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KOREAN JOURNAL OF
SR A S RIX]

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

ghitst 3 2sA S4M0) Dixle st
A - 7lal g B
SEERE

on

antioxidative and sensory characteristics of curry sauce

Ha Na Ra, Yang Soo Byeon, Ji Hyun Park, and Hae Young Kim*

Department of Food Science and Nutrition, Yongin University

Abstract The aim of this study was to determine quality characteristics of the curry sauce fortified using Curcuma
aromatica Salisb. powder with and without fermentation. Here, the sensory, physicochemical, and antioxidant activity
characteristics of the fortified curry sauces were measured. The L, b values of the samples containing the fermented C.
aromatica Salisb. were significantly higher than those of the control (p<0.05). The total phenol content of the experimental
groups was significantly higher than that of the control (p<0.05). There were no significant differences between the control
and the sample fortified with fermented C. aromatica Salisb. (FC1) in the acceptance attributes of curry, spiciness and
bitterness. Furthermore, the overall acceptance was similar enough to show no differences between the control and FCI.
Thus, we can conclude that the curry sauce fortified using the fermented C. aromatica Salisb. by 1% was successfully
developed in the competitive HMR market to promote antioxidant activity without decreasing the sensory characteristics.

Keywords: curcuma aromatica Salisb., fermentation, HMR, curry sauce, quality characteristics.

x
ri

RS AFAAT, ol met A, A

5 AREERL ghe] JEjyE Wstsksih. o4 e AL
3|20l oJ3 FAEEe] S7F E ATHA TEFE e Sl
w2 1% 7] SUhE AR ARt EJeE st &
B, &8 T AxolE wheo] Widith). =4 He w, =4
He 2% sk Axole A2E BEsk &4 ke )
= Aol tigk 719 A4S vt dEEelen, gt
= FrotaME AAFA HE e Axdte oy
£ WEsIL o] AF 9 2agde] el dFE AL

ok FH2 1097 AFAGA ] 7P & e 7HA7 4] (Home
Meal Replacement; HMR)] 7dto]th(2,3). 7HA7FE2]S 2]

Ne NER
Aol HERPE 7130 whe MG - BN ERE R
of glom, Wxwe] 29y glo] ITE EE Bexely

2
AR AAT 5 Q% A% T TAG EAD 5
E, 2Nz F @ ANANNES BAThd). 1 F EHE

2
A e ols} HE

tlo ¥0 1> i
o

9

*Corresponding author: Hae Young Kim, Yongin University, Yongin
17092, Korea

Tel: +82-31-8020-2757

Fax: +82-31-8020-2757

E-mail: hylkim@yongin.ac.kr

Received April 13, 2017;

accepted May 12,2017

grgugolt #5ue o o8 Hstel H9A mgo
= 439 5, 4FS S48 DEele Gt B Aws
L oo O AR Atlasg ks 471400

- =

23t A7RRol AFolv 7 52 Thete] Axd ZoE A
77T 5% o) H7IEW 1Y Ee /IEFEHZ JREEL Q)
ok A Aol B2 /A e dEZRE 24Y J
Wi 25t 5
aEfste] AR el 1% o A7HERES drke). 7=
Fo] FA59 3K Curcuma aromatica Salisb.ye 372 9] 1
& FnE zhs A7) A ER BrslEF curcuminoids
SEE FAH gow I F HE3gEel AF% (curcumin)
1 o 90%E ARSI YTh7,8). whehA, tl2e] & A+e
AR} #EE ash9), 3¢10), FE5A1) T & o
g W&ol HirEo] gt o]e} o] 7F8he] 7lsAdol HAH
1 F2©®), H(12), FER(13) 2 A214) T AFl LS
AFEC] WP glovt Al HRdiel o3 &3
< W ooldE W 2 Furt o] ks AYErE
ANEFAANEA 75 TS sk AFNds d7s o)
u| &gk polth wEkA] ¢ g

324



735 g 7dstel w

HAREES FW7F F3L, pHE AstA BE29S T
Qlol 571 ghtk(l6). = aslFe] e =8
of mz} Z=nje]eE o] AA7SA AT(6,17)7F &
FH L 9Tt Ra%t Kim(7)2] A7l A7HeE H‘Eokﬂ
o 9 el B4e =Hs A, g 2 o A8
o] MEsHA e FIFEG = SAHULH, {71
°] 3—7}6}“4*1 231 g2 o] AAHAS A o2 e v 9l
E}‘ ER, frabte o83 BE olold: AYgHom a8Ael

S o83 A AT(18,19)50°] HiLH

E

L
g

]El
43|

o?‘_i ™, i, ko

o5

2 Aspergillus oryzaes

37_ Atk wEA 2 Axs Aol et AFaAIQ] AUt
F5 olgste 7HAVIgAoR g AHEHI e A Ak
T 1%8%°] HEZE XY JHase] A8 A3t F2s A
gl 2 FAERES FAE2A SISk olF a4 oryzae
£ ol&st wa e Wk ol ANIRTERe] Hob £
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Az 2
ANz A AETE
A7 AE AEEZE 24y JlEldhses ()R 3 (Ansan,
Korea)ollX] U8R, 733715+ QEARE U (Seoul, Korea)

oA FYPste] A, AZT ZoA ‘?—Jﬁﬂilﬁ’]"ﬂ Aol A}&-3t
>} 0.3%2] 4. oryzaeE
o83l 48417k g sled A|zalom, ﬂl*ﬁﬂﬂol 0.40-0.50%
Atol7t =& A TH7). 3+ dimethyl sulfoxide, Folin-Cio-
calteu’s reagent, gallic acid, 10% Na,CO,, DPPH (1,1-diphenyl-
2-picrylhydrazyl) solution 5+ Sigma-Aldrich Co. (St. Louis, Mo,
UsAelA Fdstdth. 84 e
Welgen Inc., Daegu, Korea)S ©|-&3}3 o, 1 yho
F Aok ARSI Al89] 2 Table 13 o] AJ¥E Ll
AE FHEHAAE YR (contro) Q2 sl TR A= R &
& Oiv] AWHS7FR(Curry sauce using not fermented Curcuma
aromatica Salisb.: NC)$} & 7+87FF(Curry sauce using fer-

%254 (Ultra pure water,
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Table 1. Ingredients of curry sauce fortified using Curcuma
aromatica Salisb.

] Sample"
Ingredients (g)

Control NC1 NC2 FCl1 FC2
Curcuma aromatic Salisb. 0 0216 0432 0216 0432
Curry powder 216 216 216 216 216
Vegetables 304 304 304 304 304
Water 128 128 128 128 128
Total curry sauce 180 180.216180.432180.216180.432

YControl: Not added, NC1 and NC2: Curry sauce using not fermented
Curcuma aromatica Salisb. by 1 and 2%, respectively. FC1 and FC2:
Curry sauce using fermented Curcuma aromatica Salisb. by 1 and 2%,
respectively.
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mented Curcuma aromatica Salisb.: FC)2| &aFo] 242t 1% H
2% ZstE FHAasE Axslen, olst AlE= 27 NC,
NC2, FC1, ¥ FC22 81T},

FEE M=

kst &g S4E S8l 7 AIE 5 goll 95%2] ellekE(Ethanol,
Sigma Chemical Co., St. Louis, MO, USA)S 50 mLE *-83}]
2477 B9t FE3819] o3I (Advantec No. 1, Advantec MFS, Inc.,
<, 80°ClA] B Wztsto] o ghe-g A ABHA
gafate] 4ol B

Tokyo, Japan)3t
o} 5%E FEE2 dimethyl sulfoxideoll

] Agol] AM-slart.

Mz 3 pH 53

A ’E“‘ﬂ"‘f} AL FHg f2 719 715 ol BHsH
Japan)& 01%3}&1 =7 39k A9 WEE Lik(lightness) 2
e Aol A A28 e e A % (redness)= a%k,
oA Aol HAS el A% (vellownessy= bl ® &
AlSFATE oluf ARS-E EFMFh(standard plate)e] L 98.75, a
e 0410190 ™, bgk2 —0.0401% T} A5 pHE AACC
method 10-50DQ0)2] M-S Blgo 2 A& 53} 2R 45 mL
S Hlo]Ae ¥ wHkAZl & 45 NS pH meter (CP-411,
Sechang Instruments, Ltd., Seoul, Korea)Z =73}t

x|

A7 298 27t AR Sheasst We Ho) ARE A}
2319901, 90x15 mme| petri disholl 715 ¢ BFsHA 3 &
¥ 2 v ] (theometer, COMPAC-100, Sun Scientific Co., Tokyo,
Japan)E ©|-8-sle] ST 4 27 test type mastication,
distance 5 mm, adaptor No. 1, adptor type circle, table speed
120 mm/min, load cell (max) 1kg®]$AT}.
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S A A B33 = A(SP-2000UV, Woongi Science Co.,
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£ 0.6mLY 04mM DPPHEY 24mLE 718l wHk & AL
oA 3027F WHAIF T EHBEAE o]§-ste] 517nm°ﬂi
3] digsle] FFEE SN, AlE TRV H|astd]
DPPH AR 5S the3} 7o) A&3kgc) o] u Zd/12e
AE2} T 99.9% eSS ARt xR ST

- agze g9
DPPH radical 27184 (%)= ( 1 e
_L = parc s =t



326 =2 Z35k8] %] A 49 WA 3 E (2017)

Table 2. Definition and evaluation standard of sensory characteristics

Sensory

. Definition
characteristics

Evaluation standard

The darkness of color after mixing the curry

Measure the darkness of curry sauce on the cooked rice under a

Color sauce with cooked rice uniform light box fluorescent lighting
Distinctive aroma of curry sauce recognized Measure the highest intensity of the curry sauce aroma recognized in
Curry aroma . . . .
in curry rice the sample sniffing with the nose
Spi Distinctive spicy aroma of curry sauce Measure the highest intensity of the spicy aroma of the curry sauce
picy aroma A - . ; .
recognized in curry rice recognized in the sample sniffing with the nose
c flavor Distinctive flavor of curry sauce recognized Measure the highest intensity of curry flavors recognized in the
> in curry rice process of mid-term mastication
Spicy flavor Distinctive spicy flavor of curry sauce Measure the highest intensity of spicy curry flavors recognized in the
piey recognized in curry rice process of mid-term mastication
Bitter flavor Distinctive bitter flavor of curry sauce Measure the highest intensity of bitter curry flavors recognized in the
recognized in curry rice process of mid-term mastication
Thickness Concentration of curry sauce recognized in Measure the maximum strength of the sample concentration
curry rice during mastication recognized in curry rice during mastication
After taste Remaining flavor of the curry rice in the Measure the highest intensity of the remaining flavor of the curry rice

mouth after swallowing the sample

in the mouth after swallowing the sample
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S A3A thetd g ikl 1002 3
Rom, Age] 4o HEE FAHE
siRom #5549 49t WI1ES Table
20 AAEATE B4 A= B A 9 FEHEE o] &3t §
HAE HE0F, 130 44E ArEAo| oA 9eR 7
TE A= A= st 73 AANE AEFISE AT
1008S thidoz 23k outlierS A28 94 2] HAMAHE
At 71segdAe] Frkes 13Ods] dthellA odois
8] FOyA A4S FAStes: ofH, 7S Hik<l 7]
S (overall acceptance)E A9t 54 W= AR FUsHA
sttt 7 dAte &9l 7138 2] 919 3] (Institutional
Review Board)®] %¢1% o} =3 =|ATHIRB No.: 1701-HSR-
071-1).

SAHIX2|

2 AFMe dsAAE AL BE AT 33 o) v
AAstloen Aies SAEHE Z2I3< SPSS(Statistical
Package for the Social Science, Ver. 20, SPSS Inc., Chicago,
IL, USA)E ol&ste] A3t 72 Ag@tol sl £AHEA
(ANOVA)S AAEtS p<0.05 oA foldes AFstaer
A& 7H] #9132 ©71¢] thE4% (Duncan's multiple range
sy ©1gste] 459

Table 3. Color and pH of the curry sauce fortified using
Curcuma aromatica Salisb.

Sample" Color-L Color-a Color-b pH

Control ~ 55.42+0.01% 6.10+£0.14* 41.12+0.14° 5.93+0.01°
NC1 56.59+0.05° 5.29+0.07° 40.40+0.05¢ 5.85+0.01°
NC2 57.74+0.01°  6.23+0.07° 46.33£0.12* 5.88+0.01°
FC1 55.47+0.02° 4.08+£0.04° 39.30+0.54° 5.72+0.01°
FC2 56.57+0.01° 4.58+0.08° 43.46+0.03° 5.82+0.00°

F-value?  4518.01%** 37437%%%  360.02%** 207 gQ#**

UControl: Not added, NC1 and NC2: Curry sauce using not fermented
Curcuma aromatica Salisb. by 1 and 2%, respectively. FC1 and FC2:
Curry sauce using fermented Curcuma aromatica Salisb. by 1 and 2%,
respectively.

D% p<(.001.

9The same letters in a column are not significantly different each
other at p<0.05 by Duncan’s multiple range test.

ARG gl waerbee] vk st wE shea
20 Aw 2 pH 24 AFE Table 33+ 2t HES =4sh=

5 BATHEp<0.05). FEFY/F] HbES 42 1% 2 2%
783k FC13F FC29| L3S 5547 2 56572 Lubisi7t2s 7t
ZF 1% 2 2% 733F3F A8 NC1ZF NC29J 56.59 2 57748t}
el om offfg Zom SHHATH(p<0.05). AHES Hep
= aghe FC1F FC2AE7F 408 @ 4589 ZECE NCI, NC2
9 gz} vluste] fojiom whe HALE B rH(p<0.05).
FAT bk AR HUtRke] SRR foHoE w2
A HYO0H(p<0.05), 7Rl Hutge 2%7dskst
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Table 4. Texture profile of the curry rice fortified using Curcuma
aromatica Salisb.

Sample" Hardness (N/cm?) Adhesiveness (%)

Control 52.00+4.79% -32.67+2.08"
NC1 53.41+8.97* -33.33+2.52°
NC2 53.87+9.60" -28.00+7.94°
FC1 43.87+1.15° -32.67+5.69°
FC2 42.67+£3.87° -19.00+1.73°

F-value? 8.084** 5.043*

DControl: Not added, NC1 and NC2: Curry sauce using not fermented
Curcuma aromatica Salisb. by 1%, and 2%, respectively. FC1 and
FC2: Curry sauce using fermented Curcuma aromatica Salisb. by 1
and 2%, respectively.

D%p<0.05, **p<0.01, ***p<0.001.

The same letters in a column are not significantly different each
other at p<0.05 by Duncan’s multiple range test.

NC2AIE7} 46339 oz wa7bsrleg 37kst FC2Rt) &
Aoz we ANE HITHp<0.05). °]E Choi 5252 A+
oA wgel g 4k, pH B A= T sl Ql WSt wE
AN LS HAAA BE ST 7] Hrte] S7tEEE |
Zake] FAT 7L 7haek Aol FARSFAT
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ojFew e pHE HERHATHp<0.05). ol& 43S 28 o
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Fig. 1. Total phenol contents of the curry sauce fortified using
Curcuma aromatica Salisb. "Control: Not added, NC1 and NC2:
Curry sauce using not fermented Curcuma aromatica Salisb. by 1
and 2%, respectively. FC1 and FC2: Curry sauce using fermented
Curcuma aromatica Salisb. by 1 and 2%, respectively. ?The same
letters are significantly different at p<0.05 by Duncan’s multiple
range test.
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Fig. 2. DPPH radical scavenging activity of the curry sauce
fortified using Curcuma aromatica Salisb. "Control: Not added,
NCI1 and NC2: Curry sauce using not fermented Curcuma aromatica
Salisb. by 1 and 2%, respectively. FC1 and FC2: Curry sauce using
fermented Curcuma aromatica Salisb. by 1 and 2%, respectively.
JThe same letters are significantly different at p<0.05 by Duncan’s
multiple range test.
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Table 5. Objective sensory evaluation of the curry rice fortified using Curcuma aromatica Salisb.

Sample" Color Curry aroma  Spicy aroma  Curry flavor ~ Spicy flavor  Bitter flavor Thickness After taste

Control 5.10£1.14%)  4.52£1.57 3.97+1.77 4.14+1.63¢ 4.06+1.73° 3.69£1.51° 5.67+1.58 4.88+1.69®
NC1 5.34+1.12° 4.78+1.66 4.12+1.78 4.41£1.67"  5.44+0.92° 5.30+0.90* 5.23+1.78 4.43+2.05°
NC2 5.22+1.29° 4.70+1.91 3.93+1.80 4.31+1.68™ 5.33+£0.76* 5.20+0.72* 5.28+1.42 4.79£1.48*
FC1 4.80+1.35° 4.48+1.66 4.01£1.76 4.65+1.72* 3.34+1.64° 3.46+1.88° 5.49+1.43 5.16£1.70*
FC2 5.73+1.22* 4.66+1.73 4.34+1.70 4.85+1.73* 3.72+1.69% 3.38+1.66" 5.66+1.29 5.23+1.53*

F-value? 7.79%%* 0.56™ 0.86™ 2.84N 46.18%** 47.08*** 1.94%8 3.58%*

UControl: Not added, NC1 and NC2: Curry sauce using not fermented Curcuma aromatica Salisb. by 1%, and 2%, respectively. FC1 and FC2:
Curry sauce using fermented Curcuma aromatica Salisb. by 1 and 2%, respectively.

INS: not significantly different at p<0.05, **p<0.01, ***p<0.001.

9The same letters in a column are not significantly different each other at p<0.05 by Duncan’s multiple range test.

Table 6. Acceptance test of the curry rice fortified using Curcuma aromatica Salisb.

. . . . Overall
)
Sample Color Curry aroma Spicy aroma Curry flavor  Spicy flavor Bitter flavor ~ Thickness ~ After taste acoeptance
Control 7.50£1.217  6.92+1.43"  6.84+£1.58*  6.88+1.56°  6.71£1.65*  7.14+138"  6.63£1.53® 6.93+127°  6.84+1.53"
NC1 6.48+1.30°  6.27+1.48"  6.04£1.37°  6.13+1.64"  6.13£1.55>  6.24+1.43" 597+1.53°  6.10£1.33"  6.29+1.44"™
NC2 6.13£1.20"  6.28+1.44°  598+1.54°  6.24+1.56"  6.11x1.42°  6.17£1.33"  594+1.52°  6.17+1.31°  5.95+1.61°
FC1 729+131° 6.88£1.49° 6.86£1.53" 6.71x1.74°  6.87£1.62° 6.85£1.61° 691£1.46" 6.76x1.73"  6.62+1.82"
FC2 6.50£1.40"  6.50+£1.46™ 6.17£1.27°  6.24+1.47°  6.19£1.43"  6.17+131°  6.35£1.24™ 6.18+1.39"  6.15+1.60°
F-value?  20.85%** 4.77TH** 9.05%** 4.44%* 5.61%** 10.29%** 8.36%** 7.59%** 5.08%*

UControl: Not added, NC1 and NC2: Curry sauce using not fermented Curcuma aromatica Salisb. by 1 and 2%, respectively. FC1 and FC2: Curry
sauce using fermented Curcuma aromatica Salisb. by 1 and 2%, respectively.

Dxxp<0.01, **+%p<0.001.

IThe same letters in a column are not significantly different each other at p<0.05 by Duncan’s multiple range test.

DPPH 2jC|E A7{&M
F}el42=2] DPPH t]d 2AEA =4 A= Fig 29 2
ot dusrRRel HEASrLR AUlEe] 2%dsE Jlelas
NC2 2 FC27} 242} 61.70, 66.67%= T 51.38%°0 vl =
& 2AGAE BT NC1 2 FC1¢) DPPH @2 AAGA S
2t vlwets] folxbe fley =4 SAEAT. of &
Akt @gEe] DPPH Su)Z 24X (16)2 2,500 ng/mL F=9
A 5821%= B Ao SRR 2% A3k AlES] FC29t ]
Aﬁi =S WA hydroxy’]E 2+ 3522 DPPH radical
ket 2718 Ao = itksl o] molXle A
101(30) & AFolA LEE B8 AHIE

oz wyH ©F 9
Zg¥Egko] Z71ghl wiel DPPH 2oz AAEAdo] =4

L

2459 E A B Aoz AGET
EMY ZhsZAA
Asd BT EA47= Table 59 7o) 7hwe] 2#-S

Hrishe AL tzso] 51088 HriEgled, Baiysd 4ot
T 2%k FC27t 5739] o R frelHom sp 7siA 4
7HE Ak p<0.05). 7HRe] &2 Hrishs dEoME AlEE 7F
o Folaks wolA] egsheh Jhl aLfre] ke thEto] 4.14
poz AW WS 1% % 2% A8 ARadeE {9
A2 HolA] ekgtot, WaiyE HriEge] FskE FCl ¥ FC2
ANBE 465 2 4859 oz Hrixlo] wrazl3l Art 48 A
Faro] fejHew v A 7H 2] gk YeRllth(p<0.05).
ZHAre] v euke Bl 4067 Hlastel NC1ZH NC2AIR7F
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