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Abstract

This research aimed to develope squash sikhye containing retrograded rice flour using response surface methodology. For this,
nonlinear regression equation was calculated with the setting of independent variables as retrograded rice flour containing resistant
starch and squash, and dependent variables as viscosity, sugar content, pH, color, and sensory attributes. Under the experimental
condition, the quality characteristics of squash sikhye were found as 6.20~6.25 for pH, 14.00~17.33°Brix for sweetness, 2.64~4.45 cP
for viscosity, 57.51~60.18 for lightness, 4.94~7.52 for redness, and 50.98~60.29 for yellowness. It also was revealed overall
acceptability in sensory evaluation rated as 9.67~10.83 out of 15 point. These results showed statistically significant differences in
quality attributes with the increase of retrograded rice flour and squash(p<0.05). Thus, optimal mixing quantity of squash and
retrograded rice flour for squash sikhye was identified as 114 g and 65 g, respectively. Comparison of sensory qualities of four samples,
namely squash sik/ye with and without retrograded rice, and two commercial products, showed that squash sikhye including retrograded
rice flour had the best quality in terms of color, taste, mouth feeling, flavor and overall acceptability (p<0.05). Thus the squash sikhye
with retrograded rice flour can be the potential products as a health benefit beverage for the old adult and the young generation.
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‘ Wash 10 cups of rice in water ‘

']
‘ Soak washed rice for 30 min with water at one to one ratio ‘
‘ Preheat a steam convection oven to 160°C ‘
L 2
Cook rice in the steam convection oven (condition: 140°C of cooking
temperature, 80% of humidity, and cooking time of 40 min)

-

4 times repeat”

3

‘ Rapidly chill cooked rice to 4°C within 90 min

‘ Store cooked rice in incubator set 7°C for 24 hr

+

‘ Grind the cooked rice with a mixer ‘

Fig. 1. Manufacturing process for retrograded rice flour, A steam convection oven, a blast chiller, an incubator, and a mixer were

used as equipments,
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Table 1, Experimental design with variation of the levels of squash and retrograded rice flour using central composite design

. . Levels
Independent variables Unit Symbol
-1.414 -1 0 1 1.414
Squash g X1 85 90 100 110 114
Retrograded rice flour g X2 57 60 65 70 72

Table 2, Composition and cooking methods for squash skhye

. Sample A Sample B .
Ingredientl) - - Cooking procedures
Weight (g) % Weight (g) %
(a) Soak 100 g of an extracted malt in 2,000 mL water at
Wat 1000 75.0 1000 79.3 o . .
ater 40°C for three hours, and rub it 3-4 times.
(b) Put (a) through a sieve and throw out the solids,
malt water is kept in a refrigerator at 4C for
Malt extracts 100 73 100 79 soaking the small particles in the bottom. Take 1,000
mL of the supernatant of malt water.
(c) Cut squash in half and remove seeds. Divide each
Squash 100 7.5 100 7.9 part into eight parts and steam them in a steamer for
15 minutes.
Ret . .
ejrograded 65 4.9 0 0.0 (d) Strain the steamed squash through a sieve.
rice flour
(e) After weighting the given quantity of steamed
squash, retrograded rice flour, sugar and ginger, place
Sugar 60 45 60 48 them in 1 L of extracted malt water. Boil them for
10 minutes with mixing frequently.
(f) Place boiled squash sikhye in the film pouches and
Ginger 1 0.1 1 0.1 seal it with a hand sealer. Store it under a

refrigerator.

1) Squash sikhye formula when code value is zero (squash 100 g and retrograded rice flour 65 g) under the central composite
experiment design.
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Table 3, Experimental data for pH, viscosity, sweetness, and color of squash sikhye among samples

o, Variable levels Response Response (Hunter's value)

order X1 X pH Viscosity (cP) SX?;ESSS L a b
1 100 65 6.22+1.56 4.16+2.68 15.18+4.12 59.02+14.9 6.49+2.83 55.36+14.57
2 85 65 6.25+0.13 4.45+1.14 14.78+1.68 59.57+0.93 4.97+1.44 52.23+7.61
3 100 57 6.22+0.10 3.13+1.46 14.00+8.14 57.51+0.78 5.20+2.65 51.74+6.58
4 110 70 6.21+0.09 3.20£1.91 17.33£2.31 58.61£1.91 7.52+£1.91 60.29+2.06
5 100 72 6.22+0.10 3.05+0.66 15.00+1.00 59.31£1.59 5.45+1.82 55.18+4.02
6 114 65 6.20+0.07 3.54+1.10 15.67+0.58 58.71+0.80 6.97+1.03 59.27+4.35
7 90 70 6.2240.10 3.27+0.12 14.33£1.15 60.18+1.24 5.13+1.70 52.2944.51
8 90 60 6.21+0.08 3.02+0.38 15.17+1.30 58.39+1.47 4.94+0.34 50.98+9.98
9 110 60 6.2240.10 2.64+0.12 15.00+0.00 58.71+0.62 6.47+0.79 56.27+2.97

Xi1: Squash

Xa: retrograded rice flour

Korean J. Food Cook. Sci. Vol. 30, No.2 (2014)
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(b) Viscosity
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v
,;9;:; 7777 b
s “l

7717

e

squash
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(i) Taste (j) Flavor

squash

Y=9.87+0.10X; +0.01X>
-0.22X 2
=748

Y=6,15-1.05X; +1.51X>-0.01X2?
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16
sweetness
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Overall
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(c) Sweetness

(]

squash

squash

Y=-38.85-0.35X1+2.40X>
1X2- 0.01X1+0.59X>? ?=96.5

R>=87.0

(g) Color

(h) Mouth feeling

squash

Y =-14.86+0.45X:-0.01X 2+
0.09X1%4+0.02X»*
R>=58.3

Y=36.26-0.42X-0.22X>
R?>=58.9

Fig. 2. Response surface plots of chemical, color, and sensory attributes of squash sikhye depending on the levels of squash

and retrograded rice, Xi : Squash, Xz :
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Table 4, Experimental data for color, mouth feeling, taste, flavor and sweetness overall acceptability of squash sik#ye by samples,

Variable levels” Response
Run Overall
order” X X2 Color” Mouth feeling” Taste” Flavor” Ve 7
acceptability
1 100 65 9.83£3.05 9.49+2.94 9.50+2.98 9.88+2.51 9.68+2.99
2 85 65 9.13+2.66 8.71+2.42 8.83+2.51 9.63+2.39 9.67+2.76
3 100 57 10.1742.53 9.42+1.98 8.2942.49 9.79+2.69 9.58+2.72
4 110 70 10.04+3.09 9.88+3.08 9.96+2.90 9.75£2.77 10.67+£2.71
5 100 72 10.96+2.10 9.42+2.17 8.58+2.47 10.0842.50 10.21£2.41
6 114 65 11.21+2.28 9.63£3.69 10.00+3.16 10.2942.66 10.8342.70
7 90 70 10.13£2.74 10.04+2.76 9.04+2.88 10.2942.73 10.29+2.96
8 90 60 8.08+3.26 9.21+£3.22 9.33+2.91 9.83+£2.43 10.2542.52
9 110 60 10.71+2.88 10.46+3.09 9.25+2.83 10.21£2.62 10.33+£2.73

Xi: Squash, X2: retrograded rice flour.

Run order 1 to 9 of samples is set by the central composite design.

15-point scale- 1: murky yellow or brown, 8: average, 15: bright golden yellow.

15-point scale: 1: too thick or coarse mouth feeling, 8:average 15: easy to swallow without coarse.
15-point scale - 1: tart or no flavor, 8: average, 15: malty taste with savory.

15-point scale - 1: sour with burn aroma, 8: average, 15: sweet with malt aroma.

15-point scale - 1: extremely dislike, 8: so-so, 15: extremely like.

Korean J. Food Cook. Sci. Vol. 30, No.2 (2014)



136 sirgel - upa s - 34

Optimal 'squash RRF 64 g0 2 AR o] wj JdEHE T AFe &
WAE R v SAFE A 1117, Yol & 10.0%4, gt 9.9%,

A . ) 1027, AW 7155 1078 02 YEst o] B

Color d2)o] AwE Lo 949%F wl$- =)

s | 4. EP By} CHSHIAlSQL AT AlS| 2=0| 2

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

"'\;- - HIJ_,_L

Goal Value: 100 }ooveeeeeeenecbeneeMennneen 1‘4—_§_H]— Al a“_/] -4;('] HH@’H] Oﬂ [q_‘:./]_ ] % @@‘E’

el IS AS}, RS 3§ wEAIIRE Yrlelx] @e wEuba
| | -&ﬂo] q]z:,l B, /\]J,], zo] 1:].§_1:ﬂ. 7_]7]. = J/\]— Z—"%—

Tase C, NBEE= 23

55 T W =2 BA} A # DY

& FHEA S vlaste] Table 500 A AlskS T
: NEZY] AE(L, 8, b), DE, AL, pHO} BsA
Flavor AZE, JtellM e =, b &), AREHR] 7S5 E H
Goal Value: /1.0 J—ﬂ—‘:j_' ﬁaﬁ °ﬂ’ﬂ % od__TLoﬂ/H 7“%1’% %EH—]- é}&“'o/] %‘é
ol | 542 O& AR AES ApEsiEE 8 EAS Ad
ol [ AR eIt (p<0.05). MEAZFA A= A-°4 AEE
acceptability 4 coHl Hrbell o3 T 3A1F Kok E2 HE(58.71),
Goal Value: 1.0 | ] | et 31&1]5(6.97), p:L/\]h:(59 2NE R E‘ri‘i} é}‘&‘ﬂ A9
e =3PVIRE HUlehA &S ©snk 23 Bl Al
S e ¥ AF D BT Ekor}, AZEE C AFEDE B
Fig. 3. Response surface optimization of squash sikhye RRF: Al JERSTE RS =3V7L 25 HU1E AlF A9 7
Retrograded rice flour S 15°Brix ¢ ¥He) =3PA7IEE HUEeHA] @2 B

A2 10°BrixZ $A Wehd, =3P@7FFe] H7k= <]l

AS7AL 22 A7 QetoA e 7HE, =k 3FH]

E

AAstG T 1 A3} Fig. 33 Zo] ©anby} -3y} o] %

A8 gk PPEE Rt AYT BEuHe) e
A9l F5we AT, HeaAdA A 6 A5 354 P2 Lehie) wopasles

A7 elA] &e =T

£ Qe o ARl W AT FIse] A, Gkl 25 )T 47 A3 AZAS] AR DR29 oP) BTH=
of ZH%, W, g, AW )sEe] BEGE 24 RHS  Be UEE B W, B3 §4 LR AR C
=2

H5(8.96 cP)St= & ApolE HAH: o] A= B A
7ol HA g dEn 114 g RS 3+t =3PavhE TolA JEE =sAvHE

A7F dEdh Hee dit &

Table 5, Comparison of the color, sweetness, viscosity, pH, and sensory attributions evaluation and control samples

Hunter's value Chemical attributes

Sensory attributes”

Sweetness  Viscosity

L a b (°Brix) (cP)

pH

Color M01.1th Taste Flavor Overa?l.
feeling acceptability

58.71£0.8° 6.97+1.03% 59.27+4.35¢

a = »

D 24.78+0.45" 1.70£0.41° 1.95+0.52° 8.00£0.00° 2.29+0.36° 6.20+0.06°

*

F value 78929 53917 36.422"" 15502 97.76™"  98362""

15.67+0.58° 3.54+1.10° 6.20+0.07°
33.8240.18° 3.75+0.69" 40.06+0.48°  10.00£0.00° 2.50+0.63" 6.03+0.25"
67.9140.08" 4.66+0.09° 28.28+0.15°  22.67+0.58° 8.96+1.30° 6.53+0.62°

11.21+2.28° 9.63£3.69° 10.00+3.16° 10.29+2.66° 10.83=2.70°
6.83+434" 8.08+4.78" 4.75+257" 5.17+2.63" 525+2.74°
3.6742.06" 4.084222° 333+1.88° 3.9242.65 4.17+2.73°
3.83+2.48" 8333429 4.92+2.02° 5.00+232° 4.92+226™

* Hk sk Hkx

2221" 33.78 35.99 3291 952"

A : squash 114 g, retrograded rice flour 65 g

B : squash 114 g, retrograded rice flour 0 g

C : Commercial product of J company

D : Commercial product of B company

! Refer The Table 4 he same rate scale for the sensory evaluation
: significant at p<0.001

Different letters on the top of data indicate significant differences using the Fisher's Least Significant Difference test
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