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Optimization of Jelly Preparation from Nopal by Response Surface Methodology
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Abstract

To determine the optimum mixing conditions of nopal jelly, samples were prepared with various compounding ratios of
gelatin(16, 18, 20, 22 and 24g), sucrose(100, 120, 140, 160 and 180g), Citric acid(2, 3, 4, 5 and 6) using a central
composite design. Physical and sensory evaluations were performed and considered using a response surface methodology.
The optimum mixing rates which meet sensory items is gelatin 20.19g, sucrose 141.52g and citric acid 4.04g.
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<Table 1> Variable and their levels for central composite
design of nopal jelly

Co oot Codedvariables _
R A e
Gelatin(g) X 16 18 . 20 22 24
Sucrose(g) X, 100 120 140 160 180
Citicacid(g) X 2 3 4 5 6
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<Table 2> Normal composition and increment of nopal jelly

~ PoW(ief of nopkalw

Gelatin
Sucrose 140 +20
Citric acid 4 +1
Water 400 0
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<Table 3> Experimental combinations and data under various conditions of gelatin(X,), sucrose(X,), Citric acid(Xs) and their
responses for physical properties

Treatment ‘Variable level® ; /, Response .. ol e
X X X5 Y, Y, Y3 Y Y, Yy o Y, Yy
1 41 -1 -1 152.03 96290  86.57 69.33 34.13 20.07 9.91 4,56
2 -1 -1 +1 123.54 83.83 8028 5197 3371 1417 13.53 3.99
3 -1 +1 -1 123.02 90.16 = 84.06 54.09 34.59 16.34 11.69 4.67
4 -1 +1 +1 9431 9673 8551 44.49 36.95 1052 . 1662 387
5 +1 -1 -1 179.48 94.87  89.55 80.64 2843 2145 8.52 4.77
6 +1 -1 +1 15741 9195 8592 72.64 28.76 15.39 9.51 3.88
7 +1 +1 -1 163.70 8859  84.29 60.48 26.29 15.83 7.42 4.45
8 +1 +1 +1 149.67 88.04 8261 64.27 29.10 20.67 - 4.03 378
9 0 0 0 145.51 88.23 - 8571 63.52 34.09 17.01 7.40 423
10 0 0 Q 14147 88.60  82.86 62.02 3143 11.65 717 4.24
11 -2 0 0 99.24 90.30  82.09 4244 31.04 14.92 6.03 4.28
12 +2 0 0 179.87 79.57 7857 70.82 34.15 15.82 12.10 4.22
13 0 -2 0 155.62 10447 94.29 80.44 4478 10.44 13.58 419
14 0 +2 0 12917 90.08  84.06 56.75 4157 12.64 7.23 4.20
15 0 0 -2 105.03 99.37  87.88 48.69 37.87 10.03 701 501
16 0 0 +2 86.11 8697  78.26 30.53 4326 7.87 11.21 3.01
@ Coded variables ‘
X : Gelatin X, @ sucrose X; : Citricacid Y7 : Hardness Y, : Cohesiveness Y : Springiness

Y4 : Gumminess  Ys : L{ightness) Yy :a(redness) Y5: b(yellowness) Yg: pH

<Table 4> Polynomial equatlons for physical properties calculated by RSM program for mixing of nopal jelly

_Response - S 0. Polynomial equation?. e U RZZ) P-value
Y= 175 573750 0. 670625)(1 2. 594687X2+54 426250X5-0. 245937X12+0 108500X2X1 0. 000684X2 .
Hardness +1.318750X,X,+0.048875X,X,11.980000X,2 093 0.0076
. Y,=106,014575+14.733125X,-1.126125X,-33.395000X5-0.217500X,,>-0.053000X,X +0.00553 7%,
Cohesiveness +0.151250X5X;+0.133750X;X,+1.188750X;,2 080 0.1203
L Y3=-6.913750+14.910313X,-0.474594X,-7.298125X5-0.247188X,%-0.035281X,X; +0.003056X,*
Springiness -0.029375X,X,+0.000562X,X,-0.303750X,2 085 00686
) Y,4=18.821875+15.795313X;-1.453219X,-8.691875X5-0.383750X,%-0.018156X,X, +0.00364 1X,7 .
Gumminess 1 421875%K,%,+0.122187%:X,5 040000K,2 096 00011
L Y5=171.709375+1.875625%;-1.624500X,-20.721250X5-0.010313X;%-0.017187X,X; +0.006509X,* 052 06882
+0.075000X,X+0.032875X5X,+1.951250X 52 ' ‘
Y=136.283750-7.866250X,-0.236625X,-13.051250X5+0.065000X, +0.022000X ;X -0.001744X 2 045 07389
a +0.656250X;,+0.068625X,X,-1.345000X2 ' 73
b Y-=-58.785625+2.980313X, +0.201344X,+13.633125X5+0.111250X; 2-0.035781X,X; +0.001950X,? 045 08009
-0.684375X5X,-0.019187X5X,-0.456250X* ' '
- Yg=0.802500+0.179063X,;+0.0315940X,+0.263125X5+0.000937X;>-0.001281X,X-0.000025000X,? 096 0.0016°
P -0.011875X3X,-0.000062500X,X-0.056250X,7 2 '

U X,:Gelatin - X,:Sucrose Xj: Citric acid
2 R2 is coefficient of determination

*p<0.01
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<Table 5> Experimental combinations and data under various conditions of Gefatin(X;), Sucrose(X,), Citric acid(X3) and their

responses for sensory properties

B Variable level®) Response
Treatment e
X1 X2 XY Y, Y3 Yy Ys Y¢ Y,
1 -1 -1 -1 4.33 422 4.00 417 4.67 3.83 412
2 -1 -1 +1 4.56 4.45 3.33 4.33 4.17 4.33 4.00.
3 -1 +1 -1 4.63 478 417 4.00 4.83 5.33 4.34
4 -1 +1 +1 4.59 4.89 4.83 3.83 4.17 4.67 4.54
5 +1 -1 -1 4.55 3.77 3.00 3.83 3.83 417 4.61
6 +1 -1 +1 457 4.01 3.17 4.33 433 5.00 472
7 +1 +1 -1 4.34 4.55 3.1 3.83 4.17 4.17 4.65
8 +1 +1 +1 467 4.87 4.17 4.67 4.33 3.67 4,89
9 0 0 0 5.28 6.01 4.50 4.83 5.33 5.33 5.88
10 0 0 0 5.34 5.99 5.17 5.00 5.00 4.50 5.97
11 -2 0 0 5.11 5.24 4.83 4.67 4.33 5.67 3.89
12 +2 0 0 5.22 4.87 433 450 4.67 4.00 3.79
13 0 -2 0 498 3.01 3.33 4.50 4.17 3.83 3.99
14 0 +2 0 5.01 422 4.67 4.83 4.50 4.83 4.11
15 0 0 -2 4.02 4.55 4.00 433 4.33 3.83 3.92
16 0 0 +2 5.01 4.01 4.00 433 5.00 3.83 3.99
) Coded variables
X; : Gelatin X, : Sucrose X5 : Citric acid Y, : Color Y, : Flavor Y3 : Clarity
Y : Taste Y5 : Hardness Y : Elasticity Y5 : Overall quality
<Table 6> Polynomial equations for sensory properties calculated by RSM program for mixing of nopal jelly
Resporise - Polynomial equation? - R Pwvalue
Color Y] =9. 399375+0 522500X;+0.082500X ,+1.512500X5-0.009063X, 0. 001375X2X1—O 0000197X,* 054 06766
+0.010000X5X;+0.000250X5X,-0.198750X ;2 :
Flavor Y,=-48.302500+1.968750X,+0.394188X,,+3.188750X;-0.059063X; 2+0.002000X,X-0.001491X,? 093 0.0074>
+0.013750X;X;-0.000250X5X,-0.430000X 52 '
Clarity Y5=-6.618125+0.452913X,+0.143031X,,-1.766875X5-0.015938X, 2-0.001 781X,X;-0.0000522X,? 060 03252
+0.078125X5X;+0.013938X3X,-0.208750X,> ‘ )
Taste Y 4=6.164375-0.045313X;-0.018594X,,-0.443125X5-0.020625X,+0.003156X,X;-0.000156X,? 039 08764
+0.084375X3X;+0.000062500X5X-0.146 250X, '
Y5=-15.284375+1.113125X,+0.150125X,-0.7850003-0.041563X;2+0.000562X,X;-0.000519X,?
Hardness > +0.1137350X3X1 _0.0031215)(3)(2 +0.008313X32 > ! 21 2 058 05627
. Y =-40.968750+1.324063X,+0.370594X,,+3.746875X5-0.005000X, %-0.009906X,X;-0.000366X,,> '
Elasticity ¢ +O.030625X5X1—0.0155613X3X2«0.2712250)(32 = 1 i : 087  0.0452°
Overall Y,=-80.631250+5 437813X,+0.355031X,+3.244375X5-0.130313X,%0.001719X,X;-0.001172X,? 095  0.0027%
Quality -0.016875X5X;+0.002812X3X,-0.492500X,2 ) '

DX, : Gelatin X, : Sucrose Xj : Citric acid
2 R2 is coefficient of determination
* p<0.05 ** p<0.01

1) A(Color)
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Gelatin(X,) X Sucrose(X,) Gelatin(Xy) X Citric acid(X3) Sucrose(X,) x Citric acid(X3)

<Fig. 1> Response surface for color of nopal jelly

<Table 7> Predicted level of optimum preparation conditions for maximized sensory properties of nopal jelly by ridge analysis and
superimposing of their response sutfaces

. Preparation condition Lo Level for maximum response>
. ; Y, Y, Y3 Yy Ys Y Y7
Gelatin(g) 20.62 19.58 15.07 22.76 20.18 16.92 20.19
Sucrose(g) 140.33 145.03 166.84 162.34 142.81 163.88 141.53
Citric acid(g) 4.41 3.98 4.16 4.93 4.26 3.55 4.04
Morphology Max.D Max. Max. SP.2 Max. SP. Max.

D Max. : Maximum
2 S.P. : Saddle point

3y, :Color Y, : Flavor Y : Clarity Y4:Taste Ys:Hardness Yy: Elasticity Y7 :Overall quality

searching for maximum f searching for maximum f
searching for maximum f

Gelatin(X;) X Sucrose(X,) Gelatin(X) X Citric acid(X3) Sucrose(X;) X Citric acid(X3)

<Fig. 2> Response surface for flavor of nopal jelly
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WeBAE Yehlle Wdzdels) Aeetde AR, 49, = HyuzxAe o fagee Ae, A, FAite] 747
T4l 2424 15,07g, 166.84g, 4.16g01 K Table 7). 22.76g, 162.34g, 4.93g°] I Table 7).
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searching for maximum d

—

wm

Gelatin(X;) X Sucrose(X,)

seerching for maximum ¢

Gelatin(Xy) X Citric acid(X3)

Sucrose(X,) X Citric acid(X3)

<Fig. 3> Response surface for clarity of nopal jelly

searching for maximum t

searching for maximum t

searching for maximum t

Gelatin(X,) X Sucrose(X,)

Gelatin(X,) X Citric acid(X)

Sucrose(X,) X Citric acid(X3)

<Fig. 4> Response surface for taste of nopal jelly

searching for maximum h

Gelatin(X,) X Sucrose(Xy)

searching for maxirum h

Gelatin(Xy) X Citric acid(X3)

[ ——

Sucrose(X;) X Citric acid(X3)

<Fig. 5> Response surface for hardness of nopal jelly
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searching for maximum e

Gelatin(X;) X Sucrose(X,)

searching for maximum e

Gelatin(Xy) X Citric acid(X3)

Sucrose(X;) x Citric acid(X3)

<Fig. 6> Response surface for elasticity of nopal jelly

searching for maximum o

searching for maximum o

searching for maximum o

Gelatin(X;) X Sucrose(X,)

Gelatin(X;) X Citric acid(X3)

Sucrose(X,) X Cittic acid(Xé)

<Fig. 7> Response surface for overall quality of nopal jelly
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