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Optimization of Jelly with Addition of Morinda Citrifolia(Noni)
by Response Surface Methodology

SangHyun Park, Nami Joo

Department of Food & Nutrition, Sookmyung Women’s University

Abstract

To determine the optimal mixing conditions of Noni jelly, samples were prepared with various compounding
ratios of Noni juice(120, 160, 200, 240 and 280 g), gelatin(12, 16, 20, 24 and 28 g) and sucrose(80, 100, 120, 140
and 160 g) using a central composite design. Physical and sensory evaluations were performed and the results
analyzed using response surface methodology. The optimum mixing rate satisfying sensory items was Noni juice

192 g, gelatin 18.25 g and sucrose 135 g.
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HP(AB 15 cmo2 Hojd 4 ¥
&t Rheometer (Compac-100,

Sun Sci. co., Ltd, Japan)ol] A E©] 9mme] probeE H
ZAsF. B2 &FAg 94
ARE 33 WE ZFH39 FARS

Ao EHE
z33%9.0m
2 Az

ARz

i3t 7 E(Hardness), &34

(Cohesiveness), Er24)(Springiness), 734)(Gumminess)-S

Table 2. Operating conditions of Rheometer

Fol Hol kS 03%2 AP =YFX, Instrument Rheometer
BEK), BFX)e 3749 gdlez HAFA. Sample height 20 mm
2B 2L 2, -1, 0, 1, 29 5942 ia}o}@‘ probe D;?)‘zer lzogm";]/m .
art 'min
7 AP z7re 1
i ARgE Table 134 2. Table Speed 120 mm.min
Maximun Force 2 kg
Table 1. Variable and their levels for central composite design of Noni jelly
. Coded-variables
Variable Symbol Increment(g) ) R} 0 1 3
Noni juice(g) X +40 120 160 200 240 280
Gelatin(g) Xz +4 12 16 20 24 28
Sucrose(g) Xs +20 80 100 120 140 160
Citric acid - 0 1.2 1.2 1.2 1.2 1.2
Water - rest rest rest rest rest rest

gz et A A2 A 15.(2006) -2 -



S8t oen P22 Table 29 Zth (Taste), 7 %=(Hardness), B2 4(Elasticity), 83l 7]
S E=(Overall quality)Z &3 78 dz=®Hez FHrlst
2) HESA W 755t ¥24% TH e 4FE FES
EUAg e ATE= A A (Coloriometrymeter, CR-300, stk
Minolta co., Ltd, Osaka, Japan)E A}&35te] &P
Z+ A)89) L(Lightness), a(Redness), b(Yellowness) Zt-& 6. EAAZ
38 2431909, o] u FFu F(standard plate)2] L EA package SAS(version 8.12)5 o] &3l LUYFA
e 97.26, af-S -0.07, batS +1.8601%1Th X, AR X, 48X)9 #HIALES 44 S99
F2 ST ARAR B BAE 27 Y
5. Zs&A ANz FHAT 13 JPa, 23 FAag 2
T5dAe sgAANEGn AFFLeH Ay ARG A AL AHHGor EFwso A F
168 Yt T8 A7 %01 BW7IE & £u40 uSEUAHE 339 IYE STHAEA
A4 ¥ 1689 BEPALAA 42 49 NE g ANsQT AARN 2 3P AFHY 3
2 AAste] FAHOE 1679 AR Bl 6 ool: sARMS D] ANFL TaHATt e
e 9 £ RS St FYLLAESWEBD ¢ 1 JAAAS B A Aole FudA
Balanced Incomplete Block Design)l.z A &gt #54 Pearson’s correlationo]] 9J&l #4359
AP g ol g3tel AT
ARE AYY FHFES 43¢ =71(1.5x1.5%15 m. 20} o ot
M2 % A% & BN o ¥} GA LA
BA] AASL @AY NS WL UE BEA B 1 J|HBA
TEUNE A2 F o2 Mi H7ASIES St Table 32 16709 AFAY T} 2o} B2 7|AAA
552 A(Color), F(Flavor), ¥4 E(Clarity), 3 A#RE veld Aotk
Table 3. Experimental combinations and data under various conditions of Noni juice(X)), gelatin(Xz), sucrose(X;) and their
responses for physical properties of Noni jelly
Variable level” Response
Ti
featment Xy X, X3 Y Y, Y; Y, Y;s Ys Y7
1 -1 -1 -1 142.10 86.30 8221 60.41 23.72 8.02 354
2 -1 -1 +1 94.04 89.49 81.06 42.65 2345 5.90 5.90
3 -1 +1 -1 210.05 92.44 87.46 93.38 24.57 13.30 6.93
4 -1 +1 +1 186.25 93.80 88.84 86.06 24.09 13.26 6.48
5 +1 -1 -1 125.50 90.95 85.10 54.97 2262 333 1.43
6 +1 -1 +1 113.83 91.50 32.42 52.34 2247 372 1.49
7 +1 +1 -1 23791 94.76 88.46 110.47 22.03 2.36 1.08
8 +1 +1 +1 177.33 91.03 87.13 79.45 22.70 2.28 0.80
9 0 0 0 136.29 91.75 85.12 60.70 23.67 8.52 3.45
10 0 0 0 136.00 91.67 85.51 60.78 2294 6.39 2.70
11 2 0 0 163.37 93.62 87.50 75.53 28.67 16.02 11.14
12 +2 0 0 169.50 94.33 85.32 78.51 2343 6.63 2.36
13 0 2 0 70.05 88.10 77.83 28.61 2391 10.19 4.58
14 0 +2 0 226.95 95.55 88.46 103.43 22.64 5.66 1.99
15 0 0 -2 136.10 90.73 85.23 60.73 2091 6.70 2.83
16 0 0 +2 118.94 92.90 92.90 54.20 23.00 7.44 2.94
¥ Coded variables
X; : Noni juice X; : Gelatin X3 : Sucrose
Y, : Hardness Y, : Cohesiveness Y3 : Springiness Y, : Gumminess Ys : L(lightness) Ys : a(redness) Y7 : b(yellowness)

-3 -
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1) A & w=YFE2 22698 g, Aztel 1888 g, HE 15084 ¢
wUFA A, Ag 3709 a”le] =UA e & © 2 Ve THTable 5).
A&7 AR vREe TS AN AFd:= e 4 (Springiness)o] #% 3 A4 RS 0822 &
Table 40 JERA AT IFE 1% olHdaA f94d0 AFHAAT. SdFP=
7 E(Hardness)o] #§ 3749 R 0922 o5 AT 2ol Agtd ey IS I Bo] 2 e
F 1% olHolA f94de] JdF=HAe Adego] 3 2 Ui O gg2 A9, =YFE foldid A
ol 7bg B IFE WXE FAeE gy Adg o] o] Z71ETE HHHE ﬂﬂ% Aog el
gol Fo] BoldeF Fxrt FAE AE g9 g @84 HHFE UeiiE Ao AR
F At AEY FFP S dele =UAdg9 A F2 =UFA 25615 g, AIE 2589 g, AY 112.60
¥ =TS, Ay, Ag §FFo] 747; 22548 go] YtK(Table 5).
g, 14.05 g, 153.17 go] ¢ tH(Table 5). 27 (Gumminess)ol] #g 3] A4 R 09302 &
&% 4 (Cohesiveness)o] #d 379 R°E 0.920] A AFE 1% oA Fodol JFHUT 3
I fFFE 5% ol fejdel AFHUT 3A AR A7, FE4E b2 EYSE #F 2o] A
EAA, 348 Agee 938 71 Hol oe 9 4gE 71E gol ¥E AL & F AU, A
Aoz ety 2t A5 gFo] Fold+E A 9 gFo] BolAFE AYo] AXE AE AAT F
= AAE A& ¢ F AUk gFH #FF AFA AT A #F HFHFL =T 22904 g, A

Table 4. Polynomial equations for physical properties calculated by RSM program for mixing of Noni Jelly

Response Polynomial equation ) R” P-value

Hardness Y1=141.563125—2.078172)§1+4.593281X2+1.518656X3+0.004733X1 +(2).012305X2X1+ 092 0009
0.193047X,"-0.000061X5X-0.038516X3X>-0.005391X3

Cohesiveness Y,=19.396250+0. 126391)2( 1+2.632969X2+0.434594X3+0.000354X.2-Oém5555X2X1+ 09 001"
0.001797X,°-0.001208XX,-0.009547X3X>+0.000065X;

Springiness Y3=77.855625+0.08728 12Xl+2.065625X2—0.515 125X3+0.000171X12-0.2003875X2X1- 0.82 0002
0.033906X>°-0.000663X3X+0.006063X3X,+0.002344X; ’

Gumminess Y4=13.804375—0.921828X21+3.914531X2+1.092219X3+0.002544X12+02.004867X2X1+ 093 0.008"
0.082500X,°-0.001339X5X,-0.028047X3X2-0.002031X3

L Y5=33.285000-0.192234X,+0.171406 X, +0. 156094X3+0.000429X12A0.2001445X2X - 0.89 003"

0.000469X,°+0.000198X3X;+0.000953X;X,-0.000844X

. Y7=13.061250-0.127359X,+1.774219X,-0.070906 X5+0.000605X,>-0.01 1 758X, X+ 0.50 0.12
0.007344X,+0.000386X3X,+0.002516X5X-0.000241X5” ‘ :

b Ye=-4.653750-0.164922X ,+1.228906X,+0.291344X5+0.000574X,°-0.002820X, X+ 095 0.003"
0.003281X,”-0.000552X5X-0.007 109X 5%,-0.0001 19X, ‘ )

U X;: Noni juice Xs: Gelatin  X3: Sucrose

2 R? is coefficient of determination

" p<0.05 “p<0.01

Table 5. Predicted level of optimum preparation conditions for maximized physical properties of Noni jelly by ridge analysis
and_superimposing of their response surfaces

Level for maximum response

Preparation condition

Y1 Yz Y3 Y4 Ys Y6 Y7
Noni juice(g) 22548 226.98 256.15 229.04 195.13 162.43 237.44
Gelatin(g) 14.05 18.88 25.89 1.10 6.29 6.41 19.33
Sucrose(g) 153.17 150.84 112.60 185.78 114.62 16.47 96.51
Morphology sp. S.P. S.P. S.P. SP. S.P. S.P.

'SP. : Saddle point

Y;: : Hardness Y» : Cohesiveness Y3 : Springiness Y. : Gumminess Ys : L(lightness) Ys : a(redness) Y7 : b(yellowness)
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Table 6. Experimental combinations and data under various conditions of Noni juice(X;), gelatin(X;), sucrose(Xs) and their

responses for sensory properties of Noni jelly

Treatment Variable level® Response
X Xo X3 Y Ya Ys Ya Ys Ys Y,
1 -1 -1 -1 3.33 3.67 4.50 4.00 433 4.67 4.67
2 -1 -1 +1 3.50 4.00 433 433 525 4.67 4.50
3 -1 +1 -1 3.53 4.50 4.67 3.50 3.50 3.67 3.33
4 -1 +1 +1 3.67 4.83 433 4.33 433 4.00 433
5 +1 -1 -1 3.33 3.50 317 3.50 4.50 4.83 4.00
6 +1 -1 +1 3.50 3.00 3.00 4.33 4.83 5.33 433
7 +1 +1 -1 3.23 3.00 333 3.00 3.00 3.67 2.17
8 +1 +1 +1 323 3.88 3.67 3.17 4.00 3.83 2.50
9 0 0 0 6.30 5.33 6.17 6.10 4.67 4.67 5.17
10 0 0 0 5.80 5.95 5.98 5.93 483 4.83 5.67
11 2 0 0 1.95 2.00 2.20 2.85 533 5.17 2.50
12 +2 0 0 2.00 2.67 2.30 3.00 5.33 4.67 2.67
13 0 -2 0 3.95 4.33 4.17 333 2.83 2.83 3.50
14 0 +2 0 3.83 4.17 4.83 3.67 2.83 3.33 2.67
15 0 0 -2 4.00 3.50 4.83 4.10 5.50 4.50 4.50
16 0 0 +2 4.83 4.83 4.67 4.10 5.00 4.83 4.80
¥ Coded variables
X, : Noni juice X; : Gelatin X3 : Sucrose
Y, : Color Y, : Flavor Y; : Clarity Y, : Taste Y5 : Hardness Ys : Elasticity Y; : Overall quality
-5- Stz #ahE A A 223 A 13(2006)
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Table 7. Polynomial equations for sensory properties calculated by RSM program for mixing of Noni jelly

4%
Al

=UF2% B Aol A

o
S
A A
Fge

Response Polynomial equation” R“ P-value
Color Y,=-52.082500+0.267875X +1.499375X,+0.262563X3-0.000637X,°-0.000578 XX, - 0.8 .
o0 0.033750X,%-0.000021X5X,-0.000312X3X,-0.001022X 5 ' '

Y,=-38.216250+0.228250X,+0.836875X,+0.198438X3-0.0005 16 X,%-0.0010003, X, -
Flavor 5 P 0.81 0.09
0.021719X,%-0.000043X5X,+0.002156X3X2-0.000922X 5
) Y3=-51.025000+0.211344X,+1.760000X+0.164813X3-0.000598X*+0.000516X,X - .
Clarity ; 2 0.86 0.04
0.024609X,*+0.000106X5X1+0.000531 X3X-0.000828X s
Tast Y4=20.887500-0.060344X,+0.42813X,+0.3040001 X3-0.0004835X,°-0.000906 XX .- 056 oor"
aste 0.039297X,%-0.000025X:X,-0.000250X5X,-0.001 197X ;2 : :
Hardnes Y5=0.333750-0.021X,+1.118125X-0.0735X5+0.00009X,°-0.000453X,X-0.03 X, 078 015
0.000065X5X+0.000906X3X>+0.000313X5 ) .
Elastici Ye=-6.762500-0.001891X,+1.1482X,+0.007906X;+0.000026X,°-0.000773XX - o 025
Y 0.026094X,2+0.000051 X3X,-0.000015X5X+0.000053X3> ' '
=34, ) . X -0. X;%-0. - .
Overal] Quality Yo=-34.453125+0.208516X,+1.469219X,+0.09078 1 X5-0.000443X*-0.00168X,X; 087 004

0.036484X,°-0.000026 XX, +0.001828X5X7-0.000481X5

Y X,: Noni juice X Gelatin Xj: sucrose
? R? is coefficient of determination
* p<0.05

Table 8. Predicted level of optimum preparation conditions for maximized sensory properties of Noni jelly by ridge analysis

and superimposing of their response surfaces

Preparation condition

Level for maximum response

Y Y> Y; Y, Ys Yo Y,
Noni juice(g) 199.19 195.15 194.33 197.17 203.27 169.44 196.10
Gelatin(g) 19.94 21.11 20.66 19.73 18.79 19.45 18.74
Sucrose(g) 123.29 127.69 118.60 122.88 111.70 153.78 124.50
Morphology Max." Max. Max. Max, Sp.? S.P. Max.
Y Max. : Maximum
? §P. : Saddle point
Y, : Color Y, : Flavor Y; : Clarity Ys: Taste Y5 : Hardness Ys: Elasticity Y7 Overall quality

searciung for maximum ¢ searching for maximum o

Noni juice(X;) x gelatin(X;) Noni juice(X;) x sucrose(Xs)

searching tar maximum &

FrUo e Ll

gelatin(X;) x sucrose(Xs)

Fig. 1. Response surface for color of Noni jelly
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searching for masimun

PR

Noni juice(X;) * gelatin(Xs)

searching for maximum {

Noni juice(X)) x sucrose(Xs)

Azje, wUFAG 48 Aoldxe 4xel A
g, AAYR 2 AolAe BA AAEL U
Bgch =uUAdY Fysd U@ Jass A
9 ggol 14 2 Ao ushgon FYEY A
B58HL Uthie wUdele) ARFFL mUF2
19433 g, A}l 20,66 g, A 118.60 go] Atk

4) vt(Taste)
gto] 3 7sEE A JFgo shFd 2
2 Uesal O b5 4%, =HFE Foldith 2

searching for maximum {

ST L

gelatin(Xz) x sucrose(Xs)

Fig. 2. Response surface for flavor of Noni jelly

searchirg for maxmu= of

- PRI

Tww

Noni juice(X;) x gelatin(Xy)

searchirg for maximu of

Noni juice(X;) x sucrose(Xs)

searchvng tor maxmur: ol

gelatin(Xz) x sucrose(Xs)

Fig. 3. Response surface for clarity of Noni jelly

searcing for maximum t

Noni juice(X;) x gelatin(Xz)

searching for meximum 1

Noni juice(X;) x sucrose(Xs)

searching for maximum

e Tiw

gelatin(X») x sucrose(Xs)

Fig. 4. Response surface for taste of Noni jelly
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6) &8 A (Elasticity)
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2 Uggten Aaig g ggFol F4H ke
gF 46 g3 71557 =4 JEbgch

Noni juice(Xi) x gelatin(X>)
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Fig. 5. Response surface for hardness of Noni jelly
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Fig. 6. Response surface for elasticity of Noni jelly
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Table 9. The correlation coefficients between physical properties and sensory properties of Noni jelly

ftem Hard Cohesive Springi Gummi Color Color  Color Color Flavor Clarity Taste ardness Elasticity ra]l
-ness  -ness  -ness  -ness  value L value a value b (sensory) lity
Hardness 1.000
Cohesiveness  0.696" 1.000
Springiness  0.627" 0.7307  1.000
Gumminess ~ 0.997" 0.7367 0.6447 1.000
Color value I. 0.020 0.080 0036 0.027 1.000
Color value a 0015 0047 0075 0011 0.7917 1.000
Color value b -0.041 0.012 -0.003 -0.034 0.8727 0908 1.000
Color -0261 -0.137 0045 -0.274 -0.342 -0.100 -0.253 1.000
Flavor 0.151 -0.128 0093 -0.172 -0249 0055 -0.126 0871 1.000
Clarity 0105 -0209 0.027 -0.135 -0.314 0.034 -0.121 09017 0.894" 1.000
Taste 0318 -0.176 -0.086 -0.321 0216 -0.025 -0.113 0877 07527 0.796 1.000
Hardness(sensory) -0.414 -0.089 0.030 -0.383 0.127 0.089 0202 -0.029 -0.163 -0.119 0283 1.000
Elasticity  -0.330 -0060 0.068 -0.303 0.156 -0.039 0088 0006 -0.211 -0.173 0327 0.868 1.000
Overall quality -0.589" -0455 -0.182 -0.597 -0231 0029 -0.052 0736 0.654 0674 0863~ 0442 0450 1.000
p<0.05, "p<0.01
-9 - dZ e #5354 A28 A13(2006)
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Noni juice(Xy) x gelatin(Xs)

Noni juice(X;) x sucrose(Xs)

gelatin(Xy) x sucrose(Xz)

Fig. 8. Sensory optimization of Noni jelly
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