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ABSTRACT

The effects of curcumin extract on the physicochemical, microbial and sensory properties of low-fat sausages during
refrigerated storage were studied. Sausage products were produced with three different formulations including 0%, 2.5%,
and 5.0% curcumin extract. Low-fat sausages made with the addition of curcumin extract had lower (p<0.05) crude fat con-
tent, pH and TBARS values than the control sample. The addition of curcumin extract did not affect the water holding
capacity, cooking loss, shear force, meat color, texture profile, and total bacterial count in low-fat sausages duringstorage
(p>0.05). With regard to sensory evaluation, 2.5% curcumin extract added to low-fat sausages resulted in a high overall
acceptability (p<0.05). In conclusion, low-fat sausages with added 2.5% curcumin extract had a higher acceptability and
lipid oxidative stability during storage than products without curcumin extract.
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et al., 2005; Liang et al., 2005), V]|A} FEE(Kim er al,
2000), £ 2 =2 FZ2E5(Kim et al,, 2002; Kim and Ko,
2005), 3FFA F=ZE(Park ef al., 2005), ZAIE FEE(Lee

3
[=]
=]

*Corresponding author : Sang-Keun Jin, Department of Animal
Resources Technology, Jinju National University, Jinju, 660-
758, Korea. Tel: 82-55-751-3283, Fax: 82-55-758-1892, E-
mail: skjin@jinju.ac.kr

255

et al, 2004) 5°] Aort, &5 FEES SAF) A8
7 A7E A9 gle AoR Fote il Ut

S8 A7¥I(Zingiberaceae)?] 7334 (Curcuma) 2
FEe £24 thaA A E2X(Lee ef al., 1997), H
of 3okAl, skalg 2 Ago = de] AMRE T gloH,
TWEA7E e Aok FfRkolu) 2lFakgel lojA ulfg-
23 A9lo] 3 JYtHRyu er al, 2005). E3F 7]
A2 curcumin®] AtEY, AEAHOM, AYE
%, &89S T Az 7HA 7iEAd0] HEAWEA 28 Fok
E Ao g i3 Ad77F JAABET Y(ung e al,
2004). AE7HAY Fujer ] AE &5 FERAEE
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Kang et al., 1998; Ryu et al., 2005). &)=2] AAAT-E
2 F2 AA Al SHlA e gitsl E4d(Ammon
and Wahl, 1991; Manikandan et al., 2004), 2HAH X5
v gela sk (Ruby er al, 1995; Shi et al, 2006)] wigh
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= AT Govindarajan, 1980). 41E1kgol 284171 3-8 &
7NZATES BE, Jaas g2 A|e] & IK(Bloukas
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5.0%), 2.5%(CE 2.5%)% 2718t A& 2e7E 243}
Atk B AFE Az AHEH 27 FEEL AFY HF
o] AFZAo|Y, SR &7 HH FE2E IN%AIE
13% o4, B4, vlell C, As A FFEE 3271H
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Table 1. Formulations of experimental low-fat sausage treat-

ments
Treatments"
Ingredients
CTL CE 2.5% CE 5.0%

Pork ham 71.57 71.57 71.57
[ce/water 9.38 6.88 4.38
PFR? 15.00 15.00 15.00
Olive oil 2.00 2.00 2.00
NPS? 1.30 1.30 1.30
Phosphate 0.20 0.20 0.20
Sugar 0.50 0.50 0.50
MSG 0.05 0.05 0.05
Curcumin extracts - 2.50 5.00

Total 100.00 100.00 100.00

" CTL, Control(no addition); CE 2.5%, Curcumin extracts 2.5%;
CE 5.0%, Curcumin extracts 5.0%.

2 Prehydrated Fat replacer (ISP:Carrageenan:Maltodextrin:Water
=1:0.5:0.5:10).

FNPS (NaCl:NaNQ, = 99:1).

2d5e WA A8l Wr(ice waten)E AR
Z AHAE EFS & 1&40= IHAsHEM 2
=

i po, o
o 38
H
N

100 L, Johnsam Co., Korea)ol|X] 78°Colx 7587+ &3
7143 &, 32 Yool A7l & PE 289 F
ERsT sx1°ce] ¥FmAlA 3087 AF3AT. A
A Al (fat replacer)= AFAZ Al B2 FTH(soy
protein isolated, SP1 EX-33, Dupon Protein Technologies
International, USA), 7F}71 WG, MSC Co., Ltd., Korea),
LEUAEZ(MD-1520, Com Products Korea, Inc., Korea)
2 B8 ZzZb 1:0.5:0.5:108 B&E ARAo) 37
F AhEch

=4y

ANEY YUrAE-L AOAC(1995) ol F3lo]
st o, pHE A8S 10gS $7F4 90mL9}
Homogenizer(T25B, IKA Sdn. Bhd., Malaysia)= 13,500
pmollA] 10%7F 728351 pH-meter(8603, Metrohm, Swiss)
2 SRR, g2 vk ARE 70°CY FeFE
ol A 3087F 714% oS W4ske] 1,000 rpmell A 108
AR & FAE S & AsFH-raT
FH)E A7 FEx1002F AE3h tEEe
FE 2 cm FAR A Hdsj] FAE S o
&, zipper bagoll ¥ water bathollA] AF-2%7} 70°Cell
=98 g7ix] st F A3 o Alsd FAE 53
3] 7414 AW Aol g MEEE ALk Instron
3343(US/MX50, A & D Co., USAYS o]&3le Adtyl=
shearing cutting test2 AHHE ] A|F(01.8x2.0 cm)S
7122 53X AE 5 mm9 knifed plungerE ©] 831
3, ZAES mastication testE A E9] 71E8-(01.8%2.0
cm)yS AEZ HYA adapter No. 59] T8 plungerg ©]
43t 2Asgn). o] i B4 e AW @ 237

o
)

A

23] chart speed 120 mm/min, maximum load 10 kg,

A £% 60 mm/ming SFET F27RE THZA S (brittleness,
kg), A% (hardness, kg), 2% A (cohesiveness, %), BEA
(springiness, mm) 2 34 (chewiness, kgxmm)S A3}
2t} 548 Chromameter(CR 400, Minolta Co., Japan)E
ol-gdle] FUg WhPo g 53] yhEsle FA gl HE
(lightness)E VERNE L%k, FAE (redness)E LYERY= a'
@} AL (yellowness)E YE = b'3ts SH3ATH
olm] FFA2 Lgkol 89.2, a'gkol 0.921, bgke] 0.7832]
HFENFS AL F3S thy S8t TBARS
= Buege9} Aus(1978)2] Wl we} ST, T
F(total plate counts)= A]F 10 g2 1% peptone = 90
mLoll ¥l bagmixerZ TAAIZ] thy 1 mLE AF 3}

=
hn
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24" 9 mL peptonegroll Eo] 343 &, s|AAE wig
ZA)& H)]X(plate counter agar, Difco, USA)l Hohl %
3l 32°ColA 2 wiste 22USE ATt @
=7 H(sensory evaluationy= & FHE BFAALAY 10
He Aukste] ZF AFTEE 9F HEHoE XS
7 FAARE A7) oA o83t r1EERen,
Zr 74} g 132 vl VAL S (extremely bad
or slight), 982 ©i$- EAL} 7F(extremely good or
much) .2 EAJSHA sl

SHXE|

olite] Ao Aol A= SAS(1999)¢] GLM
(General Linear Model) o8 A3t Ay Hd
7ol Hl2E 93] Duncan®] Multiple Range Test7} ©]-8-
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Table 2. Proximate composition(%) of low-fat sausage con-
taining curcumin extracts during storage at 5£1°C

Storage days

Items Treatments"

15 30
CTL 74142023  73.87£047 73.7120.15
Moisture CE2.5%  73.90£0.06 73.66+0.17 73.49+0.49
CE5.0% 73.39£0.09 72.84+0.45 72.78+0.17
CTL 21.1740.62 20.86£0.61 20.36:£0.80
pcrg‘t‘:; CE5.0% 20.68+0.39 20.63£0.41 21.050.11
CE2.5% 20.78£0.46° 20.72£0.45" 20.36+0.68%
CTL 2.07+0.45% 2.99£0.34% 2.83+£0.44%
C;Z?e CE25%  225+0.07% 2.23£0.05° 2.33£0.12%B
CES5.0%  2.34+0.05% 2.25+0.08° 2.24+0.06"
CTL 258+0.40 2.51£0.07  2.25+0.09
C;‘Se CE25%  2.16£0.01  2.18£0.01  2.17+0.02
CE5.0%  233£020 223002  2.22+0.08

D Treatments are the same as in Table 1.

ab MeanstSD with different superscripts in the same row signifi-
cantly differ at p<0.05.

AB Means+SD with different superscripts in the same column sig-
nificantly differ at p<0.05.

2005y % w5l
SAANAM AR lolE du&e AN TP
olo YQlgttkar &tk £ AEQ] B¢ =HA St
A0 BT AR EGH) 4209) AF AZ A v
o) wlat Hrlsle] 9Efo2 ARSI Wil At
43 A8 AWl 2 Aols A9 §lS o
B, 23 222 Al Ua #7189 A7) o
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pH, B3 7idze 3l Mett

L FEE TH AR AKX ARZ7IXE F pH, B
%8 Jta7E 9 Ayt 22 23S Table 30 vERY
Act. $AEY pHE LESH J7HEY] WiF Hgo] o
gt a7} glow, AME, By S 227 F 4
W3lol] gake ujThk BI(Miller er al, 1980)5=4),
B A pHe AA7I70] Al wet Yol 7
golglon, o3t Azh= AF2mel BAgle] A7
Zro] Zshgtol] wha} AA1=1e] pHYL ZHASHHATRE Kim 5
(2000)°] ZAzke} UxH= Aot} pHE A% 15UFE A
2 WA AgT-Ee] Rl BlE) frejAos Hsh
Thp<0.05). £ A AL8H &5 25 84 1 2A
o] pHE 5.04%200, Hel7zk Bl Al A% 15Ukl e
F921 |7k YA p>0.05), A Bl 2.5%

Table 3. Physicochemical properties of low-fat sausage con-
taining curcumin extracts during storage at 5+1°C

Storage days
Items Treatments"
15 30

CTL 6.40£037  6.39+£035% 6.28+0.07*

pH CE2.5%  6.17£0.03%  5.13+0.038 5.09+0.02"
CES5.0%  6.1420.05° 5.34:0.08% 520+0.0%
L, CIL 78.32+0.75 77.60£0.66 76.99+0.18
W(];S ' TCE25% 75400041 75045050 76.89+0.65
CE5.0% 77.50£1.54 76.40+1.67 77.17+0.62
Cooking_ CTL 15195021  15.15£0.08 15.05£0.32
loss  CE2.5% 14.45+0.42 14.97£0.50 14.69+0.07
(%) TCE5.0% 14774026 15.16£0.08 15.02=030
Shear  CTL 338+0.14  3.2940.04  3.03+0.06
force CE25%  3.55£0.04 3432005  2.810.15
(kg/em®) T CES 0% 32040.09  3.3840.05  3.06+0.12

D Treatments are the same as in Table 1.
2 WHC; water holding capacity.
»b Means+SD with different superscripts in the same row signifi-
cantly differ at p<0.05.
ABC Means+SD with different superscripts in the same column
significantly differ at p<0.05.
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A7V} 5.098 5.0% JA7FFRD 238 FoFoE v
Al GePdth(p<0.05). B58L HrisEe F2E840E B
A FE- Arlsle AzRHAT, ol AHAE wFs}
= izt AElT el folAQd Apolzt vehA] e
%O T (p>0.05), 7+ AQTIME F-e]HQ0 Aol
7t A9tHp>0.05). Wt &5 FEEE EgEoly 7t
I7H 2 Al FEE wXA] o, Table 70 1
el 2HEA ZAMIA F93Q Aol Yeh A =
AE ol#dt AxEd AT AGHT) FhA,
Chin 5(2005)% A= 2] 2o A AANJEFTH 2HE &
A FE2EL B8, 1F 0 (purge loss) B 2H7 9
F2] =i sk

%

of
il

Al

F F2E 3 AR 2AAY AZ7E F S
%7 AHE Table 4o UYERAITE SA1FS] A2 4nlA)
o] AT MHel A] 7]Fo] He 223 gflott /M &
AZo] QoA 2RSS Salo] ¥ty EF EHZQ) P
MG Folalm(Chceres er al., 2004), A o] 2L
AR SAHE] L'ghe 1A AE vl i B
Yeh =) (Griguelmo er al., 1999), £ AgA] S22

to 4o

Table 4. Meat color of low-fat sausage containing curcumin
extracts during storage at 5+1°C

Storage days
Items Treatments”
1 15 30
CTL 77.72£0.39  76.60£0.46  74.69+0.52
L CE 2.5% 77.21£041 76.37+0.74  75.5040.50
CE 5.0% 77.42+0.09 76.70+£0.55  75.60+0.82
CTL 11.31£0.07  10.56+0.53  10.66+0.51
a" CE 2.5% 10.83+£0.15 10.56+0.26 10.22+0.38
CE 5.0% 10.77£0.09  10.57£0.27 10.70+0.31
CTL 3.06+0.15 3.03£0.17 3.09+0.14
b* CE 2.5% 4.28+0.17 4.27+0.06 3.58+0.21
CE 5.0% 5.13+0.09 3.84+0.67 3.03+0.14

) Treatments are the same as in Table 1.

UE YEE L3S A% A 77 B¢t ZE AFl
A oA ztol7} few, HAEE JEE a' g
A2 Jehe b3elE F927 3 tHp>0.05).
Kim 52000y 2P|x} FEZES o] 83 AXAE A%
717to] ATl we} L'ghe 7HAdkal, a'gke FUlsit
7} o AT 1o, Chin $(2005)2 AAH &
AR A BAFEFOIY A FAF FE2ES HFR|E
5 Aol F2)- Atol7k FAThL SR e, Lee &
2005y & F2AE sl AZT 2ARY Ao
HS oJ5A vehdtla stk B AY AT &5 =
B 27 vind F& Adelqly] wiiel Ao st
G3FS MAA] e AoE Ao, &5 FEE HIL
o W A 2e] EAlole ol AL s A
2 AZgdg. oy gt 35 Alx 2084 ALk
a7 FEE o8] FF S| A=A nitrite
oto] ARG Bol g B AFHA A7t g
gaAdo] tkar AAZIH

TBARS(Thiobarbituric acid reactive substances)

F F2E I AT 2AIA S A7 T TBARS
=X AHE Fig. 19] JeRAATH TBARSE AEH 4
o) As4tel s SA451] fla) Ak ol A&
A 23S A3 98 g e AR Y
o= TBARSS BEXAFE= | kgd] o5& 7 A s}
E(liquid peroxides)2] ¥3]4H=2] malonaldehyde(MA)S]
mgl & UERATHMelton, 1983). SAIF2] bl wE
TBARSY] A2 SuiFe] A 2HE BAZL o
TBARS?] &&ke- SA1EQ AHEE Hrkshe A7t =
THRogar and Robert, 1971). ¥ HgA AF7|7to] 73
3}l whe} TBARSS -2 Z71std=t o3t 2%
& AAA o) gt AP ATE(Fista ef al.,, 2004; Kim et
al., 2002; Lee ef al., 2005; Magra et al., 2006)2] <379}
A A 27 &5 FEES A1 AFS] TBARS
8ak2- 0.33(CE 2.5%)~0.43(CE 5.0%) mg MA/kg 2
HETH0.59 mg MA/Kkg)el B8] thi Btal(p<0.05),
Z 1593378 A% WARAE FoHem WA Vel
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Storage days

Fig. 1. TBARS (mg malonaldehyde/kg) of low-fat sausage containing curcumin extracts during storage at 5+1°C. Experimental

group: refer to Table 1.
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O (p<0.05), 1 7ol FIINFE A F X]m’* s}

AR e At oS & & U ol &5 F
ZE0) 8 4AF9 HEW C, AF A FEEEE
A 3k vz AxtE o AZIv} Fernandez-Lopez &
2005y SAA| FE5o| HE FESEHT} o) &
oJFo g ZUA|T 22rlE] FE2ERTE Wokthal sl
om, A&8A F& Zo| dkHde = 315k (phenolic
compounds)?ll &jgHar s

ru[m

T FEE T AT AN AT T ST
4 W3S Table 5o YT FdFe A7
Zojgol wet Frstdeou, A 30LAEA 3.5
log,,CFU/cm? o]8}& fA8kaL glo} w)-$- ¥z 3sjcta
SEYTt & FE2E 5.0% 2 2.5% A7F AF 27

24=7) tizTel W o =gout, A% dridl
238 ot e 2FFE BHTE Lee 5(1997)2 ¥

=

fr e

ﬂ

g2 vehliE &5 AEe 84 l uksl 2 uh QAT &
= 2ZE9 AU Ao S HAA Tl o)
3 o FaaAs sHna o}iiE}. Kim $(2002)& &

A W =3 FE2E WY 2ARAE 2Tl Blsk
2% 39712 o] vkl sl e, ekl FEE
(Park et al., 2005), 2272 FZ=(Del Campo ef al.,
2000; Fernandez-Lépez ef al., 2005), vl FZE(Nuutila
et al., 2003) T% dFHo] IHHE Hu=E v]Fo]
2 o &5 ol HAEAENY WY ARG o A
717t QAT A AFE FYE Fago] doar
Z}ery,

o)

=X EM

ST FE2E IF AAY A9 A7 F 247
27 ANE Table 60 LFERUTH SA1F] ZA5L
i), vl sisg, o) Fmp B4} Holel 2

L o) 7}A] K2ld] ¢Js] F3FE- WO T (Cavestany ef al.,

Table 5. Total plate counts (log,,CFU/cm?) of low-fat sausage
containing curcumin extracts during storage at

5+1°C
Treatments" Storage days
1 15 30
CTL 2.88+0.07° 3.44+0.0248  3.54+0.01°
CE 2.5% 2.90+0.01° 3.48+0.02%*  3.51+0.01°
CE 5.0% 2.94+0.01¢ 3.43+£0.038%  3.53+0.05°

" Treatments are the same as in Table 1.

2b¢ Means+SD with different superscripts in the same row signifi-
cantly differ at p<0.05.

AB Means+SD with different superscripts in the same column sig-
nificantly differ at p<0.05.

Table 6. Texture profile of low-fat sausage containing cur-
cumin extracts during storage at 5+1°C

Treat- Storage days
Items B
ments 1 15 30
CTL 0324003 0312001  0270.01
B”Eﬂgess CE25% 030002 031002  0.29+0.02
CE5.0% 0312001 0312001  0.30£0.01
CTL 03120.02  032+001  0270.02
Hazi‘gl)ess CE25%  030£0.03 0312002  0.28+0.02
CES5.0% 031001  031£0.01  0.30£0.01
Cohesive. CTL 50.93+1.58 59.42+040  55.86x1.58
ness CE2.5% 58.77:4.65 55774044  53.93%1.13
() "CE5.0% 5825192 56.81x0.64 54.88+0.58
Springi- _CTL 14.556028 14224047  15.02+0.24
ness  CE25% 1420£048  13.49:0.03  12.60£0.10
(mm) "CEs0% 14.38£022  13.4040.07  14.1120.48
Gunmi. CTL 21224049 21174047  21.46£0.20
ness CE25% 21.30£0.04 20.64=0.60  20.31£0.08
k®) "CE50% 21214035 21.01+0.63  20.94+0.65

CTL 330.55£0.99 309.65+10.52 285.68+5.31
CE 2.5% 304.89+20.66 325.21+6.12 294.94+3.79
CES5.0% 313.524941 315.89+3.66 274.53+12.82

) Treatments are the same as in Table 1.

Chewiness
(kgxmm)

1994), o1& T oJfF = AAL AR 2HEAN
Aol 7t g A diAlAe] Azt B A7t
5853 YrH(Crehan et al, 2000). SAEF2 27
& 59 B3 54 3k 3ol 2
29l Y B AFXE BE AT =4 P59
A 27t AATHP<0.05). VA2 2A)A) A
oA At o] FvktH A=, A4, S, el

RAeE H

e
ok

Iy
r

ok
=
fd 2 E ot &

=

O

2 AFE 2 7 U3, dHAES Boe

A (Andres et al.. 2006)€ch.

.T'.I»h?-l)\},

&7 FEE I AL 249 ARTRE T Hed
A} AFFE Table 790 ERHATE. tiZol] wis) 277k
WAy 2 Byt foFes 4 Ueigen of3 A
ol utgEo] MAHQ VsEE At o FEE A
o2 vegt. A zlde EAE 50% L %

vl 2.5% iq7]%7} ZA) Frpagkow, AAAR] V5%
T 2.5% FYY A foAoR w4 BrhEsit
(p<0.05).
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Table 7. Sensory score” of low-fat sausage containing cur-
cumin extracts during storage at 5£1°C

Storage days
ltems Treatments” £e Y
1 15 30
CTL 5.50£0.97 5.30+1.06  5.20+0.63
Color CE25% 5404097  5.60+0.84  5.60+0.70
CE5.0% 5.50+0.85  5.60£0.97  5.20£1.14
CTL 5.30+£0.828  5.40+0.84% 4.80+0.638
Aroma CE2.5%  5.70£0.95% 5.80+£0.79%% 5.20+0.7948
CE5.0%  6.60£0.708% 6.20£0.63% 5.80+0.634°
CTL 5.50+0.858 5.40+0.84%  5.30+0.48°
Flavor CE2.5% 6.20£0.79" 630+0.48" 6.00£0.47*
CE5.0%  5.80+£0.42°B 6.00+0.82%% 5.50+0.714B
CTL 5.60£0.52  5.80+0.63  5.50+0.85
Tenderess CE 2.5%  6.00+1.15  5.50+£0.85  5.70£0.95
CES.0% 5.80+123  5.70£0.95  5.40£1.07
CTL 5.90£1.20 5.60£0.97  5.70+0.82
Juiciness CE2.5% 590+129  6.20+0.63  6.10£0.74
CE5.0% 5.60+0.84 5.70£0.95  6.00£1.05
Overall CTL 5.70+0.67%  5.60+0.70°  5.10+0.57°
accept- CE2.5%  6.70£0.82% 6.50£0.53*  6.50+0.53"
ability “ps0%  620£1.03*® 5.90£0.57  5.70£0.485

DSensory scores were assessed on 9 point scale base on
I=extremely bad or slight, 9=extremely good or much.
D Treatments are the same as in Table 1.
2> Means+SD with different superscripts in the same row signifi-
cantly differ at p<0.05.
ABL Means+SD with different superscripts in the same column
significantly differ at p<0.05.
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