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Abstract

This study evaluated the effects of adding levels of rice bran fiber on the chemical compositions, cooking characteristics
and sensory properties of ground pork meat products. Meat products were produced with products containing 0% (control),
1%, 2%, 3%, 4%, and 5% and rice bran fiber. The control had the highest protein and fat contents, cooking loss, reduction
in diameter, CIE L value and CIE a value of uncooked product, and CIE L value of cooked product. The meat product con-
taining rice bran fiber had the higher ash, pH, and CIE b value than the controls. The addition of 5% rice bran fiber resulted
in the lowest cooking loss and L value of cooked meat products. Meat product with 2% rice bran had the highest water
content, water holding capacity, hardness, color, tenderness, juiciness values. There was a significant difference among the
ground meat products with respect to sensory properties, and meat products containing 1% and 2% rice bran had higher
overall acceptability than the other meat products.
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3 Agoln], F2 oo B S st St
v (rice branye WHE F85 3 24-& =4k FA
doARE B4 FAREY] dFo® AZF 40-507E T}
2k AR T 910 ¥ (Chang et al., 2008), T2 A|7gtEol
1 Able] B2 o] 85| Ralal H7|=e= A4
ATHKim er al., 1997a). 53] 1)} AAo= 25% B
JHHE g3k JS ek o) ke -84
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REo] o] 23] 7] Wil =4 FF A 7
FE Xzl AE A ZAAE AAS ARSIt
W nFAe] A9y AEFAAE A Ao|tHKim ef al.,
1997b). 3} Choi¢} Chin(2002) &t} Ak3)e] &7 A3
F S7HF d%ad] AIMHFAR I A9 2 gF T
23@3he] wAlo] EolX| e FAO|RE HITh u¥ES B W
A A3 58 dAAE 2R SAIF e 4H]
g0l vIZHEly) AlFRsle Aol FaAe] 3
& 12H1 Jokz ST, AFe] FEA U E4=
Az} wobdol wel 7154 SA1E gk A7t S
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l = |I=I
o7} 2o} 44 ARE Kim S(1997b))] 2J8h wpgo =
stk &4 A% AAg vl@elo|df 2832%, £2&

uld 12.39%, 24 20.36%, 5 12.18%, 235 8.79%,
pH 6.85, WX 6885, AL 349, 3T 18.07)S A
slod vlte] k48l E 9lshe] ¥-371(TCR-500E, Lucky
E&G, Korea)2 o83l 120°C, 2087 Ex]2)ste], 4m)
(v/iw)®] hexaneZ 7}8+ & Z®7](US-RRS, Woojusc Co.,
Korea)oll A 24717+ 59t g}, A7ste] vy AP-S
AASGEE. gxE e AL 1z & uF
oldF AZRE Y3 AEE AEIYPT A F H=
oA E 150 gl 0.6%(v/v) termamyl(Type LS. 120 KNU/
g, Novorh 1 LE 715l 95°CollA] Al&A oz ZIgahd
A ARE B WREAIR] 3 TS ARt o3k o
ZAE dl(viwye] BF95°0)Z 33] FAlEkt A%
AAE Aeow Wz T oqu(viw)e] Folete-g 718t
o AFsta S GEEE T 50°CY EFHZ7](Enex-
Co-600, Enex, Korea)ollA 24r13t AZRS T8 E451d
5°C WAmo] HPslEA AMSSIATh AzE nA Aol
i dubdEe Aol 53.27%, A 22.99%,
ZA 437%, 2 12.78%, Z3ETF 741% o|U1L
pHE 7.07, HE¥E 66.10, HAxe} FAT= 742t 473,
16.06°13Att.
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E % A7) ARB T BT ES FARAM,
biceps femoris, M. semitendinosus, M. semimembranosus)
g =% TALES 7Y ARSI 9552 H=T
23 AA2AE AARRL, REST SAVEE
12.61%, A% 85.64%)2 2+2t 8 mm plate(PM-100, Mainca,
Germany)Z &4 ¥ 3 mm plate® THA] EH3IT £
d7F Bt AEFT0%)yE 2F(1.5%), FE(02%), 173
Aol df 2 FARF 0.5%, MSG 0.08%, FIHE 0.05%,
AZFE 0.05%, PN 0.01%) T2 A AHH(15%) 2
H(15%)% 718t B8 SAE-S Az B4
& SAEY dEzTe v AoldwE Hrtek |,
HAYTEL v HNHFE AL 1%, 2%, 3%, 4% R
5% Aryete] AzsiTh AxE Han Feje] E49
SAFE Y ZY¥e] 43S el HER HHel 4
2 o} 8-2<=F(Model 10-101, Dae Han Co, Korea)E
olgste] 75ColA 3087 7Y @ B Wziske) AP
AREHT

pH &%

pHE= A& 5g8 A3t F75 20 mLy EF3}]
ultra turrax(Model No. T 25, Janken and Kunkel, Germany)
2 AHES1 8000 pmolA] 127 FAF T F0F pH
meter(340, Mettler Toledo GmbH, Switzerland)E A&
2738190,

Mo =F

238 SAE2 THS chroma meter(CR-210, Minolta
Co., Japan)Z AR5} W (lightness)yE WUER)= CIE L
Zk, A (rednessys YERE CIE a 33 4= (yellow-
nessys UERNE CIE b k& 242} 33] S48 CHillumi-
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V(%) = [((FFEA A5FA - 7FE 3 AlZFAlY
78" AlZFA] x 100

g dAag ¥ = Zag 5F

71E A AR AR FAS AT os 4 AT

of w2t 7tgxe] d Fo| ARH FAE vemier calipers

(530 analog type, Mitutoyo, Japan)E ARE3R] 2481,

A7 (%) = [(CFEH AEAE - 71E & AEAA)
7FEA A183 %] 100

T A& (%) = [T AEFA - 71E F AEFAY
7FEA AIEFA] x 100

4=4(Water holding capacity) &3

Grau®t Hamm(1953)9] filter paper presst]S 3851
E= A2 plexiglass plate %0l 2%} (Whatman No.
)& FI AR 300mgE F3to] I fjol ¥ d&
plexiglass plate 17}& 1 9ol 27} E32 Y3 Lo
238 AN F ARAE 7Ade] 17] §3He] £9
A FE WAz £Fo] Hof Qv B FHAL
planimeter(Type KP-21, Koizumi, Japany& AR3-3le] &4
35t

BEH(%) = [H2H0] Bo Q& WA / 5o 3o]

=4 (Texture profile analysis) &3

EAL B8 SAE AIRE 75°CY] g2 Yo
30R7E MY & ALoA 3087 WS T Texture
analyzer(TA-XT2i, Stable Micro Systems, UK)E ©|-83}]
2R3 WE & AlRE plae T FYsHA =
35 e UeEhd curves o83l B4 Askake]
hardness(74 %=, kg), cohesiveness(-5-HAd), springiness(E+3]
1), gumminess(7343, kg), chewiness(qS4, ke)2 42H&3}
At olwe] B2 2712 maximum load 2 kg, head speed
2.0 mm/sec, ¢ 0.25cm spherical probe, distance 10.0 mm,
force 5 g0 2 AASHUTE

EHsaAl

7HE Ag B SAEE 945 FAR dUd o
& FH%E 979 panel S50l &3] 7 A4t EHE A
(color), &4 (flavor), Z2]7H(texture), THEAd (juiciness), A
A AR 73 = (overall acceptability)ol] thale] z}zh 104
o E WAL 11 HIAE Tt Hlustth 24
& sAE A, 0, Oed 2 AAHA 715EE 103
< 7P 98 13e 71 degle® Ao, i
T 108% olF BEgR, 13E o F3o= A3

SAXz|

FAEAE SAS program(1999)2] GLM(General Linear
Model) procedureE F3}o] HABIAL, XE]7-7e] B
Zb ¥lal= Duncan® 9EAAS Fatod o4 AA
(p<0.05y2 AAIBFAT
dn 9 2y

M SNHES dityge

w7 Aol Hut o] EHE F8 S5 o
HEGE gl piXE g Table 1o YERATH ¢
WA e g2 7M=& X5 JEpleH ol
AR n|7f Aol dA-E H/RE AMFEe] ¥ 2
B4 ks Jepided, gz Mgt #94
gl ztolE HolA] ittt FEFRL vl AoldR 2%
AgFolA M 22 FAE YEIAY A2} 1%
4 2% APFlMe FodH AlolE vehA] Wit
Z3 R iz vmsty u|7 o) d{-E e
APTFENN FYHeE & FAE YT v
Aol F7te] STl wet 23 BgEke] Sk
FAE et ZANEEE g2FoA fodor
7V B FRE YA 7 Aol ool &
71l wet fo]Ho R Zhashe AES YERNICE Choi
007y Holdfrel Fekel F7Ie wet FEES
7Hatg . vl e 7Rty 81991, Fernandez-Gines
T(2004) FAIF H7ISE Aol i o] 4A &
T oV E U1l Wt RaEo] wolAa wd
e Eolztia 9Tt T3 Hung 52005y #3H

T

Table 1. Proximate compositions of ground pork meat products formulated with various levels of rice bran fiber

Rice bran fiber (%)
Parameters
0 (control) 1 3 4 5
Protein (%) 22.32+0.67 21.5910.46 21.97+0.40 21.150.63 20.63+0.55 20.1320.54
Water (%) 59.62+0.2278 59.3210.444P 59.87+0.32% 59.01+0.428 58.29+0.50° 57.78+0.23¢
Ash (%) 1.88+0.13¢ 2.07+0.228 2.21+0.0448 2.29+0.20" 2.29+0.04* 2.30+0.134
Fat (%) 14.58+0.64% 13.85+0.758 12.46x1.33€ 12.37£0.95¢ 11.35+1.15° 9.55+0.49°

All values are mean = SD of three replicates.

AD Means within a row with different letters are significantly different (p<0.03).



322 SIZZAAIZSIS(X| M|287 M35 (2008)

SAFAA Aoldfre i) Vs AU
73t B st al, Yilmaz(2005)$}F Serdaroglu(2006)
= AAY meat balloll wheat bran®} whey powders E7}
SIS AT 7 o] Sl net slEdee] st
o B3gk v glo] B A¥dde oldE RiuEH F
g3ttt

pH, < H|@

Table 2= W17 2o dF-8 HI1s E48 SA1%5<] pH
2 AeE Yepl9lot 71 A3 718 & pHe tiE7t
A TEH vty %o pHE eI v} o]
& AN AT pH7 & FAE UER A )
7 Aeoldfel pHt =7 HEY ASE AMEEHTH
Yilmaz(2005)= meatballell wheat bran7}3Fo] F7}8k:
= pHy} FolHltha 3191, rye brans Z718F meatball
AME H7 o] Z71EFE pWt T8k 2HE By
B A fARE 295 YEATH(Yilmaz, 2004). =3
B S 7128 & pHe 71<E A pHET 2 43
E Jehliled), ole 718shs B¢ daE wiEd 9
A SeaAgto] AFA|aL o]o]l <J3l) ojn]i=4t histidineo]
= imidazolium®} 22 G714 4717 =& H o] o
AF 7o) g B olo] fEHo Vo] WE
o pH7} Ad53tal 319 th(Forrest ef al., 1975; Morin et
al., 2002).

o7t Holdg Al uE EHE SAFY s
Table 29} 2t} 718 A WEL valuey= thER79} 1%3]
g7t fFolFog & £AE YT 718 & |
TE URTEY ZE ATA @ £A5 JEA
T, A7) 713 o gt Aaske AEE o
ERIQIE). Choi $(2007bye =& 3= m7F o]
& WS Al BE gro] 24tk 84313, Huang
52005y Av|7Fg SAFA Hrleld BEr) 29
H st Wolxle S YEPRT. 224 Rye bran

7} oat brang /I3 SAFAMT Hrlgo| F/HErE

o) BolAle ARE vEo] £ 47 e 2HE
YERNITH(Yilmaz, 2004; Yilmaz and Daglioglu, 2003). &=
3+ Hsu®t Sun(2006)°ll &J3hd EejdiTad s 375 &
AFANME dxz279 A7t Hxe] Zol7b vERA]
erottha st 7FE A AN E(a valueys tHETVF A
e vigly feldor & g JERRlA, v
Aol o] SIS ANEe Iide A%
eSS 2ev ke & AAee dzTe Azt
o] folAQl 2ol HolA] &t Yilmaz(2005)= meat
ballol wheat brans H7ISPA d|Z279} vlusle] AT
7t ZA4dhe 2% JERT wheat bran 710l F7}
gol meks $9179) ojg Mol gkt wus)
Aok =3 AE AER oat brang H7HR AR &
AFdM e Hrhgol 7Kt w AAErE dase
73S VR tH(Yilmaz and Daglioglu, 2003). 7} A
7% 71E & 24% =5 SAFY FAS(D value)s tE
Tl v v AoldfE AR HEFEel fFrelFe
2 B& £AS eI Kim 5(1997c) 7173 o]
NRHE WA B 013 Al 2R B
w7} Z713 . B uslsi, Yilmaz9} Daglioglu(2003)
oat branS H713F SA|F A HIlEo] SUIgol wet &
Aw7l fFoFHo R F7RINT st £ A9 AR 4
= Yeh3ich 22y wheat bran2 718 SAE A A
= o279 M7 Aozt ek ettt ®Bar
37]1% 3 cH(Yilmaz, 2005).

7fdztE &8

Winger2} Fennema(1976)0]] 2@ 7}d7iake whalzl
HAg0 2 Jojupsd| ZHEATH W) JS o, B
FHAE 43S F= HoZ A U vd Aol
5 A7 BA8 SAEFS 7FE3ES Fig. 19 g
Ut 7t gz} vasld XETEe] B
215 YER AT g2+ 1% AT+ 1939 2
ol& Holx] gigton, v} Aol Fgo| F71el wt

Table 2. Comparison pH and CIE Lab attributes on ground pork meat products formulated with various levels of rice bran fiber

Parameters Traits Rice bran fiber (%)
0 (control) 1 2 3 4 5
pH 5.910.29% 6.00+0.21%8 6.060.183 6.15£0.214 6.16+0.20* 6.16£0.214
Uncooked L value 55.9742.624 55.66+2.52* 53.44+1.77° 52.4420.655C  52.17+0.47° 52.21£0.47°
a value 12.27+0.634 10.98+0.40° 10.50+0.63¢ 10.01£0.54P 9.69+0.47° 8.95:1.028
b value 12.65£1.52¢ 13.98+1.51% 13.94£0.58%%  13.37+£0.50%¢  13.58+0.35*®  14.18£0.65*
pH 6.07+0.138 6.11£0.14*8 6.1320.16%8 6.17£0.13%8 6.19£0.174 6.19+0.18%
Cooked L value 14.28+0.814 8.90+1.238 8.18+0.778 8.14£0.745¢ 7.73+1.02% 7.680.87¢
a value 13.68+1.23 14.45£2.58 14.29+2.47 14.4122.26 13.7822.10 13.24+2.27
b value 14.15+1.13° 13.09+2.14° 11.80£1.05*8  11.80+1.918 11.30+1.734 10.88x1.76%

All values are mean+SD.

AE Means in the same row with different letters are significantly different (»<0.05).
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Fig. 1. Effects of various levels of rice bran fiber on cooking
loss of ground pork meat products. #* Means in the
treatments with different letters are significantly different
(p<0.05).

2} 7tgE7rego] 7hadkes A UESlT v 3
7FeE SAIFL el B7HESE Mo ST
T 3} 3 (Huang et al., 2005), wheat bran(Mansour and
Khalil, 1997), oat bran(Yilmaz and Daglioglu, 2003), rye
bran(Yilmaz, 2004)& 71t SAFL H7FFe] S7Hl
g} 71E7 ko] Sojme Ao F VeI B3 Aleson-
Carbonell 5(20055% Turhan $(2005)2 lemon albedo%}
hezelnut pellicleZ SA|F] A7lsI9S Asole 71972
ol ZABHLh. Shand 20007 AoIHS] 2R} T3
o ma} FEFTE0] YR UL, o)F FAF
H7bstd MRS AT R A AFEE
Z7MAA ok U THGrigelmo-Miguel et al., 1999).
&, 7FEHR S £0]7] HEA AoAdHE HUbshE
3 BIE E £ U0 Holdfe HrkEke] xSt
=H 238 7tg7tgo] Z7FslthFernandez-Ginés et al.,
2004).

Al
S

UABT SHYLR Y 23 &F
Holdf W mE A%YLE, FTARLE

2)
HEHE Table 30| eI H730082 dixT

ol 0N

7l

)

o HlgiA BE AUt fojHes we X5 e
Row, n7g Holdf 3% A7t M e £AE Y
R FAZAES T v Aol e AT
Atelell o] Z]1 Afel7b YehdA] %3tk Kim 5(2008)
< SHEDS UG SAFA ST Uil
184S ARRAEC] BAER, FA TAES
oAl Aolg HolA Uty dte] B AP {ARE
78S JeRATE Joo$t Chung(2007)e] ¢japd Q.o
2 7183 AA £5 gEo] ey gxpEds A7t
A 71E7E) A AEe] fejH o AsaL S5t
u7} Aol dHE 7K A SASY 1EF B
g iz} vluste] w7}k Aol df 2%} 3% A2+
A FodoE L F£AE YoYU TOE AT
S froEd Aol HelA] gttt AT E4Ee
7184 B4Ed) fARE 23S Jehfiglen, n7t 2o
AE 2% A7 AglelA foHem g £
FE95 YIS ChinZt Wang(2004)& 7] B4R 7}
3] 2 AHeFED 7B UK AeqtelA B4
go| A= et L, A A FEES WS &
AEAMT BEgo] FE3 2lolE FA] wsktal o
AT g 234E YERIUTHChin et al, 2005).

¢

=4 54

Table 4= 017 Aol df A71S gelold Az &
A SAFY EHTPAS ES Adjelt). AFe] &
AL BEAQ ooy EHS WS o8l diE
ol AR HAISI] dsh= E¢]39l AdolthHoward,
1987). &3 SAFY B4 542 didol ixle
fake, Bed, 2484 58 2 gAY R34 5ol 9
3 A= ckMittal and Usbourn, 1985). 7|7 Ao]dH
£ 71 B4 SAEe] Are ytet vinstd 19,
2%, 3% R 4% METollM FoHoE w2 FXE YE
WRARE, 5% ATelre AR alols Kol ¢k
T} Lee 5(2004)°0 o5l f3l8 ARl fAHRE
H7ksPa Ax7b 2718191, Hughes S5(1998)8 AA1A]
o tapioca starchE 7}l we} Axr} Z718ca 8

>

(¥

Table 3. Comparisen on reduction in diameter and thickness, WHC" of ground pork meat products formulated with various lev-

els of rice bran fiber

Rice bran fiber (%)
Parameters
0 (control) { 2 3 4 5
Reduction in diameter (%) 28.54+4.60%  19.38+2.77%  16.74+1.85°  16.09x1.67C  16.69x2.69°  17.17:1.68°
Reduction in thickness (%) 26.17+2.49 23.63+4.92 23.6114.66 24.26+4.17 25.67+5.20 23.8916.01
WHC? Uncooked 81.69£5.83%  86.79+5.33%F  89.32:348%  88.34+1.80%  §7.46x6.66"  §5.74x1.88"B
Cooked 25.18+4.858  28.60+0.64%  36.86+3.81%  34.93£3.75%  28.36x5.91%  25.59+1.57%

All values are mean+SD.

A€ Means in the same row with different letters are significantly different (p<0.05).

YWHC : Water holding capacity.
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Table 4. Comparison on texture profile analysis of ground perk meat products formulated with various levels of rice bran fiber

Rice bran fiber (%)
Parameters
0 (control) 1 2 3 4 5
Hardness (kg) 0.74+0.09° 0.80+0.10"8 0.83+0.15* 0.810.10%8 0.78+0.08® 0.73+0.06°
Springiness 0.89+0.08¢ 0.92+0.075¢ 0.96+0.04*° 0.95+0.05%8 0.95+0.06%8 0.97+0.04*
Cohesiveness 0.49:0.03® 0.52+0.04* 0.51x0.03* 0.52+0.03* 0.51£0.02* 0.48+0.028
Gumminess (kg) 0.3820.045¢ 0.41£0.03%8 0.43£0.06* 0.42+0.04% 0.40£0.04"8 0.35£0.03¢
Chewiness (kg) 0.33£0.05¢ 0.38£0.0448 0.40+0.09* 0.41£0.07* 0.39£0.058 0.35+0.035¢

All values are mean+SD.

A Means in the same row with different letters are significantly different (p<0.05).

Aok T3 vFE H1e 259 doughdll M= wAde] H
7hekol FVael wiEk Aot 7kt 3FHAI9HChang
et al., 2008), AAY AA|RoA oatmeals} tofuZ #7}5}
A HE Aot ZAAdda gt E 433 98 2HE
YeRATH Yang et al., 2007). §842 279} vlws}
o 1% "7 Ao)dfig FA7RE ATE Adstn Ee
AelFEe] fFoHoz EA Ueisten, 5% u|7 2ol
F A7 7P & £18 YRR Chin® Wang
(2004)2 71E4HS A7l wle} g8 ido] Fvisttia st
Fou} v Lee T(2004) $2 T2 Hr1ehd e
o] Zragtia st SHAL tERFEY 1A 4o
AR L2 3% R 4% AT e 52 SRS
LRI 5% AT G282 Alolg HolA] &t
247 QAL V17 Ao)5 2% AATA HelHew
7P & A8 YERHATE Yang 52007y hydrated
oatmeal?] H7}Eo] Z715ke) met AT Mool a4
g 319, 7)1EARS H AAIAGAME 718
7¥eko] Z1ghl whet $-343, 14, AeAol ST
(Chin and Wang, 2004). Moon $(2001)2 SA|F9] =3
7He Aoyt RS, 4889 e, WEY T
Soll wel g3 s von, FAriEe 49 Juu T/

o] M= 2jol7} bk sl

USH 5&
u7 AoldiE kS E4E SAEY A(colon), F
u(flavor), %= (tenderness), TH&Ad (juiciness), AAH <1 7]

3% (overall acceptability)= Table 59 YERAIT) #2413
SAE9 AL w7} Aol 2% AT} folFHe=E v}
Z =& A2 vgky gz} 8wt 2%, 3% 2
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Table 5. Sensory properties of ground pork meat products formulated with various levels of rice bran fiber

Rice bran fiber (%)
Parameters
0 (control) 1 2 3 4 5

Color 7.130.35° 7.75+0.7148 8.38+0.52* 7.8810.354B 8.00+0.76"8 7.63£0.928¢C
Flavor 7.63+0.74 8.13+0.99 8.1321.13 7.88+0.99 8.00+1.31 7.50£1.20
Tenderness 7.88+0.64B 7.88+0.8348 8.13+1.13% 7.88+1.254B 7.50+1.3148 6.88+0.99%
Juiciness 7.25+1.04"8 7.63+1.30B 8.38+1.19* 7.88+1.1378 7.63+1.06*8 6.75+1.28"
Overall acceptability 7.29:0.718 8.19x0.84* 8.38£0.524 8.13+0.834B 7.75+1.0748 7.25+0.898

All values are mean+SD.

A€ Means in the same row with different letters are significantly different (p<0.05).
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