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Abstract

This study was conducted in order to monitor the extraction conditions for a gel-state beverage development of
the Opuntia ficus-indica stem. Moreover, the organoleptic properties of the beverage prepared by the extract were
optimized using the response surface methodology (RSM). The determination coefficient (Rz) value for the extraction
yield of the stem was 0.95 (p<0.01). The maximum extraction yield was obtained at an extraction temperature

of 93.02°C,

123 min of extraction time and 22.57 mlL/g of water to sample. The beverage was prepared with

the addition of xanthan gum, sugar and persimmon vinegar to the extract with a central composite design. The
maximum organoleptic color of the beverage was obtained at 0.38% xanthan gum, 7.91% sugar and 0.76% persimmon
vinegar. The maximum organoleptic flavor was obtained at 0.30% xanthan gum, 7.06% sugar and 1.26% persimmon
vinegar. The maximum organoleptic taste was obtained at 0.22% xanthan gum, 10.36% sugar and 0.90% persimmon
vinegar. The maximum overall palatability (3.92 score) of the gel-state beverage was obtained at 0.35% xanthan

gum, 10.83% sugar and 1.21% persimmon vinegar.
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Optimization on preparation conditions of beverage using Opuntia ficus-indica stem

Table 1. Levels of extraction conditions of Opuntia ficus-indica stem

503

Groups Independent variables Leve
-2 -1 0 | 2
Temperature (C) 60 70 80 90 100
Extraction conditions Time (min) 60 9 120 150 180
Water to sample (mLy/g) 5 10 15 20 25
Xanthan gum (%) 0.1 02 03 04 0.5
Recipes Sugar (%) 7 8 9 10 11
Persimmon vinegar (%) 0.5 1.0 L5 2.0 25

Table 2. Experimental data on total yield of Opuntia ficus-indica extract and organoleptic properties of the beverage under different recipes

based on central composite design for response surface analysis

Extraction conditions i Recipes Organoleptic properties
Ex% Temp. Time  Water to sample Eﬁgc?%l Xanthan gum Persimmon Overall
0 (0) (min) (mLj2) y 0 %) Sugar (%) vinegar (%) Color Flavor Taste palatability
1 70 (-1) 90 (-1) 10 (-1) 213 02 (-1) 8 (1) 1.0 (-1) 30 28 26 30
2 70 (-1) 90 (-1) 20 (1) 223 02 (-1) 8 (1) 20( 1) 28 32 26 30
3 70 (-1) 150 ( 1) 10 (-1) 281 02 (1) 10 (1) 10 (-1) 29 26 40 32
4 70 (-1) 150 ( 1) 20(1 2.88 02 (-1) 10 (1) 20(1) 28 32 30 30
5 90 (1) 90 (-1) 10 (-1) 2,64 04 (1) 8 (-1) 1.0 (-1) 36 26 26 28
6 90 (1) 90 (-1) 20(1) 284 04 (1) 8 (-1) 20(1) 30 26 36 34
7 90()  150(1 10 (-1) 257 04 (1) 10 (1) 1.0 (-1) 30 24 38 36
8§ 90(1) 150 (1) 20 (1) 2.99 04 (1) 10 (1) 20 (1) 26 26 38 34
9 80 (0 120 ( 0) 15 (0) 241 03 (0) 9(0 15 (0) 24 20 36 30
10 80 ( 0) 120 ( 0) 15 (0) 236 03 (0 9(0) 15 (0) 25 1.8 34 31
1 60 (-2) 120 ( 0) 15(0) 224 0.1 (2) 9 (0) 15 (0) 34 28 34 32
12 100 ( 2) 120 ( 0) 15 ( 0) 3.18 05 (2 9(0 1.5 (0) 32 32 26 32
13 80 ( 0) 60 (-2) 15(0) 1.98 03 (0 7 (2 15 (0) 36 38 24 32
14 80 (0) 180 ( 2) 15 (0) 291 03 (0) 11 (2 15 (0) 36 34 34 38
15 80 (0) 120 ( 0) 5(2) 2.89 03 (0) 9(0 05 (-22) 38 36 32 32
16 80 (0) 120 ( 0) 25 (2 294 03 (0) 9(0) 25(2) 3.6 32 24 28
"The number of experimental conditions by central composite design.
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Table 3. Polynomial equations calculated by RSM program for extraction and recipe conditions of Opuntia ficus-indica

Responses Second order polynomials 'S Significance
L) Y = 3.244375 - 0.066438X; N 0.042104X; - 0.256875X3 + 0.000813X,” - 0000521X1X2 +
Extractionyield 0.000016667X;" + 0.001125X,X; + 0.000158X:X; + 0.0053X; 0.9464 0.0036
. b) Y, = 28.37125 + 0.1875X; - 5.01875X, - 4.1125X; + 21. 25X1 - L125XX; + 0.2875X," -
Organoleptic color L75X,Xs + 0.075X:X; + 125X: 0.8066 0.1130
Organoleptic flavor Y; = 432625 - 14.0X, - 7.875X; - 475X(3) 5+X327 S5X7 + 0425%; - 20X, Xz + 0.1XX3 + 08143 0.1023
. %) Yy = - 19725 + 45X, + 3.925X; + 4.9X; - 12. 5X1 - 05X,X; - 015X + 5.0X,X; -
Organoleptic taste 05%,Xs - 07X, 0.7633 0.1820
e 2) Ys = 10.39375 - 10.625X, - 1.7375X; + 1.875X; + 375X1 +075X:X; + 0.1125%" +
Overall palatability 15X,Xs - 025X:Xs - 0.05%: 0.8357 0.0755
X1 Extraction temperature (‘C), X,: Extraction time (min), Xs: Water to sample (mL/g).
X,: Xanthan gum content (%), X»: Sugar content (%), Xs: Persimmon vinegar content (%).

Table 4. Predicted levels on optimum preparation conditions on yield and organoleptic properties by the ridge analysis

Extraction conditions

R - Estimated Morphols
esponse Temp. Time Water to sample responses orphology
(0) (min) (mLjg)
. 93.02 12344 257 327 (Max) .
Total yeld 6828 7148 1551 170 (Min) Saddle point
Recipe conditions Estimated
Responses - - Morphology
Xanthan gum (%) Sugar (%) Persimmon vinegar (%) TESponses
Organoleptic color 0.38 791 0.76 3.96 (Max) .
0.30 9.00 1.50 229 (Min) Maitmum
Organoleptic flavor 0.30 7.06 1.26 3.66 (Max) .
0.32 9.13 148 178 (Min) Maximum
Organoleptic taste 022 10.36 0.90 426 (Max) .
035 747 090 208 (Min) Saddle. point
Overall palatability o o5 5 e %ajl‘)) Saddle point

Table f {{‘egr@ssimt‘anal'ysis for th(:‘modc;l of ext;actﬁyield_ Z;ld 7] WEo g AR AEo|| et )R] B}
organoleptic properties in preparation of Opuntia ficus-indica =

beverage X Rk el 4o] A UERIA 2k Ao JelA o
(25,2829). SRS aff ¥ A3, HZ wiEH|= Table

42} Z+o] xanthan gum &3°] 0.38%, T &3] 7.91% 2

F-value of extraction conditions

Regression model
; Temperature (C)  Time (min) Water to sample

(mLjg) A% ol 0.76% M B o) 39602 EA o=

Ymcion yied 1225 260" 525" H Atk 22y xanthan gum o] 0.30%, T ol

) F-value of recipes 9.00% % 2% ko] 1.50%14 FsBF ] 2298 B
Regression models Xanthan gum (%) Sugar (%) Persimmon vinegr (%) A e, o] 2ol e 2229 Ao 713 &
Yongopic e 235 399 479" o] dojur, S-59f Aol oA AR Ao
Yongotpic fcr 237 534" 420 A 4= AR UETHF. 2). Jin —o—(19)£ WAz 2
Vorgmote e 108 360 23] Al H7 549 FeB o] TR Wt
Yoverall palatabiity 147 568" 1.64 Hils ]’Cq T‘:H}-Q— ’;j?_]’g' -‘4 7%}?3]' ﬂ‘ *\(:)_‘ 73 6;3 O] 941\—0‘

- Z=nlel 2012 o] 7l Ao g A At HA
Significant at 10% level : “Significant at 5% level : " Significant at 1% level. i o A7k A % A%l 5

m lorﬂ%ﬁﬂrulo

A FFE Fe= AoE AAK Eupe AAFE o8

] ) S5 Aelle Az Tl 7 Bl 3T A

v o2 81 SH it (Table 3). ¥s2] A17do]] gt & o, thyo 2 o ol AL xanthan gum FFe] G
F21e] R7} 0806622 Fo) 4 1954 &sk=wl, o3 2] rFTH(Table 5)
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Fig. 1. Response surface for total yield in Opuntia ficus-indica
extract at constant values (Extraction yield : 2.5, 3.0, 3.5%) as a
function of extraction temperature, extraction time and water to

sample.

o

A S
AT AR
LT

S

Persimman vinoger content (%)

Fig. 2. Response surface for organoleptic color in Opuntia
ficus-indica beverage at constant values (Color (sensory score) : 3.0,
3.5, 4.0) as a function of xanthan gum content, sugar content and
persimmon vinegar content.
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Fig. 3. Response surface for organoleptic flavor in Opuntia
ficus-indica beverage at constant values (Flavor (sensory score) :
3.0, 3.5, 4.0) as a function of xanthan gum content, sugar content
and persimmon vinegar content.
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Fig. 4. Response surface for organoleptic taste in Opuntia
ficus-indica beverage at constant values (Taste (sensory score) : 2.5,
3.0, 3.5) as a function of xanthan gum content, sugar content and
persimmon vinegar content.
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Fig. 5. Response surface for overall palatability in Opuntia
ficus-indica beverage at constant values (overall palatability
(sensory score) : 2.8, 3.0, 3.2) as a function of xanthan gum content,
sugar content and persimmon vinegar content.
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