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SUMMARY
(FEL )

I. Title

Development of method for shelf-life extension of refrigerated and seasoned chicken meat

II. Objective and Necessity of Research and Development
1. Objective

Development of method for shelf-life extension of refrigerated and seasoned

chicken meat

2. Necessity

Chicken meat is known to low fat, low cholesterol and high protein meat
products thus the consumption is growing rapidly in the world. In addition, the
development of processing methods and characteristic of easy to use help the
further growth of chicken meat processing industry. However, chicken meat can be
easily spoiled, contaminated during cutting and deboning, and deteriorated by
cross—contamination during storage and distribution. Current method to enhance
fresh refrigerated and seasoned chicken meats is the use of sodium chloride
solution but there is no significant effect from the method. Therefore, the
development of new method to extend the shelf-life of fresh refrigerated and
seasoned chicken meat products is necessary for globalization of Korean foods as

well as domestic consumers.
II. Contents and Range of Research and Development

1. Contents

— Evaluation and analysis of microbiological quality of fresh refrigerated and
seasoned chicken meat

- Development of the method to extend the shelf-life of fresh refrigerated and
seasoned chicken meat using natural antimicrobial agents

— Establishment of storage stability of fresh refrigerated and seasoned chicken

meats and its application



2. Ranges

— Analysis of microbiological quality of fresh refrigerated and seasoned chicken
meat

— Analysis of shelf-life extension of the fresh refrigerated and seasoned chicken
meat using the combination of salt and natural antimicrobial agents

— Evaluation of physicochemical and sensory quality of the fresh refrigerated and
seasoned chicken meat

— Feasibility studies for establishment of storage stability and application to

industry

. Results

. Evaluation of microbiological quality of chicken meat processed current method
The microbiological contamination of chicken meat currently available in processing
plants were 3.79 and 4.15 log CFU/g of total aerobic bacteria in raw and injected
chicken meat, respectively. The number of totla aerobic bacteria was increased during
storage but the growth rate was higher in raw chicken meat than injected counterpart.
The total aerobic bacterial count of the recycled injection solution for chicken meat
showed 2 log CFU/g higher than that of fresh injection solution. The microbial
contamination level of seasoned chicken meat was 4.27 log CFU/g and increased rapidly

during storage.

. ldentification of the concentration of natural antimicrobial agents and experiment
for combination of chloride salt and organic acid salt

Totally 5 different natural antimicrobial agents was tested their pathogen
inactivation activity using FEscherichia coli O157:H7, Listeria monocytogenes and
Staphylococcus aureus. All the natural agents showed the inhibition activity against
pathogens by increase of their concentrations. Especially, when onion peel extract was
added as 2% level, the reduction of pathogens were reduced approximately 2 log cycles,
which was the highest antibacterial activity. However, there was not much influence on

pathogens reduction by calcium lactate and phosvitin.

. Evaluation of chicken meat safety during storage and establishment of the optimum

conditions

The total aerobic bacterial level of refrigerated fresh and seasoned chicken meat
added with each natural antimicrobial agent were 3.24~3.56 and 3.96~4.27 log CFU/g,
respectively, at the intial storage and the levels were increased by increase of storage
temperature and time. In general, the addition of citrus peel and onion peel extract

showed higher activity in reduction of the microbial populations. When the packaging



method was compared, a vacuum packaging showed more effective than aerobic
packaging. The changes of pH showed that the sample with natural antimicrobial
agents was lower than that of control. The surface color of chicken meat showed that
lightness and yellowness were increased by the addition of citrus peel extract but
redness was decreased. The lipid oxidation of samples measured by TBARS showed
decreasing trend during storage, which was not expected, The reason found was the
materials used for seasoning may interact with TBA and influence the TBARS wvalues.
Sensory evaluation including odor, flavor, taste, tenderness, and overall acceptability
indicated that the addition of natural antimicrobial agents reduced the sensory quality of
the samples. Especially, the addition of citrus peel and onion peel extract, which showed
relatively higher antimicrobial activities, scored lowest in sensory evaluation, thus, it
was thought that new method to extend the shelf-life of chicken meat products without

adverse sensory qualities.

4. Production and feasibility study for refrigerated fresh and seasoned chicken meat

using natural antimicrobial agents

To help industry to achieve the shelf-life extension with cost—effective, various
antimicrobial agents were tested even though it was not included in the research

plan.

A. Quality evaluation of chicken meat by citrus peel extracts combined with electron

beam irradiation and high hydrostatic pressure

Microbiological quality of refrigerated fresh and seasoned chicken meat products
treated with combination of citrus peel extract and electron beam irradiation or
high hydrostatic pressure were significantly improved. When the sample was
treated with citrus peel extract only, the total aerobic bacterial count was reduced
by 05~1 log CFU/g. The electron beam irradiation showed higher efficiency in
microbial inactivation than high hydrostatic pressure treatment. When 2 kGy of electron
beam irradiation was treated with combination of citrus peel extract, there was no
microorganisms detected in the sample. The pH of refrigerated fresh chicken meat
reduced by electron beam irradiation or high hydrostatic pressure while that of
seasoned chicken meat increased. Color a*-value of sample increased by addition of
citrus peel extract. Lipid oxidation was increased by electron beam irradiation or high
hydrostatic pressure during storage. Sensory evaluation showed that all treatments
including addition of citrus peel extract, electron beam irradiation and high hydrostatic
pressure induced the reduction of sensorial quality. Therefore, the combination of
electron beam irradiation or high hydrostatic pressure with the addition of citrus peel

extract was very effective in obtaining storage stability of chicken meat. However, the



method to minimize sensory deterioration and treatment cost was still required.

B. Possible use of commercial lactic acid bacteria fermented solution for shelf-life

extension of chicken meat products

To develop more feasible method to apply industry, a commercially available
lactic acid bacteria fermented solution was tested for shelf-life extension of
chicken meat products. The original number of total aerobic bacteria was 4.57 log
CFU/g but that was decreased gradually by the addition of lactic acid bacteria
fermented solution. The pH of the samples was decreased by the addition amount of
lactic acid bacteria fermented solution. The color L#- and a*—value was increased
while a*—value was decreased. Lipid oxidation was increased and sensory quality
was decreased by the treatment. Therefore, the treatment of lactic acid bacteria
fermented solution may have an effect in the reduction of microorganisms but still

there 1s a limitation in oxidation and sensory quality.

C. Possible use of the combination of calcium salt and lactic acid for shelf-life

extension of chicken meat products

To prolong the shelf-life of chicken meat without adverse change in lipid
oxidation and sensory quality, the combination of calcium salt and lactic acid was
tested. The level of contaminated microorganisms reduced significantly by the
treatment. The pH was showed a little lower in the sample when compared with
control. Lipid oxidation was increased by the treatment and sensory quailty was
also deteriorated. This may be come from the higher salt content of the products
from original pickling solution and added calcium salt. Therefore, the small changes
of the formulation of pickling solution may improve sensory quality with improved

microbiological quality and longer shelf-life.

. Research Outcomes and Utilization Plan

- To obtain the results for optimum condition for the need of current industry,
various other approaches has been tried beyond original research plan

— Enhancement of export competitiveness and enlargement of global market by
improvement of storage stability of fresh and seasoned chicken meat products

— Commercialization of the developed technology and products by consistent
collaboration with industry

- Publication of research results to scientific journals national and international

level
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A }Oj‘jr Ao AMgS WAA wAE EFTTFE Escherichia coli O157T:H7 (ATCC
438R89), Listeria monocytogenes (KCTC 3569) 2 Staphylococcus aureus (KCTC 1916)9]
™, d%‘@‘ﬁlﬂoﬂ T4 AEALAE (Korean Collection for Type Cultures, KCTC)oll A
T3k Age] AMESYE T 4 R €42 tryptic soy broth € tryptic soy agar
(Difco) & /\}%3}912@, el wE MG 37T 3T/ WY nAEe
ool HEH XA 19 FolE FHal| ol mE EduA] 25 mloll A &3k 2443t

WAzl & vk} 0.1 mLe FHs AMER wA 25 mLel HE3ke] 18A1ZF F9F 2%
kst & o vjkels Ao ARESIATE T HE Al wid Al A e eAE F9l
7] 9 22 wjFel-e YA EY7](Vs-5500, Vision Scientific Co., Seoul, Korea)E ©]-&3}

o] A& B](SO 0 rpm, 15 min)3 F FeH-& 111743}04 0.85% ‘ﬁ?f”oéfr?n 23] A st

AHAs Bk dard wiA el 3 =) & al g
S Aol wiAel 19%(v/vA FE3HA AL, 4843 %"-& HH%%M FrdAMFRE o] &3t
o] 2Rt AT ASE 7 w3 HA wix 9@ HALmd 48417 wjket & Fe
& o at7] 9

AstAer, L = A& 1 mL
AR&3E 70% EtOH % S#5 AAe] ™
A7rek dx=gs A

BE AEe 33 Wk AR o, Aoz AyE2 SAS softwared A Tz
general linear model procedure-s G833 F4HEA & Fo 49 Aol7l B o Hir gk
Zb #Fol & Duncan® eSS A& 718 tH(p<0.05).

HAALAE ol &l AxT A5 AF <HAAD AP 9 H4 x4 g

019 AT A ABE % F39) 2% 5

PR BN ANHE FIAKE AeTe 0 e

5o, BAE, vhE, A, MSG, @, A 2 FFe Az
A

i) =
2 "UlEAS T35t dRAe AH mJectlon%} %
el

.ﬂ
ne
X
2
O
BN
oX,



&3k combination H7}E7HA4] Al HELoz HES A3dY
7] ZFo2 TS 4, 10 2 20TelA 9L5t Asto] 4

w2

a2 UAAS] mAdE AAE dEk 314 AAE " dideTs F45A &
AlE 10 gol e A A9(0.85%, NaCl) 90 mL-S #7}8le] Bag mixer (Model 4OO

%)
Interscience) & AH&3Lo] 1202 &< E3bsh & 10% Aoz gAgk 34 R8s 717)9

WA mEeth VAR T4 nEaRgdRon sTCAA 4847 MR F A
etk WAE B )8 A8

WA= duk 3714 nAEY A9 PCA (Difco)E
Abgson, Ydtatel 4 EMB (Difco)E AHE3IGAth wAE 53
75 AFstd 1 g3 CFU/go 2 el

2 ¥4 % colony

AALRAE H7rek Fd 2 YA pHASE 54317 flste] A5 1 g& A &
FHT 9 mLE 7}?'{ < ﬁé‘ﬂ&oﬂ pH meter (Mettler-Toledo, GmbH, Schwerzenbach,

g, AL

HALAE HA7sE WAAS2] A5 W3S Color Difference Meter{Spectrophotometer
CM-3500d, Minolta Co. Ltd., Osaka, Japan)ZE o] &3} ZA3}5 2™ Nluminant D65 10°
FAE ARSI VA A A ZESdd gEds E2F8d & O ARRsileH
Hunter color L*(" %, lightness), a*(& %, redness) ¥ bx(ZM % yellowness)ES =74 3}
Aot =AY g2 Spectra Magic Software(version 2.11, Minolta Cyber Chrom Inc.,
Osaka, Japan)& ©|-&3}o] 7| =39t}

0

AAxAE A7k dd 2 d3AS AR T AR AHEEE SA-S] 9
2-thiobarbituric acid reactive substances(TBARS) valueZ Jo2} Ahn(2000)2] HH-S w3
3l FA3ATE AlE 3 g ZCT"?I"{I: 9 mL< 7Fsk oh& 2 71(DIAX 900, Heidoph Co.
Ltd., Germany)& AF&3lo] w233t & 1 mLS #3le 20 mM thiobarbituric acid(TBA)
in 15% trichloroacetic acid(TCA) < 3 mL¥ 50 plL BHT(7.2% butylated hydroxyl
toluene in ethanoD)E &3k t}E 90T FxoA 1587 71E3tar A& 1087 4
Z+al o), dhg-8-ol-S A4 E2] 7] (VS-5500, Vision scientific Co. Ltd., Korea)E ©]& 3}
AAE2(2,090xg, 15%)%F & I 5 s &3FF=A(DU 530, Beckman Instruments Inc.,
Fullerton, CA, USA)E o] &3}¢] 532 nmolA SFFEE SAHGAY. =4H THAEE V)
©% mg malondialdehyde/kg sample® $ A3 2™, malondialdehyde?] &%k

0.

o A
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1,1,3,3—tetracthoxypropane(Sigma-Aldrich) & ©|-&3F E=af Ao weg} Axkekeict.

AAxAE H7HE dd 2 AT g4 Was 2 VEeier Hrhsilt
Boddrtel Aol = A 29 1095 Addte] tixzT ARE o)§3te 724 &
de 28 dAgkelon, 98 AERE olgste] A, WA, v, o dx " AAAR] V&
EE Al AAE A8 EvlE AR F7E 20 mmt =7 %“éﬁhﬂ A & T
o & H7|E o] &t AR 2&Ut 72CHA xeste] FaelE e 34 A &
Al A A8 G Aol gl Bs AL A A B

general linear model procedures <=3§3}aL A2
b Aol & Duncan®] T HA W& AHE-3E 71813 vHp<0.05).

f

4. AQLEAE ol &8 AxF AS9 FF3 Hd sdass AT AFAE

AFANA N glglot wfol w1 AAMNA A B8 A5 ES 27 919
FAAT AAS Folsh] B 7% L 24 28] AT FHES Folu 3
gk,

b AZAAA ZAF R Ak #2442 F5E B8 AT AS9 4 54 971

(1) As5H)
AAzAE ol g8 Axd g 2 FdA%) A% A 24 gste] WEA v
A e) 719 AN 24} N
ol g3t Ao ALga
UYAAS AXE Y3 Fd2> jgao', &, w9

=

h=3 =

A PPARe ABF Bhwe Thstel AX9e
(e}

ﬂﬁi e
P
=
AN
AU

Al AhS

Aol A AAG, ' MSG 9 St ow FAE T 6% fooz mJectlono}
Attt =" ANEE AT 9 3y xFon TR 4CoA 99U B AFse AFL
71 3§ 319 o}

(2) AR 24}

AR ZA}= electron-beam accelerator (Model ELV-8, 25 MeV, EB-"Tech, Daejeon,
Korea)E o] &3lAtt 71447 5 mA, % 10 m/mine = 3fo] & F4AzEFS 0,1 ¥ 2
NGy 717he] AFHE 0, L1 2 22 KGy/se AGHe 2D, olme Fouwe
cellulose triacetate (CTA) dosimeter= 213} T}

_9_



AE XY AHKES  hydrostatic fluid mediume®  AYZA  3217](Quintus  food
processor 6; Autoclave System, Inc., Columbus, OH, USA)2] chamberd] 23t 0.1, 300 %
400 MPa o= el e o] ul chambere] =%+ 15+3TCT YT 23t A * v
Al 37 s 4TAA 99Uz AstH F4 HrkE skl

Wi B FdAse AR HdAbs dhk 3714 mAds B AT s SASSY S
Aa 10 go "rd 2 94(0.85%, NaCl) 90 mLe #7}8te] Bag m1xer®(Model 4OO
Interscience) & AF&3Fe] 120% &<F =33 & 107 s Ho =z 823t 3] fs 71714
Hi Aol =it mAdwe] S42 EETHM G o R 37TAA 4843t wEFF 5 A
Fotath vAE 248 —‘?4311 AR-g-5t HHX]—‘E ddt 37|44 "AESY AH-$ PCA (Difco)E
AbgE o, o et CHAE F4e ¥4 colony
F& AFste] 1 g9 CFU/gQE LER ST

3t
XS
N
_{

=
=
vs!
2 ©
6*’
O

i
>
>
ofo
_O|L
52
i)

(B) pH

FHE AR pHYEIE A3 98t A& 1 g% A F, THFF 9 mLe 7FgE &
7+ A 3}3Fo] pH meter (Mettler-Toledo)Z o] &3] =435t}

6) M=

WAA S AMx WMEE Color Difference Meter(Spectrophotometer CM-3500d)E o] &
3o A3 2 Illuminant D65 10°#¥-& AFE3Ah 7 Al &4 A 25599 15

WS ¥FE3e & AFE3FY 9™ Hunter color L*(H %, lightness), a*(¥ 2% redness)
U (AT yellowness) S A3 AW ZH2 Spectra Magic Software(version

2.11, Minolta Cyber Chrom Inc.)E o]&3}o] 7] =313t}

(7) A AR =
AAEAE A WF 2L FEARY AF F D AAEE
5 3

[e]
value®E Jo®t Ahn(2000)9] ®H-& Wy slo] F43Th A

=
i g =
e w2 7I(DIAX 900, Heidoph Co. Ltd)E Ab&ste] ##3s & 1 mLe FHske] 20
mM TBA in 15% TCA €9 3 mL¥ 50 L BHTE &3 18 90T FxoA 1527
7FEsta deEolA 1083 YAsAY. wrSEds QAR 7(VS-5500, Vision
A

scientific Co. Ltd.)E o]-&3Fo] A4AE(2,090xg, 15%)3F & 1 AE RS B34 =4(DU

o
530, Beckman Instruments Inc.)E ©]&3}¢] 532 nmolA SFE=E =AY =44

P E 7]F 22 mg malondialdehyde/kg sample® FE A 39 2.1, malondialdehyde®] 3k
< 1,1,3,3-tetraethoxypropane-s ©]-&3F FF34d we} A4kl o

(8) W17}
AAdaAE AhE W 2 A% BeA MHRE LA A EEPoR Forehr)



0 mm7t HA RA 4B F T
eate] Fapglz Awa 3xel 24

3]
Age 33 Wk AAsslon, dojl BHE2 SAS softwareol A ZEIHH
general linear model procedureg 43§ 3}aL F-AHE-%

b Aol & Duncand] v dAHE A}

ofo
o
L
iea
o,
=
o
L
2 dz
S
AN
<
o
g

WAASe A4 Al FHE 3t ABH I e G4 T E A (Postbiotic it Al
AEA fAE wE R ENT™ Daesang, Korea)S o] 83ttt a2 AEL AASF, WlF,
LAY, A 2% 2 BEREFEER TAYNCH Ao AMRE vhE FATE VEE
T2 8o 0, 1 % 2%E AREstalt

AH injectiondQ Tl AR M =4
S ez Axsglon, 6% &
| 99-&t AAato] AFelet e W

=)
@
@]
g
O
=
ol
-
2
)
MN
I
na)

ui
s
Hr
g
it
X,
r)v
o&
ofo
2l
i)
=
a
gl
5.
o)

e

8
o
Ho
o
i
X,
Jm
ox
ol
X

WAASe] A kA S Hete] AlusH I ZEd(Tokuyama Corporation,
of AFE3 FEE Lee 5(2003)8 d7FZAM}E EUR 3

A4 injectiond} i th Gx e x4
@14 e}

o)

=Y =

AAA, A" MSG, J4d¥9 24 9 24es sE¥EE AX3oer, 6% §do=

injectiond} A Th =Y AlEE 7] £H8Ie] 4TAA] 745 Aste] Aeler 28 Wi
o2 "AE ¥4, pH, A%, AAiE @ #A5HNE APt

38 AT At

Al B Fesal e WA H dA ] ndE e |7 A3E Table 19 A
o Z

Alstdth 984 2 injectedo] Z+7F 379 2 4.15 log CFU/go] #AEHAar, A37]7ko]
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o Ao}t A8 S0] injectedFHvl AL F2] Zo] T

2 AL e = A}, AA A A9 recycled’} freshB v} oF 2 log CFU/ge] duts

AA N B gt AEYA FUArHdata not

o] ARl VAN A E-S A A3 4.27 log CFU/go]
o2 Z7}3F9tHdata not shown). weba] WAA S

Z
) 1

E AR ZudA QdE £ ew, A% AA Assa sl A ud Ao
J 3

Table 1. Microbial contamination level (log CFU/g) of refrigerated chicken meat and

curing solutions

Storage period (day)

Treatment SEMY
0 3 6 9
Fresh 2.80" 3.01" 3.35™ 375" 0.056
Cunng az a ax aw
_ Recycled 495 5.95% 5.46 6.13 0.065
solution
SEM? 0.070 0.043 0.027 0.086
Raw 3.79" 3.87% 5.08™ 6.39% 0.030
Meat Tnjected 4.15% 4.54% 5.19™ 6.47* 0.056
SEM? 0.075 0.037 0.018 0.027

UStandard errors of mean (n=12), ?(n=6).
*PDifferent letters within same column differ significantly (p<0.05).
" Different letters within same row differ significantly (p<0.05).

2. A5 okAA R E 93 A F=5 5 AA 9 chlorided ¥ #7149 WEsa

3} A%

glo] Abgd Zbzte] HA FEES E coli O157:H7, L. monocytogenes 2 S. aureus
5t A3tE Table 20 A AISFATE B AlFA w27} io}ﬁ

o] Z7td A& st w3 OLJ}@X] FEE0] 2% =Y o H
3 = UE AlEel va A x16H
el ey 2 9 Eiﬂl‘?&% AsAs a7t ZA HolA
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Table 2. Inhibition effect of bacterial growth by various natural materials with different

concentrations
_ Microorganisms (log CFU/mL)
Concentration
Sample o

(%) E. coli O157:H7 L. monocytogenes S. aureus

Tnitial 9.90 9.96 9.65™

DW 9.94 9.95% 9717

70% EtOH 9.75" 9.18¢ 9.16¢

9 779 755 754

Onion peel 1 793" 7.80" 781

0.5 8.08% 813" 820"

9 7.88" 7.48' 7.66'

Citrus peel 1 8.048 797 8.05"

0.5 819" 895" 8.8

2 8.07¢ 8.06" 810

Calcium lactate 1 819" 8.18¢° 823

0.5 8.29° 8.31° 8.33°

0.1 9.38¢ 9.49° 9.50°

Phosvitin ) )

0.05 9.49° 9.56 9.58™

SEMY 0.024 0.027 0.050

UStandard errors of the mean (n = 3).

“!Means with the same letter in each sample are not significantly different (p<0.05).

3. AALAE ol 3l A A% A Hdd AP 2 HH 22

o

2

X

71—71—_Cq ﬁo‘j/\xﬁé o].Q.gH ;(ﬂ 5} okud ﬁ]

= 1} el =] %-“4 o ]ﬂ’i ]}HH]%% Qﬂ]"% Table 3"‘501] Zﬂ
AlsLA . A AT A e 23S A& H A, x7|o= 3.96~4.27 log CFU/ge] mlA & o]
AZHAL AA7IFe]l F715el we mAES] F& FUkskath dads 9 xAvE
HA7bre fxud 1942 Aole gldeoy & 2 & A4 FE=E Hubl 93

ok
2 Aele A JEhdA = ko, dnt
o] 7} A7 4E% A vH(Table 3).
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Table 3. Microhial population (log CFU/g) of seasoned chicken meat added with different

natural materials at 4C

Storage day (log CFU/g)

Package Treatment SEMY
0 3 6 9
Control 4.27%* 5.64" 7.11% 7.34% 0.007
Citrus peel 3.96% 4.10% 6.00™ 6.13° 0.018
Calcium lactate 4.25% 5.94% 711% 7.35%% 0.012
Aerobic
Onion peel 407" 4.32% 6.03™ 6.23" 0.011
Phosvitin 4.21% 567 7.11% 7.34% 0.028
SEM? 0.028 0.013 0.014 0.009
Control 4.27%* 5.55™Y 6.96™ 7.90% 0.008
Citrus peel 3.96% 4.01% 5.79™ 5.95™ 0.015
Calcium lactate 4.25% 557Y 6.95™ 719" 0.011
Vacuum
Onion peel 407" 4.15% 5.74™ 6.00°" 0.021
Phosvitin 4.21% 5.53% 7.00= 7935 0.027
SEM? 0.028 0.009 0.018 0.010

UStandard errors of mean (n=12), ?(n=15).
“IDifferent letters within same column differ significantly (p<0.05).
" Different letters within same row differ significantly (p<0.05).
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A% 10TAA ] g B, Ag7Ike] FAe ek VAR FE FEHe

om, 4THTHE MAE FHF0] 2 AL HAY S YTk 4T A3} AR B 2

¥} B FEE A Aobel val VAR 44 dAsE 3% ngo
A &

W, dAvtgo s g x4go]l @7 XAWH Bu A= 7 A AE5ATHTable 4).

Table 4. Microhial population (log CFU/g) of seasoned chicken meat added with different

natural materials at 10C

Storage day (log CFU/g)

Package Treatment SEMY
0 3 6 9
Control 4.27% 5.80™ 7.31% 882" 0.014
Citrus peel 3.96% 4.48% 6.06°* 797" 0.017
Calcium lactate 4.95% 5.90% 7.31% 894 0.013
Aerobic
Onion peel 407" 4.53% 6.15™ 731 0.020
Phosvitin 421 5.81% 7.32% 883" 0.029
SEM? 0.028 0.017 0.013 0.019
Control 4.27% 5.66% 7.21% 851 0.006
Citrus peel 3.96% 4.35% 5.87°F 7.05° 0.015
Calcium lactate 4.95% 576~ 7.90% 852 0.016
Vacuum
Onion peel 407" 4.39% 5.92M 7.10™ 0.009
Phosvitin 4.91% 5.69™ 7.91% 852 0.026
SEM? 0.028 0.011 0.006 0.012

UStandard errors of mean (n=12), ?(n=15).
“IDifferent letters within same column differ significantly (p<0.05).
" Different letters within same row differ significantly (p<0.05).
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A 20T Aas #Eand, A 3gAolA oF 7 log CFU/g ARz ZZ o2
A Eo] F2e A e 4 i AR w2 S A FE5E AYTS A6
Azl A 7 log ool AEHAT U A 7 log CFU/go]l A&EH o] 28-S 33}
| &%t (Table 5).

b

Table 5. Microhial population (log CFU/g) of seasoned chicken meat added with different

natural materials at 20C

Storage day (log CFU/g)

Package Treatment SEMY
0 3 6 9
Control 4.27% 7.39™ -* - 0.012
Citrus peel 3.96% 6.87% 7.20™ - 0.017
Calcium lactate 4.25% 7.45% - - 0.007
Aerobic

Onion peel 407" 6.94% 7.96™ - 0.012
Phosvitin 421 747 - - 0.037

SEM? 0.028 0.012 0.005
Control 4.27% 7.24% - - 0.010
Citrus peel 3.96% 6.68" 7.02* - 0.020
Calcium lactate 4.25% 727 - - 0.007

Vacuum ]
Onion peel 407" 6.69™ 7.10* - 0.022
Phosvitin 421 7.97% - - 0.037

SEM? 0.028 0.018 0.015

"Experiment was not performed because microbial population was over 7 log CFU/g.
VStandard errors of mean (n=6 or 9), ?(n=15).

*dDifferent letters within same column differ significantly (p<0.05).
" Different letters within same row differ significantly (p<0.05).
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77re] AAnAE o] g8 Az FEASY pHE Table 6~89 AA3ATE A4
2! A 7717k o]

74gke] whel pH7EF sk e Btk 27 “ﬂoﬂ w}‘f vﬂq 01 x} 1 T A
= o] Z2H4E EYRE 7 log oY WAE =R AL

o oy

o &

AdelA Al

B
L

Table 6. pH changes of seasoned chicken meat added with different natural materials at

4T
Storage period {(day)
Package Treatment SEM”
0 3 6 9
Control 6.64* 6.43* 5.820 5.02% 0.020
Citrus peel 6.43 6.35° 6.11% 5.32" 0.079
Calcium lactate 6.27% 6.04™ 5.95" 5.76" 0.048
Aerobic

Onion peel 6.14° 5.84 6.05" 575 0.039
Phosvitin 6.51"" 6.36™ 5.68% 4,85 0.035

SEM? 0.019 0.294 0.060 0.042
Control 6.64° 6.36" 6.28% 5.20" 0.057
Citrus peel 6.43 6.39™ 6.21% 5.29™ 0.068
Vacuum  Calcium lactate 6.27% 6.07" 6.03% 5.78" 0.021
Onion peel 6.14° 6.06™ 6.05™ 575 0.028
Phosvitin 6.51"" 6.31% 561 4,88 0.033

SEM" 0.019 0.024 0.030 0.080

VStandard errors of the mean (n=9), ?(n=9).
“*Values with different letters within the same column differ significantly (p<0.05).
"Values with different letters within the same row differ significantly (p<0.05).
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Table 7. pH changes of seasoned chicken meat added with different natural materials at

10°C
Package Treatment Storage period (day) SEM”
0 3 6 9
Control 6.64™ 5.76™ 461 4.34™ 0.015
Citrus peel 6.43 5.86™ 454 4.33™ 0.050
_ Calcium lactate 6.27% 5.84* 517" 4.67* 0.024
Aerobhic }
Onion peel 6.14= 5.89™ 5.72% 4.58* 0.048
Phosvitin 6.51"" 5.15™ 454% 4.29" 0.029
SEM” 0.019 0.057 0.021 0.033
Control 6.64™ 5,62 453% 4,25 0.037
Citrus peel 6.43* 577%™ 4587 4.39" 0.021
Vacuum  Calcium lactate 6.27% 5.87%% 513" 457 0.036
Onion peel 6.14 597 5.81% 451 0.032
Phosvitin 6.51"" 5.12% 447 4.31% 0.027
SEM” 0.019 0.024 0.030 0.022

VStandard errors of the mean (n=9), ?(n=9).
“*Values with different letters within the same column differ significantly (p<0.05).
"Values with different letters within the same row differ significantly (p<0.05).

Table 8. pH changes of seasoned chicken meat added with different natural materials at

20C
Storage period (day) b
Package Treatment SEM
0 3 6 9
Control 6.64* 4.39™ - - 0.005
Citrus peel 6.43°* 4.31% 4.29% - 0.019
_ Calcium lactate 6.27% 473" - - 0.021
Aerobic } ex by z
Onion peel 6.14 4.39 425 - 0.018
Phosvitin 6.51™ 4.39™ - - 0.002
SEM? 0.019 0.012 0.013
Control 6.64* 4.39™ - - 0.005
Citrus peel 6.43°* 4.30% 4.30™ - 0.018
Calcium lactate 6.27% 468 - - 0.017
Vacuum ] x by ay
Onion peel 6.14 441 433 - 0.027
Phosvitin 6.51™ 4.25% - - 0.024
SEM? 0.019 0.023 0.015

"Experiment was not performed because microbial population was over 7 log CFU/g.
VStandard errors of the mean (n=9), ?(n=9).

“*Values with different letters within the same column differ significantly (p<0.05).
**Values with different letters within the same row differ significantly (p<0.05).
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(3) AR
Z4zke] AAXAE ol g3 AxT
A3t thFig. 1~3). TBARS =73 Az U Aol A e
=] =

HH 2
malondialdehyde®} TBAA]Fipe] wbg AAAE(HMM L) AR E FAHJE
A

= .
717 2 x| wE Wbt didow yelhx &ty 53
TBARS#Lo] #HAasteE 43S Helow, 4T sl 20T TBARSHEO]
S BT} oo sk o w o] TBAA 3 wb-8-3fo] A gtel o

ol#}iL Wetsle], oil emulsiond] Aol ARSEAY P& HIEko] 4TAA
¥ TBARSE A3 tHTable 9). 2L A3} oS3z A747|3ko] A g

whol fashs A¥E alon, AFERrE 265 TBARS#e 2 4

ATt

-

Fige AANAEE =437 95t TBARS
B

R

rot I

1

ol

o2l

b

Table 9. TBARS wvalues of oil emulsion containing seasoning of chicken meat during

storage at 4T

Storage Storage day (Abs. at 532 nm)
s SEM?
temp. (C) 0 3 6 9
4 0.155" 0.229% 0.157™ 0.099 0.0076
10 0.167% 0.085% 0.058% 0.0023
20 0.136% 0.069™ 0.056™ 0.0069
SEMY 0.0090 0.0072 0.0013

VStandard errors of the mean (n = 9), ?(n =12 or 9).
“dyalues with different letters within the same column differ significantly (p<0.05).
**Values with different letters within the same row differ significantly (p<0.05).
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1.8 -
1:6: -
14 -
-
12 ./
-
% I —+— Control
m 0.8 - —ii— Citrus peel
b
06 - =& Cmion peel
04 - =i Calciurm Lactate
02 - —#— Phosvitin
D T T T 1
0 3 & 9
Storage period (day)
(a)
2 =
1.8
146 -
14
2 =
= 12 A
= 1 - —4— Control
g 08 - —— Citrus peel
e
0.6 - —b— Omion peel
04 - —#—Calcium Lactate
02 - —#— Phosvitin
{l‘l T T T
0 3 6 9
Storage period (day)
(b)

Fig. 1. TBARS values of seasoned chicken meat added with different natural materials at
4C.
(a) Aerobic, (b) Vacuum.
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16&
14
E
g 12 4
-
== 1 |
E —+— Control
B 08 - :
- —— Citrus peel
0.6 4 —d— Omion peel
04 4 —+—Calcim Lactate
0.2 4 —#—Phosvitin
'D T T T 1
0 3 6 9
Storage period (day)
(a)
:_I'_. o
18
1.6 -
14 -
2
= 13 4
_h- a
g - == Control
E 028 - —8— Citrus peel
06 —i— Cmion peel
04 - —8— Calcium Lactate
a2 —i— Phosvitin
0 T T T |
0 3 [ 9
Storage period (day)
(b)

Fig. 2. TBARS values of seasoned chicken meat added with different natural materials at
10C.
(a) Aerobic, (b) Vacuum.
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Fig. 3. TBARS values of seasoned chicken meat added with different natural materials at
20C.
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(4) B57A
Zh7ke] AAXAE o] g3 AxF FAAK] WA AAE Table 109 AN
AP AR QolA, B ) A BEAAE 3 set® AP, AL B en
of mhE wsAAE A@sA gtk AdAE Fgd FEE AT AT f9
49 Aol gl A0E Urhgrh aeu WA, v, o, A% % AAHA 5% Ed
e AALRA Arkel ed] ANEE el AL HeAstgith FMAoE AR A
AW # 2 A FEE AhEO]l MY JEEI) Be A0 ekt BEd

H

Table 10. Sensory scores of seasoned chicken meat added with different natural materials

Sensory parameter

Treatment Overall
Color Odor Flavor Taste Tenderness N
acceptability
Control 5.63 6.04% 6.58" 6.67 6.58" 6.58"
Citrus peel 5.33 517° 4.04° 3.63° 5.50™ 3.92¢
Onion peel 3.92 3.88° 2.04° 1.75° 5.04° 1.75°
Calcium 538" 554 521° 517° 5.29™ 533°
lactate
Phosvitin 5717 5392° 6.04" 6.04" 6.00° 6.00°
SEMY 0.214 0.223 0.179 0.170 0.258 0.172

UStandard errors of the mean (n = 3),
“*Values with different letters within the same column differ significantly (p<0.05).
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&3l A X3 injectedAl o] EHIT 7| LE A& Table 11~13
A Aol A e AEHA @2 Udvi(data not shown). LxH
Az AT A el AaE B HH, 7|0+ 3.24~356 log CFU/g

5 ARGl FAhge] wet MRS S7b FAstgn. S, 87
4 FEE Prbwel v AhEdl W v 438 JAss A%E mgow,
combination, FHHA =oE x| W MR AgHE Ao vehgrh 23
Weol e Aol W Al 7] wAW uvk MRS /b A7 455 rH Table

11).

A% 10Tl A= 4Tl A 2k A A3FS Belvh A 2=7F FollvtaE A% 644k
A 72 7 log o], X A 6~7 loge LRIZVAWAES] AE=5HS
o6dA dibE EiE she] 9dA A2 A EH vk (Table 12).

Table 11. Microbial population (log CFU/g) of injected chicken meat added with different

natural materials at 4C

Storage day (log CFU/g)

Package Treatment SEM”
0 3 6 9
Control 354 557" 748 8.19™ 0.040
Citrus peel 3.24% 5.25% 7.08% 716 0.017
Calcium lactate 3.56% 553" 754 8.20™ 0.034
Aerobic Onion peel 3.40 5.14% 7.36 763" 0.034
Phosvitin 3.56™ 556" 7.48™ 813" 0.016
Combination’ 3.49™ 5.22% 7.28% 7.49° 0.026
SEM? 0.013 0.038 0.015 0.039
Control 354 AT 6.39™ 775" 0.033
Citrus peel 3.24% 4.46™ 6.16°" 6.16™ 0.034
Calcium lactate 3.56% 4.82% 6.57" 773" 0.031
Vacuum Onion peel 3.40% 478" 6.50™ 6.84"" 0.014
Phosvitin 3.56™ 4778% 6.55™ 772%™ 0.006
Combination 3.49™ 469" 6.32™ 6.67°" 0.032
SEM? 0.013 0.038 0.028 0.023

§Calcium lactate : citrus peel : onion peel = 1 : 05 : 05.

VStandard errors of the mean (n=12), “(n =18).

“*Values with different letters within the same column differ significantly (p<0.05).
"Values with different letters within the same row differ significantly (p<0.05).
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Table 12. Microbial population (log CFU/g) of injected chicken meat added with different

natural materials at 10C

Storage day (log CFU/g)

Package Treatment SEM”
0 3 6 9
Control 3.54% 6.91" 8.85™ - 0.018
Citrus peel 3.24% 6.06% 747 - 0.024
Calcium lactate 3.56" 6.93" 8.98™ - 0.025
Aerobic Onion peel 3.40% 657 8.16™ - 0.022
Phosvitin 3.56™ 710 848 - 0.018
Combination’ 3.49™ 6.40% 8.04% - 0.023
SEM? 0.013 0.019 0.029
Control 3.54% 6.15™ 7.10™ - 0.037
Citrus peel 3.24% 5.31% 6.52 - 0.058
Calcium lactate 3.56" 6.39% 7.69™ - 0.031
Vacuum Onion peel 3.40% 5.98% 6.95% - 0.033
Phosvitin 3.56% 6.20™ 707™ - 0.023
Combination 3.49™ 5617 6.79" - 0.054
SEM? 0.013 0.067 0.022

"Experiment was not performed because microbial population was over 7 log CFU/g.
§Calcium lactate : citrus peel : onion peel = 1 : 05 : 05.

VStandard errors of the mean (n=9), ?(n=18).
“*Values with different letters within the same column differ significantly (p<0.05).
*Values with different letters within the same row differ significantly (p<0.05).

A 20TColAM = 3LAAA =0l 7 log od7HA] &2z 49 As FAd
AT 2T ATEF AL T 7 A FE= Aol 7 42 nAEe] dEd A
S A AATH AF 39A AINT log CFU/g ol HE)el wel A% 6 2 9943+
A2 AdstA dkth(Table 13)
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Table 12. Microbial population (log CFU/g) of injected chicken meat added with different

natural materials at 20C

Storage day (log CFU/g)

Package Treatment SEM!
0 3 6 9
Control 3.54% 8.58™ - - 0.018
Citrus peel 3.24% 7.81% - - 0.035
Calcium lactate 3.56" 8.27™ - - 0.012
Aerobic Onion peel 3.40% 8.13% - - 0.022
Phosvitin 3.56" 8.30™ - - 0.012
Combination 3.49™ 8.05 - - 0.015
SEM’ 0.013 0.026
Control 3.54% 7.23% - - 0.015
Citrus peel 3.24% 6.96” - - 0.019
Calcium lactate 3.56" 717 - - 0.043
Vacuum Onion peel 3.40% 7.20%* - - 0.017
Phosvitin 3.56" 7.26™ - - 0.007
Combination 3.49" 711%™ - - 0.034
SEM’ 0.013 0.034

"Experiment was not performed because microbial population was over 7 log CFU/g.
§Calcium lactate : citrus peel : onion peel = 1 : 05 : 05.

UStandard errors of the mean (n=6), ?(n=18).
“*Values with different letters within the same column differ significantly (p<0.05).
**Values with different letters within the same row differ significantly (p<0.05).

(2) pH

217yl AALANE o] &3] A3 injectedS 2] pH W3IE Table 14~16°] Al A 8Fs3t). 4
2 20T A5, A 27ole s 2 dagd 55 Hokl 9 plyt &% ol
A= AeFe Btk AR Be Ao AATzE B el wE wEe d i
o]x] ¢kdth 10T = &7 ¥ AEve Iugd FE5EF ArS AYsta AF7

o] F7}3kel ‘E}E} DH7} SV AES Bl vk, AT 2 Ay s AR
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Table 14. pH changes of injected chicken meat added with different natural materials at

4C
Storage period {(day)
Package Treatment SEM”
0 3 6 9

Control 6.13%* 6.19" 6.53" 6.99 0.038
Citrus peel 6.09°* 5.81% 5.96% 6.68% 0.040
Calcium lactate 5.97™ 5.96% 6.29™ 6.74 0.054
Aerobic Onion peel 5.95™ 5.83% 545% 5.65™ 0.120
Phosvitin 6.17™ 6.36% 6.85™ 5.94" 0.090
Combination® 6.07"" 5.94° 6.02° 594 0.079

SEM? 0.041 0.023 0.084 0.118
Control 6.13%* 6.19™ 561 6.04% 0.022
Citrus peel 6.097% 5.94% 5.92% 5.19% 0.031
Calcium lactate 5.97™ 5737 5.64% 5.75% 0.028
Vacuum Onion peel 5.95™ 595 5.13% 4.94% 0.042
Phosvitin 6.17™ 6.35°" 5.63% 5.95% 0.047
Combination 6.07"" 5.86% 5.75% 5.27% 0.014

SEM? 0.041 0.040 0.031 0.014

§Calcium lactate : citrus peel : onion peel = 1 : 05 : 05.

VStandard errors of the mean (n=9), ?(n=9).

“*Values with different letters within the same column differ significantly (p<0.05).
**Values with different letters within the same row differ significantly (p<0.05).
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Table 15. pH changes of injected chicken meat added with different natural materials at

10C
Storage period {(day)
Package Treatment SEM”
0 3 6 9

Control 6.13" 6.13% 6.95" - 0.029
Citrus peel 6.09°> 5.21% 6.09™ - 0.066
Calcium lactate 597" 5877 6.66™ - 0.068
Aerobic Onion peel 5.95™ 5.67° 5.45% - 0.095
Phosvitin 6.17 6.67" 6.82% - 0.109
Combination’ 6.07° 5.67% 6.05™ - 0.036

SEM? 0.041 0.063 0.102
Control 6.13" 567 561 - 0.037
Citrus peel 6.09°> 5.24% 4,84 - 0.060
Calcium lactate 5.97™ 561 5.34™ - 0.051
Vacuum Onion peel 5.95™ 5.64% 4.70% - 0.027
Phosvitin 6.17% 556" 5.23" - 0.068
Combination 6.07° 5.39" 4.93% - 0.020

SEM? 0.041 0.055 0.045

"Experiment was not performed because microbial population was over 7 log CFU/g.
§Calcium lactate : citrus peel : onion peel = 1 : 05 : 05.

VStandard errors of the mean (n=9), ?(n=9).
“*Values with different letters within the same column differ significantly (p<0.05).
*YValues with different letters within the same row differ significantly (p<0.05).
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Table 16. pH changes of injected chicken meat added with different natural materials at

20C
Storage period {(day)
Package Treatment SEM”
0 3 6 9

Control 6.13" 6.44™ - - 0.015
Citrus peel 6.09° 6.00™ - - 0.104
Calcium lactate 597 5.84° - - 0.122
Aerobic Onion peel 595" 595" - - 0.167
Phosvitin 6.17% 7.02% - - 0.098
Combination® 6.07° 5557 - - 0.014

SEM? 0.041 0.052
Control 6.13" 5.81% - - 0.041
Citrus peel 6.09™* 4.84% - - 0.034
Calcium lactate 597" 557% - - 0.022
Vacuum Onion peel 5.95" 4.90% - - 0.033
Phosvitin 6.17* 558" - - 0.119
Combination 6.07° 516" - - 0.020

SEM? 0.041 0.063

"Experiment was not performed because microbial population was over 7 log CFU/g.
§Calcium lactate : citrus peel : onion peel = 1 : 05 : 05.

VStandard errors of the mean (n=9), ?(n=9).
“*Values with different letters within the same column differ significantly (p<0.05).
*YValues with different letters within the same row differ significantly (p<0.05).

(3) A=

Zy7y o] HALANE o] &3 A|Z3 injectedsto] ME WSIE Table 17~199 A A]3}% T},
4Ce A "WEs H7hAY T/ 2 AW H e {94 Aol dHAA o=z e
A kAR, EA HA7F Al A7zl whe}y FUbebe AEES BT ARl
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Table 17. Hunter color values of injected chicken meat added with different natural materials at 4C

Lx (day) ., a* (day) ., b* (day) 5
Package Treatment SEM SEM SEM
0 3 6 9 0 3 6 9 0 3 6 9
Control  5646% 5668% 5421°Y 51067 1265 321" 471" 4&3™ 428" 0460 12150 149" 1357 142 1421
Citrus peel ~ 5327 56237  6286™ 6353 1274 525" 446 417" 478" 0585 2833 3094 096" 31060 223
Calcium a b b oy b b b b d c c
etate 5814 72N 5924° 56650 09156 1997 356" 426" 38" 0666 148%™ 15017 1464° 1362 0794
Aerobic  Onjon peel  5279° 4856  4880%  B386™ 0871  962°  1026°  952° 885 0797  2A45% 216" 2184™ 1996 0930
Phosvitin 5581  5620°  57.27° 5365% 1616 394™ 268" 282"  326° 0820 1305 1207 1414°  1311° 0942
Combination' 528  5L11*  5093"  5335™ 0763 6037 490 753 808™ 0484  2160° 195777 19058  2320™ 0710
SEM” 1289 1400 0872 09%0 0680 052 0792 0574 186 0801 0942 1272
Control 5646 55647 5558 5637 1432 321™ 462" 5207 416% 0437 1215°  1311° 1201 1146 083
Citrus peel ~ 55.32° 5585 5096Y 6578 0838 525" 470" 498" 407° 0654 B3F  BIT  BEIP 27020 3024
fiizren 5814 5637 576l w71 1192 1997 176Y 512P% 399%Y 0872 148™ 12397 1380™™  1248Y 0462
Vacuum  Opion peel  5279" 527" 5638 5671 L1100 962 906" 762 881* 1061 2445%  209Y  1853®¢ 1758 0917
Phosvitin 581" 5849™Y  60.12°Y  63.4™ 1808 394" 2.4Y  397/™  274% 028 1305”7 1294°7  1090%  1369% 0695
Combination' 528  5L79°  4808° 5358° 1787 6037 688™Y  045™ 733" 0865 2160° 216" 2046  21.25° 1471
SEM” 1209 0820 192 1315 0680 0763 1028 0366 186 1298 1801 0812

‘Calcium lactate : citrus peel : onion peel = 1 : 05 1 05.

YStandard errors of the mean (n=9), ?(n=9).

T*Values with different letters within the same column differ significantly (p<0.05).
*Values with different letters within the same row differ significantly (p<0.05).
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Table 18. Hunter color values of injected chicken meat added with different natural materials at 10°C

Lx (day) a* (day) b* (day)
Package Treatment SEM” SEM” SEMY
0 3 6 0 3 6 9 0 3 6 9
Control 5646 563" 5268 1403 321" 34 458 - 0637 1215% 1306 1581 - 0.944
Citrus peel 5632  61.28%  6360™ 1041 525" 418 38 - 0622 2833 2703 2849 - 2316
Calci
| ?im 814 5717 5791 1271 1997 537™ 30077 0751  148™ 1330  1372% - 0.390
actate
. ab
Aerobic  Opion peel  5279° 52077 O1EH 1132 962° 98 768 - 0749 2445 19519  21.6™ 0.895
Phosvitin 5581 50.33° 57.31% 1900 394 351" 317 - 0679  1305° 13127 1330° - 0.809
Combination' 5288  5201°  5293° 1087 603 671" 748 - 0730  2160° 24> 2% - 1501
SEM? 1289 1193 1511 0680 0798  05% 18%6 0730 1.039
Control 5646 559" 57.04 2291 321 548"  570° - 0703 1215°  1214c  1353° - 1.020
Citrus peel 532" 5038”7 6635 0819 5258 54" 528 - 0550 2833  298a 3086 - 2,654
Calcium be Cy bey bhx b c c
Letat 5814 5768 59.95 0640 199% 318 6.04 - 0642 148" 1339 13.86 - 0.798
actate
Vacuum  Opion peel 52797 5420Y 5849 1022 962 998  10.04° - 0860 2445  2201%  20.66™ - 1514
Phosvitin 55817 6283% 6506 2361 394* 274 404 - 0427  1305° 1202 1113 - 0.855
Combination®  52.88°  5278%  50.78" 0940 603~  842™ 679V - 0649 2160 217" 209 - 0.822
SEM? 1289 1107 2008 0680 0618 0660 186 1118 1232
*Experiment was not performed because microbial population was over 7 log CFU/g.
YCalcium lactate : citrus peel : onion peel = 1 : 0.5 : 0.5. YStandard errors of the mean (n=9), ?(n=9).

T*Values with different letters within the same column differ significantly (p<0.05).

*Values with different letters within the same row differ significantly (p<0.05).
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Table 19. Hunter color values of injected chicken meat added with different natural materials at 20°C

Lx (day) ., a* (day) ., b* (day) 5
Package Treatment SEM SEM SEM
0 3 6 9 0 3 6 9 0 3 6 9

Control 5646 5520 N - 1290 321 207 - - 0342  1215°  12.8%° - - 1.129
Citrus peel 5532  65.40™ - - 1297 525" 306" - - 0671  2833° 2694 - - 2,950

Calcium 1 . be b .
hetat 5814 5923 - - 1067 199 416 - - 0928 148" 1357 - - 0.776

actate

Aerobic  Opion peel 5279 5279° - - 0952 962 883 - - 0727 2445 2173 - - 1.389
Phosvitin 581 5135 - - 1478 394 397" - - 059  1305°  1361° - - 1.032
Combination® 5288  57.83" - - L0600 603 547 - - 0579  2160° 2135 - - 1.337

SEM? 1289 1113 0680 0594 1856  1.204
Control 5646  59.94% - - 1440 321 344° - - 0333 121" 1271° - - 1151
Citrus peel 5532 6437 - - 0929 52" 50 - - 0756 2833 2747 - - 3.243

Calcium b . be bx o
etate 5814 5767 - - 09%  199° 4% - - 0906  1485™ 1160 - - 0.498
Vacuum  Opion peel  5279° 6035 - - 0703  962° 980" - - 0712  2445° 2149 - - 1.830
Phosvitin 581 6301° - - 255  394*  355° - - 0524 1305°  1156° - - 0.968
Combination®  52.88"  56.81™ - - 043 603 739" - - 055  2L60°  21.30° - - 1.026

SEM? 1289 1432 0680 0643 1856 1538

"Experiment was not performed because microbial population was over 7 log CFU/g.
YCalcium lactate : citrus peel : onion peel = 1 : 0.5 : 0.5. YStandard errors of the mean (n=9), ?(n=9).

T*Values with different letters within the same column differ significantly (p<0.05).
*Values with different letters within the same row differ significantly (p<0.05).

_33_



1.5 —+—Control

—8—Citruz peel
0g - —a—mion peel
== alenum Lactate
% oé 4 ==TPhosvitin
- Combination
=1 ="_"‘-._
z P—
I -
Q24
0 T T T ]
0 3 ] 9
Storage period (day)
(a)
14 —+— Control
—B— Citrus peel
0% - —i— Omion peel
= Caleiim Lactate
E 06 4 —#=—Phosvitin
E Combination
E
% 04
02 - R
ﬂ T T T 1
0 3 6 9
Storage period (day)
(b)

Fig. 4. TBARS values of injected chicken meat added with different natural materials at
4C.

(a) Aerobic, (b) Vacuum.
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Fig. 5. TBARS values of injected chicken meat added with different natural materials at
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Table 20. Sensory scores of injected chicken meat added with different natural materials

Sensory parameter

Treatment Overall
Color Odor Flavor Taste Tenderness N
acceptability
Control 5.08% 5.08% 5.04% 5.08 5.29% 5.16%
Citrus peel 475 458 408" 379" 5.33™ 4.04
Onion peel 471P 5.04% 3.08° 2.46° 4,49 2.50°
Calcium 5.08" 521 5.00" 479 4797 488"
lactate

Phosvitin 521% 5.25% 5.00* 5.04% 5.33 5.29%
Combination 5.42° 5.46 379" 354 521° 3.63"
SEMY 0211 0.227 0.202 0.203 0.260 0.196

UStandard errors of the mean (n = 3),
“*Values with different letters within the same column differ significantly (p<0.05).

4. AALAE o

o
=O£
2
BN
r
B
Ho
Lo
0%
e
o
Pk
=O£
i)
Jo
il
e
=
r
it
oy
=
1%

=
=
>
=,
BN
>
%,
PN
k
z2
i
e
i)
(D)
i
e
o
o
ofo
i)
o
)
fo
o
()
(D)
i
o,
o
)

A dte] A 23 injected F FEAS 2

AAA 2 B 2t #HA FEES 98
3 @ A dH ATAshsh AR #Y A

nAE WIS BEEA Y (Table 21~22). A
FHES HUFs9 S W vAEo] oF 05~1 log CFU/g A7eteE AL Festedvh. wsh
A7) we Anks | Ee] FA% AL &l ¢ e, 23t By dxb

Y mdon gid 4

= Aol A ARF7IzHE AEE A ekdTh
(data not shown).

AAA A 2 Zagtel 93 vAE APE 73S o] Aol wag v vk A
Map e wAbd ZAbe] 9%k wj A E e A - et dEE WAL S ZANG o = A
o] &A8tE fallgh nAEC] 7HAE 54 DNAS AESAE 24dA7E o 3l
vl WARd o] DNAol S 282 Ao BFrt Aol 2340 e & AT Akl 93
o] 7|5 ol g OH fr]zol gk ZAolw 17 o & <ls] DNA Ab&eo] dAwgrt. DNA
7t A AE oA FREAR F e A& 2 FEo] A &8 Yo
H FE BEbs B Abde)] olE] Al S-S s |THWHO, 1994; Song et al.
2009).
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zargtel og mAES] AbE fdlE X Hure] ZAst e AxAdue] Wge] i
Aot a o] wgte] WYy 2ygto® Q% G4o BEAIE DNA HA 2 WA A
o=z <18k dula A Aso| o Aoz HiuE i dri(Park et al, 2010; Jung et al,
2012).

AA7EA AAA B 23y Zbzke] Aol 9%k A% f v AE AwEdes oy A
AErE R vp ot dAbd B 23a9E v AFe AbEE v mjug Ao 2
AT AHE SEHA AAL 2AE 29T RAES U B34 02 APEAT = AR
gyl orn, dAE 9@ Z23gt 2 o5 vdEAgNTE HAES HEAHYI}E Ao
H ggdoz uAES AA7E Aoz A

Table 21. Microbial population (log CFU/g) of injected chicken meat added with citrus

peel extract by electron—-beam irradiation and high pressure

Storage day (log CFU/g)

Treatment SEMY
0 3 6 9
0 kGy 4.57* 717" 8.20™ 9,51 0.050
1 kGy 3.85" 4.80™ 5.86™ 6.16™ 0.065
Control

2 kGy 1.71% 3.68% 461 497" 0.048

SEM? 0.061 0.054 0.056 0.019
0 kGy 3.96* 6.53" 747 877 0.040
1 kGy 2.46™ 3.85" 462 5.00™ 0.046

Citrus peel

2 kGy ND* 277 3.05% 340" 0.037

SEM? 0.018 0.037 0.028 0.026
0.1 MPa 4.57% 717 8.20™ 9,513 0.050
300 MPa 3.89" 5.09" 5.93™ 6.23" 0.029

Control

400 MPa 3.46% 3.89% 476 5.03° 0.053

SEM? 0.023 0.035 0.061 0.014
0.1 MPa 3.96* 6.53" 747 877 0.040
300 MPa 3.23" 4.86"™ 5.08™ 547" 0.040

Citrus peel

400 MPa 2.14% 3.08% 391 497" 0.049

SEM? 0.022 0.034 0.015 0.044

UStandard errors of the mean (n=12), “(n =18).
“Values with different letters within the same column differ significantly (p<0.05).
"Values with different letters within the same row differ significantly (p<0.05).
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Table 22. Microbial population (log CFU/g) of seasoned chicken meat added with citrus

peel extract by electron-beam irradiation and high pressure

Storage day (log CFU/g)

Treatment SEMY
0 3 6 9
0 kGy 5.25% 7.29% 8.30™ 970%™ 0.052
1 kGy 342" 537" 6.06™ 6.86"" 0.042
Control

2 kGy 2.09% 3.86% 4.48% 547 0.046

SEM? 0.051 0.014 0.033 0.035
0 kGy 4.48% 6.75% 7.10% 8.02% 0.042
1 kGy 321" 434" 5.01™ 595" 0.050

Citrus peel

2 kGy ND* 2.41% 311 410%™ 0.054

SEM? 0.053 0.051 0.013 0.028
0.1 MPa 5.95% 7.29% 8.08™ 9.70™ 0.052
300 MPa 4.48" 5.95" 6.11™ 797" 0.025

Control

400 MPa 3.21% 3.92% 452 5.49°™ 0.025

SEM? 0.037 0.022 0.016 0.025
0.1 MPa 4.48% 6.75% 7.10% 8.02%% 0.042
300 MPa 3.327 4.82Y 5.27™ 6.37" 0.036

Citrus peel

400 MPa 2.17% 2.70% 3.96% 453" 0.047

SEM? 0.050 0.024 0.037 0.021

UStandard errors of the mean (n=12), “(n =18).
“Values with different letters within the same column differ significantly (p<0.05).
"Values with different letters within the same row differ significantly (p<0.05).
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(2) pH

AR 24 B 239k 244 FEES B8 AEste] AxF injected B FEAF Y
n B8 W3S 329l InjectedSol e A3 AxE AHEd 2ugh Here AR
717re| wEl pH7f Fadte A4S HAoy, #4843 FE= 1 kGy AEgTS AYs v
AAN A AP A7kl wEl F7behs A4S Bt (Table 23). S AlS2 7
5 AL 2 23t HEdl 98] pHYF FUM8kE AES Bl vk A7)l whEl pH
7} A% AeS Mt (Table 24).

Table 23. pH changes of injected chicken meat added with citrus peel extract by
electron-beam irradiation and high pressure
Storage period {(day)
Treatment SEM"Y
0 3 6 9

Control 6.27™ 6.11°% 6.34 6.90™ 0.087
1 kGy 637" 6.05™ 610" 6.43h°" 0.036
Control 2 kGy 6.06% 6.19™* 6.23%* 653" 0.013
300 MPa 613 6.34% 6.08°* 6.11% 0.024
400 MPa 635" 6.33% 6.26™* 6.20°% 0.033
Control 6.12°7 5.90% 5.65% 6.24°4 0.043
1 kGy 6.34%" 6.297% 6117 6.15™ 0.036
Citrus peel 2 kGy 6.29™ 617" 610" 6,34 0.014
300 MPa 6.45™ 6.38% 613> 6.10%™ 0.035
400 MPa 6.41%" 6.322%% 6.2977* 6.20°% 0.045

SEM? 0.033 0.034 0.034 0.059

UStandard errors of the mean (n=9), ?(n=9).
“dyalues with different letters within the same column differ significantly (p<0.05).
"Values with different letters within the same row differ significantly (p<0.05).
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Table 24. pH changes of seasoned chicken meat added with citrus peel extract by

electron-beam irradiation and high pressure

Storage period {(day)

Treatment SEM"Y
0 3 6 9

Control 6.06°% 6.03 5.52% 4,921 0.108
1 kGy 6.18 6152 5.94%Y 5.28% 0.053
Control 2 kGy 6.25™ 6172 591 5.77% 0.052
300 MPa 6.20"* 6152 5.86% 5.58% 0.040
400 MPa 6.35% 6.31% 6.08°P 6.16% 0.024
Control 6.07°% 5.89% 4.82% 4,755 0.045
1 kGy 615" 6.12>* 5.81% 5.37% 0.034
Citrus peel 2 kGy 6.03™ 6.06™* 5935 5.79% 0.049
300 MPa 6.16"°% 6.06" 5.94% 5.96" 0.022
400 MPa 6.18™4 6.25% 6.23 6.25% 0.036

SEM? 0.033 0.042 0.076 0.046

UStandard errors of the mean (n=9), ?(n=9).
“dyalues with different letters within the same column differ significantly (p<0.05).
"Values with different letters within the same row differ significantly (p<0.05).

(3) M=
AR A B 25k 44 F=
A& Table 250 AA 3T Hx by
AP ZA el 9]3 2poli= dRF o7 yEelA kvl dlxa Y A
o7} d@H oz yehbA fkov #44d FEE
|

B4 e AR
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Table 25. Hunter color values of injected chicken meat added with citrus peel extract by electron—-beam irradiation and high pressure

Lx (day) ., a* (day) ., b* (day) 5
Treatment SEM SEM SEM
0 3 6 9 0 3 6 9 0 3 6 9

Control 5686 5798  5658Y  S3&5T 083 404 4307 502" 441™ 0719 1406° 1502°  1420°  1416° 1209
1 kGy 5349 mHET 5678 6205 LITL 684 575 40077 44”0443 1369° 1545° 1558 1661° 1103
Control 2 kGy 5750%  5131Y  56.82% 53197V 1321 541 897 549" 491™ 0809 143" 1637 1508  1448° 0901
300 MPa 259" 7299°  7330°  7167° 1086 389 457 397 2797 0592 1328° 1298° 1543 145" 0755
400 MPa 75517 7678%Y 74387 7769™ 0560 3107 360 498" 355 0380  1248° 1203°  1429°  1412° 1017
Control 511 5421 5754° 583" 1339 744 651 783 650" L131 3070 2877 067 3019° 1661
1 kGy H5Y 5385 53627 5447 1583 806™ 519V 55T 621 085 3017° 284 007 2751 2406
C;Z;S 2 kGy 53920 320" 51507 5087 1507 6750 736" 810 750° 1313 2721 3072 3023 2795' 2610
300 MPa 678" 686" 688" 6776 0969 568" 487 421" 315Y 0464 20870 27550 2837 207250 1482
400 MPa 7251 7261 7221 7220° 1413 346° 208" 312° 283" 06 2737 2644 %B62°  27.10° 1442

SEM” L1714 1357 1238 1089 0853  08%2 0719 0471 1614 199 0976 1528

UStandard errors of the mean (n=9), ?(n=9).

T*Values with different letters within the same column differ significantly (p<0.05).

*Values with different letters within the same row differ significantly (p<0.05).
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(4) A AL =
AR A 2 235t #4442 FE2ES B8 Hste] Axe injected 2 Fd
AN RS TBARS W2 o838t S48t (Table 26~27). dAARH A 81 =

Helol o] A AW Freke S HAT =4 FEE UM wE A Ak
AAEZAE AFHA FUut A 27]A 3H AR Fol= TBARSHol Tk

| ZAadhs AEFS 1Y, ol 9 Mg niel o Adef A}

2 Aolgtal Pk

W 24T SR Qs Ao Asrr £ 53

O dde] wgdor <l FoRFEH 7 He wE:E A oo o8 Ao

Z and Culioli, 1997; Fuentes et al., 2010). A x}A

APE QlE] A E = AL Al AP ROl f)EF ol 53] 4bAvE EAE A AW

A7 v (Song et al, 2009). HEAV|E2 TAEH= A ZH 9

AAE He&A-y ¥ 5% F& Hristo] #e4 #4&

[e]

[e]
o
= AT Ao H& By JQUHKim et al, 2007, Kim et al, 2012). w&hA F
= B
]

A

R
I
B Ho

>

L o o

o

—

BN

A

-

] A
k=3
A7 stz WA oln W o]FHE maskingd ¢ e A=
MdEThd o] FEAlFd R A= d&d ¢ dvta v

Table 26. TBARS values of injected chicken meat added with citrus peel extract by

electron-beam irradiation and high pressure

Storage period {(day)

Treatment SEM”
0 3 6

0 kGy 047" 054 0.47° 0.022
Control 1 kGy 0.45" 057" 0.72% 0.028
2 kGy 0,582 0.50" 0.66° 0.014
0 kGy 0.44% 0.54™ 0.71 0.039
_ 1 kGy 0.65° 0.80° 0.82" 0.065

Citrus peel shez . =
2 kGy 053 0.83 1.01 0.045

SEM? 0.040 0.047 0.027
0.1 MPa 0.47° 0.54° 0.47° 0.021
Control 300 MPa 0.52°% 051 0.63"™ 0.031
400 MPa 056" 0.50% 0.66™ 0.032
0.1 MPa 0.44% 0.54% 0.71" 0.040
Citrus peel 300 MPa 0.64° 0.66" 0.68 0.040
400 MPa 0.61°" 0.81% 0.95™ 0.024

SEM” 0.025 0.031 0.038

UStandard errors of the mean (n=9), ?(n=18).
“dyalues with different letters within the same column differ significantly (p<0.05).
*Values with different letters within the same row differ significantly (p<0.05).
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Table 27. TBARS values of seasoned chicken meat added with citrus peel extract by

electron-beam irradiation and high pressure

Storage period {(day)

Treatment SEMY
0 3 6
0 kGy 1.22% 1.41% 0.87% 0.079
Control 1 kGy 1.31% 1.93™ 1.03™ 0.093
2 kGy 1.35% 2.03% 1.28% 0.039
0 kGy 1.42P 1.30¢ 1.96* 0.059
1 kGy 1.41% 1.59% 1.15° 0.061
Citrus peel
2 kGy 1.69% 1.37% 1.24% 0.047
SEM? 0.081 0.057 0.055
0.1 MPa 1.22% 1.427% 0.87% 0.079
Control 300 MPa 1.08" 1.90™ 1.16Y¥ 0.074
400 MPa 1.38 1.28" 1.18° 0.123
0.1 MPa 1.42 1.30° 1.26° 0.059
300 MPa 1.29% 1.40™ 1.16Y¥ 0.047
Citrus peel
400 MPa 1.39 1.35" 1.23% 0.090
SEM? 0.101 0.080 0.061

UStandard errors of the mean (n=9), ?(n=18).
“dyalues with different letters within the same column differ significantly (p<0.05).
**Values with different letters within the same row differ significantly (p<0.05).
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(5) #HsH7}t

AR 2AF 2 2agts #4d 228 We Heste] A3 injected 2 % A S0
W54 S 218 e S tH(Table 28~29). Imected%oﬂ hak AyE wd izt #4E A
Zherer @Al 7|ERT =& AEs B #44d FEEY A, A FAF A
e 9 Zask Aol vls AA ]'157} 2 A%E Bt FdAS A,
injected 3 w72 tixTe] #4F FEEHY 5 Vv E=oku. AA Ao
2 A A 2 2l s Y ERrE Askelvl shARE 2419k 400 MPaz g+ 9

Ag, dza 2 Aol gl Ao veu

Table 28. Sensory evaluation of injected chicken meat added with citrus peel extract by

electron-beam irradiation and high pressure

Overall
Treatment Color Odor Flavor Taste Tenderness o
acceptability
Control 5.70% 6.00* 6.40 6.50" 6.30 6.60
1 kGy 5.80* 6.10* 6.10* 5.90 5.40% 5.90*
Control 2 kGy 5.40% 5.20° 5.90 5.90 5.40% 5.80*
300 MPa 550%™ 6.00* 5.80* 6.10* 5.90 5.90
400 MPa  5.40™ 5.60 6.10* 6.30 5.30% 6.00°
Control 4,90 370 2.70 3.00° 5.20% 3.20°
1 kGy 4.40™ 3.80 3.30° 3.60 4.20™ 370
Cit
MU o kgy 520 4100 3300 340" 4.60% 350"
peel
300 MPa 4.00° 3.80 2.90" 3.00° 3.80° 3.00°
400 MPa 4.00° 3.40P 2.30 2.80 4.50™ 3.00°
SEMY 0.408 0.322 0.356 0.355 0.385 0.313

UStandard errors of the mean (n = 3).
“*Values with different letters within the same column differ significantly (p<0.05).
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Table 29. Sensory evaluation of seasoned chicken meat added with citrus peel extract by

electron-beam irradiation and high pressure

Overall
Treatment Color Odor Flavor Taste Tenderness o
acceptability
Control 4.90 5.40%° 6.30 6.30 5.60 6.50"
1 kGy 5.60 5.70% 5.80* 5.70° 5.40 5.90
Control 2 kGy 540 5.40%° 6.40* 6.50* 5.40 6.20*
300 MPa 5.20 5.10% 5.70° 5.80* 4.40 5.60
400 MPa 5.60 5.80* 6.60* 6.50" 4.90 6.40
Control 4.90 4,90 4.00° 410 4.90 3.90™
1 kGy 4.90 4,604 3.60™ 3.40 5.00 3.30™
Citrus d . b .
: 2 kGy 4.60 410 2.80 3.20 4.60 2.90
pee
300 MPa 5.00 5.10% 3.20™ 3.10° 4.70 3.10™
400 MPa 4.20 4.50% 410 3.70° 5.00 4.00°
SEMY 0.424 0.354 0.354 0.344 0.362 0.334

UStandard errors of the mean (n = 3).
“*Values with different letters within the same column differ significantly (p<0.05).
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bt S HIbe wE injecteds2o] PAE LHAEE FAH3S HTable 30). FH
57 log CFU/ge]l A&=HEAoH, AA7|3kel] we} wjd=o] S48k fAb
wae) bk wt vAEY e dasidon, HE 9P Aol diE A2d4E w4 EH
T 951 log CFU/g7FA <28k w292 fAkd wae) H7bre] A% 494 log
CFU/g7tA 5248 As 0  dAvh A7 st W AE5A &skvhdata
not shown).
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Table 30. Microbial population (log CFU/g) of injected chicken meat added with lactic

acid fermented solution

Storage period (day)

Treatment SEM”
0 3 6 9
Control 457 7177 8.20™ 9.51°" 0.050
1% 3.86™ 452" 5.227 6.35"" 0.032
29% 2.06 2.87% 421 4,94 0.046
SEM? 0.018 0.033 0.058 0.011

UStandard errors of the mean (n=12), ?(n=9).
“Values with different letters within the same column differ significantly (p<0.05).
*YValues with different letters within the same row differ significantly (p<0.05).
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(2) pH

Fabrt g el HUlol wE injected® 9] pH¥3E Table 310 A A 3F3dv}h. Akt
o 7ol 93] pH7F 74432 ]
pH7} S 7Fek Wb {4kt s E o 296 HIbS A AT|ZRe] wE fo] Al Ao

A ek

o

o
=
=
BN
M
i
do
2
=
i3
boj
2
—
X
i)
)
M
rlo
N
o
N

Table 31. pH changes of injected chicken meat added with lactic acid fermented solution

Storage period (day)

Treatment SEM”
0 3 6 9
Control 6.27 6.11% 6.34% 6.90™ 0.087
1% 450" 480" 4,83 4.92% 0.062
296 448" 457 445 462 0.080
SEM? 0.076 0.081 0.039 0.099

UStandard errors of the mean (n=12), ?(n=9).
*Pyalues with different letters within the same column differ significantly (p<0.05).
**Values with different letters within the same row differ significantly (p<0.05).
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=l u} 2 injected% 9] M E=W3BE Table 320 A A&ACE Bxe 4
G WES AT wEl ghe] Fo Ao ® Aoy, fakwt TEe] HIbel| o
BE7E FrFetl e A7kl oAl Aol glrh AR A fAabdt dEof
Aol oaff A7t gHashE AeFs Blou, AX7|del] e {4 Aol e
Ao g Yetuth S EE ikt R kel os) Frbske AdE wlou, A
Zholl W& 7o 2Ql Aol= AFHA &Fokrh

Table 32. Hunter color values of injected chicken meat added with lactic acid fermented

solution
Storage period (day)
Hunter Treatment SEM”
0 3 6 9

Control 56.86™ 57.98 55.58" 53.85™ 0.853

* 1% 63.60°" 64.01 65.70° 64.12° 2.291

- 29% 64.24° 65.18 65.86" 66.66" 0.733
SEM? 1.548 1.952 1.303 0.885

Control 4,04 4.30 5.02a 441 0.719

) 1% 3.30 3.98 2.61b 3.77 0.702

) 29% 558" 346y 3.24" 279 0.423
SEM? 0548 0.604 0502 0.817

Control 14.06" 15.02 14.20 14.16 1.209

) 1% 1527 16.98 18.36° 17.36° 0.933

’ 296 19.35° 18.76 18.78° 18.24° 0.752
SEM? 1.001 1.155 1.000 0.720

UStandard errors of the mean (n=12), ?(n=9).
*Pyalues with different letters within the same column differ significantly (p<0.05).
*YValues with different letters within the same row differ significantly (p<0.05).
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FATE MR A7k] ME injected$ o AAMAAEE ZHFGArH Table 33). FH A%
ol vE] ke wE el Hbre] TBARSHEC] o AL sty Alad e A
29 Faass o Fd AFE vk glouk, FEdl vl FAsBAE T YL /)
A2 e Aoz e, AR AAE gt & B wWilo] Fesirhal ddEnh

Table 33. TBARS values of injected chicken meat added with lactic acid fermented
solution
Storage period (day)
Treatment SEMY
0 3 6 9

Control 0.53% 0.53% 0477 0.36 0.018

19 2.01% 2.04™ 2,427 2.55™ 0.103

296 1.18% 2.86™ 2.87% 3.30™ 0.177
SEM? 0.032 0.196 0.080 0.103

UStandard errors of the mean (n=12), ?(n=9).
*PValues with different letters within the same column differ significantly (p<0.05).
**Values with different letters within the same row differ significantly (p<0.05).

(5) @544
AL dEe] Avbel wE ing

AN E AT oA Aol wHHA 2geh AW Gvl, %, A% P AA)
49 7| 5% ZWelA A WE A7te] o8] N ERA 4AH A FAsher)

Table 34. Sensory evaluation of injected chicken meat added with lactic acid fermented

solution
Overall
Treatment Color Odor Flavor Taste Tenderness .
acceptability
Control 5.86 543 557" 5.50* 5.93" 6.00"
19 5.00 471 3.29" 307" 4.29" 350
29 5.21 5.00 321" 307" 393" 343"
SEMV 0.358 0.258 0.252 0.288 0.316 0.274

UStandard errors of the mean (n = 3).
*PValues with different letters within the same column differ significantly (p<0.05).
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Zrol 2 Aal Hgx o WE injecteds 9 MAE odx HrE Agstet dixat

< 475 log CFU/ge] dutzr|Adv|gEo] &Y o] A% 7dxtel+ 952 log CFU/g7HA
s [e:

A3 At ZdEd dsXETy A A 7)ol diEad o4 Zolrt §ldon,
A7)z wep v AR FA &S flxaET 2L 2SS skt Adad 2 A4 o
g A Zad dsAHwEY rAES O B oE AT AE AT F o9
AL, BAE o]l e E A adE T ASE yEETH(Table 35). ol w2 A%
&t B ekt (data not shown).

Chloride 2 Bt& & HEAolQol e A S 2HA siFi, Falds AAstE i
27S Mz ’ 53 QY (Jung, 1999).

al & 3

Chloride@ ©] 7| A& T2 A 7122 Ha o] 2o o3 HE & &4k g4 9%
S T4 A, AlEe olitsteraol Wid A5d F7F protease A Adl A&,
AESel o3 dFA #E, FEEAE AARE QI3 uAE A 't €A vt
(Raccach and Henngsen, 1997). Sodium chloride % potassium chloride® @5 22 W&
gt Agmate] e Fgardidel| ek A7 Har® vl lai(Reddy and Marth,
1995; Sofos, 1986), f714H& ¥ &3te] S. Typhimurium, o] vt &3] ek A= 2 4
d ZA3E S35 tH(Hinton, 1999).

Table 35. Microbial population (log CFU/g) of injected chicken meat added with calcium

chloride and lactic acid

Storage period (day)

Treatment SEM”
0 3 7
Control 475" 718 9.52% 0.091
cc’ 47727 591" 6.94™ 0.022
CC + LA™ 0.002% 461™ 5527 6.03 0.032
CC + LA 0.01% 3677 4.56% 5.26™ 0.099
SEM” 0.033 0.015 0.115

*CC: calcium chloride, LA: lactic acid.

UStandard errors of the mean (n=12), ?(n=9).

adyalues with different letters within the same column differ significantly (p<0.05).
*Values with different letters within the same row differ significantly (p<0.05).
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249 9 24 WEA o] W injected$ o) pHABE Table 360] UEHATh 24 2
2ke AEE W, plE Aasts A%e wos, A4/ g Aol dpAe
= UEhA ekt

Table 36. pH changes of injected chicken meat added with calcium chloride and lactic

acid
Storage period (day)
Treatment SEM”
0 3 7

Control 6.41% 6.39" 6.73™ 0.032
cc’ 562" 5.56" 572 0.075
CC + LA™ 0.002% 5.70" 5.43 5.42° 0.026
CC + LA 0.01% 5.70™ 555" 5.65™ 0.053

SEM” 0.030 0.046 0.068

*CC: calcium chloride, LA: lactic acid.
UStandard errors of the mean (n=12), ?(n=9).
adyalues with different letters within the same column differ significantly (p<0.05).

*Values with different letters within the same row differ significantly (p<0.05).
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Table 37. Hunter color values of injected chicken meat added with calcium chloride and

lactic acid

Storage period (day)

Hunter Treatment SEM"
0 3 7
Control 56.64 56.51" 56.57 0.823
cc 59.447 63.01* 63.68" 0.926
L CC + LA™ 0.002% 61.57 65.00" 64.17 2.525
CC + LA 0.01% 56.00 61.73" 62.89 1.664
SEM? 1.612 1.215 1.984
Control 2.26™ 3.01 3.31 0.561
cc 3.46™ 3.09 281 0.342
a CC + LA™ 0.002% 1.96" 2.15 2.06 0.811
CC + LA 0.01% 372" 417 3.63 0.404
SEM? 0.371 0.471 0.762
Control 12.84 13.48 13.25 0.686
cc 13.99 13.88 14.85 0.599
b’ CC + LA™ 0.002% 14.17 14.62 16.58 1.347
CC + LA 0.01% 12.98" 14.59™ 15.70* 0.484
SEM” 0.735 0.374 1.215

UStandard errors of the mean (n=12), ?(n=9).
*Pyalues with different letters within the same column differ significantly (p<0.05).
*YValues with different letters within the same row differ significantly (p<0.05).
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g H oA WE Aol 0 injecteds 9] AR 54 FE Table 38 AA
shadvh. A9 Ao AgzTlels dEw Zad R0 A U] fojARl Aol
e A gk A 39l a9 R A Aol o8 TBARSgke] F7hstsitt. ol
AT A 1AM E HFHSA =, Seld A2 AEd duAeLed vs dad
2 A WEA e TBARSH o] Wl vebte ol#feh Aol digh 9l 248 7
A7t 278, dad 2 A WEA el wE 259 A Akl wIt Ay a3
tha ek,

Table 38. TBARS values of injected chicken meat added with calcium chloride and lactic

acid
Storage period (day)
Treatment SEM”
0 3 7

Control 0.48" 0.60% 052 0.019
cc’ 0.417 0.78% 181 0.111
CC + LA™ 0.002% 0.45" 117> 1.24™ 0.033
CC + LA 0.01% 0.49" 1.25% 1.38™ 0.100

SEM” 0.019 0.019 0.131

*CC: calcium chloride, LA: lactic acid.

UStandard errors of the mean (n=12), ?(n=9).

“dyalues with different letters within the same column differ significantly (p<0.05).
**Values with different letters within the same row differ significantly (p<0.05).
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Table 39. Sensory evaluation of injected chicken meat added with calcium chloride and

lactic acid

Overall
Treatment Color Odor Flavor Taste Tenderness .
acceptability

Control 543° 5.00° bh.57* 5.64* bh.57* 5.64%
cc 507% 4.93% 350" 3.21° 4.14° 350"
CC + LA" 0.002% 5.07® 4.50™ 2.86° 2.50° 407" 2.64°
CC + LA 0.01% 471° 4.36° 2.93° 2.64° 4.00° 2.71°
SEMY 0.223 0.208 0.335 0.302 0.252 0.298

*CC: calcium chloride, LA: lactic acid.

UStandard errors of the mean (n=12), ?(n=9).

*Pyalues with different letters within the same column differ significantly (p<0.05).
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