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Abstract

This study aimed to investigate the effects of spinach powder on the quality characteristics (CIE
color value, cooking loss, sensory evaluation) and antioxidant activity (DPPH radical scavenging
activity, FRAP assay, total phenol content, total flavonoid content) of pork emulsion sausage. The
pork emulsion sausage samples were prepared with the following amounts of spinach powder (0%
(Control), 1%, 2%, and 3%). The CIE L" value of uncooked and cooked samples an decreased with
increasing concentration of spinach powder. However, The CIE b" value of samples increased with
an increase in spinach powder. Off-flavor of samples containing 3% spinach powder were
significantly higher than those of control (p<0.05). samples containing spinach powder showed
significantly higher DPPH radical scavenging activity than those of the control (p<0.05). Samples
containing 3% spinach powder showed a higher FRAP, total flavonoid content that of the control
(p<0.05). The results indicate that spinach powder could be enhance the antioxidant activity and
quality characteristics of pork emulsion sausage.
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Ao Atslrt 7158l whet 1A TEYAEE AR vk vEel giag A8
of7]5}al lth(Song and Choi, 2019). ]3]t JA|Y, IZHAHE 4ol S/JAAS} Adtstal, 4t
SHA AEHYAE 2RA7|= 5 o8] IS FEAZItHBidchol ef al., 2011; Balkan et al., 2002;
Naito et al., 2002). WEpA] ZE sl floto] AARA 1737164 AAHE o83t Akt A&7
L7} SelA| o]0 Z| 1 YrkSong er al, 2002; Kim er al, 2004).

AlZA](Spinach, Spinacia oleracea L.y= HZA]o} YAH] Tol5=aChenupodiaceae)o]] <514= H|E}
o} pheizlo] e AER ) WS AT 48 ARl T 4t E7RL A
(Kim et al,, 1993). AlgA]°l= Vitamin A2] A9 carotene} ascorbic acidE Ho] gH-skal 910
v, 2, %), 2 52 275} Ao]HeE wol TRSHL ol WIS Ao FBum Stk
(Lee et al., 1994). TESF AlFA]9] 284 MAAER] carotenoidsO]] <£5= lutein, zeaxanthin, @, 3
-cryptoxanthino] AR} 2 3otFar} Qe Ao R Y#HTHMaeda ef al., 2005).
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AlgAl gt AdTe A F AlaAle] S22 A Ho(Lee ef al., 2001), AFAUES] 2EE2H] $F HMSKKim and Park, 2004),
A S Y¥eE Hat 5 = AlgA 28 9 A 5ol o IF4 W] iRt A7 QoM (Kim er al, 2008), 71 9] AlFA] o]
2] 2|3kJoo et al., 2006), AlFAIFL F7F FHeE AW 5O& obd7HA] S7RAFE0 =M AT HIES AEOItHKim e al., 2003; Sim
et al., 2003).

B ATolAE sk Ziso] Fold AFA B WA £% 9319 2442 Axsle] 7154 ABoR olgshudt 4 54
3} G BYENE St

1. Mz & U

SAE & =] |8k MK "X

=5 TA = ARE 24A1710] HIRE AZ ARESHI O, AlFA| 5 (Spinach powder, Jungwoodang, Korea)2 0|85t At A 22&
AAT =83} AEES AAG SAHL 27 8 mm plate S A2t grinder E 2451t AAJA] §3HE-S bowl cutter(K-30, Talsa, Spain)S
ol-&5to] YFH(60%)} SAF20%), W20%)E AlEsHAA A Sl tiste] NPS(1.2%), sugar(1%), EFFAE(0.6%), AlEA] 25
(1%, 2%2} 3%)yS A715lac). A= 8= 2 7|(EM-12, Mainca, Spain)E 0]-8-510] Z2F4l #°]A)(approximate diameter: 25 mm)o]|
ZX519ch Z28t 9812 80°C F2=R(JSWB-30T, ISR, Korea)ollA] 30587} 715}, W7k & Mg sto] 4 CollA] HiloldA A3
ARSI FoFE HEQ Ahs AlFA £ 1%, 2%, 3% J71sIloH, tRe AleA] £8E A7IsHA] 2L ARt

AFA B H7h 24049) E0%E 4 A BA 9 D F RAS 2Ast] lanee ANstel %z At

Mg 23
A 24 9L 719 A5.9] ok tHHS colorimeter(CR-10, Minolta, Japan)S AR&310] B (lightness)S L= CIE L' Zh} FAE

(redness)Z LFEME= CIE a” g, S (yellowness) S YERY= CIE b g+ 2451900k o] wo] FZML CIE L' Zo] +97.83, CIE a” o]
-0.43, CIE b* go] +1.9891 whA FZ2uho ARSI

2SIt

B5H FAWN 1099 LA RS ATste] Aol Tt ST AT ol, W1 S SUAU T AT, BEHA 7t
Rzfpol ek 7helh A28 o] 20 mme UKL 4L, Fo), 242 R4, ol AR 7|50 tilel 27} 109 WHeR WL
1 FAAE Foto] Hlasklth. 7 FEE 1082 7P $H(10 = extremely good or desirable) 2= BRI, 152 7Hg Goet £4
AE|(1 = extremely bad or undesirable)® EFHITY.

DPPH Radical 25

s} 4 20) G ABEHE AR 3 o3 SR 15 mLE YL ultturmaxS 018319 7,000 pmol] 2027 AR, TS
< centrifuge(Supra R22, Hanil, Korea)S ©|-85}0] 4T, 3,000xg 7oA 10&27F YAEL] ot 2N filter paper(Whatman No. 1,
GE Healthcare, USA)9]| oj3tsto] AR5 Alof o]-851%ch. 2,2-diphenyl-1-picrylhydrazyl(DPPH) 2H}Z 275~ Choe 5(2014)2] W&
Hgsto] S4skitt. FEE(1 mL)¥ DPPH §9(1 mL)& &5kl ofF2 oA A20= 30127 ¥E3A1ZH. Multi-mode microplate
reader(SpectraMax iD3, Molecular Devices, USA)E AF&510] 517 nmo|A] S5 24019tk A4S 5o 92 298 g2 242 4
$ajo] WEge ehhoich
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) -~ A gL o] THE A g% o] B
DPPH radical 271% (%) = Bk ]-}\]/J "‘;jﬂ‘?gl] vlj)rc]— D x 100
T ™ jLS = o -

ghl=d(Ferric Reducing Antioxidant Power Assay) £%

AR B 27 AAR] 9] 982 Dudonne 5(2009)1}+ Luqman 5(2012)9] HHL o]&slo] =4513T) 0.3 M sodium acetate buffer2}
40 mM HCI o] %21 10 mM TPTZ, 20 mM FeCI3 & 10:1:19] H]-&Z 40} 37CA 155 59t vkgA|A &u]519ich $55(1 mL)Y} FRAP
Al9K3 mL)E &35y, WL Aghsto] 37ColA 1587k WA T} Multi-mode microplate reader (SpectraMax iD3, Molecular Devices, USA)

£ 0|83} 593 nmoA TFEE =451t

= Hs 32 5%

Z Hl& =R Folin—Ciocalteu ¥ (Singleton and Rossi, 1965)2 -3-85}0] EA51LE AR EHS A7I5E AXA Y Ao 2 N
Folin-Ciocalteu -8 80 L= 7}5}0] 38 S0t vk A|ZTh S3H=0] 20% NayCO; S 800 pLE 1 WS Zjeksto] 37ToA 3087t vRSA| 7T
Multi-mode microplate reader(SpectraMax iD3, Molecular Devices, USAYS ARE5l0] 760 nmoA SHE=E =431t EF EAE gallic
wid® AH4FIglon], AR} BUT Yo Haislel UL AHoRIE F IS Allch

EHL0E e &Y

EZgtH o]t 3RS Woisky?} Salatino(1998)9] HI'HS o]835to] EXIYTt Z2+9] AFSH(100 L) diethylene glycol 1 mL2} 1
N NaOH 100 pLE E3t o} "2 XJotstal 37CofA] 147t ¥-S-A]Z T}, Multi-mode microplate reader(SpectraMax iD3, Molecular Devices,
USA)E A&} 420 nmojlA| S8S SH5IH: BE SR naringing AMGSIACOH, ARt U o R BAsto] A2 fdFios

e & EgE Lot RS AETIT

OPN‘ 0})|I

SHEM

& 700 QT S8 U ok R4 25 ol WABE Al ol o BAAY 2279 saSrin 03
for window, SAS Institue, USA)S o]-85}0] AIE Ho-ght FEAUXE eI oH, EXAHEA(ANOVA), H7AE(Duncan’s multiple range
02 Z12te] B40] ofsl §oe) Aol7} lEXlE AEstsick

= ES =
a2
AEA S 7R ok SAR(S) 7HEEE Al S S Table 1] UERROIG 7194 S4A AlSA] 22 1% Ae

dauct flRoR e are REXTp0.05), AFH 3% A7t HelTi fH0E RO gk Uehigitp<0.0s). SA%]
ARl Aol STHIIC) BAS PAAIA Uk ZolFo] 7 4-80] PAEITk LA YUt Choi e al, 2010). I ABAE
A THOIA 4-84 Aolifrt AGRAEE Se, B84 Alolige] BATEs} HolAlrk sto] Aoldgol et Fb
QofuthiL ST Lee and Kim, 1904). Webd A125] 22g H7RE £41219) gagolq Alolils Sl Detsy] uho] 2 ol

2o As YRRk Amstt

Mz
ME2A A3, 7l A - 59 CIE L' A3H B A7) Sobass qojgoz Uobq A Reithp<00s). 712 A CIE
e ot AR W7 ATENY GOHOR e S Uehislompu005). 53 A3 £ 3 Aol feldez
7V WS g2 Vehilekpe005). 742 F CIE a'ghe AH] 22 Frlego] HoldaE o408 2059l p00s). 12 A - ¥
CIE b'ghe AEA) Bg A7 Ao 75o] thaiich §91402 e 2he UBeirkp<0.05). Choi H(2003)2 SRR H7Hsto]

SAAE AEBINE W 2AA Y ARt S AL FAEE S7MAZTAL sto] B Ade] dufet dASI:. ot 2

Huo
U
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Table 1. Cooking loss and color of pork emulsion sausage formulated with various spinach powder levels
. Spinach powder (%)
Traits
0 (Control) 1 2 3

Cooking loss (%) 10.24 + 0.54° 7.61 + 0.30° 9.07 + 1.16™ 12.44 + 0.68°

CIE L’ 69.06 + 0.77° 60.53 = 0.20° 54.56 + 1.47° 5220 + 1.45¢

Uncooked CIE a’ 1523 £ 3.29° 2.96 + 0.66° 0.53 + 0.55b° -2.03 + 0.81°

CIE b’ 15.93 + 1.50° 22.00 + 0.70° 22.06 + 2.25° 22.93 + 1.40°

Color CIE L' 73.86 + 0.79° 58.60 + 0.70° 51.66 + 1.00° 4930 + 1.70°

Cooked CIE a’ 9.00 + 0.30° -0.33 + 0.25° -2.63 + 0.30° 343 + 041¢

CIE b’ 19.10 + 0.98° 2520 + 0.65° 2523 + 0.55° 23.26 + 1.86°

All values are mean + SD.

*d Mean in the same row with different letters are significantly different (p<0.05).

AJE219] chlorophyll A1%59] &AM A7} 71of o]slo] pheophytin© 2 WHalHA 7HE, AL, F&o]20] oJeto] 2hilg Hrtyl s1%oH
(Deman, 1980), S 1A nitite & AlFA| £2o] ol H= &5t CIE L', CIE a° g RolAE 208 Azt

Table 2°ﬂ A2 BEe B/ 4518 24179 TS Urehfiglnh AwE ASA BERe 3% W7k Aei7ot 2T} 1% W)
AR §EIA2% k8 Wi ugenipan, Sokie LTS AT 24 W AN foASE v A Ui
(p<0.05). 2243} b5/, AAIAQ 719 PRl FoHQ AolE HolA] offem, AFA| #2842 3% H7IRt Aol dix6rt
of718 14105 AR BASIelchpe009, ABA 1T B 49l o] $& AL oIlek el 2 st st
(Joo et al., 2006), EFLZ H7IRE 2AIA] AL £ Fo] HiA|a7]e] FAYE A= 2 a37F ATl SH3ItHKwon ef
al., 2012). TSTG7E A}, AGA| 2TZ 3% A7RE A7 w2 e U2 FE0] gor, 53] AgA 229 PReR ]lsk

SUE AL, SAREY ol AdETE 7dE & AU Aelal A4k

O

DPPH Radical 2Hs

DPPHE @2 Bephe B ulwa] QP fiee radicali2A] GHAISHA] 3 ol 5o SHelwlo] Ao] 2slo] 1-eh|o 2 MgtcBonder

Table 2. Sensory evaluation of pork emulsion sausage formulated with various spinach powder levels

Spinach powder (%)

Traits
0 (Control) 1 2 3

Color 6.75 + 0.96" 6.25 + 0.96° 8.00 £ 0.82 8.25 + 0.96"
Flavor 6.50 £ 1.29° 725 £ 0.96® 8.50 + 1.00° 7.50 £ 1.29%
Texture 7.00 + 0.82 7.25 + 0.96 7.50 + 1.29 7.50 + 1.29

Juiciness 725 £ 1.50 7.75 £ 0.96 7.50 £ 0.58 8.00 + 0.82

Off-flavor 725 + 1.26 8.25 + 0.50° 8.25 + 0.50° 8.75 + 0.50°
Overall acceptability 7.25 £ 0.50 8.00 = 0.82 8.00 £ 0.82 725 £ 0.96

All values are mean + SD.

*4 Mean in the same row with different letters are significantly different (p<0.05).
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et al., 1997). oA et ALz FAs B0 1A} Fof'sS 2stv] Bol o] §El itk ofejat A%t FolsS T el
A gofste] QA ol B4 ehcldo] o2 1518 SiAske GBS Aeku LeiA ltkSong o al, 2018). Fig. 1 A B
H7h 819 A417]2) DPPH radical 2745 23HE e Qlek. A Bk W/eH 9 T2/} 3401%9) 27452 BeT, A
B 1 AT 51.58-6008%9] 27458 Lehio] SRR EITHp<0.05). Song S(0I] AN AFA = F71
5% RoHoR AATIPE F7RICk: A7 AASOR, olefEt AFAY AASHo] AAANE GFS ) Holeky BaE,

sioizy
s} @2 ofeiZbA) 713 FolN] Bke 9 $alo] WAE Bosls S2e Bl sisl, Aol AkESS ol Wolsl

AN
.

olr

2o tist A EZ LA JthZhu ef al., 2002). Ferric reducing antioxidant power(FRAP)= 27} A 37} 2 TQJA|A FENS ZA
=11, o7& 593 nmef|A] S5kt FFE A 1 AT SRS 22 SEE UERHTKSong e al, 2018). AlEA| TS 7R
218 aA1A)9] edE =7 ZFE Fig. 20 Ul AlgA] £92 H7IHA] 32 ti2= 0406202 SHEQloH, AlgA] £ 3%
A7t AETollAl 04895 S50} RofH 0 w2 S HYthp<0.05). T, AlFAl, LUES 7%t A9 AFolA AlgAE 7Kt
Aol =& TEE S UEHITHL so] & ALt AAISHATHCha er al, 2011). AlFA] #5802 H7I5H] % AAIA0] H[slo] =2 Sl
Uehjo] 3Hlst Ao RA 71X7} gkl Azt ch

9

2 s0

2 a

5 70 a
[+

) L

@ e b

B 50 | ¢

[P

= 40 |

(5]

wl

= 30 F

[¥)

S

g 20

o 10 f

o

p_. 0 1 1 1

= 0 (Control) 1 2 3

Spinach powder (%)

Fig. 1. DPPH radical scavenging activity of pork emulsion sausage formulated with various spinach powder levels. DPPH:
2,2-diphenyl-1-picrylhydrazyl *° Means on bars with different letters are significantly different (p<0.05).

0.550
a
0.500 |
2 b
2
5 0450 F b
51 b
5]
g 0400 |
=
3
S 0.350 |
2 0
0.300 . . .
0 (Control) 1 2 3
Spinach powder (%)

Fig. 2. Ferric reducing antioxidant power (FRAP) of pork emulsion sausage formulated with various spinach powder levels. *® Means on
bars with different letters are significantly different (p<0.05).
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BRI H7t 93K A

Z Nz 2

AEAR AFE &l TRE0] e B2 S B4 F 7P B2 %S A6k duRe w2 T8, I Pesh S8 opzt
FLe|A|, I Aot 59| mapr} ekl ¥ &k Stevenson ef al., 1993; Duval ef al, 1999). Se}i o= A1Eo| oja] FHE ZajH&9]
7P 2 F5roln, ARl free radical scavenger =4 FAlSE IS 7HKItK(Beecher, 2003; Jang er al, 2012). & ¥=oE 54 A0S
Fig. 30 eI 274 23}, AFAE 71t A2lH-53 ti2Tt Aol 9141]1 Aol HolA] APAI, AlgA] 28s JA7Hdss
S7Foks B EAth Na 5(2010)9] S0l AlgA|olle wlzd E20] 102.32-186.45 mg% 8% T o] §lof & A7et Aottt
wepa] AlFAo] e Hed EEE Qloto] A Gol F7HE AoE AZbEr.

F SoEL0|E B

EH 10]=7= flaconols, flavones, catechins, isoflavones 52 & 3fhtzo] et EREojxH, E3} ofeh2of gt g7} o=
ot IS A AR 5o BRReHA B 2A Aolo] ofgf doju: Aog UHA UrhMiddleton and Kandaswami, 1994).
Fig 45 A1 23 I 44219 § Sehicol= U 34 2 USRgE) dael 4B B8 1% I ek
o 2%, 3% AN FHoR w2 TS HERCH(p<0.05), 53] AlFA BEE 3% F7RE £AIR9] EefElol go]
|oHog 7FF EQ thHp<0.05). Lut AlFX[o= 70.09 pg/gl] ETtEwO|=E ShASk Utk T Lee 5(2015)Y A7} YA|51%.0H,
AEAE B8 7R AR E w2 EetEeo|=rt S HTAL ARt

600

500
400
300
200
100

0

0 (Control)

Compounds (ug GAEY/g)

Spmach powder ( %)

Fig. 3. Total polyphenol contents of pork emulsion sausage formulated with various spinach powder levels. V' GAE, gallic acid equivalents.

65

55 r

50 f

45 F - .
40

0 (Control)

Compounds (ug NEV/g)

Spmach powder (%)

Fig. 4. Total flavonoid contents of pork emulsion sausage formulated with various spinach powder levels  NE, naringin acid equivalents.
*¢ Means on bars with different letters are significantly different (p<0.05).
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V. 2 <%

B L A12R B JURE B9 93518 AR Q) g ST 24 EGS AR AlEA] B2 RS 7EzE 0%(Control),
19, 2%, 3%% AZStEon, 43 dThs theat Ak 71 A - 0] CIE LG Al Be W14 foH02 dolup:0.05),
CIE b3k X0 &2 7 UehiArhp<0.05). Teg7HE, AFA B2 3% 7R A2jold qizTEet ojfE fodez
AZAZTT B7HE9lekp<0.05). DPPH radical 274% 27423, A3 £2g 7Kt H2TE0)4 gz7Het gojdor &gko]
(p<0.05), T 294} AFA) B 3% H7t Aol foHoR B 541 22 HOITHp<0.05). AFA HUS 3% H7ke 2417)9)
S0l o] FOHOR THE =THp<0.05). oSl A-ENE S 3%2 AlTAl £ ARt =5 7ok 2ARCIM
g olz)Ag aniel B4 54, FNe 4L 7RItk wekEc,
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