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Abstract

Grapefruit seed extract (GS, 0.02-0.08%), cochineal color (CC, 0.05-0.117%) and green tea extract (GI, 0.05-0.117%)
additions as natural materials based on simplex lattice composite design were applied to analyze the quality of pork
patty using response surface methodology. The highest Hunter's a value (14.5) was appeared in 0.02% of GS, 0.15%
of CC and 0.05% of GT additions among 10 experimental points. While, that of control was only 7.9. The lowest
increment of TBA value (16.44%) based on initial storage was obtained in 0.05% of GS, 0.05% of CC and 0.10% of
GT additions, which was lower than that (80.20%) of control after 7 days of storage at 60°C. Total viable bacteria num-
ber ranges of pork jerky in initial storage stage was 3.39-3.69 log CFU/g, which was similar that of control (3.41 log
CFU/g). Total viable bacteria number was slightly increased in control after 7 days of storage at 25°C. However, those
of treatments using GS, CC and GT additions were decreased mostly during storage.
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F 2 AN JEopEAd S o AATE 545 7,
O AT 4 A9 hemoglobing methemoglobin®
2 2F3FAIA methemoglobing S do7|H, |27 % A3
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TH(Gladwin et al., 2004; Massey et al.,, 2006). ©] &g ]
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(halochromism)& /3-8 YepH = 2Hd(pH 3 olshellx =
A, pH 569X A4, pH 701l M= AA4E

A el 7154 ol

AR B |

Ao 2 et Gonzalez et al,

Ebd Th(Kunkely & Vogler, 2011).
of gAitslanrt =
2010).

=2H(Green tea)oll = S48t a s} o] 2ol &,
EAATH, dg7dstast, 5 Fd=E

% o] A tH(Perumalla & Hettiarachchy, 2011). 5319 =4
21 catechine Z2|H &3} =E=ZA] (-)-epicatechin(EC), (-)-
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epigallocathechin gallate(ECGC) & T°] Jom 3iks)
2h-, Gt AHg, A EAFAA el delA ECGC7T 7}
I T3 JEol E3 tfE flavonoid3 £ EF 52
< $toh(Perumalla & Hettiarachchy, 2011; Fujiki, 1999).

2455 AH(Grapeftuit seed)= limonoid, limonoid glucoside,
naringenin, naringin, quercetin, kaempferol, hesperidin, apigenin
52l flavonoid®} stigmasterol, campesterol, PB-sitosterol 5 <]
sterolS $H-A-8FaL O W (Tirillin, 2000), 3HF& ko] 2o &
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Hettiarachchy, 2011).
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Table 1. Experimental design for pork jerky with various
natural additive addition using simplex lattice mixture design.

Table 3. Analysis variance for L, a and b values of pork jerky
with various natural additive addition.

Grapefruit seed Cochineal col Green tea
Mixture extract ochineat color extract
X, X, X
1 0.08"(1.00) 0.05(0.00) 0.05(0.00)
2 0.02(0.00) 0.15(1.00) 0.05(0.00)
3 0.02(0.00) 0.05(0.00) 0.15(1.00)
4 0.06(0.67) 0.067(0.17) 0.067(0.17)
5 0.03(0.17) 0.117(0.67) 0.067(0.17)
6 0.03(0.17) 0.067(0.17) 0.117(0.67)
7 0.04(0.33) 0.08(0.33) 0.08(0.33)
8 0.02(0.00) 0.10(0.50) 0.10(0.50)
9 0.05(0.50) 0.05(0.00) 0.10(0.50)
10 0.05(0.50) 0.10(0.50) 0.05(0.00)
])%
SHH2|

SAS program(Statistical Analysis System, version 9.2,
SAS Institute Inc., Cary, NC, USA)S AME-3}9aL, X2+
7+e] 47t Bla= Duncan®] T AR S Fdke o4
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Table 2. L, a and b values of pork jerky with various natural
additive addition.

Mixture L a b
1 28.3+0.3%" 10.6£1.5° 4.8+1.0"
2 26.9+0.98 14.5+1.0* 4.0+0.7°
3 27.1+0.5' 8.7+1.0¢ 3.7+0.4°
4 27.84+0.9°% 9.2+1.4 3.7+1.1°
5 29.1£1.5%¢ 12.9+2.5° 4.0+0.9"
6 28.440.8°% 9.2+0.9% 4.4+0.6°
7 28.0£].3%% 9.3+1.8% 4.4+1.6°
8 29.34+0.8% 10.3£1.8° 4.2+1.7°
9 30.0+2.0° 9.7+1.8% 4.5+1.9°
10 32.3£1.7% 10.5£1.5°¢ 5.8+2.0°

*Means*(Standard deviation) within columns with different superscripts
are significantly different (p <0.05).

L a b

F value Pr>F F value Pr>F F value Pr>F

Factor

Grapeftuit o, 15 _ 0001 235
seed extract

Cochineal color 21.96 <.0001
Green tea extract 21.08 <.0001

0.0604 29.76 <.0001

270 0.0357 29.79 <.0001
232 0.0625 28.85 <.0001

AAH7HE- 9] & wE =829 AAHs 2
= Table 29} ﬂu} 10 7H91 A %M* o] L3 26.9-
32.39] Welolq) =

2920} o1 0]@4 ¢;71%£91 19.9-23.49(Park &
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Table 4. Regression coefficients of second degree polynomials
for L, a and b values of pork jerky.

Estimate
Parameter
L a b

Intercept -27806 1674 -9902
X" 418759 -12556 152559
X2 237497 -23 87229
XY 237532 -12434 80335
X, *X, -1572275 5123 -584508
X,*X, -506979 66202 -191973
X3*X, -506979 22702 -162373
X *X, -1785190 112037 -669730
X,*X, -1013042 88368 -354200
X, *X, -1786810 40917 -621180

Dgrapefruit seed extract; ?cochineal color; Ygreen tea extract
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Table 5. Determination of coefficient and probabilities of second degree polynomials for L, a and b values of pork jerky.

L a b
Regression
R? F value Pr>F R? F value Pr>F R? F value Pr>F
Linear 0.0645 5.31 0.002 0.4789 34.85 <.0001 0.0456 1.67 0.1787
Quadratic 0.2868 23.61 <.0001 0.0707 5.15 0.0025 0.0316 1.16 0.3300
Cross product 0.2842 23.39 <.0001 0.0381 2.77 0.0461 0.1054 3.87 0.0119
Total regress 0.6355 17.44 <.0001 0.5877 14.26 <.0001 0.1825 223 0.0267
FEed sARAFEFE FoldAtel7t gl ol At uHom 2tk w3H3] A (cross product), U XTHE 3] A
A=A AAGTG Aol et A= Table 491 59F  (linear) £ 2 UEFEOH aghd AAT13], w34,
2t Lgtol e ol Atk A (quadratiot /b BFE S o ThFAH o)A bk WA, AxekF e, of
Atiaksl7) wom Uepdt. A3 Aol A 7 A
QYHEY BF syl Fel ol g BT
(A) AAY/HEAS] F ] e ELT M) n)AE
fruit seed _ o
i e e FFE VSHAEA oJsjo] AL A7} Fig. 19} 2
2o o LS HA52 8] B3l gl Fobdo] nteb o}
™o. s A= A & = Ao o] =3k9] chlorophyll, catechins
W 3s - 2048
Bne- s 5ol 71 =k AFEE i (Mitsumoto et al.,, 2005). a%kollA]
t AR EFILo] Fobdel npeb Ag o
bgte HAFE R EFu o] Eobel et =)
vrebstth
:ocli'nc.}ll color green l(:e extract TBA
HAd7Hd e E9th & wE 60°C°ﬂ’\1-4 7HEA
(B} grapefruit seed extract % %%};94 ;qxo}'i7] EHH] Xﬂ?ﬂ- 7 -4 TBA7L—Q‘ H]
1 wale] 7R 9 A3 Table 63 Z2th TBAZS ¢
MHoR fFRAES ANYEE SHshe WPHo A
A ko] 4ksl Abull Aol A A4 = malonaldehyde] %
& Al BHATY. A927] AELe TBAGC] WS-
t=7] 2ol MZZke] AR ARG =S vaLstr] of
At ol VR AGHE 89 el neh A
3lo)| ¢]3le] ¥4 5= malonaldehyde®] A Fah Hajdw
cochi\\eél color green lela extract
Table 6. TBA values of pork jerky with various natural additive
addition.
© fruit seed extract
i Mixture TBA (%)
1 33.6443.90°"
2 50.15+4.90°
3 40.53+2.60°
4 47.65+4.20°
5 40.76+3.50°
6 21.6542.20°
7 16.79+1.50°
8 31.09+3.40¢
m(hh'le.]i color green tf.!na extract 9 16.44+4.20°
10 36.88+4.70"

Fig. 1. Contour map for L(A), a(B) and b(C) values of pork
jerky with various natural additive addition.

*Meanst(Standard deviation) within columns with different superscripts
are significantly different (p <0.05).
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Tabel 7. Analysis variance for TBA values of pork jerky with
various natural additive addition.

Table 9. Determination of coefficient and probabilities of
second degree polynomials for TBA values of pork jerky.

TBA TBA
Factor Regression
F value Pr>F R? F value Pr>F
Grapefruit seed extract 28.15 <.0001 Linear 0.443 60.16 0.0002
Cochineal color 21.86 <.0001 Quadratic 0.219 29.74 0.0101
Green tea extract 35.49 <.0001 Cross product 0.267 36.24 0.0022
Total regress 0.929 42.05 <.0001

7F €A 7] djZelgt AL E t(Jung et al., 1994). 3
Az} T FEEHE oA =0 wepa TBARe] &
YL 3 Tt Asghar et al., 1988). WElA A7) O
Hl A7 79 9] TBARS HlaLste] S7HEEA Zl‘:'“L
HEE FA ST 60°Ce] 7HEEA Gl o] A

A 7Y F F7HES 8020%01R e 7 A zk%
Zﬂ s AFES, ZAYE, SAFEEY] x7)
05, 0.05 2 0.10%N4 Yepston ool Sk
6.44%C| ATE Al A&S17)S3EL] 749 Aol A A%
lO-Zr S FH A HE =2 5 A0S St (Jung
et al., 1994).

AeEAFEE, AAGN L, FSAFEFE 7H7Fe] EFH|
&o] AFx7] thH] TBA#S] T7Hel WA= 9FS &
AHEA Ol olate] A gk A Table 734 2tk TBAZEOIA

E2FE=0] Yol 7MY 2o vk AEEAS
E=, IAIN L £ 2 UEsTh Al 7H] AAHTHE &2
T 0.01%WolA fFoldxtelE Hor IxdM e 2
A A0] 7] ol efol| atsta el 7ol 7] W&
of AALkst Ao FFHES R AR AsdEh
(Gonzalez et al., 2010). o|x}}&3]=541e] 3| Ao} 2
4ol tist A= Table 82 99F Zth TBAZRS Uxlth
P3| A7F 7P F TS vH o oS wAkE,
ot ol A¥= AR A 0.01% <] Fo
Aol & BT

_l\' ro o>~1 P
3 fo H

o
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Table 8. Regression coefficients of second degree polynomials
for TBA values of pork jerky.

Estimate
Parameter

TBA

Intercept 95009
X" -1560275
X2 -813618
XY -749917
X, *X, 6302925
X,*X, 1743915
X*X, 1471390
X, *X, 6685092
X, *X, 3209604
X, *X, 6220465

Dgrapefruit seed extract; ?cochineal color; Ygreen tea extract

Grape seed extract
1

1 1
Cochineal color Green tea extract

Fig. 2. Contour map for TBA values of pork jerky with various
natural additive addition.

AAH7HEA ] £ Lo WE A4%x7] tiv] TBAZL
o] Z7H& mA= é %*4%‘3011 o] 3t ZA}
Sk A3l= Fig. 29 2 "] & oA ZA5
23 z}iéz}zgg %?%Zm EER 2% o}ME
W & 5233 AeTAFEES 44 0103 0.05%
HA7rets W g A ahs JER AT

Table 10. Total viable bacteria changes of pork jerky at
25°C storage.
(log CFU/g)

Storage time (day)

Mixture
0 7
1 3.67+£0.07" 3.38+0.09®
2 3.59+0.07%¢ 3.24+0.34"
3 3.54+0.04" 3.22+0.18"
4 3.47+0.06% 3.33+0.04"
5 3.48+0.00% 3.50+0.01%
6 3.51£0.06" 3.04£0.03¢
7 3.39+0.01¢ 3.45+0.04%
8 3.69+0.08* 3.36+0.05®
9 3.64+0.04 3.58+0.10*
10 3.48+0.07% 3.41£0.06®

*Meanst(Standard deviation) within columns with different superscripts
are significantly different (p <0.05).
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°47<47} A Eulgel A F £ 3.39-3.69 log

CFUg2 & #ol= §ller ﬂ%Z%LA 341 log CFU/g#
= zpolE YERA] ottt Al ERXEL F A4FE X
ARt Aol 363 log CFU/g A4S 7HS H A TH(Yang
& Lee, 2002). thxT2o ALdE A% 74 F 398 log
CFU/g® 7} S7tstlou AgdAaas, A da 4
S2AFEFES JA7HE AT Afole tiiE 24
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(Kim et al., 2007).
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