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Prepared using Hot-water Extracts of Polygonatum odoratum,
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Abstract

The manufacture of beverages prepared using hot-water extracts of Polygonatum odoratum var. pluriflorum, Howttuyria
cordata, and Lycium chinensis was statistically optimized using response surface methodelogy. The total polyphenol
content, electron donation activity, and reducing power of optimized beverages were measured to evaluate antioxidant
properties. The coefficients of determination, the R, values, were 0.9887 ~0.9957 for color, taste and overall
acceptability. Analysis of variance showed that the model fit was a statistically significant (p<0.05). The opfimized
compositions of processed beverages were: Polygonatum odoratum var. pluriflorum extract, 2.15% Houttuyria cordata
extract, 1.74%; and Lycium chinensis extract, 0.19% (all w/w). Total polyphenol content, electron donation activity,
and reducing power of beverages of optimized compesition were 3.61 mg/L, 23.78% and 0.26, respectively.
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Z(Houttuynia cordata Thunby= U3} Z7)NA &2 <A
AE AW 7F U] ool o A 2(fEm et e B2]E(19)
Aol thdA 2E 02X kaempferol, quercitrin,
quercetin 742 polyphenol -} piperolactam, aristolactam,
splendidine 2 allaloids7} 6510 9lo] ket o kel
HH00) B R TARE ACY, T 1802
o BF% ol Aoz doiA Sink A3tate] 2848
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2L A, YA, o9 PRI B 4z sl
o} 21 TH174]-extremely unlike), 2TH27), E% A UH34),
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ekt ZoH6H), BB ZuH7A), =tH8A) 2 o5 ZTHOH
-extremely like) 2 3} 9% -scale’d(3) 2.8 Hrtaleich @
TRt dabe 38 Wriel atge s Jepl ik

Table 1. Coded levels of independent variables in experimental
design

Independent variables”

Coded levels”
X1 (%) Xy (%) X (%)
-1.68 1.160 1.160 0032
-1 1.500 1.500 0.100
0 2000 2.000 0.200
+] 2.500 2.500 0.300
+1.68 2.840 2.340 0.368

"Coded independent values means as follows: -1.68; lowest level, 0; middle level,
+1.68; highest level.

)Xl, hot-water extracts of Houttuynia cordata, Xy, hot-water extracts of Polygonatum
odoratum var plurifforum, X, hot-water extracts of Lycium chinensis.

Table 2. Central composite design of RSM for process conditions
of beverage

Coded independent variables”  Actual independent variables

Exp No”
Xi X X X% X% X%
1 N 1 150 1500 0000
Fractional 1 4 250 L1500 0100
point
1 1 + 4150 2500 6100
: + +1 1250 2500 0100
‘5‘ -1 5| +] 1500 1500 0300
6 + 1 #2500 1500 0300
; 1 41 s L1500 2500 0300
4 + s 2500 2500 0300
18 0 0 L0 2000 0200
Star 9p°i"‘ H68 0 0 280 200 0200
}(1) 0 -1.68 0 2000 L1600 0200
1 0 4168 0 2000 2840 0200
s 0 0 168 2000 2000 0032
0 0 <168 200 200 0368
0 0 0 2000 2000 0200
Conrl point 0 0 2000 200 0200
1(7) 0 0 0 2000 2000 0200
18 0 0 0 2000 2000 0200
ég 0 0 0 200 2000 0200
0 0 0 2000 2000 0200

i)The number of experimental condition by central composite design.
X, Xy, Xy See Table L
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7t £& Z 02 JERTH(Table 3). 0]} 22 ZAAE nigto
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8lof| 910} 4] second order polynomial model®] A3t of 2
o} ASX| 9} A &R0 HEE MM 3 A IN(Table 4),
A%, dA, B g2 FFAHV|ZE 2% second order
polynomial modele] # & p<0.05)3F Ao 2 Vet 1
2z A4, ot 2 FA 7] 3w gigk 2gAS R 247t
0.9957, 09927 2 09887% A&y} uf$- =om EAAC
E(p<005) F94Y A7yt gonz Su(oA %,
Tz 2 P EFFEA9] HUPg)d e 453
T, 32 FHH7 2 5)9 WA HE second order
polynomial model 24| F#3] &g 4= YS-& Hol F9)
o} 2 dajo] tigt R® 3 0.880824] &-olslr|=
S AAL, w2 28755 R gl HlEiN s g
Folqdnh g, lack of fite A7, gt 9 £3H4 7| 5 5]
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modelo] Aghet A o2 vighort, WAld] e 2]
HYPwrt 2o€ Aoz eyt AN AE 93 o
3] A A2 IH(Table 5), A7, o 4 FFH7 a2 E U3}
S| AHE AT o2k AW A BE f-9Ado] A HAT
(P <0.05).
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Table 3. The experimental design and resulting responses for
Box-Benken design response surface analysis

Variables” Sensory quality”
Xi X X3 Y: Y: Y; Y,

No

1 -1 -1 -1 701:039 5424033 6524019 5.09:0.07
+ - -1 4131033 4212014 370£012 293007
-1 41 -1 5204080 5944011 7.22+0.16  6.68:0.09
+1 41 -1 4131049 6024030 6141014 539+0.15
-1 -1+l 6894069 4524022 531+021 493006
+1 -1+l 3752046 4.08z0.19 3.71:009 3.08+0.08
463035 581:017 7.15+0.16 6.430.10
3051026 623:0.17 6381021 4312025
6.50:031 692+0.13 6.83x0.16 5582021
3351032 5.12+0.15 4562021 2.67+0.13

-1 +1 +1

o =1 O W B WD

+ 4+ H
9 168 0 0
10 +168 0 0

11 0 -168 0 6101020 399+0.11 430£022 451031
12 0 +168 0 4012022 7272016 748:0.12 6.74+0.19
13 0 0 -1.68 599+036 6.74+022 580+0.16 647+0.16
14 0 0 +L68 530032 6830.13 529+0.16 5.84:0.11
15 0 0 0 822#0.19 689+0.12 801+0.08 7.8240.17
16 0 0 0 802:0.10 7.04£007 8.190.14 778023
17 0 0 0 792:0.15 7.15+007 823x0.17 7.95:0.10
18 0 0 0 816£0.16 731+0.14 804009 82420.08
19 0 0 0 8070.12 701+0.11 8281008 798017
20 0 0 0 800:0.14 7232014 810+0.13 8.09+0.11

"Xy, X, Xy See Table 1.

‘)Yl; color, Yy, flavor, Y3, taste, Ys; overall acceptability. Values are meantSD of
25 panels. Sensory scores of color, flavor, taste and, overall acceptability were evaluated
from very poor (1 point) to very good (9 points).

Table 4. Analysis of variance (ANOVA) for fitted second order
polynomial model and lack of fit for color, flavor, taste, and
overall acceptability of various mixture of hot-water extracts
from Houttuynia cordata, Polygonatum odoratum var pluriflorum,
and Lycium chinensis

Sum of squares
@ Colot” Flavor” Taste” accg;glr;gtyd)
Model 9 608 22.30° 4562° 60.86
Residual 10 027 3.0 034 0.69
Lack of fit 5 021° 2.90 028" 055"
Pure error 5 0.060 0.12 0.059 0.15
Comelation total 19 62.34 2532 4595 61.56

YCoefficient of correlation (Rz) for color was 0.9957.
YCoefficient of comelation (RZ) for flavor was 0.8808.
9Coefficient of correlation (RZ) for taste was 0.9927.
Coefficient of comelation (R) for overall acceptability was 0.9887.
9Significant at 5% level.
ot significant at 5% level.



Table 5. Estimated coefficient for the fitted second order
polynomial representing the relationship between the response
and process variables

Coefficients
Factor” Overall
Color Havor Taste acceptability

Constant 8.07 7.13 8.14 7.9
Linear
Houttuynia 0! 03 o1 0%0?
Polygonatum 061" 083 0.95 077"
Lycium 024" 006 014 018
Quadratic
Houttuynia 15 057 08 14!
Polygonatum L1000 0607 0750 089
Lycium 087 0287 088" 070"
Interactions
Houttupnia  Polygonatum ~ 042” 027 032" 0.08
Howstynia. x Lycium 0.10 0.14 0.19" 007
Polygonatum x Lycium 0147 014 0.17" 017

”Houttuynia; hot-water extracts of Houtuynia cordata, Polygonatum; hot-water extracts
of Polygonatum odoratum var pluriflorum, Lycium; hot-water extracts of Lycium
chinensis.

a}ngmﬁcam at 5% level.
PSignificant at 10% level.

T4 &% Suol g 45 2 Qe w 839
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Table 6. Second order polynomial equations by RSM program for processing of beverage

Responsel) Second otder polynomial equationsz) R P-value
polyn
Y1=8.07102-1.02276X,-0.60665X-0.24240X-1, 14947X 1. 1035 1X,™-0.89491 X3+0.4
Y, 125X, X,-0.09625 X0, 14375X:Xs 05957 0.0001
¥ Y5=7.13109-0.30587X,+0.82642X-0.05848 X+-0.55412X,°-0.69200X,-0.28365X:™+0. 08808 00014™
: 26875XX:+0.13875X X;+0.13875%X:%; ' ’
¥ Y5=8.13509-0.73865X+0.95176X-0.13822X,-0. 82203X -0.75309%,2-0 87506 X +0. 0997 00001
! 32125%)X2+0.19125X,X:+0.17125%:X; o '
2 2 2 i
Y, Y4=7.98585-0.90167X,+0.77107X-0.17570X5-1.42179X,-0.89146 X,™-0. 70407 +0. 09587 0.0001

07500, X2-0.06500XX3-0. 16300X:X

)Yl, color, Yy; flavor, Ys; taste, Ys overall acceptability.

X, is the % concentration of hot-water extracts from Houttuynia cordata, X, is the % concentration of hot-water extracts from Polygonatum odoratum var pluriflorum, X3

is the % concentration of hot-water extracts from Lycium chinensis.
1R is coefficient of correlation for determination.
. significant at p<0.05 level.
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Fig. 1. Response surface (left) and contour map (right) of the color according to adding ratio (%) of hot-water extracts of Houttuynia
cordata (Houttuynia), Polygonatum odoratum var pluriflorum (Polygonatum), and Lycium chinensis (Lycium).
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Fig. 2. Response surface (left) and contour map (right) of the flavor according to adding ratio (%) of hot-water extracts of Houttuynia
cordata (Houttuynia), Polygonatum odoratum var pluriflorum (Polygonatum), and Lycium chinensis (Lycium).
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Table 8. Total polyphenol (TP) contents, electronic donation
activity (EDA), and reducing power (RP) of extracts and beverage

TP(mg/mL) EDA(%) RP(ODs0)
Extracts”
Polygonatum 2401006”  1297412¢°  0.10:0.00°
Houttuynia 2.8240.05° 25.4410.75° 0.11:0.02°
Lycium 3.65+0.04° 189140.69° 0412010
Bevemges)
3424008 23784351 026:001°

"Polygonatum; 1% hot-water extracts of Polygonatum odoratum var pluriflorum,
Houttuynia; 1% hot-water extracts of Houttuynia cordata, Lycium, 1% hot-water extracts

7ef Lycium chinensis.

PVahues are mean+SD of wriplicate determinations. Different superscripts withinn a column
(a-d) indicate significant differences (p<0.05).

Beverage was manufactured with 2.15% hot-water extract of Polygonatum odoratum
var pluriflorum, 1.74% hot-water extract of Houttuynia cordata, and 0.19% hot-water
extract of Lycium chinensis.
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