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Abstract

The optimization of the addition ratios of Houttuynia cordata, Saururus chinensis, and Polygonatum odoratum var. pluri-
florum hot water extract to Houttuynia cordata beverage was evaluated by applying response surface methodology. The
quality characteristics of a selected best product were investigated. Sweet, savory, and fishy taste, and overall acceptability
were optimized by response surface methodology using a central composite design. The concentration of effect of Houttuynia
cordata, Saururus chinensis, and Polygonatum odoratum var. pluriflorum hot water extract was modeled using an equation.
Hot water extracts of Houttuynia cordata (1.75~1.89%), Saururus chinensis (1.03~1.04%), and Polygonatum odoratum var.
pluriflorum (2.17~2.31%) represented the optimal concentration conditions to obtain the best taste. The physical and che-
mical characteristics of the beverage manufactured at optimized conditions were pH 4.18, soluble solids 0.41 °Brix, total
acidity 0.21%, color value (L* value 40.08, a’ value 4.53, and b’ value 10.69), total polyphenol 54.63 mg/L, and electron
donating ability 26.98%.

Key words : Houttuynia cordata, Saururus chinensis, Polygonatum odoratum var. pluriflorum, hot water extract, response
surface methodology, optimization, beverage, quality characteristics.
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Table 1. Soluble solids contents of hot water extracts for
beverage

Hot water extracts

Measure-
Houttuynia Saururus

cordata

Polygonatum
odoratum

ments
chinensis

Soluble solids

11 4 11
(°Brix) 3
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Table 2. Coded levels of independent variables in ex-
perimental design

Independent variables”

Coded
level” Houttuynia Polygonatum Saururus
(%) (%) (%)
-1.68 1.16 1.16 0.67
-1 1.50 1.50 0.80
0 2.00 2.00 1.00
+1 2.50 2.50 1.20
+1.68 2.84 2.84 1.34

Y Coded independent value means as follows: —1.68; lowest level,
0; middle level, +1.68; highest level.

2 Houttuynia; Hot water extracts of Houttuynia cordata, Poly-
gonatum; Hot water extracts of Polygonatum odoratum var. plu-
riflorum, Hot water extracts of Saururus chinensis.
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Table 3. Central composite design of response surface
methodology for processing conditions of beverage manu-
factured with hot water extracts from Houttuynia cordata
(H), Polygonatum odoratum var. pluriflorum (P), and Sau-
rurus chinensis (S)

Coded independent

variables”

Actual independent

. 2)
Treatment No variables

H%) P%) S(%)

1 -1 -1 -1 150 150 080
2 41 -1 -1 250 150 0.80
3 -1 4+ -1 150 250 080
Frac- 4 41 +1 -1 250 250 080
tional
pot 5 1 -1 41 150 150 120
6 +1 -1 +1 250 150 120
7 -1 4+ 4+ 150 250 120
8 41 4+ 4+l 250 250 120
9 -168 0 0 116 200 1.00
10 +168 0 0 28 200 1.00
Star 11 0 -168 0 200 116 1.00
point 12 o 4168 0 200 284 1.00
13 0 0 -168 200 200 0.6
4 0 0 +1.68 200 200 134
15 0 0 0 200 200 1.00
16 0 0 0 200 200 1.00
Central 17 0 0 0 200 200 1.00
point 13 ¢ 0 0 200 200 1.00
19 0 0 0 200 200 1.00
20 0 0 0 200 200 1.00

b Xi; Hot water extracts of Houttuynia cordata, X,; Hot water
extracts of Polygonatum odoratum var. pluriflorum, Xs; Hot
water extracts of Saururus chinensis.

2 Abbreviations: H; Hot water extracts of Houttuynia cordata,
P; Hot water extracts of Polygonatum odoratum var. pluriflorum,
S; Hot water extracts of Saururus chinensis.
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Table 4. The experimental design and resulting responses for Box-Benken design response surface analysis

2,3)

Variables” Sensory quality
Samples
1 X2 X3 SWT SAT FIF OvVA
1 -1 -1 -1 3.57+0.60 4.57+0.24 4.67£0.42 6.45+0.45
2 +1 -1 -1 3.3840.48 5.23+0.45 5.33+0.39 6.34+0.65
3 -1 +1 -1 3.63+0.48 5.3540.26 4.75+0.65 6.89+0.71
4 +1 +1 -1 3.57+0.60 3.33+0.10 5.17+0.76 6.50+0.23
5 -1 -1 +1 4.78+0.32 3.40+0.25 4.08+0.30 5.30£0.15
6 1 -1 +1 4.38+0.85 4.80+0.37 5.25+1.04 5.12+0.25
7 -1 +1 +1 6.50+0.50 6.07+0.45 2.83+0.29 6.56+0.44
8 +1 +1 +1 4.50£0.50 3.83+0.21 3.17+1.04 6.12+0.51
9 -18 0 0 6.00+0.50 5.5340.25 5.37+0.32 6.78+0.41
10 +1.68 0 0 3.33+0.47 5.20+0.23 3.08+0.65 5.56+0.33
11 0 -1.68 0 3.6310.48 3.45+1.14 3.75+0.65 5.45+0.35
12 0 +1.68 0 5.55+0.53 5.90+0.65 1.88+0.85 6.12+0.44
13 0 0 -1.68 3.80+0.54 3.50+0.71 5.38+0.85 6.52+0.51
14 0 0 +1.68 4.03+£0.33 4.95+0.26 4.2840.61 5.53£0.21
15 0 0 0 6.33£0.31 6.17£0.36 5.00+1.00 6.87+0.71
16 0 0 0 6.27+0.30 6.90£0.45 3.4340.40 6.67+0.41
17 0 0 0 6.34+0.41 6.600.55 4.50+0.89 6.68+0.23
18 0 0 0 6.37+0.34 6.5110.21 4.97+0.51 6.69+0.26
19 0 0 0 6.33+0.36 6.43+0.23 4.88+0.76 6.92+0.56
20 0 0 0 6.27+0.28 6.33£0.25 5.10+0.53 6.75+0.37

D X1; Hot water extracts of Houttuynia cordata,

extracts of Saururus chinensis.
? Values are meantSD of 25 panels. Abbreviations: SWT; sweet taste, SAT; savory taste, FIF; fishy flavor, OVA; overall acceptability.
¥ Sensory scores of SWT, SAT and FIF were evaluated from non at all(1 point) to very strong(9 points), and OVA was evaluated from
very poor(l point) to very good(9 points).

Xo; Hot water extracts of Polygonatum odoratum var. pluriflorum, Xs; Hot water

Table 5. Second order polynomial equations by RSM program for processing of beverage manufactured with hot water

extracts from Houttuynia cordata, Polygonatum odoratum var. pluriflorum, and Saururus chinensis

Response Second order polynomial equationsl) R? P-value

Y1=6.31783-0.52284X,+0.38948X,-+0.46840X:—0.58122X, >~ 0.60774X;2 .

Sweet tast 0.9022 0.0006

weet faste ~0.84639X3°-0.18375X,X2—0.26875X,X5+0.198 75X, X5

Y5=6.49249-0.20173X,+0.34418X5+0.15074X3-0.41405X, >~ 0.65800X> -

Savory tast . 0.0007
avory taste ~0.81710X:2~0.79000X Xz+0.06500X X5+0.35250X,X; 08982

: Y44.63080-0.09236X,—-0.47998X,~0.47156X5-0.04538X,>~0.54389X,>

Fishy tastel . 0.1157
1Sty taste +0.16852X5%-0.13375X,X+0.05375X,X3-0.40625X:X; 06659

Overall Y5=6.75644-0.23225X,+0.29193X,-0.34744X;5-0.16475X,*~0.30087X,> 0.9257 0.0002"

acceptability ~0.21601X;20.06750X,X,—0.01500X,X:+0.20750X,X; ' '

D X, is the % concentration of hot water extraction from Houttuynia cordata, X is the % concentration of hot water extraction from

Polygonatum odoratum var. pluriflorum,

2 R is coefficient of correlation for determination.
** . .
Significant at p<0.01 level.

X3 is the % concentration of hot water extraction from Saururus chinensis.
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Fig. 1. Response surface (left) and contour map (right) of Fig. 3. Response surface (left) and contour map (right) of

the sweet taste according to the concentration (%) of hot water
extracts from Houttuynia cordata, Polygonatum odoratum var.
pluriflorum, and Saururus chinensis.

Savary st
Polygonatum (%)

Savry taste
Saururus (%)

7 T
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Houttuynia (%)

Savary tasts
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1
oo 180 2u0 250 300

Polygonatum (%)

Fig. 2. Response surface (left) and contour map (right) of
the savory taste according to the concentration (%) of hot water
extracts from Houttuynia cordata, Polygonatum odoratum var.
Ppluriflorum, and Saururus chinensis.

the overall acceptability according to the concentration (%) of
hot water extracts from Houttuynia cordata, Polygonatum odo-
ratum var. pluriflorum, and Saururus chinensis.

Table 6. Optimum process conditions for maximum res-
ponse of sweet taste, savory taste and overall acceptability
by superimposition their contour maps

Process conditions Optimum range  Optimum condition

Houttuynia (%) 1.75~1.89 1.820
Polygonatum (%) 2.17~231 2.240
Saururus (%o) 1.03~1.04 1.035

1.03~1.05%°]31ch o|2A 43 z} a%le] 3 vl &&R
T 22N BEL AR EF 2 1.75~1.89%, T

Y 94 F2N 2.17~231%, AR 5 FE5H .03~
] 7
[
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3913, Table 63 #o] 5] HA FTF ¥EL oAx &
T FEN 1.820%, T28 dF F5H 2.240%, A
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Fig. 4. Superimposed contour maps of optimized conditions for beverage manufactured with hot water extracts from Hou-
ttuynia cordata, Polygonatum odoratum var. pluriflorum, and Saururus chinensis.
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Table 7. pH, soluble solids and total acidity of beverage
manufactured with hot water extracts from Houttuynia cor-
data, Polygonatum odoratum var. pluriflorum, and Saururus
chinensis

Measure- H Soluble solids Total acidity
ments P (°Brix) (%)
Beverage 4.18+0.04" 0.41+0.01 0.21+0.01

Y Values are meantSD of triplicate.

Table 8. Color value of beverage manufactured with hot
water extracts from Houttuynia cordata, Polygonatum odo-
ratum var. pluriflorum, and Saururus chinensis

>

Jz iz

UERE 2'3e 45302 u]$ Be $3olyn
UeR]E b'gke] 10692 Ve & 259] Auky
Z2 A% w9 =3 AEYS & Jein
ong et alQ006)& Hvl FEEE o] 83t AxF
—354 e BEAS ZAR 23 L3 5072, a 3 25.16 2
b g 13.8524 2 S50 ¥|3l ] ¥ H3yolat a3
e, o83 A 59 dYoly T Alold & A
o7 AgH}

o
1

1=
ox

32
)
3 o

o O o o

» T
4

3) ghtsts

ek 5 21 EAl0) de] ®3EH o] 31+ phenolic compound
<} flavonoid e 78+ 3haka} 2H-go] QIthPark YS 2002).
A9 AR5 QA Yo s 24 sz o3 =3
Ao A EZ o]-&5 1 (Aoshima et al 2004), phenolic acid
<} flavonoid 2 718} #lsA B2 d3 P} 2g-o] A
T2E AMSETHKIm ef al 1995, Kang et al 1996). whEhA]
B oldzx g8 & ZevE I AAFdTE AR
A3 Table 9), F EejHlEL 54.63 mg/l, AAFAdTL
26.98%°]| ATt

Lee e al(2007)& FAEGEY 473E 2 & F599 A
A2 %E a-tocopherold ETORE dto ZARE vl &
L F2E9] HAAFASL 29.01%( @-tocopherol 37.01%),
B 259 AATASE 29.97%(a-tocopherol 38.23%)=

o
T

Table 9. Total polyphenol (TP) contents and electronic do-
nation activity (EDA) of beverage manufactured with hot wa-
ter extracts from Houttuynia cordata, Polygonatum odora-
tum var. pluriflorum, and Saururus chinensis

Measure- Hunter's color value
ments L a’ b Measurements TP(mg/L) EDA(%)
Beverage 40.08+0.41" 4.53+0.21 10.69+0.27 Beverage 54.630.29" 26.98+0.11

Y Values are meantSD of triplicate.

Y Values are meantSD of triplicate.
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