP 10 12
- Fig. 26 (Spectrum Quality Product Co., USA) 2.5 7.5%
TSP 10 5 SPP TSPP
8 - 7.5% TSP 10
16 5% SPP 5% TSPP
(P < 0.05) )

- 104 -



, 7.5% TSP

- 107 CFU/g
8 5 7.5% TSP
12 )
10
o —a— === 21 0min
":" a- a-- 2.5% TSP/M0min
N * — 5.0% TSPMOmMIn ;
o —-+—- 7.5% TSP/ 0min o
% B B (i
o] e e -_:;'_3-'*"’
| d__f__d-r--ﬂ” P -;F. s
g e
2 T | : :
0 4 8 12 16

Storage Time(d)

Fig. 25. APC* on refrigerated (2t 2 ) chicken wings treated with different

levels of trisodium phasphate (TSP) far 10 min.

10+
a— 5 E2/10min
o 8 ---d-- 2 5% TSPMOmMIn "
“:'- — = — 50% TSP/M0min -
L —-+—- 7.5% TSP/ 0min N
U T o ,-"’-
—-— -
o - e
Q o T
| -
',f"
8] I I T :
0 4 8 12 16

Storage Time(d)
Fig. 26. CONC* on refrigerated (2t 2 ) chicken wings treated with different
levels of trisodium phosphate (TSP) far 10 min.

7.5% TSP 1%
TSP

(water holding capacity)
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, Salmonella spp.-
Kim , 1994).

D
)
¢ ,
1%
(dipping method) 10 2
Whirl-Pak sarple bag 2+ 2 16
2+ 2 Table 33
10 pH 6.76 8
7.28 - 1% , , 10
pH (P < 0.05) - 8

Table 33. Changes of pH values* an refrigerated (2= 2 ) chicken legs treated with
1% acetic acid (AA), 1% lactic acid (LA), and 1% citric acid (CA) for 10 min

Storage time

~(days) 0 4 8 12 16
T reatments
Control 6.76+ 0.10c 6.80+ 0.05b 7.28+ 0.11c 7.63+ 0.17c 7.61% 0.19c
1%AA 492+ 0.04b 6.36x 0.02a 6.24+ 0.06a 6.94+ 0.06eb 6.83+ 0.14eb
1%LA 425+ 0.07a 6.45+ 0.03a 6.80+ 0.15b 7.34+ 0.18zc 7.16+ 0.12¢kc
1%CA 435+ 0.02a 6.33+ 0.05a 6.86+ 0.10kc 7.31+ 0.11ekc 7.18+ 0.08ckc

“Means aof 3 replications (Meant : standard error). &tMeans within the sare column

with different superscripts are significantly different (P<0.05).

Table 34, 35 2+ 2 10
(adar) (appearance)
1% 10 odor  appearance 16
L4
’ 8
(Table 36). Table 36 37 at b
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Table 34. Changes of odor scores* on refrigerated (2 2 ) chicken legs treated

with 1% acetic acid (AA), 1% lactic acid (LA), and 1% citric acid *(CA) for 10 min

Storage time

“~(days) 0 4 8 12 16
T reatments
Contral 5.88+ 0.23¢c 4.50+ 0.33a 1.88+ 0.29¢b 1.88+ 0.13a 1.63+ 0.26a
1%AA 438+ 0.18cb 4.50+ 0.33a 3.13t 0.13kc 2.50+ 0.33a 2.25+ 0.25a
1%LA 5.00+ 0.33zkc 4.88+ 0.35a 2.25+ 0.16¢kc 1.63+ 0.18a 1.75+ 0.25a
1%CA 5.00+ 0.19z¢kc 5.00+ 0.27a 2.13+ 0.29zb 2.00+ 0.27a 1.50+ 0.27a

“Means aof 3 replications (Meant : standard error). &tMeans within the sare column

with different superscripts are significantly different (P<0.05).

Table 35. Changes ofF appearance scores* on refrigerated (2t 2 ) chicken legs
treated with 1% acetic acid (AA), 1% lactic acid (LA), and 1% citric acid (CA) for 10

minutes.

Storage time

~(days) 0 4 8 12 16

T reatments
contral 5.75t 0.16kc 4.50+ 0.50a 2.00+ 0.27a 2.00+ 0.19a 1.63+ 0.26a
1%AA 4.75+ 0.16¢kc  4.88+ 0.48a 3.13+ 0.29b 2.63+ 0.26a 2.50+ 0.19a
1%LA 4.00+ 0.33tcb 5.13+ 0.35a 2.25+ 0.25¢b 2.25+ 0.25a 2.25+ 0.31a
1% CA 3.88+ 0.44eb 4.38+ 0.38a 2.13+ 0.29%b 2.38+ 0.26a 1.75+ 0.25a

“Means aof 3 replications (Meant : standard error). &tMeans within the sare column

with different superscripts are significantly different (P<0.05).

L4, at b+

TBA

Table 36. Changes of color-L values* on refrigerated (2= 2 ) chicken legs
treated with 1% acetic acid (AA), 1% lactic acid (LA), and 1% citric acid (CA) for 10

minutes.

- 107 -



Storage time

“(days) 0 4 8 12 16
Treatments
Centrcl 67.3t 0.66ec 65.5+ 0.56a 66.9+ 0.76a 65.9+ 1.28a 67.9+ 0.40a
1%AA 69.7+ 0.7Ckc 69.2+ 0.78b 66.6+ 1.22a 65.1+ 0.43a 64.9+ 1.0la
1%LA 65.4+ 0.68¢b 69.2+ 0.42b 68.1+ 0.60a 65.6+ 0.97a 60.3t 7.74a
1%CA 67.6+ 0.3ldc 70.0+x 0.44b 67.3+ 0.57a 66.1+ 0.56a 70.1+ 0.86a

“Means aof 3 replications (Meant : standard error). &tMeans within the sare column

with different superscripts are significantly different (P<0.05).

Table 37. Changes of color-a values* on refrigerated (2= 2 ) chicken legs
treated with 1% acetic acid (AA), 1% lactic acid (LA), and 1% citric acid (CA) for 10

minutes.

Storace time

“.(days) 0 4 8 12 16
Treatments
cantral 3.3t 049 3.6+t 0.47c 2.8+t (0.47a 2.8+ 0.16dc 1.9+ 0.30a
1%AA 2.8+ 0.28b 2.1+ 0.42¢c 3.1+ 0.51a 1.6+ 0.36cb 2.9+ 0.44a
1%LA 2.2+ 0.43b 1.0+ 0.41cb 2.7+ 0.55a 2.5+ 0.36cb 2.2+ 0.63a
1%CA 2.6£ 0280 1.7+ 0.3%b 2.8£0.28a 4.3t 0.66c 3.4+ 0.83a

“Means aof 3 replications (Meant : standard error). &tMeans within the sare column

with different superscripts are significantly different (P<0.05).

Table 38. Changes of color-b values* on refrigerated (2t 2 ) chicken legs
treated with 1% acetic acid (AA), 1% lactic acid (LA), and 1% citric acid (CA) for 10

minutes.

Storace time

“.(days) 0 4 8 12 16
Treatments
Cantral -1.7+ 0.69b -2.9+ 0.58b 2.1+ 0.97c 2.8+ 1.46b 0.8t 1.0la
1%AA -2.2+ 0.37a 5.5+ 0.35a -3.3t 0.53a -2.4+ 0.6%9a 0.7+ 0.64a
1%LA 0.4+ 0.53b -4.7+ 0.61b 0.3+ 0.56kc -0.9+ 0.69b 1.5+ 0.93b
1%CA -0.9+ 0.56db -3.0+ 0.71b -2.1+ 0.43b -0.5+ 0.81cb 5.4+ 1.€8b

“Means aof 3 replications (Meant : standard error). &tMeans within the sare column

with different superscripts are significantly different (P<0.05).
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Fig. 27. APC* on refrigerated (4 ) chicken wings (temperature abuse for 1 hr
at 30 at 2 days interval) treated with 1% acetic acid, 1% lactic

acid, and 1% citric acid for 10minutes.

- 109 -



10

= e S
25 ——— =3
L
™ e
O P
o 6 r R :
o e e —=— Control/10min
1 - o - k- 1% AAMDmin
g
4 .r/ T — = — 1% LA&M0min
- i
R el . 1% CASMOMmIN
2 . ' ;
0 4 a8 12

Storage Time(days)

Fig. 28. GNC* on refrigerated (4 ) chicken wings (temperature abuse for 1 hr
at 30 at 2 days interval) treated with 1% acetic acid, 1% lactic
acid, and 1% citric acid for 10 minutes.
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Fig. 31. APC* on refrigerated (4 ) chicken wings (temperature abuse for 1 hr
at 30 at 2 days interval) treated with different levels of trisodium

phosphate (TSP) for 10minutes.
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Experimental 3 :© Improving safety and shelf-life for

Industrial application of refrigerated chicken

Summary

For wmproving safety and shelf-life of refrigerated chicken (average weight of
500g per chicken), Micrcbiclogical and sensory evaluations of chicken treated with
acetic acid(PA), lactic acid (LA), or citric acid (CA) during a carmercial chicken
pracessing step were assessed. Chicken were dipped in or sprayed with 1-3% AA, LA or
CA at exposure times of 0-10 min or 0-180 sec. Chicken which sprayed with 2-3% AA,
LA or CA for 10 sec at 1.5 atm after evisceration and then dipped far 150 sec at
final processing step significantly reduced aercbic plate counts (APC) an the surface
of chicken for starage of 16 days at 4cC. Chicken dipped in 1-3% acidulant for
90-150 sec had a significantly inhibitory effect for preventing the growth of APC,
which decreased APC to 0.5-1.5 log unit compared to the controls after acid
treatments. Microbiclogical shelf-life of chicken dipped in 1-5% AA for 150 sec and
packaged with CPP/PE film during storage at 4cC increased for storage of 12 days to
16 days. For ador scaores, chicken treated with 1-3% LA resembled untreated chciken
for during storage days at 4cC. However, odor scores of chicken treated with 1-3% AA
were lower to untreated chicken due to chemical odor during storage days.
Thiobarbituric acid (TBA) values aof chicken treated with 1-3% acidulants
significantly increased from initial days to 12days of storage compared to controls.
pH values of chicken treated with 1-3% acidulants significantly decreased at initial
days caompared to contrcol, which were consistent with the results for storage of 12
days at 4«C. Chicken dipped in 1-3% AA or LA were a significantly higher Hunter
color L+ values than contrcls during storage of 4 and 8 days. Chicken dipped in 1-3%
AA ar LA were a significantly lower Hunter color at+ values than controls during
storage of 16 days.

On the basis of these results, chicken dipped in or sprayed with 1-3% AA, LA or CA
at expaosure times far 150 sec befare final processing could increased micraobiclogical
shelf-life during storage at 4«C, which could be used for its industrial production

and application.
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CPF/PE
6.

Stamacher Lab Blender homogenizer (17,18) standard rinse
ACAC (2) ., 50g 50ml 0.1%(W/V)
peptane water(Difco) 2 G.-1ml

. Standard rinse Whirl-pak bag 50g 50l
0.1%(W/Vv) peptone water(Difco) 1 :1 1 shaking G-l
- 0.1%(w/Vv) peptone water(Cifco)

(18,19 spiral plating method spread plating
method - standard plate count
agar(Cifco) 30cC, 48 -

Logd(CFU/mI )
7.
Huriter color(HunterLab, Color Difference Meter,
Model D-25M) calorineteric analytical methad L, a, b, scale

single processor  optical sensor -

8. TBA
TBA(2-Thicbarbituric acid)
Salih (38) - TBA mg malonaldehyde/kg sarple -
TEP(1,1,3,3-tetrathoxypropane)

9. pH
an -, pH  flat type surface electrode
4 pH pH meter(AccuretF, NModel 50,
Fisher Scientific Co.) -
10.
9 paint hedonic scale 10
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11.

12.

SAS pragram

pH, TBA ,
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)
Y

(after evisceration)

(final products)

) 500g
1-3% ,
10 -
90-150 2-3% ,
(aerabic plate counts, APC)
1-3%
- 2C
2%
counts, AFC) - %
2% 150
0.05) AFC ;

150

1.5 atm
2C 30

. Table 1
1.5 atm 10
30 150

(eerabic plate
10
P <

3%

Table 1. APC values of chicken legs dipped in 2% acetic acid for 150 sec after spray

washing at 1.5 atm for 10 sec and storage at 2C during far 30 min.

Treatrents APC values

~ od
/10 3.94+ (0.145c
1%AA/Z10 3.75t 0.070c
2%AA/10 3.60+ 0.020a
3%AA/10 3.41+ 0.070b

é&-(Mean values with different superscripts in the same

different (P < 0.05).

Table 2 1-3%
atm 10
150 3%

(aerobic plate counts, APC) -
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colurn are significantly

1.5
2cC 30

1-3%



10 <) 150
(P < 0.05) APC )

Table 2. APC values of chicken legs dipped in 3% acetic acid for 150 sec after spray

washing at 1.5 atm for 10 sec and storage at 2C during far 30 min.

APC values
Treatrents
od
/710 3.89+ 0.020c
1%AA/10 3.43+ 0.020b
2%AA/10 3.44+ (0.010b
3%AA/10 3.23+ 0.075a

é&-(Vean values with different superscripts in the same column are significantly
different (P < 0.05).

Table 3 1-3% 1.5
atm 10 - 2cC 30
150 3%
(aerobic plate counts, APC) - 1-3%
10 3% 150
(P < 0.05) APC ]

Table 3. APC values of chicken legs dipped in 3% lactic acid for 150 sec after spray

washing at 1.5 atm far 10 sec and storage at 2C during for 30 min

APC values
Treatrents
od
/710 3.94+ (0.145d
1%LAZ10 2.68+ 0.035a
2%LAZ10 2.67+ 0.185a
3%LAZ10 2.62+ 0.025a

é&-(Vean values with different superscripts in the same column are significantly
different (P < 0.05).

Table 4 1-3% 1.5
atm 10 - 2cC 30
150 2%
(aerabic plate counts, AFC) - 2-3%
10 2% 150
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(P < 0.05) AFC )

Table 4. APC values of chicken legs dipped in 3% citric acid for 150 sec after spray

washing at 1.5 atm for 10 sec and storage at 2C during far 30 min.

APC values
Treatrents
od
/10 3.89+ 0.020d
1%CA/10 3.28+ 0.020b
2%CA/10 3.15+ 0.035a
3%CA/10 3.47+ 0.055c

é&-(Vean values with different superscripts in the same column are significantly

different (P < 0.05).

Marshal 1(2000)
» 1-3% GRAS
2.
D
)] :
(1999. 12.-2000.3 ) (final products)
500g , 90-150 1-3%
, (aerabic plate
counts, APC) . Table 7 1-3%
a0 4cC 1
(aerabic plate counts, APC) - 2-3%
a0 (P < (0.05) 3%
, 90 1% (P < 0.05) -

Table 5. APC values of chicken legs dipped in different levels of acetic acid far 60

SecC.
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APC values
Treatrents -
0 day
/90 5.13+ 1.485a
1%AA/90 4.57+ 0.00Ca
2%AA/90 4.20+ 0.135c
3%UAA/90 4_.00+ 0.010kc

é&-(Vean values with different superscripts in the same column are significantly

different (P < 0.05).

3%
, Kim  Marshall(2000) 1.5Kg
. Table 6 1-3%
150 4cC 1
(aeraobic plate counts, APC) -1
- 3% 150 P <

0.05).

Table 6. APC values of chicken legs dipped in different levels of acetic acid for 150

sec.
Treatrents APC values

~ od
/150 4.51+ 0.075a
1%AA/150 3.84+ (0.040b
2%AA/150 3.54+ (0.12Cc
3%AA/150 3.20+ 0.12%d

é&-(Mean values with different superscripts in the same column are significantly

different (P < 0.05).

TSP
3 500g
- 1% , 1% TSP 5% TSP 10 ,
Fig- 9 - 5.08 log unit,
4.35 log unit,

3.30 log unit (Fig- 1). 1% » 1%

TSP BYTSP 10 4.88, 4.83,
3.13 lag unit - 1% , 1% TSP BYTSP 10
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4.24, 4.28, 2.75 log unit -
1% >, 1% TSP 5%TSP 10
1.54, 2.62, 1.15 log unit -

1% TSP
1% (P < 0.05) )
1% 5% TSP
(P < 0.05) . Kim (1998)

—a— Canftrol

— = = 1% AAMDmMIin

6 ——-w-- 1% TSPM0min
E] y — - —- 5% TSP OmIn
E 5::;:_:___‘__&“‘———.1.___
O 4 R
o
R
- 3 TR R

2_

1 T

1 2

1: After defeathering
2. After evisveration
3: Final product

Fig. 1. Changes aof GNC values* on chicken breast obtained from a comrercial

chicken—processing plant.

5.58 log CFU/qg,
5.34 log CFU/g,

4.08 log CFU/g (Fig. 2). 1%
, 1% TSP SYTSP 10 5.31,
5.38, 4.70 5% TSP (P < 0.05)
; 1% , 1% TSP 5¥TSP 10
4.52, 5.02, 4.67 1% 5% TSP
1% TSP (P < 0.05) ;
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1% , 1% TSP 5% TSP 10
3.40, 3.98, 3.74 1% , 1% TSP 5% TSP

(P < 0.05) ;

Salmonella spp-

- TSP
TSP Salmonella spp.-
(Seward , 1986). Post (1963) sodium polyphosphate (SFG) ,

“'hexaretaphosphate™ 0.1%
SPG Mg+ 2

—a— Control
== =a== 195 AASMOMIN

B= === 1% T3FMN0min

—-+—- 5% TSP/ 0min

Log CFU/g

3 T 1
1 2 3

1: After defeathering
2. After evisveration
3: Final product
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—=— Canlrol
==ek== 1% AAS1OMIN

6= —=— 1% TSF10min

—-+—- 5% TSP/10min

Log CFU/g

2

1: After defeathering
2. After evisveration

3: Final product

Fig. 2. Changes aof APC values* on chicken breast obtained from a comrercial

chicken-processing plant.

)] :
praducts)
) 500g
1-3% ,

(aerabic plate counts, AFC)

(aerabic plate counts, APC)

1- 3% 60
0.05). 3% 60

(0]

(2000. 6-8

)] (final
, 90-150
1-3%
4cC 1
o

0.82 lag unit

Table 7. APC values of chicken breast dipped in different levels of acetic acid for

60 sec.
Treatrents APC values
0 day
/60 4 .26
1%AA/60 3 77k
2%AA/60 3 50kt
3%AA/60 3 A4t
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é&-(Mean values with different superscripts in the same column are significantly
different (P < 0.05).

Table 8 4-6% §(0)
4cC 1 (aerabic plate counts,
- 4- 6% (0]
(P < 0.05). 6% €0
1.34 log unit -

APC)

Table 8. APC values of chicken breast dipped in different levels of acetic acid for

60 sec.
APC values
Treatrents -
0 day
/60 4.13+
4%AA/60 3.08k+
5%AA/60 3.05k+
6%AA/60 2.79%=+

é&-(Mean values with different superscripts in the same column are significantly
different (P < 0.05).

Table 9 1-3% 120
4cC 1 (aeraobic plate caunts,
APC) - 1-3% 120
(P < 0.05). 2-3% 120

1.22 1.61 log unit

Table 9. APC values of chicken breast dipped in different levels of acetic acid for
120 sec.

APC values
Treatrents - —
0 day
/120 4_81c
1%AA/120 4_20k+
2%AA/120 3.59
3%AA/120 3.20¢

é&-(Mean values with different superscripts in the same column are significantly

different (P < 0.05).

: Table 9 1-3%
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150 4cC 1 (aerabic

plate counts, APC) - 2-3% 150
(P < (0.05).

Table 9. APC values of chicken legs dipped in different levels of lactic acid for 150

sec.
APC values
Treatrents

od
/150 4_.00+ 0.065b
1%LA/150 3.68+ 0.115b
2%LA/150 3.23+ 0.035a
3%LA/150 3.12+ 0.060a

é&-(Vean values with different superscripts in the same column are significantly

different (P < 0.05).

= Table 10 1-3%
150 4cC 1

(aeraobic plate counts, APC) - 2-3% 150
(P < 0.05).

Table 10. AFC values of chicken legs dipped in different levels of citric acid for

150 sec.
APC values
Treatrents
~ Od

/150 4.08+ 0.020a

1%CA/150 3.95+ (0.115a
2%CA/150 3.73t 0.01Cb
3%CA/150 3.57+ 0.015b

é&-(Vean values with different superscripts in the same column are significantly

different (P < 0.05).

Kim  (1998) @t2 ) 500g (
’ ’ ’ ) 4
, 7
- 4
. 10 4
Kim (1998)
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(P<0.05)

- (
2)
(final products)
- 500g
, 60-150 1-3% ,
pH, calor, TBA -
)] :
@
Table 11 1-3% 150
4cC 1 pH -1

- 3% 150 P <
0.05).

Table 11. Mean pH values of chicken legs dipped in different levels of acetic acid

for 150 sec.
Treatrents pH values
0 days
/150 6.77+ 0.057d
1%AA/150 5.98+ 0.223c
2%AA/150 5.47+ 0.160b
3%AA/150 5.10+ 0.048a

é&-(Vean values with different superscripts in the same column are significantly

different (P < 0.05).

Table 12 1-3% 150

4cC 1 Hunter color L°

- 1 -3% 150

Table 12. Mean color L* values of chicken legs dipped in different levels of acetic

acid far 150 sec.
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Treatrents Color-L values
~ 0d
/150 61.3+ 1.027a
1%AA/150 64.7+ 0.670b
2%AA/150 64.7+ 0.411b
3%AA/150 67.3t 0.520c

é&-(Vean values with different superscripts in the same column are significantly

different (P < 0.05).

Table 13 1-3% 150
4cC 1 Hunter color &

- 1 -3% 150

Table 13. Mean color a* values of chicken legs dipped in different levels of acetic

acid faor 150 sec.

Treatrents Colar-a values
~ Od
/150 15.6+ 1.552c
1%AA/150 11.7+ 0.571b
2%AA/150 10.1+ 0.625a
3%AA/150 10.2+ 0.200a

é&-(Vean values with different superscripts in the same column are significantly

different (P < 0.05).

Table 14 1-3% 150
4cC 1 Hunter color b’
-1 - 3% 150
(P < 0.05).

Table 14. Mean color b* values of chicken legs dipped in different levels of acetic

acid faor 150 sec.

Treatrents Calor-b values
ad
/150 -8.0+ 0.454a
1%AA/150 -6.1+ 0.612kc
2%AA/150 -6.6+ 0.508b
3%AA/150 -4.5+ 0.483d

é&-(Vean values with different superscripts in the same column are significantly
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different (P < 0.05).

a-b)
10 9 point hedonic scale -
5 69 , 9
, 1-4 , 1
Table 16 1-3% 150
4cC 1 -
1-3% 150 P
< 0.05).

Table 16. Mean odor values of chicken legs dipped in different levels of acetic acid
for 150 sec.

Treatrents odor values

~ od
/150 6.75+ 0.412d
1%AA/150 6.00t 0.267c
2%AA/150 5.00+ 0.000eb
3%AA/150 4.75t 0.164a

é&-(Vean values with different superscripts in the same column are significantly

different (P < 0.05).

Table 17 1-3% 150
4cC 1 -
2 - % 150 (
< 0.05).

Table 17. Mean appearance values of chicken legs dipped in different levels of acetic

acid far 150 sec.

Treatrents appearag;e values
/150 6.38+ 0.263c
1%AA/150 6.50+ 0.327c
29AA/150 5.50+ 0.189b
30AA/150 4.50+ 0.189%

é&-(Vean values with different superscripts in the same column are significantly

- 137 -



different (P < 0.05).

: Table 18 1-3%
150 4cC 1 pH
- 1-3% 150
(P < 0.05).

Table 18. Mean pH values of chicken legs dipped in different levels of lactic acid

for 150 sec.
pH values
Treatrents od
/150 6.80+ 0.10Cd
1%LA/150 6.35+ 0.047c
2%LA/150 5.72+ 0.129b
3%LA/150 5.11+ 0.12%

é&-(Vean values with different superscripts in the same column are significantly

different (P < 0.05).

Table 19 1-3% 150
4cC 1 Hunter color L*
- 1 - 3% 150
(P > 0.05).

Table 19. Mean colar L* values of chicken legs dipped in different levels of lactic

acid faor 150 sec.

Treatrents Color-L values
~ Od
/150 65.1+ 0.834a
1%LA/150 62.3+ 0.330a
2%LA/150 63.8+ 1.235a
3%LA/150 €64.0+ 0.507a

é&-(Vean values with different superscripts in the same column are significantly

different (P < 0.05).

Table 20 1-3% 150
4cC 1 Hunter color &’
-1 - 3% 150
(P > 0.05).
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Table 20. Mean colar a* values aof chicken legs dipped in different levels of lactic

acid faor 150 sec.

Treatrents Colar-a values
- od
/150 9.2+ 0.782a
1%LA/150 10.4+ 0.496a
2%LA/150 9.0+ 0.813a
3%LA/150 7.3+ 0.917a

é&-(Vean values with different superscripts in the same column are significantly

different (P < 0.05).

Table 21 1-3% 150
4cC 1 Hunter color b’

. 1-3% 150
(P > 0.05).

Table 21. Mean color b* values of chicken legs dipped in different levels of lactic

acid faor 150 sec.

Treatrents Calor-b values
~ od
/150 -4.5+ 0.892a
1%LA/150 -3.8+ 0.391a
2%LA/150 -4.8+ 0.748a
3%LA/150 -2.4+ 0.891a

é&-(Mean values with different superscripts in the same column are significantly

different (P < 0.05).

a-7)
10 9 point hedonic scale -

Table 22. Mean odor values of chicken legs dipped in different levels of lactic acid

for 150 sec.
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odor values
Treatrents
~ Od
/150 6.75+ 0.164cd
1%LA/150 6.25+ 0.313c
2%LA/150 4.00+ 0.263a
3U%LA/150 5.50+ 0.18%:b

é&-(Vean values with different superscripts in the same column are significantly
different (P < 0.05).

Table 22 23 1-3%
150 4cC 1
- 2-3M 150
(P > 0.05).

Table 23. Mean appearance values of chicken legs dipped in different levels of lactic

acid faor 150 sec.

appearancefvalues
Treatments S —
0 day
/150 6.25+ 0.313c
1%LA/150 6.50+ 0.189d
2%LA/150 4._63+ 0.263:b
3%LA/150 4.13+ 0.125a

é&-(Vean values with different superscripts in the same column are significantly
different (P < 0.05).

€)
1) OPF/PE
a) :
a-1)
: (final praoducts)
) 500g , 150
1-5% , - CPP/PE
4cC (aerabic plate counts, APC)
. Table 24 1-5%
150 4cC 1 CPP/PE 4cC
(eerabic plate counts, APC) -
3 - 5% 150 (G
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< 0.05). 16 , 5%
0 APC ]

Table 24. APC values of refrigerated (4cC) chicken wings dipped in different levels
of acetic acid for 150 sec and packaged in CPP/FE filn.

Treatments APC__ values
od | 4 | & | 12d |  16d |
/150 3.56+ 0.080c 4.16+ 0.075d 5.62+ 0.335d 6.08+ 0.18d 7-29+ 0.035c
1%AA/150 3.65+ 0.065cd 3.60+ 0.100c 4.39+ 0.070c 4.30+ 0.00c 7.87+ 0.060c
3%AA/150 3.32+ 0.040zb 3.02+ 0.020b 3.02+ 0.020a 3.06= 0.020b 4.39+ 0.310b
5%AA/150 3.22+ 0.10a 2.71+ 0.08a 3.02+ 0.020a 2.42+ 0.035a 2.35+ 0.350a

ée-(Mean values with different superscripts in the same column are significantly

different (P < 0.05).

- Table 25 1-5%
150 4cC 1 CPP/PE
4cC (aerobic plate counts, APC)
- 3 -5% 150
(P < 0.05). 16 ,
ARPC -

Table 25. APC values of refrigerated (4cC) chicken wings dipped in different levels
of lactic acid for 150 sec and packaged in CPP/FE filn.

Treatments AFC__ values
od [ 4 | 8 | 12d |  16d
/150 3.91+ 0.03Cb 5.50+ 0.010c 7.49+ 0.035c 7.36+ 0.130cd 7.90+ C.035d
1%LA/150 3.48+ 0.02Cb 3.62+ 0.235b 6.64+ 0.00Cb 7.16+ 0.Q75c 7.77+ 0.060c
3%LA/150 2.91+ 0.145a 2.26+ 0.060a 3.92+ 0.020a 5.40+ 0.035b 6.66+ 0.065b
5%LA/150 2.89+ 0.150a 2.35+ 0.050a 4.00+ 0.000a 4.46+ 0.005a 6.46+ 0.025a

ée-(Mean values with different superscripts in the same column are significantly

different (P < 0.05).

- Table 26 1-5%
150 4cC 1 CPP/PE
4cC (aerabic plate counts, APC)
- 3 -5% 150
(P < 0.05). 12 ]
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Table 26. APC values of refrigerated (4cC) chicken wings dipped in different levels

of citric acid for 150 sec and packaged in CPP/FE filn.

Treatments AFC__ values
od | 4 | & | 1o | 1ed
/150 3.81+ 0.050c 4.89+ 0.190d 5.91+ 0.080a 6.78+ 0.220c 7.31+ 0.200:b
1%CA/150 3.53+ 0.040c 3.33+ 0.125lc 5.51+ 0.170a 7.16+ 0.120cd 8.08+ 0.000C
3UCA/150 3.13+ 0.050a 3.25+ 0.070b 5.15+ 0.250a 5.50+ 0.215:b 8.24+ 0.085d
5%CA/150 3.09+ 0.09Ca 2.55+ 0.010a 4.47+ 0.385a 5.44+ 0.355a 7.17+ 0.060a

é&-(Vean values with different superscripts in the same column are significantly

different (P < 0.05).

3-4 7
CPF/PE -
MAP MAWP packaging ,
(modified atmosphere packaging) co2
CCz
1996). , MAP CCz CCz
(Pseudomonas spp- ) 2

(Lactabacillus spp.)
Molins, 1991).

- Pseudaoranas spp-

(Clostridium spp- )
(Molins, 1991).
Pseudamonas spp-

CCz , Cz, N2 MA

Lactobacillus spp.-

Lactococcus spp- Streptocaoccus  spp- (Gill,
1991).
b)
b-1)
) (final products)
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CCz

CCz,
VAP

(Gill,

(Gill, 19%6 ;

Leucanostac  spp-

1996 ; Molins,



500g , 150
- OPP/PE
4cC pH, colar, TBA -
Table 27 1-5%
4cC 1 CPF/PE
pH - 1 -5%
(P < 0.05)

1-5% ,

150
4cC

150

Table 27. Mean pH values of refrigerated (4«C) chicken wings dipped iIn different

levels of acetic acid for 150 sec and packaged in CPP/PE film.

Treatments pH values
od [ 4 | 8 | 12d |  16d
/150 6.94+ 0.090d 6.93+ 0.053d 7.96+ 0.130d 7.75+ 0.221«d 7.62+ 0.066b
1%AA/150 5.74+ 0.061c 6.55+ 0.115c 6.75+ 0.Q37c 7.27+ 0.211b 7.66+ 0.268b
3%AA/150 5.34+ 0.083b 6.45+ 0.045b 6.39+ 0.061b 7.57+ 0.309c 7.61+ 0.207b
5%AA/150 5.07+ 0.103a 5.66+ 0.050a 5.70+ 0.068a 5.98+ 0.025a 6.58+ 0.267a

é&-(Mean values with different superscripts in the same

different (P < 0.05).

19977).
pH
pH -
, 1997).
Table 28 1-5%
4cC 1 CPF/PE
Hunter colar L’ - 1-5%

Table 28. Mean color L* values of refrigerated (4cC)
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colurn are significantly

k) pH’

150
4cC
150

chicken wings dipped in



different levels of acetic acid for 150 sec and packaged in CPP/PE film.

Treatments colar-L values
od | 4 | & | 12d [  16d |
/150 60.2+ 0.730a 66.8+ 0.82c 61.1+ 0.738a 64.9+ 1.201c 60.9+ 2.293a
1%AA/150 63.5+ 0.718b 63.6+ 0.851a 61.0+ C.66la 59.9+ 1.614a 62.8+ 0.89Cb
3%AA/150 65.4+ 1.090c 66.0+ 0.810b 66.1+ 0.210b 63.1+ 0.652b €5.7+ 0.965c
5%AA/150 66.6+ 0.71cd 67.9t 1.148d 69.6+ 1.068c 70.4+ 0.627d 66.1+ 0.91Sc

é&-(Mean values with different superscripts in the same column are significantly
different (P < 0.05).

Table 29 1-5% 150
4cC 1 CPP/PE 4cC
Hunter calor a’ -1 -5% 150
(P < 0.05) 8

Table 29. Mean color a* values of refrigerated (4cC) chicken wings dipped in

different levels of acetic acid for 150 sec and packaged in CPP/PE film.

Treatrents calor-a values
od | 4 | & | 12d [  16d |
/150 20.5+ 1.679d 10.5+ 0.681d 19.4+ 2.324c 26.8+ 0.909a 9.2+ 0.873b
1%AA/150 14.8+ 1.054c 8.8+ 0.505c 16.7+ 0.918b 10.5+ 0.685a 9.3+ 0.97Cb
3%AA/150 12.8+ 0.587b 6.8+ 0.521b 14.2+ 0.850b 11.2+ 0.479a 6.7+ 0.983a
5%AA/150 8.7+ 1.177a 4.0+ 0.252a 6.5+ 0.397a 9.2+ 0.476a 13.9+ 0.596¢C

é&-(Mean values with different superscripts in the same column are significantly
different (P < 0.05).

Table 30 1-5% 150
4cC 1 CPF/PE 4cC
Hunter calor b’ -1 -5% 150
(P < 0.05) )

Table 30. Mean color b* values of refrigerated (4cC) chicken wings dipped in

different levels of acetic acid for 150 sec and packaged in CPP/PE film.
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Treatments calor-b values
od | 4 | & | 12d |  16d |
/150 7.7+ 0.725a -4.9+ 0.95%a -7.1+ 1.249b -0.7+ 1.260a -0.1+ 0.737c
1%AA/150 -3.5+ 1.932c-4.5+ 0.588¢b -6.4+ 0.680kc 0.7+ 1.224a -1.6+ 1.055b
3%AA/150 -5.4+ 0.695b -3.8+ 0.554kc -7.5+ 0.845a -2.0+ 0.535a 0.8+ 1.611c
5%AA/150 -3.5+ 0.579c -0.9+ 0.849d -2.8+ 0.428d -0.8+ 0.398a -4.5+ 0.687a

é&-(Mean values with different superscripts in the same column are significantly
different (P < 0.05).

Table 31 1-5% 150
AC 1 OPP/PE AC
TBA .1 -5% 150
(P < 0.05) )

Table 31. Mean color TBA values aof refrigerated (4C) chicken wings dipped in

different levels of acetic acid for 150 sec and packaged in CPP/PE film.

Treatments TBA values
od | 4 | & | 12 | 16
/150 0.166+ 0.006a0.132+ 0.003a0.177+ 0.012b0.119+ 0.003a0.116+ 0-004a
1%AA/150 0.236+ 0.009h(0.171+ 0.008b 0.150+ 0.002d0.184+ 0.0C4c(0.181+ 0-005(;
3%AA/150 0.264+ 0.085b0.244+ 0.007d0.178+ 0.002c0.227+ 0.012d Q0.242+ 0_013b
5%AA/150 0.243+ 0.005b0.355+ 0.009c 0.515+ 0.005a0.518+ 0.001bQ0.566+ 0.017b

é&-(Mean values with different superscripts in the same column are significantly
different (P < 0.05).

. Issanchou (1996)

. Siu Draper (1978)

. Gray (1996) , »
- Cill (1996)

Kim  (1999) pH, TBA
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©t2 )

G:1l ) A+ 1 ) pH  TBA
; 7 ( 500g
)] Hunter color a b
b-3)
10 9 point hedonic scale -
5 69 , 9
, 1-4 1
. Table 32 1-5%
150 4cC 1 CPP/PE
4cC - 1-5% 150
(P < 0.05) 8

Table 32. Mean odor values of refrigerated (4c«C) chicken wings dipped in different

levels of acetic acid for 150 sec and packaged in CPP/PE film.

Treatments odor values
od | 4 | & | 12d |  16d |
/150 6.50+ 0.189d 5.50+ 0.327d 3.25+ 0.164a 1.00+ 0.000a 1.00+ 0.0CCa
1%AA/150 5.75+ 0.164c 5.13+ 0.295c 4.00+ 0.378b1.25+ 0.164eb 1.50+ 0.189%b
3%AA/150 5.25+ 0.313b 4.50+ 0.18%b 4.00+ 0.189c 2.50+ 0.189c 2.00+ 0.000c
5%AA/150 3.88+ 0.227a 4.13+ 0.350a 3.50+ 0.189c 3.00+ 0.00d 2.25+ 0.164d

é&-(Vean values with different superscripts in the same column are significantly
different (P < 0.05).

Table 33 1-5% 150

4cC 1 CPP/PE 4cC
-3-5% 150

Table 33. Mean appearance values of refrigerated (4cC) chicken wings dipped in

different levels of acetic acid for 150 sec and packaged in CPP/PE film.
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Treatrents appearance values
od | 4 | & | 12d [  16d |
/150 6.50+ 0.189c 5.63+ 0.274c 3.50+ (0.189%a 1.38+ 0.18:b 1.00+ 0.00Ca
1%AA/150 6.38+ 0.183c 5.5C+ 0.189c 4.00+ 0.267b 1.25+ 0.164a 1.00+ 0.00Ca
3%AA/150 5.88+ 0.227b 5.13+ 0.295b 4.75+ 0.164c 1.38+ 0.183:b 1.38+ 0.183b
5%AA/150 4.25+ 0.164a 4.50+ 0.116a 4.13+ 0.227b 3.0C+ 0.000c 2.00+ (0.00Cc

é&-(Mean values with different superscripts iIn the same column are significantly
different (P < 0.05).

b-4)
Table 34 1-5% 150
4C 1 OPP/PE 4C
pH . 1-5% 150
(P < 0.05) , 3-5% 8

Table 34. Mean pH values of refrigerated (4«C) chicken wings dipped iIn different
levels of lactic acid for 150 sec and packaged in CPP/PE film.

Treatments pH values
od | 4 | & | 12d |  16d |
/150 6.90+ 0.127d 6.67+ 0.085c 7.47+ 0.234«d 8.00+ 0.150d 7.65+ 0.190c
1%LA/150 5.80+ 0.065c 6.66+ 0.111c 7.24+ 0.218c 7.76+ 0.189c 7.81+ 0.157d
3%LA/150 5.08+ 0.064b 6.17+ 0.074b 6.10+ 0.14Cb 7.54+ 0.291b 7.30+ 0.342b
5%LA/150 4.78+ 0.042a 5.95+ 0.061la 5.93+ 0.081la 6.44+ 0.12%a 6€.49+ 0.204a

ée-(Mean values with different superscripts in the same column are significantly
different (P < 0.05).

Table 35 1-5% 150
4cC 1 CPF/PE 4cC
Hunter calor L’ -1 -5% 150
(P < 0.05) , 4

Table 35. Mean color L* values of refrigerated (4cC) chicken wings dipped in

different levels of lactic acid for 150 sec and packaged in CPP/PE film.
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Treatments colar-L values
od | 4 | & | 12d [  16d |
/150 65.7+ 1.264d 65.9+ 1.107a 61.3+ 0.971a 63.6+ 0.831b €5.6+ 0.712a
1%LA/150 62.3+ 0.566c 68.2+ 1.103a 62.6+ 0.662b 63.9+ 0.701lkc €5.1+ 0.955a
3%LA/150 60.3+ 0.874b 66.9+ 0.374a 63.4+ 0.373c 61.4+ 0.974a 62.7+ 0.704a
5%LA/150 57.8+ 0.414a 65.7+ 0.773a 65.3+ 0.773d 65.6+ 0.460d €66.2+ 1.178a

ée-(Mean values with different superscripts

different (P < 0.05).

Table 36 1-5%
4cC 1
Hunter cclor a’

P <

Table 36.

Mean color a* values of refrigerated

in the same colurn are significantly

OPP/PE
.1 - 5%
0.05) ,

(4C) chicken wings dipped

150

in

different levels of lactic acid for 150 sec and packaged in CPP/PE film.

Treatrents colar-a values
od | 4 | 8d | 12d | 16d
/150 14.2+ 0.958a 9.0+ 0.468a 19.1+ 1.500a 23.6+ 1.140d 5.3+ 0.348a
1%LA/150 21.9+ 0.495d 8.5+ 0.027a 22.7+ 1.598a 18.1+ 1.128c 6.0+ 0.462a
3%LA/150 17.1+ 1.355tc 8.4+ 0.424a 19.6+ 1.264a 15.1+ 0.424:b 6.1+ 0.480a
5%LA/150 16.6+ 1.391b 9.2+ 0.508a 21.2+ 1.586a 14.6+ 0.83%a 6.8+ 0.78%
é&-(Mean values with different superscripts in the same column are significantly
different (P < 0.05).
Table 37 1-5% 150
4cC 1 CPP/PE 4cC
Hunter calor b’ -1 -5% 150
4 (P < 0.05) s 8

Table 37.

different levels of lactic acid for 150 sec and packaged in CPP/PE film.
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Mean ccolor b* values of refrigerated

(4C) chicken wings dipped

in



Treatments calor-b values
od | 4 | & | 12d |  16d |
/150 -5.2+ 0.806b -1.1+ 0.777d -7.7+ 1.348a -4.0+ 0.G18a 4.5+ 1.493a
1%LA/150 9.6+ 1.161a -2.6+ 0.824c -10.1+ 0.720a -2.0+ 1.680a 3.3t 1.l144a
3%LA/150 -4.6+ 1.664b -4.0+ 0.868zb -6.2+ 1.544a -3.1+ 0.802a 1.5+ 2.217a
5%LA/150 -2.6+ 0.614kc -4.4+ 1.001a -10.7+ 1.193a -5.0+ 0.453a -1.1+ 0.760a

é&-(Mean values with different superscripts iIn the same column are significantly

different (P < 0.05).

Gill (1996) oxymyoglabin
- Deoxy- oxymyoglobin
metmyoglobin
- metmyoglobin
- Cray (1996)
, Newburg Concon (1980) malanaldehyde
Table 38 1-5% 150
4cC 1 CPP/PE 4cC
TBA - 1 -5% 150
(P < 0.05) , 4

Table 38. Mean TBA values of refrigerated (4«C) chicken wings dipped in different

levels of lactic acid for 150 sec and packaged in CPP/PE film.

Treatments TEA values
od | 4 | & | 1d | 16
/150 0.136+ 0.003c 0.114+ 0.002a 0.113+ 0.003a0.132+ 0.002b0.120+ 0-002a
1%LA/150 0.164+ 0.008d 0.137+ 0.008b 0.149+ 0.003b0.109+ 0.002a0.160+ 0-00Sb
3%LA/150 0.122+ 0.001zb 0.207+ 0.001c 0.386+ 0.005d0.211+ 0.006c0.218+ 0.005c
5%LA/150 0.121+ 0.002a 0.220+ 0.001d 0.347+ 0.004c(0.407+ 0.010dQ.477+ 0.007d

é&-(Mean values with different superscripts iIn the same column are significantly

different (P < 0.05).

&)

10 9 point hedonic scale
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Table 39 1-5% 150
4cC 1 CPP/PE 4cC
. 1-5% 150
(P <0.05 , 3-5% 4

Table 39. Mean odor values of refrigerated (4cC) chicken wings dipped in different

levels of lactic acid for 150 sec and packaged in CPP/PE film.

Treatments odor values
od | 4d | 8d | 12d | 16d
/150 6.5C+ 0.189d 5.75+ 0.164c 2.00+ 0.000a 1.0C+ 0.00Ca 1.0C+ 0.00Ca
1%LA/150 5.75+ 0.313tc5.75+ 0.164c 3.00+ 0.378b 1.0C+ 0.000a 1.00+ 0.00Ca
3ULA/150 5.5C+ 0.423b 5.00+ 0.000b 3.50+ 0.189c 2.25+ 0.164b 1.50+ 0.18%b
5ULA/150 5.0C+ 0.378a 4.25+ 0.164a 4.25+ 0.164d 2.50+ 0.189kc 1.75+ 0.313kc

é&(Vean values with different superscripts in the sare ccolumn are significantly
different (P < 0.05).

Table 40 1-5% 150
AC 1 OPP/PE AC
. 1- 5% 150
(P > 0.05) )

Table 40. Mean appearance values of refrigerated (4cC) chicken wings dipped in

different levels of lactic acid for 150 sec and packaged in CPP/PE film.

Treatments appearance values
od | 4 | & | 12d |  16d |
/150 5.50+ 0.423a 4.75+ 0.164c 3.00+ 0.000b 1.00+ 0.000a 1.00+ 0.0CCa
1%LA/150 5.75+ 0.313a 5.13+ 0.125d 2.25+ 0.164a 1.00+ 0.000a 1.00+ 0.0CCa
3%LA/150 4.75+ 0.313a 4.00+ 0.295b 3.00+ 0.267b 1.88+ 0.227b 1.00+ 0.00Ca
5%LA/150 4.75+ 0.313a 3.75+ 0.164a 2.25+ 0.164a 2.13+ 0.125kc 1.25+ 0.164a

ée-(Mean values with different superscripts in the same column are significantly
different (P < 0.05).

©))

Table 41 1 4 0.82L

(1.30; 15cm ; nozzle, 60cH, Danfoss; Denmark)
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(AFO) ) 1 30

4+ 1C ) (AFC)
<)

- 2% 1 30

Table 41. Microbiclogical changes on refrigerated (4cC) whole chicken after spraying

treatment with acetic acid (AA) or lactic acid (LA) far 1.30 sec.

CFU/cm2

Salmonella ) Staphyloccus )
Treatments APC E. coli 0157 E. coli

spp. aureus
0d | 4d | 0d | 4d | od | 4d | od | 4d | od | 4d
/1.30 +++ 4+ 2a 5a 5a 5a 7a 30a 6a 8a
3%LA/1.30 ++ ++ Ob Ob Ob Ob 2b 25a 3b 5b
3%AA/1.30 ++ ++ Ob 1b Ob Ob 1b 10b 1b 2c

é&-(Mean values with different superscripts in the same column are significantly

different (P < 0.05).+++ = 70-100 CFU/cmz, ++ = 30-50 CFU/cnz.

3% 1 30%, 0.82L , 4

2,200
(GRAS) 3% 1 -1 5 <)
2 5
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500g)

method)

10

1%

unit

GRAS

(799. 11.-700. 4.) (*00. 5.-700. 8.) ( ) (
GRAS 0-1% C . , )
’ CPP/PE .
0-180 (dipping
(spray washing methaod)
) (CPR/FE filllm, )
(after evisceration) 0-3% , ,
2-3% ,
1.5 atm 150
(P < .05)
- 0-6%
60 - 150
150 - 1-3%
S0-150 0.5-1.5 lag
3.0 log unit
- 1-5%
150 CPP/FE 4cC
1% 12 3-5% 16

1%

. (dipping methad)

(
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, , Hunter color L a

- 3%

. 1-5%
150 CPF/PE 4cC
pH Hunter caolor L 8 TBA 16
. M 1 3¢

(Salmonella  spp, E.coli,
Staphyloccus aureus) -

1-3%

4cC
(shelf-life)
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4. Salmanella spp.-

Experimental 4 : Salmonella spp. Incidence and distribution

during subsequent chicken processing steps

Summary

Food borne Diseases caused by Salmonella are most commonly tracted to poultry
praoducts. A study was conducted to determine the presence of Salmanella In processing
carcasses in a carmmercial poultry slaughterhouse and to identify ricrobial hazards in
the various steps of processing. The incidence of Salrranella was done at six sampling
points in a poultry slaughterhouse: (1) Pre-scald, (2) Post-scald, (3) Fost-pick, (4)
Post-evisceration, (5) Fost-water chilling and (6) Final products.

Sample were taken from the plant®s slaughter line on eleven different occasions. A
total of 235 chicken carcasses was tested, Salmonella spp. were isclated from 48
(20.4%) of the 235 chicken tested. Salranella incidence rates decreased to 12.8% in
final products. The serotypes isolated from chicken carcases were S. montevideo
G-™), S. typhimurium (11.1%), S. muenchen (46.3%), S. essen (56.6%), S.
schwarzengrund (5.5%), S. petahtikve (3.7%) and non typable Salronella (24.7%). It
has been suggested that there are many stages in poultry processing wheer
crass-contarination of caracsses may occur. Antimicrobial drugs susceptibility tests
of Salmonella isclated were performed by agar disc diffusion method, using 10
antibiotics as follows : cefotaxime (CTX), ampicillin (AV), gentamicin (GM),
ciprafloxacin (CIPF), cefhalothin (CF), chlaramphenicol (C), nalidixic acid (NA),
sulfarethoxazole trimethoprim (SXT), tetracyclin (TE) and kanamycin (K). Nost of
strains were highly susceptible to CTX, GV, CIP, CF, C, and SXT, whereas highly

resistant to TE, moderately resistant to AM, NA, and K.

Key words : Salmonella, chicken, poultry slaughterhouse,cross—-contamination
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Salmonella .

Salmaonella - Salmarella
1% peptone water  zipper bag (Standard Rinse Nethod)
50 - 37 6
pre-incubation zipper bag 1ml 10 nl selenite cystine brath
37 24 - selenite cystine broth 50
Salmaonella XLT-4 agar 37 24 48
calony .
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5 50 Salronella

54% Salmonella

¢ D.

1. Incidence of Salmonella spp. of broiler chickens from five different farns, as
deterrined on arrival at the processing plant in winter (n = 50)

Farm No. of samples No. positive out of 10 % Positive
1 10 7 70%
2 10 5 50%
3 10 3 30%
4 10 4 40%
5 10 8 80%
T otal 50 27 54%
50 , Salronella logl0 CFU/g
6.47 £ 0.22 logl0 CFU/g
- 1.5 logl0 CFU/g C 2).

Table 2. Bacterial counts aof broiler chickens entering the processing plant in winter

Location
Salmonella spp. (logl0 CFU/ge)
sampled
Feathers 712 + 025
Skin 6.47 + 0.16
Foot 582 + 0.22
T otal 323+ 025

a Data are the mean CFU = the standard deviation. Values are the ave rageiofiso
chickens.
2. Salronella C )]
Salronella
10 6 ( 3). Salmorella 60 13 (21.6%)
1.27 + 0.16 logl0 CFU/g )

Salmonella
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Table 3. Means of bacterial counts, sarpling location and number of samples
obtained at each processing plant

Sampling location No. of samples (trial) Salmonella spp. (logl0 CFU/ge)

Before defeathering 10 (6) 219 £ 0.28

After defeathering 10 (6) 158 + 0.24

After eviscerating 10 (6) 132 + 017
Before chill 10 (6) 124 + 0.12
After chill 10 (6) NDb

aCata are the mean CFU + the standard deviation. IND = none detected

Salmorella Salmanella
60 5 C 9. Salmanella

1% peptone water zipper bag

(Standard Rinse Method) 50
- 37 6 pre-incubation zipper bag Iml 10l
selenite cystine broth 37 24 - selenite
cystine broth 50 Salmonella XLT-4 agar 37 24 48
, calony Salranella

Table 4. Incidence of Salmonella spp- in the commercial broiler chickens

Month No. of samplesa (trial) Salmonella spp.
November 5 (2) NDb
December 5 (2) NDb

January 5 (2) NDb
February 5 (2) NDb

March 5 (2) 1c

~April 5(2) 4c

évalues are theiaverageiofiﬁoichickens- IND = none detected. cvalues are the numbers

of positive samples.

4 Salmanella

5 . Salmorella 3 4

Table 5. Means of bacterial counts of broiler chickens stored at 4 for 3 and 7 days
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Storage Time
Salmonella spp.

(days)
0 NDa
3 Db
- 7 o Db
eND = none detected. kD = detected
Salmonella
3. C )
5 ( )
50 Salmonella

76%  Salmaonella

( .6).

6. Incidence of Salmonella spp. of broiler chickens from five different farrs, as

deterrined on arrival at the processing plant in summer (n = 50)

Farm No. of samples No. positive out of 10 % Positive
1 10 6 60%
2 10 9 90%
3 10 6 60%
4 10 7 70%
5 10 10 100%
T otal 50 38 76%
50 , Salranella
. logOCFU/g 8.24 + (.26
logl0 CFU/g - 1.3 1ogl0 CFU/g
« N.

Table 7. Bacterial counts of broiler chickens entering the processing plant
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Location
Salmonella spp. (log10 CFU/ge)

sampled
Feathers 824 + 0.26
Skin 769 + 0.23
Foot 6.95 + 0.18
T otal 763 + 0.22
a Data are the mean CFU + the standard deviation. Values are the average of 50
chickens.
4. Salronella C )]
Salmaonella 10 6 ( 8). Salmorella

60 21 (35%) 2.28 + 0.22 logl0 CFU/g

Salmonella

Table 8. Means of bacterial counts, sarpling location and number of samples
abtained at each processing plant in surmer

Sampling location No. of samples (trial) Salmonella spp. (logl0 CFU/ge)

Before defeathering 10 (6) 328 + 0.32
After defeathering 10 (6) 237 £ 021
After eviscerating 10 (6) 286 £ 0.25
Before chill 10 (6) 172 + 0.8
After chill 10 (6) 118 + 0.13

alCata are the mean CFU + the standard deviation.

Salronella

Salmaonella 80 11 C 9.

Table 9. Incidence of Salmonella spp- in the commercial broiler chickens

Month No. of samplesa (trial) Salmonella spp.
M ay 10 (2 NDb
June 10 (2) 2c
July 10 (2) 3c
August 10 (2 6c

évalues are theiaverageiofisoichickens- IND = none detected. cvalues are the numbers
of positive samples
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10 11

30 Salmonella

. Salmonella

Table 10. Means of bacterial counts of broiler chickens stored at 4 for 3 and 7
days
Storage Time
Salmonella spp.
(days)

0 Da

3 Da

7 Da
D = detected

30 Salronella

10 . Salmonella

Table 11. Means of bacterial counts of broiler chickens stored at 30 for 3 and 7

days in sumrer

Storage Time

Salmonella spp.

(days)

0 090 + 0.07

3 154 + 0.16

7 111 + 0.2

Salmonella
)
Salmonella -
Salmaonella 10 3 ( 11).
Salmonella -

Table 11. Means of bacterial counts, sampling location and number of samples

obtained at each processing plant

Sampling location No. of samples (trial) Salmonella spp. (logl0 CFU/ge)

Before defeathering 10 (3) 328 + 0.29

After defeathering 10 (3) NDb

After eviscerating 10 (3) 148 + 0.22
Before chill 10 (3) 113 + 014
After chill 10 (3) NDb

alCata are the mean CFU + the standard deviation. IND = none detected
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76%
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Salmanella
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Experimental 5 : Enhancing safety of refrigerated chicken

during winter and summer

Summary

Cur dbjective was to evaluate the antimicrcbial effects on Salmonella typhimurium
in refrigerated chicken legs dipped with arganic acid. For each treatrent, Chicken
(average weight of 500+ 30 g) legs were treated with 0.5-2%(vw/v) organic acid and
2.5-10% (w/v) TSP solutions at exposure times of 10 minutes. Controls were sprayed
with tap water only at exposure times of 10 minutes. Treated chicken legs were packed
in Whirl-pak bags and stored at 4 . Samples were appropriately diluted with 1%
peptane water and plated on XLT4 agar for Salmonella typhinmurium. Treatments of 1.C%
acetic acid for 10 minutes significantly decreased the growth of Salmnella
typhimurium for 16 days. Treatments of 2.5-10% (w/v) TSP and 0.5-2%(v/v) acetic acid
for 10 minutes significantly reduced the growth of Salmonella typhimurium on chicken
legs during storage of 12 days compared to controls. However cortrols treated with
tap water rapidly increased the growth of Salmonella typhimurium to 2.31 log units
for 16 days. No Salmonella typhimurium were found in any samples treated with 2.0%
acetic acid for 16 days. It was concluded that increasing levels of organic acid by
1.0% exposure times cof 10 minutes were an effective preservative for preventing the
growth of Salronella typhimurium which could be used to ensure the safety of
refrigerated chicken legs. And we can achieve better ricrobial quality on the poultry

meat during processing after using appropriate detergents and sanitizers.

Key wards : Salmonella, chicken, organic acid, trisodium phosphate,
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D
Salronella typhimurium ATCC 13311 - -10
S. typhimurium XLT 4 agar 37 , 24
BHI brath
Spectraophotameter (Beckman BUR 650) 600 105 - 106 CFU/
2)
500g 1
- , 1
(0-4cC)
E)
: : 5cm x 7cm x 3cm 5
D) Salmonella typhimurium
105 CFU/ml 4 4
- L 105 CFU/rl Salmaonella typhimurium
4 .
4)
Salmonella typhirurium ATCC 13311 - : :
5cm x 7cm x 3cm 5 3ml (2105 CFU/ml)
)] Salmanella typhimurium ATCC 13311 - 15
25 psi 1.0L
30 - 30 4cC, 100Kg
30 Storacher bag  100ml 0.1%(w/v)
peptaone water(Difco) 1 shaking - Salmonella
10¢-10-4 pH 7.0 , Eml
double-strength buffer peptone water (BPW, Difco)
37¢C, 20 1ml

Sml  tetrathionate-hajina broth(Difco)
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43«C, 27 - Brilliant green sulfa(BGS) agar(Difco),
Modified lysine iron agar(Difco), Xylase lysine tergitol 4 (XLT4) 37¢C, 24
LogI(CFU/ml

- 3 HACCP system
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Salmonella typhimurium 105 CFU/mi 4
Salmorella typhimurium 1¢( )
2 ( )] - APC  CNC Salmaonella
Salmorella -
- 0.5%
4 ( )
Salmorella 4 -
Salmonella typhimurium -
5 , 10 Salmonella typhimurium 105 CFU/mI
4 Salmonella typhimurium 3(C
) 4 ) ) 5 , 10
Salmonella -
Salmonella
- 1.0% 2.0%
Salmorella 4

Salmonella typhimurium

Table 1. Mean of Salmonella typhimurium counts of chicken treated with acetic acid

(AA) for 10 min during storage at labaratary refrigerator (4«C).

Treatrents Loglo CRi/ga SEE— —
7 Cday 4days 8days 12days 16days
0.5%AA/10min 3.30+ 0.51a NCb ND ND ND
1.0%AA/10min ND ND ND ND ND
1.5%AA/10min ND ND ND ND ND
2.0%AA/10riEN ND ND ND ND ND
Cantrol 5.78+ 0.37 6.50+ 0.29 5.51+ 0.16 4.60+ 0.40 ND

éVeans of737replicationsf(Neaniiz7standard7error)-AtND7= none detected

Table 2. Mean of Salmonella typhimurium counts of chicken treated with acetic acid

(AA) for 10 min during storage at cammercial refrigerator (4cC).
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Logl0 CFU/ga

Treatments

7 Cday 4days 8days 12days 16days
0.5%AA/10min 3.39+ 0.48a NCb ND ND ND
1.0%AA/10min ND ND ND ND ND
1.5%AA/10min ND ND ND ND ND
2.0%AA/10riEN ND ND ND ND ND
Control 5.78+ 0.37 5.93+ 0.45 6.55+ 0.39 4.70+ 0.29 ND

éVeans of737replicationsf(Neaniiz7standard7error)-AtND7= none detected

Table 3. Mean of Salmonella typhimurium counts of chicken treated with lactic acid
(LA) for 5 rin during starage at laboratory refrigerator (4¢C).

Treatrents LogoCFU/ga E— —
) Oday 4days 8days 12days 16days
1.0%LA/5min 2.31+ 0.48 ND ND ND ND
2 .Q%LA/5min 1.54+ 0.32 ND ND ND ND
3.0%LA/5miIn ND ND ND ND ND
Cantrol 3.50+ 0.33 3.27+ 0.23 2.09+ 0.24 ND ND

éMeans of 3 replications (Veant : standard errar). IND = none detected

TSP(trisodium phosphate) Salmonella typhimurium 105 CFU/ml
4 TSP Salmonella typhimurium 5
( ) 6( ) - TSP
Salmonella TSP

Salmonella

- TSP . 2.5% TSP
Salmonella 4
- TSP Salmonella typhimurium

Table 4. Mean of Salmonella typhimurium counts of chicken treated with lactic acid
(LA) for 10 min during storage at cammercial refrigerator (4c«C).

Treatrents LoglOCRU/ga SE— —
Cday 4days 8days 12days 16days
1.0%LA/10min 2.31+ 0.48 ND ND ND ND
2_.0Q%LA/10riEnN ND ND ND ND ND
3.0%LA/10riEN ND ND ND ND ND
Cantrol 2.0%t 0.37 3.20+ 0.39 3.50+ 0.56 ND ND

éVeans of737replicationsf(Neaniiz7standard7error)-AtND7= none detected

Table 5. Mean of Salmonella typhimurium counts of chicken treated with trisodium
phasphate (TSP) for 10min during storage at laboratory refrigerator (4c«C).
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Logl0 CFU/ga

Treatment

7 - ~ Oday 4days 8days 12days 16days
2.5% TSP/10min  3.92+ 0.37a NCb ND ND ND
5.0% TSP/10min ND ND ND ND ND
7.5% TSP/10min ND ND ND ND ND
10% TSP/10mn ND ND ND ND ND
Control 3.05+ 0.14 3.30C+ 0.26 3.23+ 0.12 ND ND

éVeans off?;replicationsf(l\/eanw_T :7standard7error)- EIND = none detected

Salmonella
«C . 10 Salmonella
typhinrurium Salmonella typhimurium
) TSP(1%  5%) 10
Salronella  typhimurium
Salmonella typhirurium -

TSP Salmonella typhimurium -

Table 6. NMean of Salmonella typhinmurium counts of chicken treated with TSP for 10
min. during storage at commercial refrigerator (4cC).

Treatrents Logl0 CFU/ga —
Qday 4days 8days 12days 16days
2.5% TSP/10min  1.73+ 0.10a NCb ND ND ND
5.0% TSP/10min ND ND ND ND ND
7.5% TSP/10min ND ND ND ND ND
10% TSP/10min ND ND ND ND ND
Cantrol 3.61+ 0.42 4.26t 0.56 4.18+ 0.32 3.57+ 0.41 ND

éVeans off?;replicationsf(l\/eanw_T :7standard7error)- EIND = none detected

Table 7. Mean of Salmonella typhimurium counts of chicken treated with acetic acid
(AA) and trisodium phosphate (TSP) for 10 min. during staorage at 4cC.

Treatments  — - e - Lo_gJO CFU/_gai T oiwms
- After defeathering After eviscerating After chilling
1% AA/10min NCb ND ND
1% TSP/10min 3.03+ 0.37 5.72+ 0.19 4.60+ 0.73
5% TSP/10min 4.78+ 0.62 4.83+ 0.49 5.72+ 0.19
Cantrol 4.98+ 0.47 5.15+ 0.56 4_30+ 0.46

aVeans of 3 replicat ions (l\/eanw_T : standard erro r). "IND = none detected

2.
2000 HACCP system HACCP system
‘99 1
1) HACCP
- 11
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2)

D
- Salmonella spp., Listeria spp., Staprylococcus aureus 3
€))
, TSP 4©), 1+ 2C)
Salmanella typhimurium 1%
- 1% 10
S. typhimurium - 2%
10 4cC 3% 5
S. typhimuriur - TSP 5% 10
- 1% 1-5% TSP 10 1%
- 1%
S. typhimurium
@ :
@
(Salmorella spp.)
1
; , 500g
) ,
- 5 1 (a0 X 5 x 10 )]
, (4¢, 100), ,
Salmonella - Salmonella typhirurium
ATCC 13311 - : : 5cm x 7cm x 3cm 5
3ml (105 CFU/ml) )] Salmanella typhimurium ATCC
13311 . 15
25 psi 1.0L 30 -
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30 4C, 10CKg 30

Stamacher bag 100ml 0.1%(wW/Vv) peptone water(Difco) 1
shaking - Salronella

10c-10-4 pH 7.0 , 5ml double-strength buffer peptone
water (BPW, Difco) 37C, 20 1ml

9ml  tetrathionate-hajina broth(Cifco) 43cC, 27 -

Brilliant green sulfa(BCS) agar(Difco), Madified lysine iron agar(Difco), Xylcse

lysine tergitol 4 (XLT4) 37C, 24
Log(CFu/rr1 )
Topax-66, -64,
P3-oxonia active -
2)
1) Salronella
Salmonella
10 Salmonella typhimurium 105 CFU/ml
4 Salraonella typhimur iur
8 ) 4.72 log CFU/g , 4,8, 12, 16
1.08, 1.06, 1.08, 2.41 log unit - 1%
Salmaonella 8
Salronella - 1% 4
Salmonella 4
Salmonella 0.91 lag unit - 1% 4
Salmonella 8

Salronella .

Salmanella typhirurium -

Table 8. Mean of Salmonella typhimurium counts of chicken treated with organic acid
for 10 min. during storage at 4cC.

Salmorel la spp- :counts(logjo CFU/g)a

Treatment 0 day 4 days 8 days 12 days 16 days

Control 4.72 0.11 3.64+ 0.12 3.66+ 0.09 3.64+ 0.12 2.31+ 0.22
1% Acetic acid NCb ND ND 4.65+ 0.02 2.57+ 0.35
1% Lactic acid ND 2.73+ 0.91 2.30+ 0.18 4.07+ 0.60 2.15+ 0.67
1% Citric acid ND ND ND 2.52+ 0.25 ND

éMeans of 3 replications (Veant : standard errar). IND = none detected
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10 Salmanella typhimurium 105 CFU/ml

2 Salmonella typhimurium

9 - 3.94
log CFU/g 4 2.65 log CFU/g 1.30 log CFU/g 8
3.63 log CFU/g 12, 16 .77 log CFU/g, 0.78 lag CFU/g

- Salronella
4 Salmonella .

Table 9. Mean of Salmonella typhimurium counts of chicken treated with organic acid
for 10 min. during storage at 2cC.

Salmonella spp. counts(log®0 CFU/g)a

Treatment 0 day 4 days 8 days 12 days 16 days
Control 3.94+ 0.24 2.65+ 0.02 3.63t 0.13 3.17+ 0.12 3.18+ 0.40
1% Acetic acid NCb ND 3.52+ 0.15 2.94+ 0.26 3.01+ 0.27
1% Lactic acid ND ND 3.23+ 0.24 3.41+ 0.42 ND
1% Citric acid ND ND 3.38+ 0.39 3.48+ 0.44 2.92+ 0.27

éMeans of 3 replications (Veant : standard errar). IND = none detected

10 Salmonella typhimurium 105 CFU/ml
10 Salmonella typhimurium
10 - 10 4 2.42
log CFU/g 8, 12 0.62 log CFU/g, 0.72 log CFU/g, 16 1.35 log
CFU/g .
Salmonella 4
Salmranella - 4 Salranella
. 8

12 3.42 log CFU/g )

Table 10. Mean of Salranella typhimurium counts of chicken treated with organic acid
for 10 min. during storage at 10cC.

Salmonel Iaispp . 7counts(logjo CFU/g)a

Treatment 0 day 4 days 8 days 12 days 16 days

Control 4.23+ 0.59 2.42+ 0.17 3.04+ 0.23 3.06+ 0.28 3.87+ 0.64
1% Acetic acid NCb ND 1.53+ 0.31 2.26+ 0.26 3.25+ 0.39
1% Lactic acid ND ND ND 3.42+ 0.38 2.45+ 0.27
1% Citric acid ND ND 2.62+ 0.10 3.58+ 0.29 2.63+ 0.32

éMeans of 3 replications (Veant : standard errar). IND = none detected

phosphate 10 Salronella typhimurium 105 CFU/rll
4 phosphate  Salmonella typhimurium
11 - 5% TSP(trisodium phosphate) 16
- B% SPP(scdium pyrophosphate)
16 . 5% STPP(sodium

- 179 -



tripolyphosphate) 4
8 12 Salmranella 0.78
log unit 16 0.26 log unit -

phosphate Salmanella typhirurium

Table 11. Mean of Salmonella typhimurium counts of chicken treated with phosphate faor
10 min. during starage at 4cC.

Salmorel la spp .jcounts(logjo CFU/g)a

Treatment 0 day 4 days 8 days 12 days 16 days
Control 3.23+ 1.48 3.51+ 0.96 3.30+ 1.73 2.30+ 1.23 1.56+ 0.82
5% TSP NCb ND ND ND ND
5% SPP ND ND ND ND ND
5% STPP ND ND ND 1.52+ 0.26 1.30+ 0.35

éMeans of 3 replications (Veant : standard errar). IND = none detected

phosphate 10 Salmonella typhimuriur 105 CFU/ml
2 phosphate  Salmonella typhimuriur
12 - 5% TSP(trisodium phosphate)
16 - 5% SPP(sadium pyraphosphate)
16 - 5% STPP(sodium
tripolyphosphate) 2
12 16 Salmaonella 1.65
log unit - 2cC. phosphate

Salmonella typhimurium -

Table 12. Mean of Salmonella typhimurium counts of chicken treated with phosphate faor
10 min. during starage at 2cC.

Salmorel la spp .jcounts(logjo CFU/g)a

Treatment 0 day 4 days 8 days 12 days 16 days
Control 2.30+ 0.34 3.18+ 0.73 3.18+ 1.28 4.00t 1.52 4.35+ 2.36
5% TSP NCb ND ND ND ND
5% SPP ND ND ND ND ND
5% STPP ND ND ND ND 2.70+ 0.35

éMeans of 3 replications (Veant : standard errar). IND = none detected

phosphate 10 Salronella typhimurium 105 CFU/rll
2 phosphate  Salmonella typhimurium
13 - B% TSP(trisodium phosphate)
16 - 5% SPP(sodium pyrophosphate) %
STPP(sadium tripalyphosphate) 2
12 16 Salmaonella
2.34 log unit, 1.51 log unit - 10cC.
phosphate Salmonella typhimurium
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Table 13. Mean of Salmonella typhimurium counts of chicken treated with phosphate faor
10 min during storage at 10cC.

Salmonella spp. counts(log®0 CFU/g)a

Treatment 0 day 4 days 8 days 12 days 16 days
Control 2.70+ 0.38 3.54+ 1.29 3.48+ 1.36 3.90+ 1.85 5.04t 0.25
5% TSP NCb ND ND ND ND
5% SPP ND ND ND ND 2.70+ 0.48
5% STPP ND ND ND ND 3.53+ 0.19

éMeans of 3 replications (Veant : standard errar). IND = none detected

Salmonella

500g - (
50g) 40,000L 1% (v/v) 1.0atm
30 Im - 2
, Whirl-Pak sample bag 4(C -
40,000L 1.0 atm 30 Im ,
2 4cC -
(1% 1.5 atm 30 4C 16 Salmonella spp.-
2-14 - 1% 1.0 atm 30
4 8
Salmanella spp- - 12 Salmanella spp-
- 16 -

Table 14. Mean of Salmonella spp. counts of chicken legs treated with 1% aorganic acid
for 30 sec at 1.0 atm during storage at 4cC.

Salmonella spp. counts(lagl0 CFU/g)a

Treatment 0 day 4 days 8 days 12 days 16 days
Control NCb 4.88+ 1.62  3.94+ 1.27 3.35+ 1.56 ND
1% Acetic acid ND ND ND 3.96+ 0.52 ND
1% Lactic acid ND ND ND 3.91+ 0.09 ND
1% Citric acid ND ND ND 2.88t 0.54 ND

éMeans of 3 replications (Veant : standard errar). IND = none detected

an 1.5 atm 30 2 16
Salmonella spp- 2-15 - 1% 1.0 atm
30

Salronella spp.- -
12 Salmonella spp.- -

Table 15. Mean of Salmonella spp. counts of chicken legs treated with 1% aorganic acid
for 30 sec at 1.0 atm during starage at 2cC.
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Salmorel la spp- :counts(logjo CFU/g)a

Treatment 0 day 4 days 8 days 12 days 16 days
Control NCb 4.75+ 1.28 2.45+ 1.83 2.95+ 0.33 5.53+ 2.37
1% Acetic acid ND ND ND ND ND
1% Lactic acid ND ND ND ND ND
1% Citric acid ND ND ND 3.42+ 1.26 ND

éMeans of 3 replications (Veant : standard errar). IND = none detected

1™ 1.5 atm 30 10cC 16
Salmonella spp.- Table 2-16 - 1% 1.0 atm
30
Salmonella spp.- -
12 Salmanella spp- -

Table 16. Mean of Salmonella spp. counts of chicken legs treated with 1% organic acid
for 30 sec at 1.0 atm during storage at 10cC.

Salmorel la spp- :counts(logjo CFU/g)a

) Treatment 0 day 4 days 8 days 12 days 16 days
Control NCb ND ND 3.23+ 1.46 1.30+ 0.37
1% Acetic acid ND ND ND ND ND
1% Lactic acid ND ND ND 1.51+ 1.63 ND
1% Citric acid ND ND ND ND ND

éMeans of 3 replications (Veant : standard errar). IND = none detected

0.5Kg -
40,000L 2.5%, 5% 7.5% (v/v) TSP (trisadium phasphate)
1.0atm 30 I -
2 , Whirl-Pak sanple bag 4C
- 40,000L 1.0 atr
30 m , 2
4cC -
TSP 1.0 atm 30 4C 16 Salmanella spp.-
Table 17 -
Salmaonella - 30 1.0 atm
TSP Salmonella 4cC 4

- 2.5% TSP 5% 7.5% TSP

Table 17. Mean of Salmonella typhimurium counts ofF chicken treated with trisodium
phosphate for 10 rin. during storage at 4cC.
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Salmorel la spp- :counts(logjo CFU/g)a

Treatment 0 day 4 days 8 days 12 days 16 days
‘Control 0.91+ 0.66 1.9+ 1.7 3.18+ 1.73 4.48+ 2.67 0.12+ 0.03
2.5% TSP 0.02+ 0.01 NDb 0.06+ 0.06 3.52+ 0.34 5.14+ 0.07
5% TSP 0.06+ 0.02 ND 0.18+ 0.18 0.29+ 0.14 ND
7 .5%TSP 0.21+ 0.39 ND 1.40+ 0.98 1.35+ 0.59 0.38+ 0.22

éMeans of 3 replications (Veant : standard errar). IND = none detected

TSF 1.0 atm 30 2cC 16 Salmonella
spp- 18 - 4cC
Salmonella TSP 1.0 atm 30
Salmonella 5% 7.5% TSP 4cC 4

. 5% TSP .

TSF 1.0 atm 30 10cC 16 Salmanella
Spp- 2-20 - 4cC
Salmonella TSP 1.0 atr 30 4

Salmonella , Salmonella

Table 18. Mean of Salmonella typhimurium counts of chicken treated with trisodium
phosphate for 10 rin. during storage at 2cC.

Salmonella spp. counts(log®0 CFU/g)a

Treatment 0 day 4 days 8 days 12 days 16 days
Control 0.94+ 0.67 2.54+ 0.26 5.35+ 0.05 3.44+ 1.24 5.38+ 2.58
2.5% TSP 0.02+ 0.01 0.50+ 0.18 0.36+ 0.06 0.99+ 0.01 1.32+ Q.52
5% TSP 0.06+ 0.02 NDb 0.24+ 0.13 1.25+ 1.34 ND
7 .5%TSP 0.55+ 0.51 ND 2.00+ 1.60 2.50+ 2.07 ND

éMeans of 3 replications (Veant : standard errar). IND = none detected

Table 19. Mean of Salmonella typhimurium counts of chicken treated with trisodium
phosphate for 10 rin. during storage at 10cC.

Salmonella spp. counts(log®0 CFU/g)a

Treatment 0 day 4 days 8 days 12 days 16 days
Control 0.91+ 0.66 4.59+ 4.01 3.27+ 0.59 2.86+ 1.12 0.68+ 0.23
2.5% TSP NCb ND 1.59+ 1.01 0.13+ 0.07 ND
5% TSP ND ND 1.35+ 0.75 1.32+ 1.03 ND
7 .5%TSP ND ND 1.00+ 0.58 1.47+ 1.08 ND

éMeans of 3 replications (Veant : standard errar). IND = none detected

Salmonella spp.-

5 3 , Topax-66, -64, P3-oxaonia active
Salmonella spp.- ( 20). Salmonella spp-
Salmanella spp.- Topax-€6,
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-64, P3-oxonia active Salmonella

Salmaonella spp.-

Table 20. Means of bacterial counts. sampling location and nurmber of samples
obtained at each processing plant

SalmonelIaispp.icounts(logﬂ)CFU/g)a

Sampling No. of samples Before After
location (trial) . _ _ - - -
cleaning and sanitation cleaning and sanitation
Before
i 5 @) 2.25+ 0.16 2.48 + 0.22
defeathering
After
_ 500 0.62 + 0.13 0.28+ 0.28
defeathering
After
i i 5 @) 1.28 + 0.19 0.47+ 0.21
eviscerating
Before chill 5@ 0.26 + 0.24 NCb
After chill 5 Q) 0.06 + Q.02 ND

aCata are the mean CFU + the standard deviation. IND = none detected
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TSP (1.5atm, 30 , 1Im )]
(4-10C), (¢4 Salranella typhimurium
1% - 1%

105 CFU/mI S. typhimurium

8 S. typhimurium
10cC 4 S. typhimurium
5% 10 105 CFU/rl S. typhimuriur
8
typhinrurium - (Topax-66,
P3-oxania active) Salranellarbs -
1% 5% TSP, SPP, TSPP

S. typhimurium
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6. HACCP system

Experimental 6 : Evaluation of HACCP system and safety of

refrigerated chicken

Summary

There was a limited reported on the effectiveness of spray-washing for
decontamination of chicken legs treated with organic acid. Our cobjective was to
evaluate the antimicrcbial effects on Salmonella typhimurium in refrigerated chicken
legs rinsed and dipped with organic acid. For each treatment, Chicken (average weight
of 500+ 30 g) legs were sprayed with 1 3% arganic acid at 1.0 atm for 10 seconds.
Contrals were sprayed with tap water only at 1.0 atm far 10 seconds. Treated chicken
legs were packed in Whirl-pak bags and stored at 4 . Samples were apprapriately
diluted with 1% peptone water and plated on XLT4 agar for Salmonella typhimurium.
Treatrents of 1 2% organic acid at 1.0 atm far 10 sec significantly decreased the
growth of Salmnella typhimurium. However contrals treated with tap water rapidly
increased the growth of Salmonella typhimurium to 5.02 log units. No Salmonella
typhimurium were found iIn any samples treated with 3.0% organic acid. Chicken
(average weight of 500+ 30 g) legs were treated with 1-5%(v/v) organic acid sclutions
at exposure times of 150 seconds. Treatments of and 3-5%(v/v) acetic acid for 150
seconds significantly reduced the growth of Salmonella typhimurium on chicken legs
during storage of 16 days caompared to controls. And to reduce microbial
contarination of poultry meat during processing, we established a Hazard Analysis
critical contral points (HACCF) model which includes critical limits for each CCP,
monitoring procedures and corrective actions. It is expected that micrabial quality

will be improved with the implementation of the HACCP plan.

Key wards : Salmonella, chicken, organic acid, HACCP
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Salmonella spp-

4.8%, 24 5%

Salmonella spp.-

(CCP) ,

HACCP system
Salmonella
Salmranella
(50Qg )]
(0-4c©) Salmanella
HACCP system

Salmanella spp-

Salronella spp.-
(HACCP)
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(Salmarella spp-)

1
. , 500g 1,000
) 5 1 (20 X
5 x 10 )] -
(Final Processing) . , O,
Salmorella - S
10 (60 X 5 x10 ) ; [0)
CPP/PE -
20
OPP/PE ; , (4C),
(3000, , -
] ] 1
HACCP -
2.
500g ) ,
- HACCP system
3.

Salmonella typhimurium ATCC 14028

Arerican Type Culture Caollection (ATCC) -

: : 5cm x 7cm x 3cm 5 3ml (10-104 CFU/ml

)] Salmanella typhimurium ATCC14028

- 15 25 psi
1.0L 30 - 30
4C, 100Kg 30 Storacher bag  100ml
0.1%(w/Vv) peptone water(Cifco) 1 shaking
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Topax-66
- Salmaonella
- 3
HACCP system
5.
Salmanella 10c-10-4 pH 7.0
, 5ml double-strength buffer peptone water (BPW, Difco)
. 37C, 20 Iml 9ml tetrathionate-hajina
broth(Difco) 43cC, 27 - Brilliant green

sulfa(BGS) agar(Difco), Modified lysine iron agar(Cifco), Xylose lysine tergital 4

(XLT4) 37cC, 24 -
LogI(CFU/ml .
6.
Salmaonella (0-40)
(300) CPR/PE .
- 0-2%
2-5L 0-120 0-24
Salmonella
7.
Salmaonella 500g
20
CPP/PE - Salmaonella

CPP/PE
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8. HACCP System

HACCP - Hazard analysis

- Critical control point

SAS praogram
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1. Salmonella spp.-

235 Salmonella spp.- Salmonella spp.-
235 48 20.4% - Salmaonella spp.-
1 - bleed knife
41 7 17.1% - 39 6
15.4% - 40 12
30% -
39 10 25._6%
- 37 8 21.6%
- 39 5
(12.8%) )
2. Salronella
Salmonella spp.- 2 -
25 47 2% S. muenchen -
S. typhyrurium 6 (11.1%) S. schwarzengrund  S.
essen 3 5.6% - S. montevideo S. petahikve
2 3.7% - Salmonella spp.- 13
C Salmonella ; Non Typable

Salmonella, NTS).

Table 1. Salmonella spp. incidence far broiler carcasses from six sampling points in

a camrercial processing plant

Sampling point No. of positive samples 7/ percentage of positive /

- B B samples samples
Pre - scald(at bleed line) 7/ 41 17.1
Post - scald 6/ 39 15.4
Past - pick 12 /7 40 30.0
Post -evsiceration 10 /7 39 25.6
Fost-water chilling 8/ 37 21.6
Final product 57 39 12.8
Total 48 / 235 20.4

Table 2. Serotypes of Salmonella isclated for broiler carcasses from six sampling
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paints in a commercial pracessing plant

Antigenic formula

No. of

Serotype ) . H antigen
0 [ [E—
strains () Group O antigen Phasel Phase2
25
S. muenchen (46.3) Cc2 6,8 d 1,2
S. montevideo (327) C1 6,7 g,m,s -
S. schwarzengrund (536) B 4,12 d 1,7
S. petahtikve (327) E4 1,3,9 f,g,t 1,7
S. typhimurium (116 H B 4,12 i 1,2
S. essen (536) B 4,12 g.m -
13
NTS (23.1) E4 na n n
a not determined
3. Salmonella
Salmonella 4 .
- S. muenchen
S. muenchen NTS S.
montevideo - S. muenchen
. 2 Salmonella
- S. schwarzengrund, S. petahikve, S. essen, S. typhimurium NTS
. NTS
S. typhimurium - NTS  S. muenchen
S. muenchen S. montevideo NTS
S. muenchen NTS
S. muenchen .

S. essen NTS

S. muenchen .

Table 3. Incidence of Salmonella serotypes for broiler carcasses from six sampling

paints in a commercial pracessing plant
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Sampling

Cccasion cf sampling

point 1 2 3 4 5 6 7 8 9 10 11
pre- u Nts Nts M Mu Es
scald
post- MU w oM Ms M
scald Nts
post Nts Mu
o E
pick hu sc Ty Mu Nts S
Pe
post- VU Mu
evisceratio Mu Nts Ty Vo
Na
n Pe
post-
water ] mu ﬁ:s Ty Nu
chilling ° S
final Mu Nts
product hu Mo Sc Ty
Ty

Symbols; Mu, S.muenchen ; Mo, S. montevideo ; Ty, S. typhimurium ; Es, S.essen
Sc, S. schwarzengrund ; Pe, S.petahtikve ; Nts, Non Typable Salmonella

4.
10
150 Salmonella typhimuriur 105 CFU/ml
Salmonella typhimuriur 4 -6 -3 10
Salmorella - 3%

10 150 Salmonella typhimurium

Table 4. Mean of Salmonella typhimurium counts of chicken after spraying trestments
with different levels of acetic acid for 10 seconds.

Spraying Dipping treatment for 150 seconds
treatment 2% Acetic acid 3% Acetic acid
control 5.02+ 0.19 5.02+ 0.19
1% Acetic acid 4.40+ 0.15 3.34+ 0.12
2% Acetic acid 3.26+ 0.08 1.90+ 0.11
3% Acetic acid NDb ND

éMeans of 3 replications (Veant : standard errar). IND = none detected

Table 5. Mean of Salmonella typhimurium counts of chicken after spraying trestments
with different levels of lactic acid for 10 seconds.
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Spraying Dipping treatment for 150 seconds

treatnent 2% Lactic acid 3% Lactic acid
cantral 5.02+ 0.19a 5.02+ 0.19
1% Lactic acid 3.64+ 0.21 3.11+ 0.17
2% Lactic acid 2.78+ 0.13 2.30+ 0.07
3% Lactic acid NDb ND

éMeans of 3 replications (Veant : standard errar). IND = none detected

Table 6. Mean of Salmonella typhimurium counts of chicken after spraying trestments
with different levels of citric acid for 10 seconds.

Spraying Dipping treatment for 150 seconds
treatment 2% citric acid 3% citric acid
control 5.02+ 0.19 5.02+ 0.19
1% citric acid 4.85+ 0.22 3.72+ 0.18
2% citric acid 4.72+ 0.16 3.34+ 0.21
3% citric acid NDb ND

éMeans of 3 replications (Veant : standard errar). IND = none detected

90 180 Salmaonella
typhinurium 105 CFU/rrl Salmonella typhimurium
7-9 - 3% 150 Salmorella
- 3% 150 Salmonella

typhinrurium -

Table 7. Mean of Salmonella typhimurium counts of chicken after dipping treatments
with different levels of acetic acid.

Dipping treatment time (seconds)

Treatments 0 150
control 4.70+ 0.24a 4.70+ 0.34
1% Acetic acid 4.48+ 0.32 3.62+ 0.27
2% Acetic acid 4.34+ 0.28 3.34+ 0.19
3% Acetic acid NDb ND

éMeans of 3 replications (Veant : standard errar). IND = none detected

Table 8. Mean of Salmonella typhimurium counts of chicken after dipping treatments
with different levels of lactic acid.

Treatrents Dipping treatments far 150 seconds
control 4.64+ 0.33a
1% Lactic acid 3.38t 0.21
2% Lactic acid 3.15+ 0.26
3% Lactic acid NCb

éMeans of 3 replications (Veant : standard errar). IND = none detected
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Table 9. Mean of Salmonella typhimurium counts of chicken after spraying trestments
with different levels of citric acid for 10 seconds.

Treatrents Dipping treatments far 150 seconds
control 4.54+ 0.28
1% citric acid 4.52+ 0.42
2% citric acid 4.45+ 0.21
3% citric acid NCb

éMeans of 3 replications (Veant : standard errar). IND = none detected

150 CPP/FE
Salranella typhimuriur 105 CFU/ml 4
Salmonella typhimuriur 10 - 12 - 150
Salmorella -

Salmonella

. 1.0% 3.0%
Salronella 4 .

Salmonella typhinurium

Table 10. Mean of Salmonella typhimurium counts of chicken after dipping treatments
with different levels of acetic acid for 150 seconds during storage at laboratory
refrigerator (4cC).

Salmonella typhimurium counts(logl0 CFU/g)a

Treatnent QOday  4days 8days 12days l6days
Control 4.82+ 0.26a 3.50+ 0.14  3.52+ 0.14  4.28+ 0.05 3.30+ 0.29
1% acetic acid 4.69+ 0.26  4.53+ 0.14  4.28+ 0.17 4.03+ 0.19  3.66 0.14
3% acetic acid 4.38+ 0.13 ND ND ND ND
5% acetic acid NDb ND ND ND ND

éMeans of 3 replications (Veant : standard errar). IND = none detected

Table 11. Mean of Salmonella typhimurium counts of chicken after dipping treatments
with different levels of lactic acid for 150 seconds during storage at laboratory
refrigerator (4cC).

Salmonella typhimurium counts(loglo CFU/g)a

Treatrent

Cday 4days 8days 12days 16days
Control 4.01+ 0.18a 3.2+ 0.20 3.1+ 0.15 3.7+ 0.05 ND
1% lactic acid 3.80+ 0.16 3.52+ 0.05 ND ND ND
3% lactic acid 3.52+ 0.27 ND ND ND ND
5% lactic acid NDb ND ND ND ND

aVeans of 3 replicationsf(Neanii:7standard7error)-AtND7=7none7detected
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, Topax—66, -64, P3-oxonia active
Salranella spp.-
( 13). Topax-66, -64, P3-oxonia active

Salmonella .

Table 12. Mean of Salmonella typhimurium counts of chicken after dipping treatments
with different levels of citric acid for 150 seconds during storage at laboratory
refrigerator (4cC).

Salmonella typhimurium counts(loglo CFU/g)a

Treatnent Cday 4days 8days 12days ledays
Control 4.54+ 0.32a  3.50+ 0.14 3.52+ 0.14 4.28+ 0.05 3.30+ 0.18
1% citric acid 4.52+ 0.27 NDb ND ND ND
% citric acid  4.45+ 0.23 ND ND ND ND
5% citric acid ND ND ND ND ND

éMeans of 3 replications (Veant : standard errar).
IND = none detected

Table 13. Means of bacterial counts, sarpling location and nurber of samples
obtained at each processing plant

Bacterial counts(logl0 CFU/g)a

Sawplfng No. of.éamples Before After
location (trial) _ _ _ - - -
cleaning and sanitation cleaning and sanitation
Before
) 5 ®3) 6.23+ 1.64 5.48 + 1.26
defeathering
After
_ 5@ 5.32 + 1.47 4.28 £ 1.59
defeathering
After
i i 5 () 5.28 + 1.19 3.48+ 1.21
eviscerating
Befare chill 50 4.26 + 1.42 3.3+ 1.57
After chill 50 4.16 + 1.02 2.47 + 0.54

aCata are the mean CFU + the standard deviation.
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)

Table 13. HACCP progranms for Fine Karea Co.

HACCP system

1.
1. - 83
1.
2- ’ - £
2. 10%
3. C 3 - - 1.0x 1¢3 /
4. ) 2.
4. 10%
- - 1.0x 102 /
1.
1. 10%
1.
1. : . - 15
5 ’ 2.
i 2. zero - - 1.0x 17 /
3.
3.
1 ( 1.
2' 2. 01 1.
3' 10 - : 1.0x 10%/
’ 3. 2.
4.
4. - :1.0x 18 /
5.
5.
1.
1. 1.
; - - 1.0x 104 /
2. finger 2. 20% 5
3. finger 3. i
4. 4. 10%
- - 1.0x 1¢3 /
1.
1- ’
1.
2.
3 2.
4' 3. 10% - - 1.0x 102 /
i 4.1.5 atm 2.
5 ’ 5. 20% :1.0x 104 /
i 3.
- - 1.0x 102 /

cantinued
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Table 13. continued

1. air chilling 1-4
2. chilling water -4
3. 11.0x 1 /
A 3.1 2
4.10
1. 1.
2.
2.
3. 3.
1.
2. 1.
2.
3. 3. 10%
5
:-18
1 1
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Salmonella

Spp- “99. 11-
’00. 4 -
HACCP system
Salronella Salmaonella
) 500g
2 (0-4cC)
Salmanella . ,
Topax-66, -64
- HACCP system
’ 235
Salmonella spp- Salmonella spp-. 235 48 20.4%
- Salmonella spp- 1 -
bleed knife 41 7 17.1%
- 39 6 15.4% -
40 12 30%
- 39 10 25_6%
- 37 8
21.6% -
39 5 (12.8%)
- Salmonella spp- 25 47 . 2%
S. muenchen - S. typhymurium
6 (11.1%) S. schwarzengrund S. essen 3 5.6%
- S. montevideo S. petahikve 2 3.7%
- Salmanella spp.- 13
C Salmanella ; Non Typable Salmonella, NTS). ,
Topax-66, -64, P3-oxania active
Salmonella spp.- . Topax-66,

-64, P3-oxania active

Salmonella

- 202 -



(

)

(CCP)

- 203 -



Dubbert, W. H. 1988. Assessement of Salmonella contaminutesutesation in
poultry-past, present, and  future. Symposium: Contral of  Salmonella

contaminutesutesation in poultry. Poultry Sci. 67:944.

Farber, J. M. 1991. Microbiclogical aspects of modified-atmosphere packaging

technology - A review. J. FoodProt. 54:58.

Glass, K. A. and Doyle, M. P. 1991. Fate of Salmonella and Listeria

monocytogenes in commercial, reduced-calorie mayonnaise. J. Food Prot. 54:691.

Hwang, C. A. and Beuchat, L. R. 1995. Efficacy of selected chemicals for killing

pathogenic and spoilage microorganisms on chicken skin. J. Food Prot. 58: 19.

Kim, C. R. 1998. Micrabiclogical evaluations on chicken carcasses during a

caommercial chicken processing and storage. Kor. J. Fd Hyg. Safety. 13: 238.

Kim, C. R. and Marshall, D. L. 1999. Micrabiclogical, calour and sensory
changes of refrigerated chicken 1legs treated with selected phosphates.

Food Research International. 32:209-215.

Kim, C. R., Lee, J. I., Kim, K. H., Kang, C. K., Rhie, S. C., Moon, S. J., and
Lee, Y. K. 1996. Microbialogical and sensory evaluations of
refrigerated pork loins treated with citric acid. Kor. J. Vet. Public

Helth. 20:329.

Kim, J. W, Slavik, M. F, Griffis, C. L. and Walker, J. T. 1993. Attachment of
Salmonella typhimurium to skins of chicken scalded at various
temperature. J. Food Prot. 56:661.

Kim, J. W., Slavik, M. W., Pharr, M. D., Raben, D. P., Lobsinger, C. M. and
Tsai, S. 1994. Reduction on Salmonella on post-chill chicken carcasses by

trisodium phosphste(NaiPCs) treatment. J. Food Safety 14:9.

Mansfield, J. M. and Emmans, H. 1984. Surveillance of Salmonella 1In a

- 204 -



comrercial  poultry production and processing operation, J. Sci. Food

Agric. 35:637.

Mendonca, A. F., Malins, R. A., Kraft, A. A. and Walker, H. W. 1989.
Microbiclogical, chemical and physical changes on fresh, vacuum-packed pork treated

with arganic acids and salts. J. Food Sci. 54 : 18.

Miller, R. G., Tate, C. R., Mallinson, E. T. and Scherrer, J. A. 1991.
Xylose-lysine-Tergital 4 an  improved selective agar medium for  the

isolation of Salmonella. Poultry Sci. 70:2429.

Cbafemi, A. and Davies, R. 1985. Effect of the polyphosphates on the
survival of pre-stressed Salmonella typhimurium cells in frozen chicken meat. Food

Chem. 18:179.

Pivnick, H., Erdaman, 1. E., and Colins-Thompson, D.: Proposed microbiclogical
standards for ground beef based on a Canadian survey. J. Milk Food Technol.,39:

408-412(1976)

SAS. 1993. SAS User*s Cuide: Stastics. SAS Institute Inc., Cary, NC.

Slavik, M. F_, Kim, J. W., Pharr, M. D., Raben, D. P., Tsai, S. and Lobsinger,
C. M. 1994. The effect of trisodiun phosphate on  Camgylabacter

attached to post-chill chicken carcasses. J. Food Prot. 57:324.

Slavik, M. F_, Kim, J. W. and Walker, J. T. 1995. Reduction of Salmonella and
Camgylobacter on chicken carcasses hy changing scalding temperature. J.Food Prot.

58:689.
Speck, M. L. "Compendium of methods for the microbiclogical examination of
food”, 2nd ed. Speck, M,L., (Ed.). American Public Health Association,

Washington, D. C.

Tate, C. R., Miller, R. G., Mallinson, E. T., Douglas, L. W. and Johnston, R. W.

1990. The 1isclation of salmonella from poultry environmental samples by

- 205 -



several  enrichment  procedures using plating media with and without

novabiocin. Poult. Sci. 69:721.
Thomas, C. J., and Mc Meekin, T. A. 1981. Contamination of broiler carcass skin
during comrercial processing procedures an electron micrascopic study. Appl.

Environ. Micraobiol. 40:133.

U.S. Department of Agriculture. 1993. Chicken desease caused by Salmonella

enteritidis. Fed. Reg. 58:41048.

- 206 -



1.

1) - - -2000. Trisadium phosphate
. ( )-

2) - - - 2000. Trisodium phosphate

. J. Fd Hyg. Safety 15(3):( )

3) Kir, C. R. and K. H. Kim. 2000. Physiccchemical quality and gram negative bacteria
in refrigerated chicken legs treated with trisodium phosphate and acetic acid. Food

Sci. Biotechnol, 9(4):218-221.

4) Kim, C. R., C. H. Koh, Y. J. Kim, K. H. Kim, 1. K. Chai, and J. B. Eun. 1999.
Microbiclogical evaluations of retail and refrigerated chickens in winter ( ;

). . 12(2):109-112.

5 Kir, C. R., K. H. Kir, and S. J. Moon. 1999. Changes in pH, Calor,and
2-Thicbarhituric acid value of chicken meat during comrercial processing and storage
in winter ( ; )-

.19(1):54-59.

6) Kim, C. R. 1998. WMicrabiclogical evaluations on chicken carcasses during a

cammercial chicken processing and storage. Kor. J. Fd Hyg. Safety. 13(3): 238-242.

7) Kim, C. R. J. S. Kim, D. H. Kch, W. J. Choi, K. R. Lee, U. J. Kang, Y. K. Lee, Y.
J. Kim, and J. . Lee. 1998. Micrabiological and chemical evaluations on chicken
carcasses during a commercial chicken processing and refrigerated storage, Research

Development Institute in Seo Kang College. 4(2):117-125.

- 207 -



2.
1) Kir, C. R., J. 1. Lee, K. H. Kim, S. J. Moon, and Y. K. Lee. 1998. Micrcbiclogical
evaluations of refrigerated chicken wings treated with acetic acid. The 8th World

Conference an Animal Production. Proceedings. V.11:406-407.
2) Kir, C. R., K. H. Kir, S. J. Moon, and Y. K. Lee. 1998. Vicrahiclogical quality of

refrigerated chicken legs treated with acetic acid. The 8th World Conference an

Animal Praoduction. Proceedings. V.11:722-723.

- 208 -



	닭고기 저장 신기술의 개발 및 수출산업화 연구 
	요약문

	목차
	제 1 장 서론
	제1절 연구개발의 목적과 범위

	제 2 장 제1세부과제 : 닭고기 저장 안정성 향상 및 위생적 세척기술의 개발
	실험 1. 계절과 냉장 조건별 닭고기의 저장 안정성 분석
	서론
	재료 및 방법
	1. 공시육 구입 및 시료조제

	2. 계절과 저장조건별 육질안정성 분석
	3. 닭고기의 유통조건별 분석 
	4. 닭고기의 미생물학적 분석

	5. 육색분석

	6. TBA가 측정

	7. pH 측정
	8. 관능평가

	9. 통계분석


	결과 및 고찰
	1. 계절별 미생물학적 육저장 안정성 분석
	1) 동계미생물학적 육저장 안정성 분석

	2) 유통단계별 육저장 안정성 분석

	3) 도계공정별 육저장 안정성 분석


	2. 계절별 이화학적 육저장 안정성 분석
	(1) 닭고기 유통조건에 따를 저품질 닭고기의 발생분류
	(2) 닭고기의 하계이화학적 분석



	참고문헌

	실험 2. 동계 및 하계 닭고기의 유통 및 저장 안정성 향상기술 개발
	서론
	재료 및 방법
	1. 실험설계

	2. 공시육 구입 및 시료조제 
	3. 위생수의 처리

	4. 위생수 처리전후 계절과 저장조건별 육질안정성 분석

	5. 위생수 처리전후 닭고기의 유통조건별 분석

	6. 닭고기의 미생물학적 분석

	7. 육색의 변화

	8. TBA가 변화

	9. pH 변화

	10. 관능평가

	11. 경제성 분석

	12. 통계분석


	결과 및 고찰
	1. 계절별 육 저장 안정성의 분석
	가. 동계 육 저장의 미생물학적 저장 안정성

	나. 동계육의 이화학적 저장 안정성 분석

	다. 하계 육저장의 미생물학적 안정성 분석

	라. 하계육의 이화학적 저장 안정성 분석


	2. 유통단계별 영향
	가. 유통단계별 미생물학적 영향

	나. 유통단계별 이화학적 영향


	3. 온도남용조건별 영향
	가. 온도남용 조건별 미생물학적 영향


	4. 닭고기 저장 안정성을 위한 경제성 분석

	4. 결론

	참고문헌


	실험 3. 냉장 닭고기의 산업적 생산기술 개발
	서론
	재료 및 방법
	1. 실험설계

	2. 공시육 구입 및 시료조제

	3. 최종삼계의 위생적 생산방법의 개발

	4. 신성육 생산 및 식육안정성 향상 기술의 개발

	5. 닭고기 포장기술의 개발

	6. 닭고기의 미생물학적 분석

	7. 육색분석

	8. TBA가 측정

	9. pH 측정

	10. 관능평가

	11. 경제성 분석

	12. 통계분석


	결과 및 고찰
	1. 유기산 세척과 육안정성 분석
	2. 최종 도계의 세척법 분석
	3. 경제성 분석

	결론
	참고문헌


	제 3 장 제2세부과제 : 위생적 냉장 닭고기의 산업적 생산기술 개발
	실험 4. 도계장내 도계공정에서 Salmonella spp.의 발생 및 분포
	서론
	재료 및 방법

	결과 및 고찰
	1. 계열농가별 미생물 분석(동계)
	2. 도계공정별 Salmonella 균의 검출(동계)
	3. 계열농가별 미생물 분석(하계)
	4. 도계공정별 Salmonella 균의 검출(하계)

	결론
	참고문헌

	실험 5. 동계 및 하계 닭고기의 유통 및 위생학적 저장 안정성 향상 분석
	서론
	재료 및 방법
	1. 위생수 처리전후 저장조건별 육질안정성 분석

	2. 도계장 및 시설에 대한 위해요소 파악


	결과 및 고찰

	1. 위생수 처리전후 저장조건별 육질안정성 분석
	2. 도계장 및 시설에 대한 위해요소 파악


	결론
	참고문헌

	실험 6. 위생적 냉장 닭고기의 생산 및 HACCP system 개발
	서론
	재료 및 방법
	1. 실험견제

	2. 공시육의 조제

	3. 공시균의 조제

	4. 도계장 및 시설에 대한 위생처리제 사용 전후의 살균효과

	5. 미생물학적 분석

	6. 위생육 생산효과의 분석

	7. 닭고기 포장기술의 개발

	8. HACCP system의 개발

	9. 통계분석


	결과 및 고찰
	1. 도계공정별 Salmonella spp. 오염율
	2. 분리 Salmonella균의 혈청형
	3. 도계공정 중에 분리된 Salmonella의 혈청형 분포
	4. 위생수 처리전후 육질안정성 분석

	결론
	참고문헌


	제4장 학술지 투고 및 학회발표내역


