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Abstract

This study was carried out to investigate the effect of safflower seed powder on the physicochemical characteristics of ground pork during
refrigerated storage. Three types of ground pork were evaluated: 20% pork fat added (PF, control), 10% pork fat and 10% added safflower
seed powder (PFS), and 20% added safflower seed powder (SS). The pH increased during storage, but decreased after 10 days of the storage
(p€0.05). The pH was lower in PFS and SS than that in PF after 10 days of storage (p(0.05). The TBARS (2-thiobarbituric acid reactive
substances) values increased with longer storage period (p<0.05), and those of PF, PFS and SS were 1.186, 0.686 and 0.577 mg MA/kg,
respectively, after 10 days of storage. The L* values for external color of PF and PFS decreased (p<0.05), but that of SS was not significantly
different after a longer storage period. The a* values decreased (p0.05), but the b* values were not significantly different with longer storage
period, The L* values for internal color of PFS and SS decreased (p<0.05), but that of PF was not significantly different with longer storage
period, The a* value of PF decreased (p<0.05), but that of SS increased with longer storage period. The b* value decreased (p<0.05), but
those of PFS and SS were not significantly different with longer storage period. Water holding capacity decreased with longer storage period,
and that of SS was the highest (p¢0.05). Cooking loss of PFS and SS was not significantly different with longer storage period, and that of PF
was the highest (p<0.05). The reduction in diameter of the samples was not significantly different with longer storage period, and that of PF was
the highest (p¢0.05). Hardness and chewiness of samples increased, but springiness and cohesiveness decreased with longer storage period
(p€0.05). Replacing animal fat with safflower seed powder was effective and may be useful as an innovative meat product.
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A x2S AAS T BH7](0s-12S, Ilshin Machinary Co.,
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10%(PFS), 12|21 I3 20%(SS)E HrFate] E3H7)(K5SS,
Kitchen Aid Inc,, USA)E 387} &35}tk (Table 1), A|Z3F
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Table 1, Formulation of ground pork with safflower seed powder (%)

Ground pork”

Ingredients
PF PFS SS
Pork loin meat 68 68 68
Pork fat 20 10 -
Safflower seed - 10 20
Ice water 10 10 10
Salt 2 2 2

UPF (control): ground pork with pork fat 20%, PFS: ground pork with
pork fat 10% and safflower seed 10%, SS: ground pork with safflower
seed 20%,

LwoA pH 4,03 7.0 buffer
Ast SajdTo] 2= pH meter(ATI Orion 370, USA)
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B =5-29] TBARS(2-thiobarbituric acid reactive substances)

e A AT AR s gl SR 15 mLE 3 3 o9
q} ol 1 mLe]l 7.2% BHT%@H 50 #LE AFeEES A
AZEE o716 TBA AloF 2 mLE 7hste] EFstal, Be &=
ol 1587t 7ldste] Worel 2a TR 2000xgR AR
shick. dAEeld AEde 31 nmold] FREE 245
o, FAEE AR WA SHRFE o8&t 22 WHoR
ZA38}3 mg malonaldehyde/kgS T3} THBuege AJ9} Aust
SD 1978).

F



el 437
(Chromameter CR-200b, Minolta Camera Co., Osaka, Japan)&
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Raw weight-cooked weight

Cooking loss (%) = %100
Raw weight

¢

o Raw diameter-Cooked diameter
Reduction in diameter (%) = - X100
Raw diameter

6. =M==2| JAN =HA &Y

=SR] 7IAA 22 2o B 7R x Al
Zx=olE ZZ 40 x 15 X 5 mmE A=23 rheometer
(CR-200D, SUN Scientific Co,, Japan)E o]-&3}a] ZA3}3it}
73 % (hardness), ©FA(springiness), -$-%4d(cohesiveness)& round
adapter 25 ©]83}e] table
interval 30 m/sec, load cell(Max) 2 kg Z7o 2 ZAs}4T}
A2 (chewiness)-& (peak max —+ distance) X cohesiveness

X springinessgt &2 YERJ AT

speed 120 mm/min, graph
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Table 2, Changes in pH of ground pork meat with safflower seed
powder during refrigerated storage

Storage days

Ground pork

1 4 7 10
PF 54000037 546:001 5514000 5351001
PFS 54140.02”  555+001" 5564002 5.2040.02"
ss 5461003 5520001 5500002 5.18+0.01¢

Values are meantstandard deviation,
““Means with different superscripts in the same row significantly differ
at p(0.05.
““Means with different superscripts in the same column significantly
differ at p<0.05.
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HAAY 2005 371 PR TBARSgre] 7P¢ =Qkal, &3}
H 200 A7FEE ss7b 7PE GebA(p<0.05) FEA A
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Table 3, Changes in TBARS value of ground pork meat with safflower
seed powder during refrigerated storage (mg MA/kg)

Ground Storage days

pork 1 4 7 10
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Sl

SN L= S T A

Table 4, Changes in external color of ground pork meat with
safflower seed powder during refrigerated storage

PF 0.263+0,007"

dA

0.419£0.010"  0.866=0.023"  1.18620.008"
0.285+0.007°  0.3590,017"  0.686+0,011*"
sS 0.24240.006"  0.26510.001  0.26120.013  0.577+0.006

Values are mean=standard deviation,

bB

PES 0.25910.011

B

“Means with different superscripts in the same row significantly differ at
p<0.05.

“Means with different superscripts in the same column significantly
differ at p(0.05.
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< WHa7h glth(p(0.05). HAEE YeERlE gk dA A
712k &<t PR, PFS ¥ $s9] £O 2 EA UEgO™, BE
A&7t W 797 Hst o W 10dA frofshl
Srol A= Aol AtHp(0.05). 18]l FAEE Y= bk
< W T dA% Haph gldlen, AA A7k 59k Pr,
PFS @ $s9] =07 =] YENTH(p(0.05).

BAES Uz A9 ke A ARZ7IRE Fet PR
PFS & sso] o7 Egton, WA F pre WEb) gldle
v Prs g sse W 7U7kAE Wst glthh W 1094
FrolaHAl GrolAlthp0.05). W agke] A A A7t &
QF PF, PFS Y Ss9] o2 =QITH(p(0.05). L1&]il PFY| a*
e I 77 Wt Qo 1094 el sl
PFSE WA 5 e Wl glglen, sse ¥ 7Y o]F
o argko] EolAE Al ATHp(0.05). W2l brgrel A¢

T v R FA] AF71RE B9 PF, PES ¥ sse]
o7 Foatl =Qhp0.05). L3 PFY bk WE 7
HE sl solxl o prs 9 ss& WF 3 Hs) ¢l
THp<0.05).

SAIF2] AMZ-L deoxymyoglobin(ZF1ZA1), oxymyoglobin(A
E4), metmyoglobin(@ZA) ] vl we} th2A EeR,
ol Al 7EA9] Al Hlgo] 1, a* E brgkol JFS w|A|
£ Aoz 4#x Qthlindahl G 5 2004), B Aol ALE
H F3pH BEe Wr1e EHESe vzl vlgke] ) o
g prgho] Yokl o]l 3 B B AZo] gk

A F e A3 A A28H Al4%7(2012)

Color Ground Storage days
ork 1 4 7 10
PF 68094095 67.90+0.60" 67.40+1.18™  66.65+0.76™
I*  PFS  4987+054" 49.44+098" 4865+172"™ 4813+030™
SS 41341022° 4126+123°  41261096°  41.01%1,59
PF 863+019" 852+006" 8574037  596+0.52"
a PR 2451032"  246:029"  251£026"  1.94012"
S 1881025 1854002 1994010 1584017
PP 10924071" 10.84+003" 1142+084"  10.61+0,65"
b+ PFS  789+039°  774+057°  803+045°  753+023"
$S 6734023°  6484042° 68140450  5.99+040°

Values are mean=standard deviation,

“"Means with different superscripts in the same row significantly differ
at p(0.05.

*“Means with different superscripts in the same column significantly
differ at p0.05.

Table 5, Changes in internal color of ground pork meat with

safflower seed powder during refrigerated storage

Color Ground Storage days
pork 1 4 7 10
PP (983101  7001£0.13"  6819+024"  69.79+0.76"
I* PES  51.074073% 5044+1.03™ 51554050  49.16+0.37"
SS 44974036 45481066 44004082 41474058
PF 8241039  8114020" 8041023  5.14+048™
a*  PFS  2520017°  258+029°  238+009°  244+012"
$S 17340.10° 1704008 1914017 2.10+0.21°
PP 11294015 1124013 1087+022" 10.10+0,05™
b*  PFS  854+027°  868+088°  828+061°  860+025"
SS 671%038° 638057  66310.83°  7.28+047°

Values are mean*standard deviation,

“Means with different superscripts in the same row significantly differ at
p(0.05.

*Means with different superscripts in the same column significantly differ
at p{0.05,
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N7 FeE ssel HEHo] 923098.40%% 7P =Skt
(p€0.05). A&Z7] PF, PFS @ sso] BEES ZHzh 945000,
99.23% F 98.40%0| Ao] WAAT F fFJstAl Fishe]
WA 1080l 242 88.47%, 89.48% E 92,3005 LFERAS
Th(p(0.05). 7kgel  <ofdt e A AGIRE S
PF(10.94-13.13%)7} PES (8.52-9.54%) " SS(7.93-9,49%)X.c}
el E=kekp0.05). 23 W F 7hEREe PR
79 10.94%904 13.13%2 o84 ZHastd oyt PEs 2 sS

237} BHESQ WH 3 olgey EXo ojxe g8 403

1.81-1.99 g/em’ & 7P Wkk(p(0.05). €42 A$ P
WA T 41.11%014 37.95%F, SSE 46.74%A 41.63%
2 Al Folxok(p(0.05), PESE WAAT F ot
b it &34 WAd=x7] PR, PFs % ss7b 77t
56.77%, 57.45% 2 57.23%0|d  AHo] WA 10dx Z+z+
47.95%, 47.43% 2 48.98%=2 oSt SolHTHp(0.05). A
e YAAY F fostAl S71eke] ¥ 1094 PR, PFS
2 oss7F 242 12,80, 14.14 2 18,74 g& YERSH, ss9
AzPgol 7 EJTHP(0.03). B Aol I RIS
A7kt EHEST HAAEES WK BAESY] A4 =
Z7ke] ztel7t e A2 Fs el T oF 17%e] T
(Kim EO & 2008)°] &S vzlS Zog F3HY &, 2

= WL }ITHpC0.05). HBTEEE] A AA ARV g0 Avs AlEws BN UER}E aolo|Au BiE
BRF PRA0AT-ILO0%)7Y 7P 29k, 85 (7.387.6007 7V go wrksle kel 67 9% vt mek 33
SITHp0.05). vt BE AR ARG WAVRE ) Bue] Wiz BEHESe wuld Skl molyal, o2
o YEe MAA B FAPF Abolel FEE HASHE olste] BAES e 72Ul EESA Amel Higo] Eolx
T8 Yehl= E‘f,l‘?-,i‘(Huff—Lonergan E?} Lonergan SM 3, 7ta7eE 2 ARG Yol Ao g Ayl g
2005 A=A H7HEE o] UM dAY] SelE 3 g = Aw 2 AR opxT BAo] YolAe A
s 777 Hﬂ%’:iﬂ] Adz7loe w7t g 2t S park KS E(2011)0] ABuLS Arlsk BA=go] Ao}
ABHHE 29 frzol SolsfAuM sl drkPark KS gxjaiglon] oelat A%

= T
e AR F R Uy dwd
o] WAdA Y]¢lslE AR

T 2011, 23 ARFEL FEEY vES PHIE Ao

2 28 UtKGrossi A 5 2011). £ AT ZAFE Jung

1C(1999)7} ig’“_@‘_o] =oH 7 }%ﬂz'il%ko] Stoplntal g 2 Table 7, Changes in mechanical texture of ground pork meat with
frArstlem, 8 _T']i_%% A7k EdEse] Bapeol safflower seed powder during refrigerated storage

ot 2 A2 T3l FHrE AoldRrt 9% 7

S Aoz AZb=E Traits Ground Storage days

pork 1 4 7 10

bC abC aC aC
Table 6. Changes in water holding capacity (WHC), cooking loss (CL) Hardness o 1'8&0'06[,1; L0007 B 1'92410'10.(.1; 1'99410'11.(.1;
. . . . ) PES 2.0310.09 2.15+0.11 2.1410.05 2.1410.08
and reduction in diameter (RD) of ground pork meat with (g/em’) A " ~ » ", T
safflower seed powder during refrigerated storage (%) 38 2-6&0-20,3 2-9’i0-18,m 3.1140.04 ] 5~2>i0~0’m
S PF 411142387 39.22+233""  3842+128"  37.9542.80°
traite GroUNd Storage days ‘Spr'zil)ness PFS  4294+180° 4067+183° 40704237  4141+2.79"
pork 1 4 7 10 ! SS 4674+179" 44324308 40754241 4163+186™
PP 94503947  04724308" 91385164 88474225"  Gopesivene  PF S677EIST  SBAILL06 477751830 47.050184°
WHC  PFS  9923%107" 94265106 92938277 89.48+2,05" s PES  5745:218'  $375+114° 4949227 4743235
SS 9840+181% 98234045  9480+2.18™  92.30+145™ (%) SS 57234284 541142167 508742017 48.98+1.50°
PF 10.94i1.93m 12,47i2,062‘b1\ 11_77ir2.44hA 15.15i0,542m ) PF 9701430“3 10584;1‘47% 11.73i1.46b]3 12.80i1.44uc
CL  PFS 909208  852+119°  881+129°  954+081° Chewiness e 10514156°  1138+126% 126041280 14.142.20"
ss 793t171°  871+116° 8641470 9.49+118° ® $S 120741747 13571161" 164941667 1874+179"
A A - A A
PF 10'97i1'113 11'00i1'8% 10‘>0i2‘2§\ 10‘17i2‘263 Values are mean=*standard deviation,
RD PES 9.17£0.72 9.5340.93 9.46+0.91 8.4311.04 ““Means with different superscripts in the same row significantly differ at
ss 738+122°  7604116° 74741270 7454095 140,05,
Values are meanzstandard deviation, *Means with different superscripts in the same column significantly differ at
““Means with different superscripts in the same row significantly differ at p<0.05,
p<0.05,
“Means with different superscripts in the same column significantly differ
at p(0.05.

v. 2 %

2 dFe AYUAARZ Hrkek S Bdo]l U &
HESe] olghety Fho vXE P st s
=SS =S54 680, BT 10w, 2F 2% AR
20%(PF, control), SHAIAHF 10%¢} Z3MA 10%(PFS) Lg]al

He

B 3 ARG AT, B4, $14 % AL Table
) EohAE AFolglon,
4 =1L, pF7t
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TBARS#H, A%, Hpd 71dw, 274

2A7+s S48t pie ¥ F =olA vt 1084 o3t
A Zagor, W 1084¢] pH PFs ¥ Ss7F PRET
oAl SATHP(0.05). TBARSHE ¥ & frelsHll S7ist
o WA 1094 PF, PFS @ ss7} 247} 1,186, 0.686 % 0.577
mg MA/kgS YERHATHP(0.05). Tz ZH9 pF 2
PFST TASFIANE ss& Fo3k zhol7F ¢ldTh(p(0.05).
2 a g AR T FASAAN bk fegk Aozt ¢l
Ah(p0.05). WHFEAZ] ¢ PFs 2 sso] Lrghkd 7HAsES
A9k PR AR F #H3PF $i3thp(0.05). PFY a*gh2 A%
T Aot dAT ss= S7FFATHp(0.05). 12]al PFe| b*gk
S AR T TASIANE prs E sse fog "t gl
(p€0.05). By W 5 hastelon, ssof Bpgo] 7t
2 =9k (pl0.05). 7FaES PRt 7P E9kom) prs &
sse W S st #sh gldvh(po.05). ARAES
Y4 5 st glolen, prel HAZAEOl 7 ZAk
(p€0.05). A% 2 ARHEe IF F 7RI, &4

S SolAHtH(p(0.05). ol de AT, ZEn BIe B
SAE &Y AW dAAEZA a7 AL, SAEFS
skl golstAl ARgslr] fsiMe T3 EE 1007}
APe Aoz wET)

> HE

(3

o2

ro

nE]

Ayo J, Carballo J, Solas MT, Jiménez-Colmenero F. 2008,
Physicochemical and sensory properties of healthier frankfurters
as affected by walnut and fat content. Food Chem
107(4):1547-1552.

Buege AJ, Aust SD. 1978, Microsomal Lipid Peroxidation, In Methods
in Enzymology, Gleischer S. and Parker L. (ed.), Academic
Press Inc,, New York, pp. 302-310.

Crehan CM, Hughes E, Troy DJ, Buckley DJ. 2000. Effects of fat
level and maltodextrin on the functional properties of
frankfurters formulated with 5, 12 and 30% fat, Meat Sci
55(4):463-469.

Dixon HG, Scully ML, Wakefield MA, White VM, Crawford DA,
2007. The effects of television advertisements for junk food
versus  nutritious  food on  children's food attitudes and
preferences, Soc S Med 65(7):1311-1323,

Giese, J. 1996, Fats, oils and fat replacers, Food Technol
50(1):78-83.

Gok V, Akkaya L, Obuz E, Bulut S, 2011, Effect of ground poppy
seed as a fat replacer on meat burgers, Meat Sci 89(4):400-404.

Grossi A, Seltoft-Jensen J, Knudsen JC, Christensen M, Orlien V.,

A F e A3 A A28H Al4%7(2012)

2011. Synergistic cooperation of high pressure and carrot dietary
fibre on texture and colour of pork sausage. Meat Sci
89(2):195-201.

Hiramatsu M, Takahashi T, Komatsu M, Kido T, Kasahara Y, 2009,
Antioxidant and neuroprotective activities of Mogambi-benibana
(safflower, Carthamus tinctorius Linne), Neurochem Res
34(4):795-805,

Hoffman K, Hamm R, Bliichel E. 1982, Neues {iber die bestimmung
der wasserbindung des fleisches mit hilfe der filterpapierpress
methode, Fleischwirtschaft 62(1):87-93,

Huff-Lonergan E, Lonergan SM. 2005, Mechanism of water-holding
capacity of meat: the role of postmortem biochemical and
structural changes, Meat Sci 71(3):194-203,

Jn Q, Shan L, Yue J, Wang X 2008, Spectrophotometric
determination of total serotonin derivatives in the safflower
seeds with Ehrlich's reagent and the underlying color reaction
mechanism, Food Chem 108(2):779-783.

Jung IC. 1999. Effect of freezing temperature on the quality of beef
loin aged after thawing, ] Korean Soc Food Sci Nutr
28(4):871-875.

Keeton JT. 1983, Effect of fat and NaCl/phosphate levels on the
chemical and sensory properties of pork patties. ] Food Sci
48(3):878-881.

Kim EO, Lee KT, Choi SW. 2008, Chemical comparison of
germinated- and ungerminated-safflower (Carthamus  tinctorius)
seeds, J Korean Soc Food Sci Nutr 37(9):1162-1167,

Kim HJ, Jun BS, Kim SK, Cha JY, Cho YS. 2000. Polyphenolic
compounds content and antioxidative activities by extracts from
seed, sprout and flower of safflower (Carthamus tinctorius L.). J
Korean Soc Food Sci Nutr 29(6):1127-1132,

Kim JH, Kim JK, Kang WW, Ha YS, Choi SW, Moon KD, 2003.
Chemical compositions and DPPH radical scavenger activity in
different sections of safflower, J Korean Soc Food Sci Nutr
32(5):733-738.

Koyama N, Kuribayashi K, Seki T, Kobayashi K, Furuhata Y, Suzuki
K, Arisaka H, Nakano T, Amino Y, Ishii K, 2006, Serotonin
derivatives, major safflower (Carthamus tinctorius L) seed
antioxidants, inhibit low-density lipoprotein (LDL) oxidation and
atherosclerosis in apolipoprotein E-deficient. J Agric Food Chem
54(14):4970-4976.

Laugerette F, Gaillard D, Passilly-Degrace P, Niot I, Besnard P, 2007.
Do we taste fat? Biochimie 89(2):265-269.

Lindahl G, Enfilt AC, von Seth G, Joseli A, Hedebro-Velander 1,



Andersen HJ, Braunschweig M, Andersson A, Lundsttdm K.
2004, A second mutant allele (V1991) at the PRKAG3 (RN)
lotus-II. Effect on colour characteristics of pork loin, Meat Sci
66(3):621-627.

Nogala-Kalucka M, Rudzinska M, Zademnowski R, Siger A,
Kirzyzostaniak 1. 2010, Phytochemical content and antioxidant
properties of seeds of unconventional oil plants. J Am Oi
Chem Sco 87(12):1481-1487.

Park KS, Park HS, Choi YJ, Moon YH, Lee KS, Kim MJ, Jung IC.
2011, Quality changes of pork patty containing lotus (Nelumbo
nucifera) leaf and root powder during refrigerated storage,
Korean ] Life Sci 21(12):1732-1739.

Pifiero MP, Parra K, Huerta-Leidenz N, Arenas de Moreno L, Ferrer
M, Araujo S, Barboza Y, 2008, Effect of oat's soluble fibre (S
-glucan) as a fat replacer on physical, chemical, microbiological
and sensory properties of low-fat beef patties, Meat Sci
80(3):675-680.

Rahajo MC, Brewer MS, 2007. Effect of natural antioxidants on
oxidative stability of cooked, refrigerated beef and pork. J Food
Sci 72(4):S282-5288,

Rodriguez-Carpena  JG, Morcuende D, Estévez M. 2011, Partial
replacement of pork back-fat by vegetable oils in burger patties:
Effect on oxidative stability and texture and color changes
during cooking and  chilled storage. ] Food = Sd

76(7):C1025-C1031,

B3l BHES YN 3 olgEy B ojxs g8 405

Sanchez-Escalante A, Torrescano G, Djenane D, Beltran JA, Roncalés
P. 2003, Stabilization of colour and odour of beef patties by
using lycopene-rich tomato and peppers as a source of
antioxidants, J Sci Food Agric 83(3):187-194,

Siddigi EH, Ashraf M, Al-Qurainy F, Akram NA, 2011, Salt-induced
modulation in inorganic nutrients, antioxidant enzymes, proline
content and seed oil composition in safflower (Carthamus
tinctorius L.). J Sci Food Agric 91(15):2785-2793.

Suleimanov  TA, 2004, Phenolic compounds from Carthamus
tinctorius, Chem Natural Comp 40(1):13-15.

Troy DJ, Desmond EM, Buckley DJ. 1999. Eating quality of low-fat
beef burgers containing fat-replacing functional blends. J Sci
Food Agric 79(4):507-516,

Turhan S, Sagir IS, Ustun NS, 2005. Utlization of hazelnut pellicle in
low-fat beef burger, Meat Sci 71(2):312-316,

Verma SP, Sahoo J. 2000. Improvement in the quality of ground
chevon during refrigerated storage by tocopherol acetate
preblending, Meat Sci 56(4):403-413,

Youn DH, Park KS, Lee KS, Jung IC, Park HS, Moon YH, Yang JB.
2007. Quality and sensory score of ground pork meats on the
addition of pork fat, olive oil and soybean oil. Korean J Life
Sci 17(7):964-969.

Korean J. Food Cookery Sci, Vol 28, No. 4(2012)





