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Abstract

This study was conducted to investigate the effects of micro-encapsulation for green tea, sage, and paprika oleoresin
extracts as nitrate substitutes on the colors, total flavonoids, DPPH radical scavenging activities, thiobarbituric acid
reactive substances (TBARS), and total plate counts changes of pork patties during storage for 7 d at 4°C. For color,
the value of treatment 2 (micro-encapsulated) was higher than those of control (nitrate added) or treatment 1 (non-
capsulated) throughout the storage period. Total flavonoid contents of the control and treatments were similar values
in the initial stage of storage and those of control, treatment 1, and treatment 2 decreased 52, 47, and 43%, respec-
tively, after 7 d storage at 4°C. DPPH radical scavenging activities of control, treatment 1, and treatment 2 were
8.68, 18.15, and 23.57%, and TBARS values were 0.54, 0.36, and 0.33 mg/kg, respectively, after pork patty man-
ufacturing. The TBARS value of the control increased 61%, while that of treatment 2 increased only 30% during
storage for 7 d at 4°C. Total plate counts of the control and treatments were in the 2.98-3.38 log CFU/g range in
the initial stage of storage, and in the 3.32-3.64 log CFU/g range after 7 d storage at 4°C, which were not signifi-

cantly different at the 5% level.
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A S7HAFNA H7be = obd AN S AR S| I
2 P sH(Wirth, 1991)¥E5Y o2} Clostridium botulinum
of et FF2-E(Cui et al, 2010), F22] HA A 2-&
(Hyytia et al, 1997), SA&F< 3w 3 J(Fischer et al,
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7] wjizell @ol o] &H vtz AF B AW
FREo A o AT 545 7Y, g AHE 7
% EH9l hemoglobine methemoglobin®. 2  AF3}A] A
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al., 2004; Massey et al., 2006). ©]2 3t o|F= 2 J71EA]
F9o] ZHE o}t o] 29 g 70 ppmeE A
W oldatel oA EE AT S 2 72
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obALA S A == AZtsr] 9l AAMLATEE 8l
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al, 2001) 55 & 4 AUtk T+ B PSATEE AT
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F715 B8R, At 2 REATEA o|FATE 5] =
Aoz AMEEHI o dEHE MA(Betz & Kulozik,
2011), 34+3FE 2 (Nesterenko et al., 2012), AH(Shi et al.,
2007), &4 (Anjani et al., 2007), "] E(Semyonov et al.,
2010), 714 H-(Jeon et al., 2003, Krishna et al., 2005),
H]E}Y (Augustin et al., 2001), F%](Cha et al., 2007) 5|
o] &= Ut A EsT e A FA ol sE,
Aok, ook, A, WF A Tol shEolAE FH S
SHAl AFHE-= AL AThH(Hong et al., 2002).
52K Camellia sinensis L)= &4ks), &+, <, &

EAA &3, dpdstas, €5 FY2HEA s a Y,
detoluyt 9733t e a ), vivtAA| &3, FA A B =
sPAAEY 5 e gl 2 715A8ES Ad E4o]
Sh-= o] Q) th(Perumalla & Hettiarachchy, 2011). =x}2] 54
%l catechin 2] =38HEEA (-)-epicatechin(EC), (-)-
epicatechin  gallate(ECG),  (-)-epigallocathechin(EGC), (-)-
epigallocathechin gallate(ECGC) A3+ 5-o] Jon ikshzt
&, e, A EZGAA Foll eiA ECGC7Y 7H
Z 938 AJRo|y T3 T E flavonoiddEEF A58
SFoH(Fujiki, 1999; Perumalla & Hettiarachchy, 2011). A ]
A(Salvia officinalis L) 89571 4kA]o]H & 3o
&3 thdA 2202 3, Y, ks 59 TIsA S
AUl JY(Cho et al., 2008). Al°]X]= Lamiaceae family
of &3l EHE FAEE Ho] o]gHen FHT 59
Prstg st dvhe Ao Hilw WA ikstEd
Hadiele A7 AEEA ATHAreias et al.,
2000). A F7kA w87 FArsIAE © 2= camosic acid,

rosemarinic  acid, sagericin acid, caffeic

=3
=
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sagecoumarin,
acid, luteolin-7-o-glucoside, apigenin, hispidulin, carnosol,
rosemanol®} 72 TYS F/ 9] terpenes, flavonoids,
phenolic acid 5°| th zZ2]7} &) 9 & Zl(Paprika
oleoresin)> A AM AR o] &= 3 92 capsanthin, -
cryptoxanthine, zeaxanthine 52| 7}2E|:o] =4 M2
ekl o AFAH F AW 9 ofye} uh g
PEae] EAo] Fobx HEstE o] &5k Aol ot
= A2 37 ATH(Yusop et al., 2012).
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zg 7t EH R FEEY IAEBEAZ dEYXEF
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A Estet & =5 siE AR A AAHHER ARSI
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nAAEsgdozr AEAQ 2o}l Ao)R] FEELS
Aol RY2EYRYEYAEY =13 B9 YEEAR,
yzg)7l SHyFEEL YEYAEY W] yEE
AL ARSI oju dEA wEEF] Hl= 4w/
w)E sttt obEAM AAEA HAHTHEE A
at, kst 9 Ao 7154 Ad 137 9] AAEF
=&l thate] 2kt 0-0.5%(wiwyseel mWe 71edE4
S B3k HF AR s RESEHEAY
< o] &3 AFHA V|EE BAS Foto] HA vx
£ AFsn. gEEde] AAs} g w3 gudds
B3 X214 Fate] Atk nAfETE -
5o TEYAEY T Ao F2YXEUN ZHFE

H7tste] 3FA1Z] & hydro shear homogenizer(Janke &
Kunkel, IKA® Labortechnik, Staufen, Germany)Z ©]-& &}
8,000 pmollA] 30i7F #2 SHAIA Alxsknh #AskE &
40°Col Al 16.7%(wWV)2] FEZE rotary vacuum evaporator
(BUCHI rotavapor R-124 and BUCHI water bath B-480,
Flawil, Switzerland)E ©]-&3te] 73t 53kt 2%
= Y 59 AEE FZ7%71(SFDSM24L, Samwon
Freezing Engineering Co., Seongnam, Korea)Z I3 &
6%(dry basis)7}A| 71z=stith. v A7 &3t A 79
) GAR S Fig, 13} 74t}

THE[A| =

48 Fo2 =5 FAFHE SHste] A= At

Green iea Sage Paprika oleoresin

Paprika oleoresin

Green tea Sage

Fig. 1. Appearances of non-capsulated (A) and micro-encapsulated
(B) natural additives.
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Table 1. Formula of pork patty with natural additives.

(%)

Control Non-capsulated Micro-encapsulated
Pork 82.5 82.5 82.5
Fat 5 5 5
Ice 9.69 9.5 9.5
Olive oil 0.5 0.5 0.5
Isolated soy protein 0.5 0.5 0.5
Carrageenan 0.2 0.2 0.2
Lite salt 1 1 1
Black pepper 0.3 0.3 03
powder
Phosphate 0.3
NaNO, 0.01
Natural additives
(green tea, sage, 0.5 0.5
paprika oleoresin)
Total 100 100 100
AAzA S AASL 48 S AWE 22 8mm plate
2 EHste] ARSI FAEE 98 & T Hg 5
A, AARTE, 22 EA, ISP, 7RI, ASUYESR, ¢
S4F, T3, ice waterg AFE3IIE oM HE AR A9

Wi ¥l Table 13} 2o} ol HAMVI==A T W8
el HAFEE 0.10%, HlolAFE= 0.077%, =227}
S HAFEE 03B%WWE AHEIAT. EFY)
(K5SS, Kitchen Aid, St. Joseph, MI, USA)E ©] &3] €
g &, Ad¥7te, ASPIEF, dSEE, T, ice water
(1 2hE B2 1 el 1587 & 5 5 A, SEE4,
ISP, 7F71d2 2he WL 2 TollA 57k E3silh &
3 8-S ZEIdE 2 HEIE(100x100x12 mm)o] 115405 g
wol Adste] e S Az

XNE

A ZEA S PET/AL/PES] 4% 7]%FH(water  vapor
penetration)& AL F U= AFEE FXE AHE-st]
AP A3t T AlEE 4Ce] XA 7Y
ZAR e =

ol\

M

A 89| Amis AA|(CR-410, Minolta, Osaka, Japan)S
o] @3lo] 717t L, a, b 3 53] W =A3}c}h Calibra-
tion plate®] L(lightness), a(redness), b(yellowness) %t ZHz}
98.34, -0.17, 1.45°]4t}.

= ZeiE0|=

T EgRxolE IS AJE 0.5mLoll 10% AINO,),
£ I mL9 1M potassium acetate &4 0.1 mLE 37}
3OS FRT 43mlE v Frkekieh AolA 4087

0

AatTt ol F &
EZZ+E querceting
o]-gate] 2 gt FFEAFF N OZHE FFS F3HATh

DPPH(1,1-Diphenyl-2-picryl-hydrazyl) radical 2~7{&M

rtsteg S xAbslr] 98t frelettlZ<l DPPHE
]88t radical 22484 542 Han et al.(2006)°] WH-S
ol-g3rtt. =, 72 oMY AlE I mLE Alddel ¥
3 4.0mLe] 95%(v/v)2] ethyl alcoholS 7}sle] A&
Azt o] g9 02mM DPPHE 1.0mLE ¥l
2ol A 3087+ §FSAIZ] ¥ UV-Vis spectrophotometer
(UV-1601, Shimadzu, Tokyo, Japan)& ©]-8-3}>] 517 nmel|l A
FEEE SH&AY 2T = A8 Uil SF/HTE ol &
st FAg WPoR FYeion 7zt Agd it
DPPH radical 5271879 (%) ool 4 o]8-3to] ALt

s

. . .. A
DPPH radical scavenging activity (%) = (1- ?) x100

A: absorbance of sample, B: absorbance of blank

Thiobarbituric acid reactive substance(TBARS)

HEl9] FXFES ethyl ether IR WS o]&-3}o] g
40 gol| ethyl ether 400 mLS 7}8te] 247k B¢t %31 th
< 93X (Whatman No.2)& ©]&3le] o338 & sodium
sulfate anhydrous® E3tAth. 52d AXE ISt &5
3t ethylE 93] A AS & FAAEE ARSI 9
o] o R F2HE KA 1gS AP B3] Hsla
benzene 1 mLS 7tete] fAIE 2 &3l tha TBAA S}
20mLS €2 % vortex mixerZ & E33F] 100°C =
Fx AlFHS B 30 T AR U BEE B
ANA 108 St W2ttt flol £ F& AAstAL o F
Tk 3l UV visible spectrophotometer(UV-1201, Shimadzu,
Kyoto, Japan)E ©]-&-3} 530 nmo|A] SF=E AT &
1 gholl 10053t TBARSFLEZ FAEF3ITE o], blank
= benzene2 AHE-315

sn+

el 10g°] 1% peptones 90 mLE FH7}ste] 17 FoF
42339 1% peptoneTE @A A ATt FAFE
plate count agar(Difco Laboratories, Detroit, MI, USA)E
o]-§3te] 36°CollA 48A17F M et & UEht= colonyT
£ A48t Log CFU/ge. 2 YeRN QT

SAXZ
FAEA S SAS(Statistical Analysis System, version 9.3,
SAS Institute Inc., Cary, NC, USA) program= A}-8-3} %]
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Control

Non-capsulated Micro-encapsulated of upetr HojEFIgo] 444-458 nme]™ 2} 7HASTA)

v Y T3 FEgujo] wEl 577-1603 CU° 2= A7) Aot
(Lee et al., 2002).

| LEE) & AME Agz7] oz} Ag2nt B4 U
Ebgom A7) 7k wE Wl e gzt e 2
T 2 o7k I THTable 2). a(FA =) ZHollA A 7Y
T AT 1S 17.8490A4 12472 AT 25 37.51904
23.89= HAE Bt oldt A4S Gl Tz
g7t LY eEAFEE Ar kAol Wolx 7] wjio)
2} A7 T (Yusop et al, 2012). IZ 27} S| IFE
2 AP 27F A 15 A7 W =2 3kl
Rom 5%l Folid ztolE HYL 2 mAZYEsrt
a @t ol YIS FR= AOE YERTE Bg, gy
7} LY L HAFEES 0.323%(w/w)d71e A2 a gt
o] Kim & Chin(2011)9] ErlE EHojL} FEES 0.5%
(wiw) =5 g H718FAS w €] 9.09-10.20 #tETH =
A depbstth dix2te AFz7] 522904 AF 74 &
5652 A & Wt A gllen 5%uUelA feld
2ol & Holx] Ut b(EANE) g 2T RT A &+
o] A7I7kell BAIRe]l ERoH 2T Xt BT
A7A7)17ke] whE ks 34 YeRA] et

Oday

3day

7day

L 1

Fig. 2. Appearances of non-capsulated and micro-encapsulated
pork patties during storage at 4°C.

2, A7+ -7k ¥ e Duncand USRS £t

o] #2914 A (0=0.05) A EA T}

T
£ E2EL0|=

2|zt Adz7] 279 A2 7l F R ol =g

4°Ce] YHAAGHA oA el o] 2 HARIS Fig. 29F 7+
o ARz7] ofdAd S AUt gRTe € Ao A
e Ha et B HEsket A2 13 v A3 E=skst
AT 2 BF F24S A ol AAHTME F =
27t SH Y FEE=0N o ddolzt AE T A7

QA A G Bow sylolA Fedxtel 7t ¢l
SAth(Table 3). #17¢717ko] Aol el whebr] -9t A2
o BE F Fepio|=gheke] vt vebgth A% 7
AFol e AFz7gY dx2Te oF 52%2] At vehd
whA A2 13 A2 20N bz 473 43%7) e

=
zrol Aol e hzTel A% Aol Lolgon A
I 13 AT 22 BeAL A A2 Ak A
AL ol g8 E el Lo A NFEEL FE 5

st iz, AHE T 1, AT 2 7F o 5%l H
ol zolE BATh X 13 Xt 28 H|wEte] =

W vAfHEst A T F EEtEol=dw ] Ha

Table 2. Color values of non-capsulated and micro-encapsulated pork patties during storage at 4°C.

Storage period (day) L a b

Control 65.05£0.33"™ 5.2240.04¢ 12.4740.08°

0 Non-capsulated 51.54+0.46° 17.84£0.20° 30.55£0.43¢
Micro-encapsulated 45.50£0.27° 37.51£0.17 28.83+0.32"

Control 66.22+0.04* 4.4240.04° 12.3240.03¢

3 Non-capsulated 52.64+0.09° 14.75+0.09" 28.95£0.21°
Micro-encapsulated 52.67+0.15° 25.3240.05° 30.73£0.09°

Control 63.17£0.13° 5.65+0.13¢ 14.51£0.14°

7 Non-capsulated 52.48+0.07° 12.4740.02° 29.1840.08"
Micro-encapsulated 52.99+0.19° 23.89+0.16* 30.48+0.12°

Y Means+SD
**Means in column of different superscripts are significantly different at 5% significance level by Duncan's multiple range test.
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Table 3. Total flavonoids of non-capsulated and micro-
encapsulated pork patties during storage at 4°C.

(mg/mL)
Storage period (day)
0 3 7
Control 5.93+0.06"™  3.00+0.02°  2.86+0.02°
Non-capsulated 5.98+0.14™  3.06+0.01°  3.15+0.01°
Micro-encapsulated  6.07+0.07™ 5.82+0.02° 3.45£0.05°

Y Means+SD

**Means in column of different superscripts are significantly different at
5% significance level by Duncan's multiple range test.

"™ Not significant.

L EERRO|EE CCC S
2 3 B 23S 0y e HEsA 5
o] TAHOEA 7EFA ol ATl FF o]
Wik(Igual et al., 2011). I 2EFX] @2 54°Co) A 344 7F
AZA 7= FAHNA 14.1%] 7HA27F VRGO ™ 5%(wet
basis) T I 2B Q5 AAFTT] XS A oA
1°C, 1270 AAste A4 5 21.8%% #A4E B
(Tsantili et al., 2011). ¥ A A7} Tsantili 5(2011)<]
Aol Hlste] AAMGdo] Holxl AL 7ARE fle
A EAAT Aol 1A H AT ALRE T

12
N
>
N
o rir
pacs
[o
fru
A
ul
L
i)

DPPH(1,1-Diphenyl-2-picryl-hydrazyl) radical 2~7{&M

DPPH radical 227 DPPHE &4 o] <A
radicalS E-3FA T itslEd ] HAgo 5= Q13|
WS E 9 ek olvl ol o3| Skl o] Aol &
Ao ofsl el AEE ARRE gt FistEN S &
Asl= W o] th(Yoshino et al.,, 1998). A&x7]2] DPPH
radical 227184 27} 8.68%=A] 7HE wtom A
g7 13 22+ 28 47 18159 23.27%2 =4 Vet
THTable 4). ©]&13t Ax= HAMIE 5 522 HolA|
FEE 7I1= ATt AFEE T 5215-%E2] DPPH radical
2AGA ] 7 catechin7o] Ao wt kst o] oh=
Bz 4o A B uf] (-)-Epigallocatechin gallate(EGCG)7}
7P¢ =om 1 Y22 (-)-Epicatechingallate(ECG), (-)-
Epigallocatechin(EGC), (-)-Epicatechin(EC) =2 2 E}%L
3 & THTang et al, 2002). A& = =HE]¢ DPPH
radical 2SRt E A2 134 AT 22 A 7Y
Zo% DPPH radical 22748 o] zFz; 12.749}F 18.45%°]
Fout e ALolE 6.63%FE st 2
o 7ol Ml EA mAREsk T 2)7t Bl e BT
1)oll H]3}Fe] DPPH radical 27840 =0 H& Zo=Z
LERETE

Thiobarbituric acid reactive substance(TBARS)
Ao A EE o 4 A= TBARS @< Table 59

Table 4. DPPH radical scavenging activities of non-capsulated
and micro-encapsulated pork patties during storage at 4°C.

()
Storage period (day)
0 3 7
Control 8.68+0.10"  7.59+0.31°  6.63+0.37°
Non-capsulated 18.15£0.84°  14.44+0.10°  12.7440.52°
Micro-encapsulated ~ 23.27+0.68"  19.64+0.26"  18.45+0.68"

Y Means+SD
**Means in column of different superscripts are significantly different at
5% significance level by Duncan's multiple range test.

Table 5. TBARS of non-capsulated and micro-encapsulated
pork patties during storage at 4°C.

(mg/kg)
Storage period (day)
0 3 7
Control 0.54+0.09"  0.66+0.03" 0.87£0.067
Non-capsulated 0.36+0.06°  0.41+0.08"  0.49+0.06"
Micro-encapsulated ~ 0.33+0.03°  0.36+0.03°  0.43+0.05"

Y MeanstSD
**Means in column of different superscripts are significantly different at
5% significance level by Duncan's multiple range test.

Yehfdth AF27]9] TBARS oA thz+, X8+l
2 Z2) T 25 47 054, 036 2 033 mgkge 2 YER}
oFAAA S H7HS 2T AT A2 ool Hlst
of &3S BT oy g A= A4t oA
42 FrslEd S Ad ErfEFEE AT YERRE
S M (Kim & Chin, 2011) ¥ AN = 525527 A
o|#] FZE=ol st Yehte Zojgt AtRETH A3}
AAX= A 79 T Uz2Te F61%2] 7P AAH
WA AR skeE A2 20 = oF 30%9] STkl A
otk AlA 289 A9 1.2 mgkgol Aol e Ful FHot
WA E Tk 31 TH(Turner et al., 1954).

g

= A
S

#Ce) T AY F BE TS AelE 1] Tl

of

Table 6. Total plate counts of non-capsulated and micro-
encapsulated pork patties during storage at 4°C.
(log CFU/g)

Storage period (day)
0 3 7
Control 2.9840.06""  2.95+0.02™  3.64+0.34™
Non-capsulated 3.05+£0.10®  3.17+0.02™  3.32+0.05™
Micro-encapsulated ~ 3.38+0.31"  2.83+0.15™  3.35+0.03™

Y Means+SD

**Means in column of different superscripts are significantly different at
5% significance level by Duncan's multiple range test.

™ Not significant.
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WH3lE Table 63 72tk AZZ27] iz
F#5ol A Aol 7k el 9 ah@

9} Azl 7he)
2.98-3.38 log CFU/

g FFolAth iz Helw BT 797k AR
St F ] FA% S ‘/}E}‘/Pq axom A%

74 F
ojigztolE Kol ket o]y 3 T
= = g}ﬂ-x}—&oﬂ 7]

==T1L0

TEE

332-3.64 log CFU/g 5302 A7) 7k W2 &
as) Aol
1 E| Tk AL E T

o (o]
) =

2 AFoM e ol dHAAEA FA}, Alo]R], gz
ﬂﬂ s edx FEES vAAE stete] =5 JE A
ZIA A "L Al 4°Ce] ARG N, F FTR
rol= &=k DPPH radical 2783, TBARS, 45 5
o] W3lE M EAEIAT AEdA = wAFEEste A
2 27 ¥ &stke] M 1y o}é‘*&%‘%‘ﬂ TR
o 27717 W -.:x #e Bt & EgtEolE
SreFoll oA AFz7] t=+-¢f 2%117"%01] Ak 2hs
HAou A 7 dFole A2 dH] d2T= oF 52%
o] ZFa7b vepd whE A=l 13 A2 204 22t
473} 43%7} 734319t DPPH radical A7 8438 A%
719] ZEF7F 8.68%=2A 7HE worom A+ 13 A
T 25 27t 18159 2327%% =7 UERsETE TBARS
oAM= g2+, A1 2 A2+ 2= 742 0.54, 0.36
2 033 mgkgl = YERY ofditd S HorsE di27F A
A= A vty =2 #e BAT AFAA

NMZ= A 79 & dx2Te oF 61%2] TV AR
W X2 200 E oF 30%2] 7ol 2T Fdgel
Me Agz7] dxzFok At o] Zol7t flle
298-338log CFU/g Tl A F w48 F20]
AATH A 7Y Folx 332-364log CFU/g FEOF

o] =xFe] & HolA] gk

HAR =
B drE F2A5d AP AWM E: PI907122)2)
Ao gt ATAFAZ ol HA=EHUH.
EHn23
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