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Meat Quality Comparison of Beef from Hanwoo Supplemented with
Dietary Rhus verniciflua Stokes Meal, Silicate, and Chromium—
Methionine during Refrigerated Storage

Sun Moon Kang, Ik Sun Lee, Young Han Song', and Sung Ki Lee*
Department of Animal Products and Food Science, Kangwon National University, Chuncheon 200-701, Korea
'Department of Animal Resources Science, Kangwon National University, Chuncheon 200-701, Korea

Abstract

This study was carried out to compare the meat quality of beef from Hanwoo supplemented with dietary Rhus verniciflua
Stokes (RVS) meal, silicate (Si), and chromium-methionine (Cr-Met) during refrigerated storage. The 26 mon-aged Han-
woo steers were fed basal diets containing 4% RVS, 4% RVS+400 ppm Cr-Met, 1.4% SiO,, or 0.14% S10,+400 ppm Cr-
Met for 4 mon prior to slaughter. The M. longissimus from carcasses were then stored at 4+0.2°C for 7 d. The crude fat
content was higher in the Si and Si+Cr-Met groups (p<0.05). The water-holding capacity (WHC) and tenderness were high-
est in the Si+Cr-Met group (p<0.05). With regard to fatty acids, the polyunsaturated fatty acid (PUFA) content was lower in
the Si and Si+Cr-Met groups (p<0.05), and the monounsaturated fatty acid (MUFA) content was lowest in the Si+Cr-Met
group (p<0.05). The TBARS and MetMb contents were decreased in the Si, Si+Cr-Met, and RVS+Cr-Met groups. Regard-
ing meat color during storage, the Si+Cr-Met group showed the highest L, a, b, C values and total color, and those of the Si
and RVS+Cr-Met groups were higher than the RVS group (p<0.05). Consequently, beef from Si-fed Hanwoo had higher fat
content, color and oxidation stability, and lower PUFA content than RVS-fed beef. And beef from Si+Cr-Met-fed Hanwoo
had higher WHC, tenderness and color stability, and lower MUFA content than Si-fed beet.

Key words : Rhus verniciflua Stokes, silicate, chromium-methionine, Hanwoo beef
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3l QQ1E9) o) I3FS WwHor)(Lindahl et al., 2006; Lufio
et al., 2000; Rosenvold et al., 2003), o= 7P 2H A 0]
W EHEQ) G e AlEe} ¥ 5 Uk
A e AFAEo] 71l A AE(Kang er al.,
2006; Kim et al., 2006; Pugliese et al., 2004), %4 HHur
et al., 2004; Scollan et al., 2006), =2 (Kang et al.,
2002; Kong et al., 2004, Matthews et al., 2005; Van de
Ligt et al., 2002) BIE}(Oka et al., 1998; Yang et al.,
2002) 5 TFRE FR9 ARR AEES 593 459
‘E’X] < T ]JJ} 3ttt olF YT AR 549
wE dTEA, Klm (2006)—37 2270 €® A ==
Zﬁ 4718 =2 2HE-E JIRAES 0, 2, 4 R 6%2 F

ARE W,

:LOF’—EE} A37)9) 4 B A Asjol
44, wee u BESAPAe) ZThshEom, 53, 4%
Folrol /14 e 43 RS Bl FRUD B
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35Tt =2 F9oll 3k A=A, Kang 520026 6
NEE SR A 18712 S LS RS W), &
HHTEY ARy ghgo] w31, gl 9 318 gk Ad
Ho| gigtom, Akt © ok Aol & IS 1
XA Feiokal B 3ty ct. B8 Matthews =(2005) =
ANA 54, vl57] % FZEZZILARE FAFS 9,
oot Fgodq 7t A HE, AR 2443 pH, =
HAY, 7HEE, A9y € 3ESA9] 2o)rt giioia
L=IeTkc] 5o =

o9} o] AATA £UF-, T 2 AE FAol o
3 AT TYS 9 £ v F9 5o w4
Tk

o} %

B2 Fofslel e %9 FAL NaE A7 A9
Qe Agolth. Wb ¥ A7 SUR B 39 2
agME U W) EFF ARE Fald
955 WPARIE B A2 2L v

SEEE]
WE Y

ANEsE ¥ M=

20004 AMES- 14FFHT 5718 kg)E A7 = 7HH
a7 AFE B AR FHAA BEEA 3071LH &
T 6483 kg7t FAISIATE £ AR AHErEL £
F B 4%47), 2UF B9 4%+35WE QY 400
ppm(4F), T 1.4%(35F), 22|3L AR 0.14%+3F
HE 2 400 ppm(3F)SE UFo] AS-E ARSI
AlgE 2UE Bk 24.03%, ZAW 0.23%, 20
2 0.73% B 238 1.32%)1 Y oA 83 =9t
Aie 2UFE Adeta AAAFRAT v 53
& ZAY A=Z7)(Poonglim Co., Korea)?} £L7]S o]
&5t wAH ez st} AZsint. 1AES Pozolia
AH(Korea)®] Pozzolan(SiO, 68.9%, A0, 15.6%, Fe,O,
4.74%, MgO 1.24%, K,O 3.55%, Na,0 1.66%, CaO 0.36%,
TiO, 0.62% 2 MnO 0.01%), ZEHE} 2 I InnobioA}
(Korea)?] Cramin 1*(100 ppm chromium-methionine/kg)S
ARSI o, EFALE 9F ZALE (3= AR Z .

SAXH=

S5 APEEESS S50 2°ColA 48217 &
2t AW v WSSl A SAWM. longissimus) H-9
£ 2 A¥9 ASE o] 83 A 94, 4°C A &Alof|A
AR, AAZFA 9 a8 HeE AAT T A=
715 1 cm 5AE2 2939t MetMb 2 ¥HSA =4
| AlEE A Ade Ejogd 84 (Oxygen transmission
rate=35,273 cc/m>-24 hr-atm, 0.01 mm thickness, 3M Co.,
Korea)ol| ¥Astg oW, =317k £31¢el W TBARS =

e ANEE AFEEE ARE E9ddd A3 (LDPE
cleanwrap zipper bag, Cleanwrap Co., Ltd., Korea)®l| &
4:0.2°C| A 79 Ft AAsA

AUuAGR RS AOAC(1995) HPH| 2J3] AA)E+ATh.
T2 105°C dry ovend ©o]&-3F At 7FEdxH, A
"8 diethyl ether®] 2]3+ Soxhlet F&H, 2T AL
Kjeltec system(2200 Kjeltec Auto Distillation Unit, Foss
Tecator Co., Sweden)®l] 2|3t micro-Kjeldahl, &3]
550°C 3)3}t=of &3k 7233 HS o] 8-3k3H.

T4 S Sammel 5(2002)2] Wl 2l AA
SIAT AR 5 g3 4°C S 15 mLE homogenizer
(Ultra Turrax T25 basic, lka Werke GmbH & Co., Germany)
2 13,500 rpmol|A] 10 3+ #&AZ T 4°C, 30,000xg
ANA 308 B VAT (02-21 Centrifuge, Beckman,
USA)SIY T A5l F33TE 525 nmol A UV-vis
spectrophotometer(UV-mini-1240, Shimadzu Co., Japan)=
248 & t1e] 40 o8] AEsgT

Mb (mg/g meat) = (ODxMb2] MWxdilution factor)
/(molar extinction coetficientx1000)

Mb&] MW (Drabkin, 1978) : 16,110
Molar extinction coefficient(Bowen, 1949) : 7.6

X|edt =

Folch 5(1957)¢] ¥Ho| &3 F&3F A &S AOAC
(1995)2] Wil 2|3l fatty acid methyl esters} A7 T
GC(Agilent 6890N, Agilent Technologies Co., USA)°l| £
3 BAstg e, 2H2Ee] fatty acid methyl ester standard
£ (Sigma-Aldrich Co., St. Louis, MO, USA)®] retention
timed} VW3] AR3IIATEH ojuf) GC) A Z73L- Table
13} 2},

pH & &SRS

pHE A1E 10 g} 25 100 mLE 7P| YAMX-
2000, Brawn Co., Germany)2 &% 29A9A 30% 52t
7+ 2A3% t}3 pH meter(SevenEasy pH, Meittler-Toledo
GmbH, Switzerland)E &4}

Akel8hd A 9] (oxidation-reduction potential, ORP)x= Nam
7} Ahn(2003)9] W& A8 HAIBIHATE AR 10 g
I S5 30 mL, 7.2%(w/v) BHT 100 uLLZ hand blender
(HR1372, Philips Co., Netherland)Z &% 5TAA] 15
Z 9 7#ASH{Y. ©]% FA] pH meter(SevenEasy pH,
Mettler-Toledo GmbH, Switzerland)®] H=8-S F& A
TS o A3 3% ol mvE SR
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Table 1. Analysis method of fatty acid composition using GC

Instrumentation
Inlet Split/splitless
Detector FID
Chromatographic system Agilent 6890N (Agilent Technologies
Co.,USA)
Automatic sampler ‘Agilent 7683 (Agilent Technologies Co.,
B USA) |
Column HP-Innowax (30 m lengthx(.32 mm
1dx0.25 pum film thickness, Agilent
Technologies Co., USA)
Experimental conditions GC/FID
Inlet temperature 260°C
Injection volume 1 uL
Split ratio 10:1
- Carrier He, 1 mL/min constant flow
Oven temperature 150°C for 1°C/min
150~200°C at 15°C/min
200~250°C at 3°C/min, 250°C for 5 min
FID temperature 280°C

B4y, SR Y ey

B ¥(water-holding capacity, WHC)2 Hofmann %
(1982)8] AR|F2HHol &3] HAISHHT. -4, plexi-glass
plate(11.5x5.0x0.8 cm®) 9ol =21 oJ3}X](No. 2, Whatman
International Ltd, England)e] %ol A& 03 g2 Sd=
I YA plexi-glass plate® €2 U 543 o=
A2 2o 5B EoF wxSlgT), o] digitizing area-line
meter(Super PLANIX-a, Tamaya Technics Inc., Japan)&
o83t} ) NRBATY FUAL S4T e wE
H(P)E =3I
- =¥z 9 71E 7R Honikel(1998)] Bl ol $23514
AT =P A 3ol TS SFe) S
271919 ME-(R)E A& 7HEGFLS 2 cm F
A8 ABEE AFEAE ALz Zd8d AW ¢
31 75°C water bath(OB-25E, Jeio Tech Co., Korea)ol] &
7} 458 59 TdelRlon, ojul WY §Fe] FS A
5 271FAY 9EE(%)E AR

X
e e 1
VERES 248 ABES 47 1xIx1.5 cm’E AE

3l U} Warner-Bratzler shear blade® A3t texture
analyser(TA-XT?2i version 6.06, Stable Micro Systems Co.,
Ltd., UK)= 2= (Warner-Bratzler shear force, WBSF)
ZAE01, blades} TAH ko] HP=E Ats}
Gt oju EA%21-2 load cell 25 kg, pretest speed 5.0
mmy/sec, test speed 2.0 mm/sec, posttest speed 5.0 mm/sec

olglom, BAE AIE kgo 2 ST

SeE g X[Ethlx

Z3H9¥ (total reducing ability, TRAYS Lee 5(1981)¢]
WHE TR AABIAT A, AR 2 gt 25 mM
PIPES buffer(pH 5.8) 10 mLE homogenizer(Ultra Turrax
T25 basic, Tka Werke GmbH & Co., Germany)Z 13,500
rpmo A 102 F2 23 FT. dEN 5 mLet 5 mM
potassium ferricyanide 2 mL, 0.5%(w/v) ammonium sulfa-
mate 0.1 mL, 0.5 M lead acetate 0.2 mL, 20%(w/v) tri-
chloroacetic acid 5 mL ¥ =54 0.2 mLE £x3o0=2
&38}a1, 0.45 um syringe filter2 A3 $ 420 nmol|
A} FHEE =4 (UV-mini-1240, Shimadzu Co., Japan)3}
Aot HEFEHoZ FIYHLS 1 mM potassium ferri-
cyanide®] FEZX AR FEFEE W FX 2 A3t
Act.

X] & Ak 3 T (2-thiobarbituric acid reactive substances,
TBARS)E Sinnhuber} Yu(1977)¢] HPHE okzt 42435}
AABIAT. Al 59 T35 E 532 nmollA] UV-vis spectro-
photometer(UV-mini-1240, Shimadzu Co., Japan)Z 573}

o, HELX+= AR 1 kg9 mg malonaldehyde(MA)
2 A=t

MetMbe] &ak |
Alg XS] MetMb ke Krzywicki(l979)94 H}tH o))

Qg Zgsden, 3 whEg 2554 AAEIHT AR

el HEALS-E  reflectospectrophotometer(UV-2401PC,
Shimadzu Co., Japan)E& ©]-&3}a] 525, 572 2 730 nmo|
A 251901, ot ¢ RIAEE 2-log(% reflectance)
2 W335l Demos $(1996)] HHHo] o3 HE-L(%)2

A&}

EHSM

AEe] FHSAME chroma meter(CR-400, Konica Minolta
Sensing, Inc., Japan)E ©]23}o] CIE L(lightness), a
(redness), b(yellowness) & C(chroma=[a’+ b*]"HE Z43}
o™, Eagerman 5(1977)¢] R wel F52(total
color={L-2*}/b)S At=3tH Tt ©|W calibrate plate(2°
observer)®] illuminant C¥ L=97.46, a=0.08, b=1.819]}
At

SAIXZ]

AP AI= SAS(1999) program®] General Linear Model
procedure®] W} A=A oW, 7+ X+ 7t 7oA
A= Sl SRR AA1% ¥ Duncan's multiple range
test2 5% FEolA oA 2olE AFIIALH



LT 2, UG A 3E0EY 26 2|2 I3 Hi 141

=Wy 28, Y ® asvged oo oE @
o] INHE R T4 S Blulgl A= Table
29} B}, o, A, Z3E H TS IS 7
A B TR+ EETE Y FoTEe] 24T 2 2
FragdEed Fo7ERY ¥ g2 UA vehd
WA (p<0.05), ZAEL 7AHE 2 it a+aEmE el
HH9TE0] wAHem A UEHTHp<0.05). SRR 5F
A B 2UE Fo7E YoM AgdEed wodl o
& Zlole YehtA] ittt mebA gheoll Al e &
oAAl 2 APY Fo] wopslon, o]d wat Ao
2 9 o AL Te] wold BeE Alsd
oF AR e 2 AsE Y 5evE 1719 F
SAE G viAe G tEiMe ¥oE ub it
PRI Kang 52002y /R ® She-5ollA 71AIEE 18
M8 S FAA G AW o] FFAFRY &
o, il gl 3E dheke Ytk sl Bl
31921, Van de Ligt 5(2002)2 AAZ0o] 26 kg2l H A
SAl AFEYAS e S47]) 5 FAA A=
holl ARPE el Aot fithal T Hag 3
HE Sl

7edZier o Mok
pH, 5375 2 7178 (Table 3)& 937710
o)Al o)t YERUR] edott). SEATE B2 (Table 3)

o FAd+aEvEl Y F97 UE FETEEY &
Aoz A VeERG O (p<0.05), HTE (Table 3) f
AFG+AFWE oW Fo+7E oA o g WA Vel
(p<0.05). WA 59 pH7}F TR R AEHEld
o] Fodof| & zlolr} UFANE B8k, AkEd =
EHEUS B8 FH3S W Bygy Ad=r) VM =
A Jehdtt o]# sk o= 17]8 SHANET =5
£ 348y dxr)t 7] WEo|th(Wood, 1993). =3 £
A= FotAdAl 1878 Bt tdE FAA A
s 7 pH, 7FE 7, B4 o] o]y} glloy, &
o]te] A o] FEFofTHT} YITh= Kang 5(2002)]
By 2 GReA §4, 857 3¢ AR |
Al ZETFEIH AR 2487 pH, EHTE, 7HETE,
Age o] o)) QTR Matthews 5(2005)2) B9}
AR 43S K

gkt =

AJubAL Z A (Table 4y A EH, C14:0, C18:0, C18:1n7,
C18:3n3 & C20:1n9= A &|1& ol #oAQd zo)7} v
elbx] gkt kAR C18:0 2 ESER|HIMAHSFA) 3R
T+ EWEH Y 3977 OE FH97EET 1o
o7 = vehd ¥ (p<0.05), C18:1n9 B T HEESHA
HAHMUFA) F3-8 Had+328wE 2l F977F #9
Ao 7 g UJERITHp<0.05). 3HA, C18:2n6, C20:4n6 L
T2 E3 A UM HPUFA) 32 774AHE 2 AN +E&
HE| QW Fo7E0] HE F97ER1T FYFHE W
eSO L (p<0.05), A B 2§78 WdllMe

Table 2. Comparison of the proximate composition and total Mb content of beef from Hanwoo supplemented with dietary Rhus
verniciflua Stokes (RVS) meal, silicate (Si), and chromium-methionine (Cr-Met)

Trait RVS RVS+Cr-Met Si Si+Cr-Met
Proximate composition (%)
Moisture 68.73+2.16% 67.55+2.45° 60.48+3.17° 61.41+£3.74°
Crude fat 11.78+3.21° 11.92+3.22° 18.76x3.74° 21.50+5.75%
Crude protein 19.92+0.76° 20.55+0.75° 18.54+0.96° 18.18+1.07°
Crude ash 0.89+0.07* 0.93+0.06 0.81+0.06° 0.79+0.06"
Mb (mg/g meat) 5.73+0.37% 5.88+0.45? 5.27+0.13° 5.16+0.69"

*® Meanszstandard deviation in the same row with different superscripts are significantly different (p<0.05).

Table 3. Comparison of the pH, water-holding capacity (WHC), drip loss, cooking loss, and Warner-Bratzler shear force (WBSF)
of beef from Hanwoo supplemented with dietary Rhus verniciflua Stokes (RVS) meal, silicate (Si), and chromium-

methionine (Cr-Met)

Trait - RVS RVS+Cr-Met Si Si+Cr-Met
pH 5.50+0.04 5.5420.05 5.55x0.01 5.59+0.13
WHC (%) 45 44+7.76° 45.25+3.74° 46.54+3.07° 51.87+4.822
Drip loss (%) 2.30+0.45 2.0420.65 1.85+0.36 1.93+0.48
Cooking loss (%) 28.04+2.25 29.12+1.85 24.96+3.82 26.51+2.34
WBSF (kg) 4.29+1.98" 4.44x1.29 3.90+0.95 2.32+0.67°

> Means+standard deviation in the same row with different superscripts are significantly different (p<0.05).
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Table 4. Comparison of the fatty acid composition (%) of beef from Hanwoo supplemented with dietary Rhus verniciflua Stokes

(RVS) meal, silicate (Si), and chromium-methionine (Cr-Met)

Trait RVS RVS+Cr-Met Si Si+Cr-Met
C14:0 (Myristic acid) 3.69+1.06 4.11+£0.40 4.61+0.42 4.10+£0.36
C16:0 (Palmitic acid) 29.39+3.56 30.04+1.09 31.07+1.75 32.37+£1.03
C16:1n7 (Palmitoleic acid) 0.55+0.06 0.54+0.08 0.62+£0.07 0.58+0.03
C18:0 (Stearic acid) 16.13+4.06° 15.40+5.86° 14.25+4.04° 22.06+2.32%
C18:1n9 (Oleic acid) 46.61+6.19% 46.56+5.25° 47.11+4.71% 38.42+2.52°
C18:2n6 (Linoleic acid) 2.50£0.37% 2.35+0.46° 1.46+0.07° 1.65+0.28°
C18:3n3 (Linolenic acid) 0.26+0.04 0.25+0.03 0.28+0.01 0.27+0.02
C20:1n9 (Eicosenoic acid) 0.44+0.11 0.39+0.05 0.47+0.05 0.40+0.01
C20:4n6 (Arachidonic acid) 0.43+0.21? 0.39+0.12° 0.15+£0.02° 0.16+0.04°
SFAD 49.21+6.62° 49.54+4.98° 49.92+4.77° 58.54+2.24*
MUFA? 47.60+6.27 47.48+5.24° 48.19+4.75 39.39+2.54°
PUFA® 3.19+0.55° 2.98+0.55 1.89+0.08° 2.07+0.33
MUFA/SFA 1.00+£0.24* 0.98+0.19? 0.98+0.18° 0.68+0.07°
PUFA/SFA 0.07+0.02* 0.06+0.01° 0.04+0.00° 0.04+0.00°

*> Means:standard deviations in the same row with different superscripts are significantly different (p<0.05).

D Saturated fatty acids.
» Monounsaturated fatty acid.
Y Polyunsaturated fatty acid.

AgWEl LY Fod WE zjo|= vehtR] gglitt

T3 MUFA/SFAE M +3E2WEled 477t &
- FoTFERY foFo g Y Ve o T (p<0.05), PUFA/
SFA= Tt R TRE+EEVE LY 970 e
FATEEY f9Fo2 YA YERITH(p<0.05). wehA
oA FAES B F9A] Ha17]9] PUFATE $9t
o} =3 ) FEE| DS B FoiAl¢l= MUFA
7} Rk, SFA= =T SHAIRE B Agdile $olA]
o} Aol A FAES FHFS o AHETEY AL 2
AolM F5gt 2ol B 4 fIU= Kang 5(2002) 2
Kong 5(2004)8] Haoh= th2A] Yehgt},

MStEIT |, S8ty G XAl T

AL AR (Fig. De 7AME, A +38dEled €
U EEME Y F9T7EC] 2 FoFRT F2
Ao g A YePgt(p<005). i7]dA AslEd A=
1 A7) FEE AR e AL ov|Ehy
(Nam and Ahn, 2003), £ A@AolA F2+E, A+
AgWEed @ 2RI EWE Y G759 A3t
Aol 2UHE FHTFREY st AS & sith
- TS (Fig. 22y AR7IT 50 FAME 2 FAME+
- AFMEIY FYFEC] U FHTERT foHoew
=) VeI T (p<0.05). ZEBWE| LY FHd wE Zlol=
2UHF-+EFE Y g9+ A7 B 22U F
ATFHT fFoFHoz =4 UePITHp<0.05).

TBARS(Fig. 2b)= AR 39HE A, A + 221
Blod 2 2l imgE2vEed ForEe] U 9
TEG FoF o2 @A et (p<0.05). B3 ZEH|E

110

100 |

&

w0 | i

~ ORP (mV)

70 B | :
RVS RVS+Cr-Met Si Si+Cr-Met

Fig. 1. Comparison of the oxidation-reduction potential
(ORP) of beef from Hanwoo supplemented with
dietary Rhus verniciflua Stokes (RVS) meal, silicate
(Si), and chromium-methionine (Cr-Met). Values are
means+S.E.. -

d Foof] wE Aol A% 79 FAE+ZEE
Y FHF7F A FAFED FoFHoE B e
WtHp<0.05). WA A7} 5 TBARSS A= 4hslshdd
A9 2 F3IPYH T, A IS =
AE o) i 2w Ak BP0l HA YERT
T3 B A¥dse 3 9 A GA LS FHA
ARE Fo79 TBARS7F FEATEY FUTHE Lee
5(2004) 2 Kong 5(2004)°] B 19} FTU3}ATE Papas
(1999y= FEE AF7F A st &40 B4 I
S "Rta BAdlgen, o] wjFo] Mol ikd |
o7} -9 o5 U ik Bhe S SIS
Aoz Alsdr).
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Fig. 2. Comparison of the total reducing ability (TRA) and
TBARS content of beef from Hanwoo supplemented
with dietary Rhus verniciflua Stokes (RVS) meal, silicate
(Si), and chromium-methionine (Cr-Met) during refri-
gerated storage. Values are means+S.E..

MetMb &2 3 EHFA

MetMb 3k (Fig. 3y AR 3YRE F234, FaHd+3
2dEoY 2 U ABWE QUFHTE] 2R F
ATLRT} o)A o2 A UERTHp<0.05). 3HAITE T4
4 FATEF SUE+IENE oY FHT e fro
2Q) xpolr} UeERIR] ekgiet. wibA] dhSolAl TS
s FoaiAy 2R S2dEede B3 Fo8hd
2)317]9) S 2% 23) P Aol A el o]2]gh o]
= 17 W) 25404 ko] Ugly] MERTHE S
Abstel DAe A A A7 9 AAEHR] o
2oz Alggch &3 B AFATNE oA F24 §

50

---&-- RVS

—e— RVS+Cr-Met
----- Si

40 | —®—Si+Cr-Met

30

MetMb (%)

20

10

O 3 7
Storage time (d)

Fig. 3. Comparison of the MetMb content of beef from Han-
woo supplemented with dietary Rhus verniciflua Stokes
(RVS) meal, silicate (Si), and chromium-methionine
(Cr-Met) during refrigerated storage. Values are means
+S.E..

Table 5. Comparison of the color of beef from Hanwoo supplemented with dietary Rhus verniciflua Stokes (RVS) meal, silicate
(Si), and chromium-methionine (Cr -Met) during refrigerated storage

Trait Storage time

() RVS RVS+Cr-Met Si Si+Cr-Met
L 0 39.49+1.18¢ 42.05+2.87° 42.44+2 .60° 43.38x1.71%
(Lightness) 3 38.83+1.254 41.21+3.00° 42.39+2.39° 43.97+1.34%
7 39.96+1.40° 40.90+2.43¢ 42.58+2.71° 43.58+1.51°
. 0 18.45+1.27¢ 20.75+2.09° 22.77+2.412 23.25+1.532
(Redness) 3 18.10+2.14° 20.04+1.17° 20.30+1.42° 22.38+1.33%
7 14.81+1.40° 18.18+0.87° 18.34+0.88° 19.95+1.002
b 0 8.86+0.82° 10.20+1.59° 11.50+1.642 11.75+1.13%
(Yellowness) 3 0.65+1.36° 10.88+0.68° 10.43+1.07° 11.58+0.74°
7 8.53+0.85¢ 9.99+0.52° 0.85+1.02° 10.66+0.65*
c 0 20.46+1.48° 23.13+2.56° 25.51+2.88° 26.05+1.85?
(Chroma) 3 20.51+2.50° 22.81+1.33° 22.84+1.66° 25.20+1.46%
7 17.10+1.48° 20.75+0.95° 20.83+1.14° 22.62+1.117
Total color 0 1520.07+120.16¢ 1785.17£199.57° 1922.49+245.71° 1999.13+£129.56°
(L-a¥b) 3 1319.89+151.35¢ 1522.83+137.49° 1680.21+153.83° 1904.36+155.93%
7 1036.66+168.29¢ 1355.16+120.40° 1457.62+ 94.61° 1628.93+£125.36°

*4 Meanszstandard deviation in the same row with different superscripts are significantly different (p<0.05).
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