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Physicochemical Characteristics and Antioxidant activities of Sikhye Made
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ABSTRACT

This study compared the physicochemical characteristics, proximate composition, taste compound and antioxidant properties
of Sikhye prepared with pigmented rice. Proximate composition showed a significant difference depending on the type of
pigmented rice except crude fat contents and pH, color was a significant difference depending on the type of pigmented rice.
The highest brix degree was 15.07 °Brix in red and black rice Sikhye. Each highest value of reducing sugar and free sugar
content showed milled rice and brown rice Sikhye. Titratable acidity and total acidity of the pigmented rice Sikhye were highest
for black rice Sikhye, free sugar content were highest for green rice Sik/ye. Analysis of their relative antioxidative properties
indicated that black rice Sikhye had the highest total polyphenol, flavonoid, and anthocyanin content, the highest levels of
DPPH radical scavenging ability, and the highest level of reducing power and ferric reducing ability of plasma scores.
Principal component analysis suggested that black rice Sikhye had a strong association with antioxidant properties, brown and
red rice Sikhye had the strongest association with the sweetness and unique flavor.
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Extraction for 2 hours at 25°C
for 2 hours

inshaking incubator by 100rpm

Dehydration Centrifugation
for 30min for 10min at 4°C (7,500rpm)

Hard-steamed rice
for 10min at 121% in Autociave (Tkeg/cm?)

Filtration
for filterpaper (whatman No. 41)

Saccharification
ford hoursat 55°C

Centrifugation
for 10min at 4°C (7,500rpm)

Sterilization
for 20 minat 80°C

Cooling
for 1hour at 4°C

‘ Sikhye ‘

Fig. 1. The manufacturing process of Sikhye.
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Table 2. The operating condition of HPLC for organic acid
analysis

Item Condition
Instrument Waters associates M 510
Detector M 410 RI detector
Column Sugar-pak column (300 x 0.8 mm)
Column temperature 90T
Solvent H,O
Flow rate 0.5 mL/min
Injection volume 30 pL

Item Condition
Instrument Waters associates M 510
Detector UV 486 detector 220 nm
Column Rspak KC-811 column (300 x 0.8 mm)
Column temperature 30T
Solvent 0.2 mM KH,PO,
Flow rate 1.0 mL/min
Injection volume 20 pL
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MW(molecular weight of cyanidin-3-glucoside) =
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Table 3. Yield, proximate composition and pH of Sikhye of four cultivars of pigmented rice

: Proximate composition (%)
Sample” Y(l)eld pH
(o) Moisture Crude protein Crude fat Ash
MIS 20.36+1.497 3.60+0.10° 8.67+0.25° 0.13+0.06® 1.60£0.10° 5.94+0.01°
BRS 13.85+0.70° 5.4340.15° 11.50+0.20° 0.10+0.00° 2.90+0.10° 5.75+0.00¢
GRS 15.80+3.24° 4.43+0.06° 7.00:£0.00¢ 0.17+0.06" 2.30:£0.00¢ 5.81+0.01°
RES 13.37+1.02° 6.30+0.20° 6.40+0.10° 0.17+0.06 3.30+0.10° 5.65+0.01¢
BLS 13.21+1.03° 7.20+0.30* 10.10+0.10° 0.2340.06" 3.70+0.10° 5.5840.01°

D MIS : This Sikhye was made by milled rice, BRS : This Sikhye was made by brown rice, GRS : This Sikhye was made by green rice,
RES : This Sikhye was made by red rice, BLS : This Sikhye was made by black rice.

? Data are meantS.D. of triplicate determinations.

% Values with the different superscript letter in each column are significantly different at p=0.05.

oA Q1 2ol E YERNA] gsit). FAn] Al8|o] 3] gtk z79] =folo| 7|13k Aoz AztHr)
230~3.70%= Wn] A& Hct 25 2u) o)A = Uehte

™, o= WuEot fAnlo FAd Fo] T Folglr] W 2. Yold=

Ao Azbeny. fAn] Aee A LS A9 ARt

oA ZFol ulagl FolHQl Hfo]E B 0m(p<0.05), 2 1) Alslle| g, ghaet 3 Ralet &zt

0 ghre Al Azt 7 B, SR, 2A 2 SR Noﬂ«l &=, A 5 fElE F Table 49 Z2oiTh

e 3 *4—0-1]7} 7V EA ek 2)&|e] T win] 21871 13.93 °Bx, @Av] 28] 14.31 °Bx,
2&e] pHE 5.58~5.94% S Uehjon] §an] 0| *4-61] 13.47 °Bx, An] 48] 15.07 °Bx 2 1] 23] 15.07
FTHo WE FoF2l 2o]E HATHp<0.05). W] ]3] <] °Bx®, An|¢} En| A&7} feldez s o ghS UE

£ 5942 5400 289 pHETE E9kom, Jeong MS 5 WTh Kim KJ 5(20082)2] Aol 0] 28 = 843~

(2014)9] AFol| A Fa mezz A x3k A&l pH 5999  10.00 °BxZ, Jeong MS 5(2014)2] AolA 7= 2&e
SAFsFTE 28 Y Kim KJ 5(20082)9] Aol QERZ 5.67~12.50 °BxS Hudtglon, ol B A3 f4m 4
A3 A& 9] pH 5.52% & AF9] 71 v pHE YERH & =0l 13.93~15.07 °BxHEU ¥ & el g%
Zn] 2lde] pH 558K Wk, ol Adl Al Al Al = A8 Alx A BEEb ]l dojste o 7] edd =

Table 4. Taste compounds of Sikhye of four cultivars of pigmented rice

Nex Reducing sugar Free sugar (ug/mL)
Sample" o Og &

(°Bx) (o) Glucose Fructose Maltose Total free sugar’
MIS 13.93+490.22% 4.1240.09" 0.49+0.45° 5.60+0.30° 1.97+0.13* 8.05+0.83°
BRS 14.3140.22° 3.65+0.11° 0.97+0.26" 6.12+0.14° 2.20+0.17° 9.29+0.55°
GRS 13.17+0.22° 3.11£0.13¢ 0.79+1.05° 5.67+1.17° 2.19+0.76 8.65+2.94°
RES 15.07+0.22° 3.67+0.23° 0.80+0.11° 5.96+0.10° 2.13+0.30° 8.88+0.49"
BLS 15.0740.22* 3.63+0.27° 0.70+0.25° 5.77+0.16° 1.93+0.15° 8.4140.46°

D MIS : This Sikhye was made by milled rice, BRS : This Sikhiye was made by brown rice, GRS : This Sikhye was made by green rice,
RES : This Sikhye was made by red rice, BLS : This Sikhye was made by black rice.

2 SC : Sugar contents.

% Total free sugar = glucose + fructose + maltose + sucrose + lactose

Y Data are meantS.D. of triplicate determinations.

% Values with the different superscript letter in each column are significantly different at p=0.05.
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218 2] 714k oxalic acid(0.18~0.68 pg/mL)<} succinic
acid(0.34~0.49 pg/mL)7} acetic acid9} citric acid 2T} o]
FHrElol dlem, citric acidoll A& 2 Ff/el wWE Fol4
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Table 5. Taste compounds of Sikhye of four cultivars of pigmented rice

Titratable acidity Total acidity

Organic acids (mg/mL)

Sample”

(mL) (%) Oxalic acid Acetic acid Citric acid Succinic acid
MIS 10.97+£0.58* 4.2440.01° 0.68+0.01° 0.22+0.01° 0.08+0.01° 0.45+0.00°
BRS 19.78+0.01° 8.910.00° 0.18:£0.00° 0.18+0.00% 0.08+0.03° 0.49+0.03°
GRS 14.55+0.01¢ 6.54+0.014 0.61+0.02° 0.17+0.01° 0.09:0.00° 0.34+0.01°
RES 23.86+0.01° 10.7340.01° 0.23+0.00° 0.16+0.00° 0.05+0.01° 0.36+0.03"
BLS 26.49+0.02° 11.93+0.01° 0.2040.03 0.160.02° 0.09:0.03" 0.40+0.02°

D MIS : This Sikhye was made by milled rice, BRS : This Sikhye was made by brown rice, GRS : This Sikhye was made by green rice,
RES : This Sikhye was made by red rice, BLS : This Sikhye was made by black rice.

? SSC : Soluble solids contents.
% Data are mean+S.D. of triplicate determinations.

» Values with the different superscript letter in each column are significantly different at p=0.05.



836 oFx] ¢l - 71931 - o] A 3]

(]

fFold o7 A =9km, 743 uhS YERE succinic acid
& Wn] 48045 pg/mL)S Av] 218(0.49 pg/mLyelA T
2 F79 Aennt felron se FHs vehion], &
| 21817} 717 =34t} Choi C %(1995)91 AFoM = 23
Az 042l AE 2189 succinic acid ] 0412 3
0] 218 0409} FARSE hS Belom, B Ate] winje} &
I k= =

[11

d

w
0%
5
o
Am
0x

ot ezt

AEe] F FejHlE, T FHEkolE 9 F FEAoRd
3tk Table 671 23Ut & E€|vls ek Wn] 213)(2.78
mg GAE/g)Rth §41u] 213)(3.61~7.12 mg GAE/g)olA] &
oFo = ¢ Edhar, FAm] Sl E Q‘ﬂ 2187} 7.12 mg

GAE/go.2 71¢ =3 tHp<0.05). Jeong 5(2014)2] &-el|A]

FQ Bk Az Aae] F Zelusdael 258 g
GAE/mLE Hustg o, 2 Aol wWin] 23 2.78 mg
GAE/gell H|3HH onl] A= e o]t F St o]
= e 2 TR0l whet frelF o ® Aol rt A7 ekt
o, Zu] 287} 2.32 mg CAFgC 2 71 =3ka, 2n] 2187}
0.98 mg CAE/g, &n] 28] 0.44 mg CAE/g, =7] 4] 0.31
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Table 6. Total phenolics, total flavonoids, and total antho-
cyanins of Sikhye of four cultivars of pigmented rice

Total phenolics  Total flavonoids Total anthocyanins

Sample”

(mg GAE”/g) (mg CAE”/g) (mg CGE"/g)
MIS 2.78£70.03 0.09:+0.02° 2.17+1.74°
BRS 4.66+0.48° 0.440.01° 3.56+0.84°
GRS 3.61£0.12¢ 0.31£0.03¢ 2.06+2.56°
RES 5.77£0.15 0.98+0.03 4.0142.26°
BLS 7.120.15° 2.32+0.04° 142.9448.16°

D MIS : This Sikhye was made by milled rice, BRS : This Sikhye
was made by brown rice, GRS : This Sikhye was made by green
rice, RES : This Sik/ye was made by red rice, BLS : This Sikhye
was made by black rice.

? Gallic acid equivalent.

3 Catechin equivalent.

9 Cyanidin-3-glucoside equivalent.

% Data are meantS.D. of triplicate determinations.

9 Values with the different superscript letter in each column are sig-
nificantly different at p=0.05.
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Table 7. DPPH radical scavenging acitivity, reducing po-

wer, and FRAP assay of Sikhye of four cultivars of pigment

rice
Sample” DPPH .radical Reducing pz())wer FRAP
scavenging (%)  (mg AAE”/g) (mg AAE/g)
MIS 3.41£70.93% 2.6320.08° 2.23+0.02°
BRS 25.4442.16° 4.40+0.09° 3.48+0.06°
GRS 11.90+2.54° 3.4440.17° 2.86+0.04
RES 41.46+0.77° 5.8440.94° 4.57+0.08°
BLS 84.25+0.81° 8.75+0.12° 7.3240.17°

D MIS : This Sikhye was made by milled rice, BRS : This Sikhye was
made by brown rice, GRS : This Sikhye was made by green rice,
RES : This Sikhye was made by red rice, BLS : This Sikhye was
made by black rice.

? L-acsocorbic acid equivalent.

? Data are mean+S.D. of triplicate determinations.

9 Values with the different superscript letter in each column are sig-
nificantly different at p<0.05.
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Table 8. The color value of Sikhye of four cultivars of pig-
mented rice

Sample” L (whiteness) a (redness) b (yellowness)
MIS 88.47£70.06™ 0.97+0.06° 10.97£0.15°
BRS 83.90+0.17° —0.07+0.06° 9.67+0.06°
GRS 80.5320.06° —0.7320.06° 7.67+0.06°
RES 76.17+0.15¢ 2.47+0.06° 12.07+0.06*
BLS 61.47+0.06° 8.43+0.06° 4.97+0.06°

D MIS : This Sikhye was made by milled rice, BRS : This Sikhye
was made by brown rice, GRS : This Sikhye was made by green
rice, RES : This Sikhye was made by red rice, BLS : This Sikhye
was made by black rice.

? Data are meantS.D. of triplicate determinations.

? Values with the different superscript letter in each column are
significantly different at p=0.05.
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Fig. 2. Principal component analysis (PCA) loading to 4 pigmented rice Sikhye and their characteristics.
MIS : This Sikhye was made by milled rice, BRS : This Sikhye was made by brown rice, GRS : This Sikhye was made by green rice,
RES : This Sikhye was made by red rice, BLS : This Sikhye was made by black rice, SC : Sugar contents, L : Whiteness, a : Redness,
b : Yellowness, TTA : Titratable acidity, TA : Total acidity, Glu : Glucose, Fru : Fructose, Mal : Maltose, OA : Oxalic acid, AA : Acetic
acid, CA : Citric acid, SA : Succinic acid, TP : Total phenolic content, TF : Total flavonoid content, AC : Anthocyanin contents, RP

: Reducing power
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