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Abstract

The objective of this study was to investigate the effect of high pressure (HP) processing on shelf life, as well as the addi-
tion of phosvitin on lipid and protein oxidation stability of minced chicken leg meat. Minced chicken leg meat was mixed
with yolk phosvitin at 500 or 1000 mg/kg meat levels, and divided into raw and cooked groups. Then, the samples were
subjected to HP at 0.1, 300, and 600 MPa. The total aerobic bacteria, lipid and protein oxidation, along with instrumental
meat color (L*, a*, and b*value) of the samples were measured during storage for 7 d at 4°C. In raw meat, the number of
total aerobic bacteria was decreased by HP at 300 MPa (4 Log reductions) and 600 MPa (5 Log reductions) after 7 d of
storage (p<0.05). HP at 600 MPa increased lipid oxidation of samples at all storage days and protein oxidation of samples
during storage at 3 and 7 d. HP induced the changes of meat color by increase of L* value and decrease of a* value (p<0.05).
The total aerobic bacteria was not detected in the cooked samples, regardless of HP pressure, and the lipid or protein oxida-
tion of the cooked sample treated by 600 MPa was higher than that of the control (0.1 MPa) on day 7 or control on day 3,
respectively (p<0.05). The results suggested that HP can improve the shelf life of minced chicken leg meat. However, phos-
vitin might be a limited antioxidative agent for the improvement of oxidation stability induced by HP.
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et al., 2011; Park et al., 2010). T3 EZE 21320 2]
stuE 2t A & HAEY AZd A3

s 7H AF A7IEEA olv IAAE A Es]
(Codex Alimentarius, 2007)2} 7|== 2]Z-2]2F=-(US FDA,
2008)9] %91-& WGITh(Bover-Cid e al., 2011), 2115t %]
o] PAE AME a4 A Rt HIled =5
TAEANA 238 ST 2 IAFF7F 6 Log(400 MPadl|
Al 108, 25°C) A% HAslon 959 7% Tt
2.5 Log(520 MPadlA] 260%) A= 725teitha Bus}
STHJung et al., 2003; Shigehisa et al., 1991). T3 A&
o] 735 HAA wAE] 7 Log(600 MPaoll A 5%, 15°C)
A% 7FAagto] Rl ATkKruk er al., 2011). dFAT 2]
5 AF 238 ] A5 MlEEhs oAl et
ofle} 3 whido] wdH gl o A % &
WA o) Aslr) 7148 vk RuEa s 600 MPa
AN 23t A AS L A= AN A F &
Wzl 23br &2 E A tH(Cheftel and Culioli, 1997;
Fuentes et al., 2010; Kruk et al., 2011; Ma et al., 2007).
olyg A g vl Mgl A& 9 S7HEEY #F
AS AtA= T o)l 23t AEE 259] A
Wl el Aksks w93 Who] Badk o)t

Phosvitin2 Aleke] W3} 319 (granules)?] 725 o|F=
AP AZ T opn|=gt ARES] 50% oS QIitstE
serine®] X}A|FAL = Folgk LRE H o] THClack,
1985). o]#]g Eo]FtxE 213 phosvitin® 3+ T4
A o) EA| (metal chelator)2 Z-8-3=t] phosvitin g+
24 65-70709] HAAE At 4 Udvial ®Basa
TH(Tarborsky, 1963). Phosvitin®] 54 ZHo]E THoZ
13l phosvitino] FAFSFAZA FErol 2ol ofsf WA=
A A E AT 5 o, T3 naEe] Holgdk
ol ARE doA uAE APEEHI} Qo] BaEa
SITHChoi et al., 2004; Khan et al., 2000; Lee et al.,
2002; Lu and Baker, 1986).

b B Age BFESOE f5He ' UESES &
3] ¥ phosvitin F7}st] 2319t Aol W& w|AE A}
W 2349} phosviting] H77H £1g A2lo] o) EA
£ AP R W psje) vXe anE S8 9
TP = AT

o X
-0,
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SA M=
E A% o A3l phosvitin2 Ko 5(2011)2] ol o}
gt Alg G o 2 7Y ot o] FESIY 3E¥s &

Foll 3]sl (1:2, viv) S A|A & Lol 13} 3
Ho 2 HE ogks L NaClS |83} phosviting F5
3lgom, FZ9 phosvitin &9 ZUA AT X
(Quixstand Benchtop System using a membrane column
with a 10 kDa molecular weight cut-off, GE Healthcare,
USA)E ©]83t NaCl A|A & F21x38t 79
phosvitin® FZ3}3th =29 phosvitin sodium dodecyl
sulfate-polyacrylamide gel®ll 3= phosvitin(Sigma-Aldrich,
USA)Z A719F st Ak Blal 18kt =4
phosvitin®] =5+ 80% HE=HN O ferric ion Zd|o]H
8 A2 3EF phosvitin THR] 84% HE9] 58S B
9Jo] FelEiti(data not shown). A& AEEZA A3
Al A g ds AAS AR & T v E
24 APl =& Y v AsWe)E A9 A5

oj o2 RE 3Wel Ure] TYais

el

=
S oS A4, R A 9 AAxRZS AAT &

gato] Ba5tAct. Phosvitin® 2§50l
7}Fo] 500 mg/kg 2 1000 mgkgl] HEE 1%(viw) T
FOo7 32 SRl &aiAA H7FsFATE Phosvitine] 3
74 S HR7HE EasS SekeE Fell "ol 4°C
Wzt Fxo 287 o7 F3F F kg0l AR
Skl TA] 4°C Wz oA 287 £07 vA] 98}
Ak AEE HIZHE A 7FEAET e R o] X
FEZ(10 emx10 cm AYE Z8] ogzl-Lpo]& X3,
A BT 225 mL/m%*/24 h atm at 60% RH/25°C, &
H4: 4.7 gm?24 h at 100% RH/25°C, Z1F%=: - 650 mmHg)
39t 718 ATL 75°C 7}ASEOIA 4087 T}
o dripe AA & oA JFEF ST IFEF H A
FE hydrostatic fluid medium®Z 7 31%7](Quintus
food processor 6; ABB Autoclave System, Inc., Columbus,
OH, USA)9] chamberol]l ¥l 7]& Ao|A] wAyE APE
a7h E1E FE 20 300 MPa 5= 600 MPa 12
o2 sEZF A3 e, o] W) chamberd] €%+ 15+3°C
Ak oldg A AAS 3 wHESIITE 219k M &
ANg9] AF IS Fo 4°C WA 7UTt A
shHA] A@ol ARSI
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Z 3714 "AEY &L Kim 52011 =l o}
ok AlE 10 goll HiE 2197(0.85% NaCl) 90 mL<
7Vsle] 108 314 $ Bag Mixer®(Modoel 400, Intersci-
ence, France)E AFE-3t] 308 B9 &3 & 107 3|49
o2 3143l 34 NS tryptic soy agar(TSA, Difco Labora-
tories, USA)ll =a15Ath WA= S22 EFeH vl
PO Z 37°CollA] 48A17F kgt & S Al 5t
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o] Log CFU/go &2 UERNITH

ANge] A T A Akskee] 4L Stalikas®} Konidari
(2001)e] ®HS FA3}e] 2-thiobarbituric acid reactive
substances(TBARS)#kS 578313ith. A8 3 gol 1 N NaOH
I9mLS ¥ ¥ 7.2% butylated hydroxyl toluene(Sigma-
Aldrich) 100 L& #7}sled 60°C -E-doA 1213 714
EastAtt. 7Sl Eol 40% trichloroacetic acid(TCA,
Alfa Aesar, Heysham, UK)E Z7}ste] 187F bt & o
F(filter paper, Watman No.1)3}Ht}. o3} 1 mL3} 20
mM 2-thiobarbituric acid(Sigma-Aldrich) 1 mL& A& 2ol
Hol E3slor Etle 3083t 90°C 8730l A] 7}
4 F sET B4 EFAS EBF=ADUUS30,
Beckman Instruments Inc., USA)S ©]-8-3}] 532 nmollA]
FH=E 435190 A AHl == mg malondialdehyde/
kg A|B2 FA8FS ™ malondialdehyde?] RS- tetra-
ethoxypropane(Sigma-Aldrich)yg ©]-83F ¥4 0 2 HE

T3

y

HH X/ X

&

5t

g skste S-S 98l Tl 4sHEQ] carbonyl®]
%S Fagan 5(1999)9] ¥l we} 74319t A= 2¢

3} 15 mL pyrophosphate buffer(pH 7.4, consisting of 2.0
mM Na,P,0,, 10 mM tris-maleate, 100 mM KCI, 2.0 mM
MgCl, and 2.0 mM ethylenebis tetraacetic acidys %3t
3 ASSIGTHT25b, Tka Werke Gmbh & Co. KG, Janke
& Kunkel, Germany). 72 2 mLA F 7]9] A|gdHo =2
Fro] 2mL TCAE Z7F & 944188 (2,090 g, 15%)3H
o, AAE] 2mL TCAZ tA] H718 3 AR 3}
o ARl ARESIATE F e AlddE o
e Tl RS Qe VA shte] AEs
carbonyl $HF =748 $J8] AFE-3F T} Carbonyl $F
F 248 Al Algdel 2N HClol| 314121 10 mM 2,4-
dinitrophenylhydrazine(DNPH) 4 mLS- 3713+ 3 2-20]| A
3037F WHE-AIA hydrazons AASHRALL, A A A
F#el= 2N HCEE: 4mL H7kete] SARE WhgAIH T
7kl DNPH AAE 93l 20% TCAS 4 mL 37} & 9
AR (2,090 g, 158)3tF o™ HHE] 10mM HCl(in
ethanol:ethyl acetate = 1:1, viv)S 4 mL 37}sle] wHk &
Ol 4122 (2,090 g, 157)3k3dEt. ©] 85 33 vk
Stk T YS9 AFRL 20% TCAZ 7}
F AARANC00 g, 1585 AAEE AU F A
o] HHAEL 6M guanidine hydrochloride(in 20 mM
potassium dihydrogen phosphate, pH 2.3) 4 mL2 % 7}3}ke]
4°C WAl 12413 3t S3iA AT TiE ek
HEEAE o83t 280 nmollA FBEE SRS
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A & 5714 HIAE 55 SASIATHTable 1). Z3L
o 2121 (300 2 600 MPa)ell &J3l| #2] 2F Axo] F 5
71/ v Eo] HESHA(<I Log CFU/g) <7HA AFE €
o] 1 ATHP<0.05). A 3¢ 3 600 MPa ]2}l A
© F 371 nEC] SAEA ZAAIEE 300 MPa €]
o A= phosvitin F-H7HE2 500 mgkg FH7HrA F
3714 v Eo] oF 4Log CFU/g 523t} 3FA| %t
phosvitin 1000 mg/kg F71ol &3] & 5714 v|AE S
o] HEIM FEoE AAlHo] WA aHE AT
F AATHP<0.05). A 7¢ F 239t FATTNAM F
714 mAESY F2lo] RIAHORE I EE 7 Log
CFU/g(ICMSF, 1986)2 @4 8 Log CFU/g 5 X<l
HEH, 300 2 600 MPa ATl e F 37143 vdE 5
2lo] frojA o2 747t 4Log ¥ 5Log¥E A= AT
(p<0.05). Phosvitin H7}ol] W & 5714 wAYE Z2] 9
A E3R= 600 MPa 2] 2]l Mut 2] 91 2102 WO
U 1 Log 1vke] 52 oA ¥E B phosvitin®] & &
714 wAE e S Bk IR &S Ao H
Thp<0.05). 7}45-2] 79 =319+ A2] ¥ phosvitin F7}
o} F#3HA A AR A F 274 vAEe] A
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Table 1. Number of total aerobic bacteria (Log CFU/g) in
high pressure-treated raw minced chicken leg meat
added with phosvitin during storage at 4°C.

Table 2. 2-Tiobarbituric acid reactive substances in high
pressure-treated raw minced chicken leg meat added
with phosvitin during storage at 4°C

Pressure  Phosvitin Storage (d)

Pressure  Phosvitin Storage (d)

1) b}
(MPa) (mgkgmeat) g 3 ;7 oM (MPa) (mgkgmea) 3 SEM
0 4,647 498" 856  0.019 0 0.31Y  0.39%%Y 042X 0.025
0.1 500 4.53% 494 8.64™%  0.092 0.1 500 0.35%Y  0.41°Y 045X 0.020
1000 4.52% 491" 858X  0.019 1000 0.38%Y  0.41°Y 051  0.014
0 ND¥ 403 460 0.097 0 0.34%Y 036" 048"  0.025
300 500 ND¢Y 3.97°%  3.93%X 0177 300 500 0.385Y  037Y  0.47"%  0.014
1000 ND¢Y ND¢Y 3.94%% 0,042 1000 0.39°%Y  0.39*Y  0.48"%  0.021
0 ND*Y ND*Y 3.67°%  0.061 0 0.38%Y  0.54*%  0.58"%  0.029
600 500 ND*Y ND*Y 3.42% 0.121 600 500 0.38%Y  0.37°Y  047°%  0.014
1000 ND<Y ND®Y 2.96%  0.294 1000 0.42%Y  0.57*  0.60**  0.013
SEM? 0.007 0.038 0.225 SEM? 0.021 0.020 0.024
Standard errors of mean (n=9) YStandard errors of mean (n=9)
A(n=27) An=27)
ND: viable cells are not found at a detection limit less than 1 Log *“Different letters within same column differ significantly (p<0.05).
CFU/g. XYDifferent letters within same row differ significantly (p<0.05).

*dDjifferent letters within same column differ significantly (p<0.05).
XZDifferent letters within same row differ significantly (p<0.05).

SHA| S R TH(data not shown). 319} *|&]o] u}
ASH F 327143 vAEe] S4 JAad= 7|E A
TFolXx oln] HaEa et AlS el 500 MPa A
EV‘] 4-6°Co] YdA7 14?4_ 221 * F 37148 vy
=9] S4°] 7} 3Log B 6 Log= AlF i B
3 cH(Pietrzak er al., 2011). T3 HYAA v YEQ] Sal-

monella Typhimurium, Escherichia coli, 2 Listeria mono-

cytogenesE 8-9 Log CFU/g o2 A& 7I55el HE

F Z33}F A(600 MPa, 5%, 15+£3°C)3+ A} 4°C W%
A% 79 Sollx B mAEe] AESHA TS BA
CHKruk et al., 2011). Choi 5(2004)¥} Khan 5(2000)2

phosvitin®] g+t &3= RISt E colt HEE X
A iAol phosvitin H7} & 50°CE 7}E* ]39S

phosvitin 371l M= E. coliZ}t 7AZEE JAIWF phosvitin

A7HME AEEHA Gtken, Fdx7 st 37°C 7+
QA2 H9e e FEETE Yok Husk gl

phosviting} 7}G9x12) S WMaPAS wf 3 Al A
F7F ARG Ao HRIth B A7 AFME %

319t A2] & phosvitin H7HE W SRS W F 5714
B E ZAo Ao AsaarF VEREA|EE phosvitin F-3
7 zpo)7h AA] gfot phosvitin®] Ft Eihe W
Zo 8 YZHEH,

rlru i

x|t 9 R M)
279 A2 E A4S % 71804 TBARSHO] S71]
Ao| El= It Tables 2 and 3). A5l 313 *{E]

A% 218t Aglol W& TBARSHEHS F7k= UEhAl

Table 3. 2-Tiobarbituric acid reactive substances in high
pressure-treated cooked minced chicken leg meat
added with phosvitin during storage at 4°C

Pressure  Phosvitin Storage (d) SEMD
(MPa) (mg/kgmeat) ¢ 3 7
0 1.99% 6.49%Y 8.72%  0.185
0.1 500 2.20% 5.72%Y 882X 0.125
1000 2.15% 5.24¢Y 8.70%  0.178
0 2.08% 6.56%Y 9.10%  0.166
300 500 2.24% 5.89%Y 9.42%%X  0.133
1000 2.26% 5.77°Y 951X 0232
0 2.247 6.60°Y  10.59%  0.316
600 500 2.25% 5.98"Y  10.15%%  0.171
1000 2.14% 5.44%Y 10.60°%  0.347
SEM? 0.149  0.169 0.305
'Standard errors of mean (n=9)
Y(n=27)

*“Different letters within same column differ significantly (p<0.05).
XZDifferent letters within same row differ significantly (p<0.05).

erokth ST A% 3d 2 7Y & 2t viA e
300 MPa A &]7ztoll §-2]2Q1 TBARS#S] Zfol&= e}
WA 92 W 600 MPa A 2]l 4] TBARS ko] HIA]
glatel] wlste] o] os mao] FIHU0T (p<0.05),
A HE AT 4 A= TBARS 9191 0.5-1.09]
I3 Ach(Kanner, 1994). F4:0]2 ZHO|EAZA] 37}
3} phosvitin®] TBARSHS] 57} JA|a3= YehA] &
ek, 7kl 2a1st ARt A3 A% 79 5 600 MPa
Z319F Aol TBARSZC] fojFo s Zrhdo] U
EFstTH(p<0.05). Phosvitin 7ol W& g3t= XA 3d
- phosvitin 500 Z 1000 mg/kg F7RrAA fFeldoz
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TBARSZEo] B 7ol Blgte] SQIATH(p<0.05), #4177
A & At 7ol FolZQl Afolg HolA] gttt wh
Ao] sl mE BAgEL op)ietlel] we} 2] arginine,
lysine & prolined} #+-8 o}u]=2ke] Akslo] o) carbonyl
F7F A, carbonylF7F Sl AkstEo] 70% o)
< ZHAEF carbonyli el whel @ AE =S
4% 4 Jokal BRuF3 ItH(Lund et al., 2011). 31
4 AHE S F 7S5 carbonyliF T =4 A
Tables 4 B! 50l VRt A2 B¢ 219k A
$oll= carbonyli FHeFo] 29t A ShEztel 9
Q1 ApolE HolA] ekA|wh, A% 3 8 79 ¥ 600 MPa

it

P

Table 4. Carbonyl content in high pressure-treated raw minced
chicken leg meat added with phosvitin during
storage at 4°C

Pressure  Phosvitin Storage (d) SEMD
(MPa) (mg/kg meat) 0 3 7

0 0.54% 0.93%Y  1.21%  0.026
0.1 500 0.50% 0.94%Y  1.10°%%  0.029
1000 0.58% 0.99Y  1.24%  0.026
0 0.53% 0.95*Y 126" 0.030
300 500 0.58% 0.96"Y  1.17°%%  0.043
1000 0.51% 0.99Y  1.21%  0.026
0 0.54% 1.122Y  2.18%  0.064
600 500 0.55% .15 231%  0.110
1000 0.55% 1.09%Y  2.13*%*  0.030

SEM? 0.036 0.025 0.076

Standard errors of mean (n=9)

2(n=27)

“®Different letters within same column differ significantly (»<0.05).
XZDifferent letters within same row differ significantly (p<0.05).

Table 5. Carbonyl content in high pressure-treated cooked
minced chicken leg meat added with phosvitin

during storage at 4°C.

Pressure  Phosvitin Storage (d) SEMD
(MPa) (mg/kg meat) 0 3 7

0 0.61% 1.54%Y  2.11°%  0.060
0.1 500 0.53%4% 1.55Y  2.70%  0.160
1000 0.58%<2  1.59°Y  243%X  0.025
0 0.519 1.61Y 295X  0.197
300 500 0.55%4Z 1,60 273X 0.079
1000 0.60™7 1.54Y 298X  0.047
0 0.57%dY 303X 286  0.184
600 500 0.55%4Z  2.10°Y  2.77°%  0.114
1000 0.59%%  221%  2.65%X  0.116

SEM? 0.016 0.124  0.173

Standard errors of mean (n=9)

A(n=27)

*IDifferent letters within same column differ significantly (p<0.05).
XZDifferent letters within same row differ significantly (p<0.05).

8] tol| A carbonylF $Hgo] 29t 7] % 300 MPa
Aol vlal Fo]H o2 Fgo] FRIEATHp<0.05). 7t
M= AF 39 F 600 MPax]&]iol| 4] carbonylF-
o] fojFH oz EA|THp<0.05), AF 7Y Foll= 2
wgk Ae) bl frelHel Aol molA] ekskck.
Phosvitin 7}l W& Thld Aksl A a= =319k
Ae)E ASAs e A eskor, 7HES A9 A
F0d 2319t FAl7ollA] phosvitin 500 mg/kg 71l
OJ3l carbonylF o] HIH7bto| Bt fojFow U
At 2, A 7Y Foll= carbonylF O] 24
=2 o} phosvitin 7}l wE Thld Aks) AA| &AL
A7getA VFERAA] etk BEdF A1 39 $ 600 MPa A
)it ol phosvitin 71l 2J8)] carbonyliF $HEo] H]
Wkl Wls) froA .02 SekARr 44 79 F carbonyl
5 Fo] phosvitin H71e] o142 Fee WA esle).
oo A= & A7t FYE1 st phosvitin®] 7t
2 st AEE B 5o A Aks Aol dA|s)
2] k=], F4 59 A9 vt 2 53 HE
AE)H B 8 25 H7E phosvitindl] 2]&)] X231
o Aol wWE At fojFom A oH, &
iz Akl oA g s e A 2ttH(unpublished data).

Zah Ay A5 A5 5 il 24T &R
A3l Aol AsF R 53] 3 o T W
do= Qs ForHH fg] Ee =FH H o]2d ¢
aff At 9 e o) Aksy £XEvhal Bas i glok
(Cheftel and Culioli, 1997; Fuentes et al., 2010). L&]1L
A ol og A 9 Iude] sl F2 27 9 3
7F A o] 2(Fe*" and F*yd} I2kst =4(H,0,)7F whd 2}
222 A Ad8=Fenton 30l 23+ Ao]™, phosvitin
©] Fenton §h-3-5 SAlste] A 4k8lE JAIE 4= okl
Huw 3l 9lti(Ishikawa er al., 2004). Cheah®} Ledward
(1997)0] w2 EHESo) 400 MPa o] 219t A&
Al A A7y F7ek, a4 AeElo]EAIR] citric acid
o} EDTA F7Fell o3l a8t Aol we APitsts <
A 4= okl Buskar Tk Ma 520078 2319t A
2E 983} A%l APETl KL 200 MPa o]l
A AlS-L 600 MPa o)Al A Z7}8HH, -$-5-(200 MPa) >
E=5(300 MPa) > AlS(600 MPa)2] =02 Z319t 2o

£ APEst NRFe, ole ot 3 2
o] A Apo|& Qlef Za1gk Al mE &4 A=
7F 27 wjEelgtal Baskal itk & ATtellA 300
MPaxiz)ol] mhe vl 218} 27k dojuiA) ek,
ole} FAFEHAl 200300 MPa Hele] ol3] T 21a}
Z7V8HA] &2o] B = QJtK(Cava ef al., 2009). Orlien
52000y A5 W A RY Holo] fEje A
o|% 800 MPa o] Za18F 2] o3 WA= whi
52 500 MPa A g]ol| o]l HIFHe] o] Frtsto,
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500 MPa Mol W& Ao Auaksl 2o uF
A Akl S akgol] ofgh Alo] ofe}t 24 4ol
2 Zlojgta ®Busta Qi) o] ARER 8 &

Aol A v He oJgh A Aksls AAsh] L8 54

A o|EAZA] H7HE phosvitino] 2115t Ag)d 22 A

So] AF 2 oA A3 Z12 gatHo g AA|EA=

53k Aog AlgHY

¢

Table 6. Instrumental color of high pressure-treated raw
minced chicken leg meat added with phosvitin
during storage at 4°C

Agel foe Zugt A <5 W Ffolg 1
CHTable 6). 2319k A2] o] S7F&r% L* g2 o
ZF 10%(300 MPa) == 28%(600 MPa) 718} 3L, a* 7t
7} bighe Ak Zo] BR1EATHp<0.05). olHE &
el Aol RE A 7 A2 ALE B
SHANE 7FES] A Ao §4 wislel e AES
Boled), 239 M) 4 2ol s L* & a* gk
Table 7. Instrumental color of high pressure-treated cooked

minced chicken leg meat added with phosvitin
during storage at 4°C

Pressure  Phosvitin Storage (d) SEMY Pressure  Phosvitin Storage (d) SEMD
(MPa) (mg/kg meat) 0 3 (MPa) (mg/kg meat) 0 3
L*value L*value
0 53.90°  54.14¢  54.22¢ 0.381 0 68.67°7Y  69.47°X  69.16°°9%Y (.145
0.1 500 5425 56.61°% 5627  0.279 0.1 500 69.57%%  68.87%Y  69.81%% 0.155
1000 5421°  5541"  54.33¢ 0.439 1000 69.78*  69.28°  69.44%® 0.171
0 59.27°%  57.68%Y  59.53°%  0.322 0 68.31¢  68.83  68.68%% 0.245
300 500 59.20°Y  60.37°%  59.97°%  0.270 300 500 69.19%  69.27*  69.34% 0.210
1000 59.50°Y  60.75%  59.72°X  0.287 1000 69.22°  68.85®  69.29"
0 69.49*  68.34"  69.06° 0.328 0 68.149  68.18°  68.14° 0.200
600 500 69.425Y  69.90°% 69.15°Y  0.137 600 500 68.68°¢  68.19°  68.62% 0.157
1000 69.60°  69.52*  69.45° 0.108 1000 68.62¢  68.31°  68.52% 0.189
SEM? 0.163 0294  0.397 SEM? 0.168 0.209 0.208
a*value a*value
0 9.46*  9.81° 885" 0343 0 361  2.83% 331" 0262
0.1 500 9.33* 9.34° 9.22° 0.337 0.1 500 2.89¢ 2.63° 2.92° 0.106
1000 9.61°%  9.04™Y 837" 0.199 1000 2.74° 2.63° 325" 0.224
0 8.26" 7.81° 7.45° 0.408 0 3.69°%  2.74bY 3883 0.148
300 500 6.66°Y  9.12°%  7.65°Y  0.321 300 500 3.01% 2.86°  3.06° 0.060
1000 6.20°% 9.44°% 764 0354 1000 3.049X ) 842beXY 9 (3bY 0.046
0 4.38¢ 4.36° 4234 0.157 0 3.5280eX 2 9QbeY 9 g2bY 0.132
600 500 420% 375 3824 0.093 600 500 3.20%4 3197 3.11° 0.055
1000 3.77¢ 3.78¢ 3.69¢ 0.098 1000 3.26% 3.09% 2.89° 0.228
SEM? 0257 0347 0223 SEM?  0.106  0.112 0.232
b*-value b*-value
0 2128 2071® 21.06°  0.366 0 1827V 17.87 1841  0.139
0.1 500 2159 21.00%  21.81%  0.224 0.1 500 18394 1818 1855  0.150
1000 21.49%%  20.57%Y 20.52°%Y  0.144 1000 18.56™9% 18.07°Y  18.49*X  0.070
0 19.48>  18.10¢  19.16¢ 0.396 0 18.30°4Y  18.33%Y 18.82%X  0.136
300 500 18.69°Y  19.68°%  19.89°X  0.144 300 500 18.60°  18.34%c  18.72% 0.157
1000 18.65  19.95°X 19384  0.157 1000 18.607°XY 18.36™Y  18.70*X  0.093
0 17.29%Y 16.56°Y 1743 0213 0 18.628°%XY  18.34%Y  18.96™X 0.101
600 500 16.88°%  16.36°Y  17.22%%  0.124 600 500 18.81°%%  18.43%Y  18.94%X 0.071
1000 16.78°Y  16.47°Y  17.58°X  0.134 1000 18.74*  18.63° 18.82% 0.132

SEM? 0.120 0.295 0.246

SEM? 0.093 0.143 0.121

DStandard errors of mean (n=9)

I(n=27)

*dDjifferent letters within same column differ significantly (p<0.05).
XZDifferent letters within same row differ significantly (p<0.05).

YStandard errors of mean (n=9)

I(n=27)

“*Different letters within same column differ significantly (p<0.05).
XYDifferent letters within same row differ significantly (p<0.05).
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gk 73gke] o121 Apo]7h IATHTable 7). Phosvitin
717F $A9] Walol] vxE gEke S 2 UkE &
*, a* B b* gk oA AR FolHQ AolE HYATH
gFo] A ekokom ko] Apo] mdt FA]
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M W o o e
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7 BUT
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3} THunpublished data). 2319}t AE|® & 7559 74
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