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Optimization of Garlic Jam Making by Response Surface Methodology

Ki-Hyeon Sim' - Na-mi Joo - Young-Sil Han
Department of Food and Nutrition, Sookmyung Women's University

ABSTRACT

The purpose of this study is to find out the optimal mixing ratios of three different amounts of pectin, sugar and
citric acid for preparation of garlic jam through response surface methodology(RSM) based on the sweetness, pH,
color, sensory and texture test. As the sucrose content increased, the sweetness, cohesiveness, color, flavor, gloss
and overall palatability of garlic jam tended to be high and the lightness tended to be low. As the pectin content
increased, the adhesiveness of garlic jam tended to increase. As the citric acid content increased, the overall
palatability of garlic jam tended to be high and the pH tended to be low. The Pectin levels were included 1.8-2.1g,
sucrose levels were included 325-342g and citric acid levels were 5.8-6.1g. The optimal mixing ratios of a pectin,
sugar and citric acid for manufacturing the best quality of garlic jam were 2.0g, 334g and 6.0g, respectively.
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Table 1, Normal composition and increment of garlic jam formula

Ingredients Weight(g) Increment(g)
Garlic 400 0
Pectin 1.8 0.6
Sugar 320 +40

Citric acid 5.0 +2.0
Water 50 0

Spain) 2 THsE hafstel Hoj2ER shgiom, 4
of Wighul &S Table 13} Ptk RS Wizt
UYL 383 EUF F ohs ol AES T
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(2) pHEH

o= 2go) 18g9] FH4E 7fske] Stirrer(PC
320, Corning, USA)E Aoj& T AiR|2 o3} 3t
ol AgZ AMEEIGTh pHE pH meter(340,
Mettler Toledo, UK)E ARS8l A1)

(3 g=a%

I+ Abbe Z FA|(Salinity refractometer,
Nippon optical works co., Ltd, Tokyo, Japan)2 &
Asoc

(4) M2

A A (Coloriometrymeter, CR-300, Minolta co.,
Ltd, Osaka, Japan)E ©]-8&}o] L(lighiness), a(redness),
b(yellowness)@t-= S5t oY EE W ui(stan-
dard plate)®] LEF 97.26, aghk2 -0.07, bgh2 +1.86
olgic.
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3.5cm, Z0] 6.5ecme] YEF L7)o] o} Rheometer
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Table 2. Operating conditions of Rheometer

Sample Height 35mm
Probe Diameter 20mm
Clearance 30mm
Chart Speed 200mm/min
Table Speed 60mm/min
Load Cell 2kg
Repeat(Mastication) Osec

3. S
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Table 3. Level of Independent variables for experimental
design of garlic jam

Coded-variables levels

Independent variables ~ Symbol
-1 0 1 2
Pectin(g) Xy 06 12 1.8 24 3.0
Sucrose(g) X 240 280 320 360 400

Citric acid(g) X; 1.0 30 50 70 9.0




Journal of the Korean Dietetic Association 12(1):32-43, 2006 |

B UL
1. 05| 328

Z A5 A 8 H(central composite design, CCD)o|
9Jale] 542 309102 A3 167] AY A+
o 2t 270 HE o|siHA, B MU WS
W4(V)2] RGS Tavle 49} 2k 242} A¥G
o AEEH npsRo| ThEl 56-81, pH 3.44~5.44,
Wi (color value L) 27.15~44.02, ZAJ=(color value
a) -2.45~-0.13, 3+ =(color value b) 11.32~18.610|%}
th 7JAAQ texture®] AEZt ZF 7 E(hardness)=
43.015~206.868, £-2}A](adhesiveness) -47.00~-5, 53
Al(cohesiveness) 78.674~108.642, &+ AJ(springiness)
67.230~87.2409] W2 7RO, nisAe] LA
Z2& FHrist A3k M(color)S 3.17~5.37, 3K{flavor)
3.50~5.67, Staste) 3.00~5.17, }-Z}Ad(adhesiveness)
3.12+6.33, £7|(gloss) 3.67~6.00, AHHH 7|ZE
(overall palatability)= 3.00~5.179] 7S R ich

35

uHs o) 37 Bl i SARNEIE F
Az, FAE, 71AHQ texture Z743E 5 A=, FF
4, e84, BBt 35 5 wE AT FF|
5% oltjeliA el ol AR YThTable 5). vh=
Az Al 7 49| FRatio?} HH 2L Table 63}
Table 70] vreh et

(1) olstaiEiol EM

1) 9=

nhsd o] el uksy Az A F7iEE Al
A1l weh gtk YR PElo] 0.016002
5% FENA F2J8tAUTable 5), P-4 A3} A%
1% $ZoA §oJ40] AAF o] Het Frlegol
HolA4E Ferl HolAE A0 UEhgthTable
6). T3 YR EHA O] R°ZES 0.9086 0.2 o) 34
& e EH 2Yo] AFsicts AL e nhs
W Fro B e EHAT JojA 34 uhgE
W 2 Z(Fig. 1)o]l T2w A Hrhgo] Fold 4

o]
—
a

Table 4, Effect of processing condition of garlic jam on the sweetness, pH, color, texture and sensory evaluation different coded

values of treatment

Ingredient Color Texture properties Sensory evaluation
T e g L 4 v et SR S ot o o s
1 12 280 3.00 62 475 3695-1.8516.07 94314 -16.00 90.063 80.000 4.50 4.17 3.83 370 4.00 4.17
2 12 280 7.00 61 415 37.77-1.38 13.86 90.784 -19.00 88388 77.005 4.67 450 433 352  3.67 5.00
3 12 360 3.00 66 4.56 32.55-1.34 14.18 102.022 -20.00 87.517 81.250 4.83 4.80 433 4.25 5.63 433
4 12 360 7.00 67 422 32.69 -0.86 18.61 75653 -14.00 99.951 81.818 4.97 483 4.00 393 5.37 517
5 24 280 3.00 60 539 37.31 -1.62 15.35 110368 -21.00 86.635 80.851 3.26 3.67 4.17 5.33 4.17 3.33
6 24 280 7.00 62 438 3847 -147 1298 99.889 -20.00 78.674 69.458 350 433 4.50 5.17 4.00 4.33
7 24 360 300 68 541 32.88-1.17 14.97 206.868 -47.00 87.889 82.075 4.60 4.67 467 633 590 3.67
8§ 24 360 7.00 69 473 29.59 -1.75 13.05 132935 -42.00 95400 87240 4.71 483 500 612 5.87 4.50
9 1.8 320 500 63 399 32.08-1.15 1530 69472 -14.00 91465 75446 537 5.67 500 550 5.10 4.83
10 18 320 500 63 399 32.57-13717.54 57409 -11.00 90.660 76.087 523 543 450 533 5.13 4.83
1T 0.6 320 500 62 4.03 3458 -1.91 1343 75102 -18.00 85.144 72222 S.10 5.00 450 312 497 4.67
12 30 320 500 63 3.97 33.14-1.751640 72977 -13.00 90221 77.368 4.70 533 417 450 573 433
13 1.8 240 500 56 447 44.02-1.03 1786 78175 -14.00 87.737 75936 3.17 350 333 505  4.05 333
14 1.8 400 500 81 438 27.15-24511.32 36957 -5.00 108.642 85580 3.67 4.00 3.50 5.52 6.00 3.83
15 18 320 100 62 531 3529-0.13 1503 76349 -15.00 87.150 77.143 5.17 450 3.00 578 467 3.00
16 1.8 320 9.00 63 3.44 37.28-1.62 1573 43.015 -8.00 81.461 67230 533 483 517 521 513 5.00




Table 5. Polynomial equations calculated by RSM program for processing of garlic jam

Responses Polynomial equation” R*? P-value
Y1=131.750000-0.958333X,-4.875000X-0.059375X5+0.026042X,X,+0.085938X,’

0.9 0160*
Sweetness +0.003125X:X,+0.001563X:X-0.000313X 2 086 0.0160
Y;=14.527187-0.022708X,-0.518750X,-0.060625X+0.000069444X, +0.002500X,X
pH : , : ? gt : 08894 0.0268*
+0.006797X,%-0.000750X,X +0.000906X;X,-0.0001 78X
Y1=04.107188+0.367708X,-3.383438X,40.175719X++0.010660X 2-0.019948%,X
L ’ ) ! 8 o -0 P 09470 0.0035%*
+0.050938X;%-0.003219X,X 1-0.008016X:X+0.001225X;
Y=-14.043437+0.355000X,-0.591250X+0.030125X-0.003958X --0.004479%,X
Color 2 -0.007500X,2-0.001438X;X,-0.001125X;X,+0.000241 X,2 05250 06737
. ¥3=-10.330313+1.239167X+1 408750X,0.169531X0.010451X -0.0016510%:X,
-0.028594X,%-0.006781X,X,+0.011078X:X-0.000650X;2 : :
Ye-123.556875-20.503125X,+0.578125X1+5.077594X5+0.0736 11X, 40,708 177X, X,
H 0.34 921
ardness ) 001719X,2-0.057823X:X,-0.136391X;X,-0.002347X, 3467 05216
Y:=-67.218750+8.220167X,+0.125000X,-0.696875 X -0.020833X --0.255208%,X
Adhesi 03316 09336
Texture CSIVENESS 1 0.046875X:4+0.003125X:X 1+0.020313X5X,+0.000625X
i Y1=243.811250-0.137292X,-9.200938X,-0. 849500 X5-0.023 507X 1+0.046667X,X
properties Cohesiveness : ' 2 X : > 0.8720  0.0397*

+0.111328X,7-0.011688X5X,+0.046219X5X-0.004225X 3
Ys=215.837500-1.613542X,-7.082187X-0.798969X1-0.006 771X, *+0.06 7448 XX,
+0.077969X,7-0.003969X;X+0.031422X:X,-0.002241X*

Y 10=-22.078750-0.260625X 1+1.777813X,+0.013438X»-0.002778X,240.010000X X,

Springiness 0.7584  0.1905

Col 0.8723  0.0394*
OO 0.020375X,2+0.000041667X;X,-0.000250X5X;-0.000031250X,2 039
Bavor | V127 92812:0019167K 1 865937X,+0.092437X-0.002674X 100028125, o
ave -0.028125X,%+0.000479X;X,-0.001250XX,-0.000553 X2 : :
Y 12=-19.390625-0.047708X,+1.345625X,+0.09003 1 X,-0.002882X 24+0.004323 XX,
Taste ; : 0.7146  0.2743
Sensory -0.020859X,+0.000510X:X,1-0.001297X :X-0.000416X5
evaluation Y 5= 1.182187+0.336875X,+0.112187X2-0.004219X5-0.011146X,740.005156 XoX,

Adhesiveness 0.8631  0.0473*

-0.002031X,+0.000135X3X,-0.000297X3X,+0.000050000X 5
Y14=-0.525625-0.095000X 1+0.217500X,-0.003969X5+0.001632X,*+0.001406 X, X,
-0.001406X,+0,000406X5X,+0.000328X;X,-0.000134X

Overall  Y;5=-18.308750+0.007500X+1.274375X,+0.080312X3-0.002292X,*+0.000937X,X,
palatability  -0.019531X,7+0.000167X;X,-0.000250X;X,-0.000519X 2

Gloss 0.8843  0.0303*

0.9488 0.0031**

Y X, is Pectin content, X, is Sugar content, X; is Citric acid content and Y,-Y,s are intensity score of the attributes.
2 R? is coefficient of determination
* . significant at p<0.05 level, ** : significant at p<0.01 level, *** : significant at p<0.005 level, **** : significant at p<0.001 level

Table 6. Analysis of variance showing significance effects of processing variables on sweetness, pH, color, texture, sensory
evaluation properties of garlic jam

F-Ratio
Ingredient DF Sweet. Color Texture‘ properti.es . Sensory eval'uation
ness p L Hardn- Adhesi- Cohesn-SPrxng- Color Flavor Taste Adhesiv- 0ss Overa}l?
€ss  veness veness iness eness palatability
P(e;“)" 0.8 084 082 051 039 048 058 064 042 212 046 036 750 081 391
1
S(‘;fz;' 4 1413% 060 2626*** 043 080 033 047 737% 313 730* 885 198 086 1045*  7.82%
2
i g
C'"(')c( ;’“ 4 011 1092** 122 064 057 033 007 270 165 009 238 210 021 010 1848**
3

* : significant at p<0.05 level, ** : significant at p<0.01 level, *** : significant at p<0.005 level, **** : significant at p<0.001 level
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searching for maximum sug
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Fig. 1. Response surface on sweetness of garlic jam processed with pectin, sucrose and citric acid as independent variables

Table 7. Predicted level of optimum preparation for the maximized sensory properties of garlic jam by ridge analysis and

superimposing of their response surfaces

Level for maximum responses

Prep.a.re cet- Color Texture properties Sensory evaluation

T s ML A TS e e e M G D
P(e;(::i)n 200 217 191 211 235 263 0.98 1.85 217 113 291 259 230 238 0.83
Sugar

) 399.05 308.48 24146 321.11 271.88 362.60 374.95
2

Clirie acid s )4 123 566 114 238 306 599
(X3)

Morphology S.P.” SP. Mn® SP. SP. SP.  SP

395.63 39447 31834 33494 32509 379.69 389.37 323.80

6.29 596 832 632 800 291 543 7.35

S.P. SP. Mx” Mx Mmx  SP.  SP.  Max

" SP. : Saddle point 2 Min. : Minimum * Max.

. Maximum
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igg'0 240°10

Sucrose(X>) x Citric acid(X3)

Fig. 2, Response surface on pH of garlic jam processed with pectin, sucrose and citric acid as independent variables

searching for maximum L

xl

Pectin(X;) x Sucrose(X3)

searching for maximum L

P R

Pectin(X;) x Citric acid(Xs)
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8.0

— o —g
rap
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x3

260 540

Sucrose(X,) x Citric acid(X3)

Fig. 3. Response surtace on L value of garlic jam processed with pectin, sucrose and citric acid as independent variables
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4) 7174139l texture
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byt ksl §34 WSk Fig 4o e
Aoy AL At Hee M| Words
E 2ot HFE Yehoich AR-E 60% H71e
ol 34 0] 40% AR VIS FEY f93 L
2 52 @& e Kim (12)9] 79 fARE 2
e yehfiglen, ol#gt it Hda Aol
ohsd o] AE3he ERA7IAL 7HE9EE Y 3
A& Eole ALE Y7t Table 70 2 w-g-W
Zof st HHHE Yehdigled S B3t F
AL "Rl 1.85g, ¥ 395.63g, TAAT 6.29g
o2 eyt
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Fig. 4. Response surface on cohesiveness of garlic jam processed with pectin, sucrose and citric acid as independent variables
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Fig. 5. Response surface on color of garlic jam processed with
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Fig. 6. Response surface on flavor of garlic jam processed with pectin, sucrose and citric acid as independent variables
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Fig, 7. Response surface on adhesiveness of garlic jam processed with pectin, sucrose and citric acid as independent variables
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Fig. 8. Response surface on gloss of garlic jam processed with pectin, sucrose and citric acid as independent variables
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Fig, 8. Response surface on overall palatability of garlic jam processed with pectin, sucrose and citric acid as independent variables
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Pectin(X;) * Sucrose(X3)

Fig, 10. Optimal condition of garlic jam in sensory quality
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Table 8, Optimum process conditions for maximum response of color, flavor, adhesiveness, gloss and overall palatability by

superimposition their contour maps
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