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This study was carried out to investigate the effect of grape peel on the physicochemical properties
of ground pork stored at 4°C for 10 d. Four types of ground pork were evaluated: TO without grape
peel, T1 with 0.3% grape peel, T2 with 0.7% grape peel, and T3 with 1.0% grape peel. The pH in-
creased during storage, with that of T3 the lowest (p<0.05). The L-value and a-value decreased during
storage, and the a-values of T2 and T3 were significantly higher than those of T0 and T1 (p<0.05). The
b-values of TO and T1 increased with a longer storage period (p<0.05), but those of T2 and T3 were
not significantly changed. The TBARS (2-thiobarbituric acid reactive substances) content increased
with a longer storage period, and the TBARS content of both T2 and T3 was significantly lower than
that of TO and T1 (p<0.05). DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical scavenging activity de-
clined with a longer storage period, and the activity of T2 and T3 was significantly higher than that
of TO and T1 (p<0.05). The VBN content of TO and T1 also increased with a longer storage period
(p<0.05), but the VBN content of T2 and T3 was not significantly changed. After storage for 4 d, the
water-holding capacity declined and cooking loss and hardness increased (p<0.05), and these parame-
ters were not significantly different among any samples. Chewiness increased with a longer storage
period (p<0.05). The results suggest that the addition of grape peel to ground pork can enhance its

functionality.
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4 Ast & Fishe 78 dYoE A& 21, SAF
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Machine Co.,, Daegu, Korea)E AH-8-3t] 3 mm= 4] 0]‘%\‘3}
E 53} = Campbell EarlyES 793t 353 33 &

g, #9E 70T %%ﬁéﬂ(FO 0M, Jeio Tech Co.,
Dagjeon, Korea)oll Al 2441 7F &<+ A2 F E4ste] o] &3t
At A ELE SFRTFA 44 03%, 07% R 1L0%E #AHA
A EHES Attt =59 W @ul &L Table 1%
2. & g2 E5 FA 8%, SAY 20%, &5 2%, ¥
T 10%, T ¥4 dA A9 &2 03% 49 10%, T2
0.7% &4+ 10%, 123 T3E 1.0% &4 10%E 2+ A7t
dtal &3 7](SP-800, Spar Food Machinery MFG Co., Tai-
chung, Taiwan)2 583t st AlzstAqet. Az L&
2 49E Y3t FA 12 mm, 7 50 mm, 4| 35 g2
4ToA 10€ & FFARsEA APt

Table 1. Formulation of ground pork meat containing grape

peel (%)
Treatment"
Ingredients

TO T1 T2 T3
Pork loin 68 68 68 68
Pork back fat 20 20 20 20
Salt 2 2 2 2
Ice water 10 - - -
0.3% grape peel water - 10 - -
0.7% grape pee water - - 10 -
1.0% grape peel water - - - 10

T0: ice water, T1: ice water with 0.3% grape peel powder, T2:
ice water with 0.7% grape peel powder, T3: ice water with
1.0% grape peel powder.

pH & ¥

AN g2 pHE 7] &= A pH 403 pH 7.0 buffer® 2%
& frEld=o] $2E pH meter (ATI orion 370, Thermosci-
entific Inc., Beverly, MA, USA)E ©] &3] 33 A& 10
gZ FFT 40 mlE A #4338k (Ultra-Turrax T25, IKA
Laboretechnik Co., Staufen, Germany) 37 3t 31t}

M=
EHY A7Z-2 A3}A|(CR-400, Konica Minolta Inc., Osaka,
Japan)E ©] &3t ™ E(Lvalue), A E(avalue) ¥ FH=

i

(bvalue)E ZA3ATH MZ2RAE 3t AEE calibra-
tion plate®] L, a ¥ bvaluex 27 9281, 027 % 1.830| 3t}

2-thiobarbituric acid reactive substances (TBARS)
SX'I

w3 =59 TBARSE A & 2 g& perchloric acid 18 ml¢}
BHT 50 & 7 #Z8}3} 3 (Ultra-Turrax T25, IKA Labor-
etechnik Co., Staufen, Germany) & & o9 2 mlol TBAA|

oF 2 mlE 7}8t2 531 nmol A &3 E(UV-1800, Shimadzu
Co Kyoto, Japan) Z73to] o} o} 2 4 02 TBARSE
k25t S THS].

TBARS value (mg malondialdehyde/kg) = O.D. x 5.88

1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical
s &8

DPPH free radical 47 %52 Blois [3]2] Wl F3tA T
%, Al& 5 g9l 0.01 M phosphate buffer (pH 7.4) 20 mlE
7k3ked 10,000 rpmoll M 202 &<+ w2 3H3kaL 3,000 rpmel A
4l &2 (Vision Scientific Co., Daejeon, Korea)ste] 1 43
HE o] &3HT AE FEE 4 mls} DPPH 1 mlE 311,
AeolA 307 T HAE F ice bath oA ¥HES FRA
U o5 520 nmo Al FRFEE SAsG o, ok 9 4o 9
dto] A A&t

DPPH free radical scavenging activity (%) =

Sample absorbance

1= Control absorbance *100

Volatile basic nitrogen (VBN) &2t &X
o]

AN 5] VBNEZFE conway dishE ©]&& 7] &84 [20]
O 2 ZAAY F AR 2 ge 7T 16 ml¢k 20% perchlor-
ic acid 2 mlE §/ #A3sty A4 Este dojR A5
< APEYoR o] g3ttt 45 1 ml} 50% K,COs 1

£ conway dish 9] ¥, WA
A7VE F 37CAA 80F T A o
ARt ot o A4 93 VBN?EL‘%*% Tt AT

f

VBN (mg%) = 0.14 x _ba)xf



a 3AE9 001 N NaOH 4 #(ml)
b: A1&2 001 N NaOH 24 #(ml)
W: A8 A3 F(g)

f: 0.01 N NaOHY] 97}

d: g4

whe U Y 5

1 48 (water holding capacity) Z7% 2 Hoffman &[11]9]
Aol me} gAA BN 715 AAG AFA Aol A=
03 g& &%, planimeter (X-Plan, Ushikata 360d II,
Worth Point Co., Atlanta, GA, USA)Z &2 9 3}A] ¢ e}

TEY HAS o, 9 FHA S FEY HHLR Y
T HOE AT ST AR 7t FAE F
Aote] MEEE Yehflon, 7tde 72 o2 FA
(RFO-900, Rinnai Co., Inchon, Korea)oll A F4 59 257}
75C7H |A sl

JAH B & MEY £F

=S 71AH 247 4L rheometer (CR-200D,
Sun Scientific Co., Tokyo, Japan)E ©| &3t} 7 & (hard-
ness) round adapter 25¥1 & ©]-§-3} table speed 120 mm/
min, graph interval 30 m/sec, load cell (Max) 2 kg 72
2 243 A . A2 (chewiness)S (peak max+distance)x
cohesivenessxspringiness® Al Atate] Y ST

SHXE
ojdel AYolA o AHASLE SPSS 14.0 (statistical
package for social science, SPSS Inc, Chicago, IL, USA)<
Mgt FAAE SR o, Zrzte] AR tiste Hoex
THAZ Yo A8E Aol vla s g 794 4
A BAEAE & F p<0.05

AN

F o4 Duncan’s multiple

range testE
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7511} gl Xt
HEXE = pHel B3}

T HAMEEE E2A st Az BHESS
4TCAAM BFAZSEA pHY WstE A8, 1 A9 s
Table 201 YEFR T AZ 27 th2F(T0), =349 03%
H7HE(TL), 07% A7HH(T2) 2 1.0% A7 (13)S) pHE 27}
553, 551, 550 % 548% T07} 7}4 &1, T37} 7H4 U3
(p<0.05). 1 o] % WA7|7to] BAstHA ¥ 104+ T0,
T1, T2 & T37} 42 566 563,560 2 559 F2l8}A Eo
oy, AA A7 54 pHE T07 /M3 =1 EEFM
AVE=7t 2&5 % uhe 7 gl Yl th(p<0.05). A1 <
A %717k wet FopA AY wolA =, §3] 4 &9
At FA ol A s atgo e Aol A HH
6], dHA B E 9714 EHo] FHHY Fopzl
B AT ZEHI HVtE pHF YolA& AL EEOﬂ
¥ tartaric, oxalic, malic & fumaric acid 52 f+7]4H1
FEE A Aoz AdyHy, B A7 ouAdddA 5
03%, 0.7% 2 1.0%9 T=3}3) 9 pH7} 47+ 410, 357 2
348 YERd A7t o F ARG ol d AAe A
FEES AU B ES[22], ok2Yol BTE HUte £
HEI[18]9] A S A7MEE7 A S E pHIF WA YERS
© A% FAE A Felqi

ff%v

oo BN e

[¢)

|_.

Lot W2 Y

dEANT = Yzo| W3

WAAZ T EHES 2A4Z2S S I AT Table
3% 2tk HE(Lvalue)? 44 TO ¥ T2 ¥4 74714 W3}
7 Tkt B 1094 Golxl oH, T3 »MP 79 o] FHH
vl A Th(p<0.05). 13y T12 WAV § B=9 Wit ¢
Atk W 104949 BEE T0, T1 2 T2E BE9 Zo|7t

17/;- LlrE]_u-r/].(p<005) x%nh:(a val-
HHAAM FoJ3A dolA & Aol
ATHp<0.05). B T ARE Atole] AN EE 2T TOR
O Z=949] 07% 2 10%E H7He T2 9 T37F B4 et
(p<0.05). FM = (b-value)= ¥4 & T0 2 T1& ¥4 10447}

1
3=
QAT TE ol SR
ue)sl 4§ WAIzo] 7

Table 2. Changes in pH of ground pork meat containing grape peel during storage at 4C

Storage days

Treatment”
1 4 7 10
TO 5.53+0.0194? 5.61+0.01 5.65+0.01% 5.660.01%*
T1 5.51+0.01® 5.59+0.01% 5.62+0.01% 5.63+0.01%
T2 5.50+0.01® 5.59+0.01" 5.61+0.01° 5.60+0.01°
T3 5.48+0.01° 5.59+0.00°® 5.60+0.01° 5.59+0.01°°

UT0: ice water, T1: ice water with 0.3% grape peel powder, T2: ice water with 0.7% grape peel powder, T3: ice water with 1.0%

grape peel powder.
’Mean:standard deviation (n=5), Means in row"™
p<0.05 by Duncan’s multiple range test.

A~D
and column

followed by different superscripts are significantly different at



1044 BBULRIX| 2016, Vol. 26. No. 9

Table 3. Changes in Hunter color of ground pork meat containing grape peel during storage at 4C

) Storage days

Color Treatment"
1 4 7 10
TO 60.71+1.34% 62.46£0.96* 61.101.40™ 59.91+0.89""
Lval T1 60.13+1.07 60.15+1.26 60.55+0.99 60.46+0.31"
ae ™ 59.79+0.56" 60.89+1.20"® 61.05+0.68° 59.42+1.19"
T3 60.40+0.66™ 61.25+0.89"® 59.96+0.29 57.63+0.91¢°
TO 12.36+0.73° 11.71+1.08" 7.44+0.75" 7.35+0.75"
| T1 13.01+0.58™® 11.60+0.35° 10.24+0.424 7.70+0.76"8
a-vaiue ™ 13.64+0.63" 12.68+0.96° 11.08+1.37" 8.43£0.50°
T3 13.65£0.89** 12.56+0.61° 10.04+0.48 8.47+0.48%
TO 11.93+0.75%8 12,410,358 11.15+1.03% 12.87+0.73°
boval T1 12.14+0.47%8 11.82+0.54" 12.58+0.32% 13.14+0.75°
ae ™ 12.54+0.18 12.50+0.77*8 12.84+1.04 12.89+0.54
T3 12.79+0.66" 13.03+0.80" 12.5140.95" 12.97+0.99

T0: ice water, T1: ice water with 0.3% grape peel powder, T2: ice water with 0.7% grape peel powder, T3: ice water with 1.0%
grape peel powder.

’Meantstandard deviation (n=5), Means in row*”
p<0.05 by Duncan’s multiple range test.

¢ and column™® followed by different superscripts are significantly different at

M E= A THp<0.05), T2 2 T3E 34 F W37} il < B ES 2t AE 75 metmyoglobin®] A o] 7|
= TE YA 10¥8 S AYsta ToR T2 2 A At st

A EE Aol o] ZA)
T37} E& A FATH(p<0.05). & Aol AL LE3y 9
BE ANE 5 GAEE 47 477,935 B 3712A A RS K& S TBARS?| st

o (0E

Aol o] Ao A Aol7t U AL TEHI Y AZo] YFS
U A UEbE A7 E #HE Y, Rodriguez-Carpena & [29]2 =1
Ao Ffrd Mot ESuEY Az dFe viga =4
AT A 159 4722 myoglobin® #2412 deoxy- =1
myoglobin (&), oxymyoglobib (15 4), metmyoglobin
(FEA)9 H&o] Ao JEFE mA=H23], ¥ T &

AAZ 5 A EE YEY & TBARSE A4S A%
able 40 WEFW AT TBARSE 2] A 4H319] 23} 4+8HA4) 4]
alondialdehyde®] B4 < 43t A9 HIAE
e FHOR o] &FH I glon, o]t A EL
olF et B P4 BATTH17]. WAVl H Aol w
2t TBARSE E& AEEAA 718 A ThHp<0.05). A EE A

—

4
I F
ol B

1=

Al F-2 oxymyoglobin®] 4tst2 A =& G2 9] metmyo-
globino] =o} AL Fad JFE PITH30]. =T
metmyoglobin®| &/Joll= A& 47} dlo] 7% &

o]¢] TBARSE W z#¢l TO7F /M4 k1, L2349 0.7%
2 1.0% A7k T2 9 T37F 7H4 S5k o H (p<0.05), E =743
of A7 B ESY A3 E AA e A0 E Yyt

<, 9% & 2339 Hrbel wet AAETE 24 A = olg|gt AL =AY FHHE EdHE Ao dF
T AL 25330 FiE P4 EAR E28 A 228]0 o2 Ao 7 A 125, 28], Kobus-Cisowask 5[19]> &3
S v AA Uyehd Agolth Choi B[7]S WEY FEE el gd ZEdE 4Ec] FIEEY TBARSE HAAZAT
E5HE o #7189 E 79, Huang 5[12]& 98 28 A &9 en, Shim# Chin [32] =78 713 £ =

o o
B

R

Table 4. Changes in TBARS content of ground pork meat containing grape peel during storage at 4C (mg/kg)
Treatment” Storage days
1 4 7 10
TO 0.35+0.02%4% 0.58+0.02°* 1.10+0.01" 1.52+0.01%*
T1 0.29+0.01%® 0.35+0.01® 0.69+0.01° 0.85+0.01°®
T2 0.13+0.014¢ 0.15+0.00° 0.33+0.01°¢ 0.36+0.01°
T3 0.12+0.01 0.15+0.01° 0.28+0.01°° 0.35+0.01°

UT0: ice water, T1: ice water with 0.3% grape peel powder, T2: ice water with 0.7% grape peel powder, T3: ice water with 1.0%
grape peel powder.

IMeanzstandard deviation (n=5), Means in row*™ and column®™ followed by different superscripts are significantly different at
p<0.05 by Duncan’s multiple range test.
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Table 5. Changes in DPPH free radical scavenging activity of ground pork meat containing grape peel during storage at 4C (%)

Storage days

Treatment”
1 4 7 10
) C C C
TO 14.11+1.41 13.32+1.17 13.21+1.14 12.78+0.61
T1 24.24+1.16% 23.93+0.89°° 21.86+0.88" 22.01+0.88"
T2 33.35+1.47°" 33.07+1.06™ 31.52+0.66™ 30.33+0.85™
T3 35.32+0.99°* 33.39+0.91"* 33.19+1.04° 31.02+1.00

UT0: ice water, T1: ice water with 0.3% grape peel powder, T2: ice water with 0.7% grape peel powder, T3: ice water with 1.0%

grape peel powder.
’Meantstandard deviation (n=5), Means in row""
p<0.05 by Duncan’s multiple range test.

¢ TBARS7} th&w Bt o Wttty gt

HAXE & DPPH free radical 271s9| ¥s}

DPPH free radical 475 -& DPPH free radicalol T3t &
AEo] EHEE Frtete dasE & A AoEA Y
FAY = =47 E Y71 £ =59 DPPH free radical
&A% e A= Table 59 20t A¢ 23} WA7|3to
ZAAstA tzeE Wt gIAS T T2 9 T3& F938t
A A ATH(p<0.05). A F AEE Atole DPPH
free radical 245 <& thzx o] 74 Wy, T2 9 37} 7H4
A UES T (p<0.05). Kim 5[18]2 ofZYo} &% H7}eo]
Z7Vetol] wel =49 El 9] DPPH free radical 27%°] =%
Oe 2739 FASA T, Bagchi 5[2] 2 Castillo F[6] £&
FHalo] ZEHE HE o] =o} DPPH free radical 7%
0] =01 39 e B A1 233 Hrlge] =&

& DPPH free radical £4%°] =& A2 A7l wet
%EMI%?‘ AEo] F748H7] WEd AoE dudn

HANE 5 VBNE= #Hs)

FAF VBN @i do] Afa £4=E #3149 albu-
mose, peptone, peptide, amino acid ©°| A< Y28
ostel H4HE FHEA SAFY HUHYEE Yl A
2 Z8H 3 9] Table 6 LEFHI S H713 Ry =S
o] BAA% 5 VBNIHFY HstE yepd Zlolth WAA

Table 6. Changes in VBN content (of ground pork meat containing grape peel during storage at 4T (

and column™™ followed by different superscripts are significantly different at

FeT0 D T1o A5 A7 Aot FA S
391 2 h(p<0.05), T2 2 T3+ AA7I7 5 W7k sl A

€ Atolo] VBNSHEFE WA 1094 To7F 7H8 ¥1, T2 3
T37} 7H8 Stk (p<0.05). -t AFFA20]0A 4%
2 §AF VBNFFL 20 mg% ©l8HE 31 4FA = Xl%o}

T 9lom, 30~40 mgh s Z7IFHE FAL vk B AT
AAE BE AE7L SETA Wl dhen, =339 F
7t B =SS VBN 9 vA= ASE YERT.
E3) 593 07% (T2) 2 1.0% (T3)E A713 EH =59
VBNeHgo] @2 AL L=3yd Ffd Egss &3
fr71ke] FHAE[102 A E F2o] A E | Yed 2
Iz dddE

Z VBNE

no"
o[N

Ae Begs A3

1} @ﬂr%— Table 7°] UrEHH Atk ¥Ax7] B4 =R B
T 87.25~87.92% Aol gl o, W7|ztol A3l ket
ko] B 1094 = 82.19~83.83% S UEFW L (p<0.05), A
A A7 FE ABE Aolo Fo3 Zo|7} §lojA £&
Hao] A7t Begde 9FS nAA @t By e
ZUAF Atolo EAltE TRl FEHA 41 Holls
AEE Yele AoR #54 2404 tEAd 9%
A ZTh13]. & AFoA WAR7]) BEgo] & AL AxH
Ao A7t Agol TR NAY LI EE F7HA717]
mg%)

1)

Storage days

Treatment
1 4 7 10
TO 9.57+0.59°% 9.66=0.47° 11.18+0.84%* 12.39+0.70°4
T1 9.04+0.68" 9.34+0.64" 9.76+0.53" 10.92+0.77°®
T2 9.16+0.81 9,00+0.79 9.47+0.61° 9.71+0.52°
T3 9.030.62 9.08+0.78 9.52+0.53" 9.64+0.44

UT0: ice water, T1: ice water with 0.3% grape peel powder, T2: 0.7% ice water with grape peel powder, T3: ice water with 1.0%

grape peel powder..
IMeanzstandard deviation (n=5), Means in in row**
at p<0.05 by Duncan’s multiple range test.

A~C
and column

followed by different superscripts are significantly different
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Table 7. Changes in water holding capacity of ground pork meat containing grape peel during storage at 4C

(%)

Storage days

Treatment”
1 4 7 10
TO 87.92+1.832 83.98+1.64° 83.26+2.16° 83.83+1.89°
T1 87.73+2.01° 83.57+1.80° 83.89+2.12° 83.71+2.58"
T2 87.25+1.89° 82.39+1.94° 82.99+2.33 82.75+2.15°
T3 87.90+1.63" 83.12+2.21° 82.59+2.56" 82.19+2.55

UT0: ice water, T1: ice water with 0.3% grape peel powder, T2: ice water with 0.7% grape peel powder, T3: ice water with 1.0%

grape peel powder.

IMeantstandard deviation (n=5), Means in row™” followed by different superscripts are significantly different at p<0.05 by Duncan’s

multiple range test.

el J2ske A2, 4471 AskateA el & ARe ALLgel folsbl Shsgenlp<00s) T )
A% 3 £ 30 FARUA Bede dadA 80 9 09AAE B QAT BT F ARE Aol
271, ezl Aolzt glold Es 8] H7he Tt o
F2 AR Gskth ALALFE B3 FBBAT =
WANE 3 Jlgzae] el ), Jung [16}& H4e0] £ R sldzkeke] vopania By
AR 5 BHES) QRS 24 A0S Table 9T 2 A7 s Ad(Table 7)0lH LEo] YR
8o LERIYITE WA 2719 QAL 1730-1919%2 A8 F BEdel wst Fus fA3
5 Aolol ol Ahol7h geleh. T W 4QAE BE
Table 8. Changes in cooking loss of ground pork meat containing grape peel during storage at 4T (%)
St d
Treatment” orage Caye
1 4 7 10
T0 17.30+2.24" 22.47+143" 24.03+2.10° 24.38:1.04°
T1 17.98+2.27° 23.38+1.91° 23.78+0.83° 22.58+0.85°
T2 18.87+2.38" 23.68+2.36" 24.21+0.94° 23.13+2.64°
T3 19.19+2.41° 24.22+1.71° 25.01+0.36" 25.25+2.26°

T0: ice water, T1: ice water with 0.3% grape peel powder, T2: ice water with 0.7% grape peel powder, T3: ice water with 1.0%

grape peel powder.

IMeantstandard deviation (n=5), Means in row®” followed by different superscripts are significantly different at p<0.05 by Duncan’s

multiple range test.

Table 9. Changes in hardness and chewiness of ground pork meat containing grape peel during storage at 4C

) Storage days

Treatment!
1 4 7 10
Hardness (g/cm’)
TO 1.87+0.36%2 2.24+0.75 2.16+0.28" 2.45+0.44°
T1 1.90+0.54" 2.1540.18° 2.32+0.49° 2314054
T2 1.910.29° 231037 2.29+0.28° 2414022
T3 1.84+0.33 2.1140.24° 2.18+0.34° 2.20+0.35
Chewiness (g)
TO 11.78+1.02° 13.56+0.98° 14.11+1.12% 14.95+1.04°
T1 12.05+0.78° 13.94+0.94° 14.56+0.67 15.03+1.00°
T2 11.69+0.84¢ 13.63+0.92° 14.09+0.69° 15.36+0.34°
T3 12.12+1.02¢ 13.31+0.54¢ 14.26+0.76° 15.41+0.60°

UT0: ice water, T1: ice water with 0.3% grape peel powder, T2: ice water with 0.7% grape peel powder, T3: ice water with 1.0%

grape peel powder.

IMeantstandard deviation (n=5), Means in row™ ™ followed by different superscripts are significantly different at p<0.05 by Duncan’s

multiple range test.
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