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Abstract  This study monitored the rheological properties of jams manufactured using the black ginseng
and black garlic. The conditions for mixing black jam were black ginseng (X;, 30-54 g), black garlic

(X,, 75-135 g), pectin 4.5 g, apple paste 270 g, and fructo—oligosaccharide 360 g. The response surface
analysis was performed with springiness, cohesiveness, chewiness, brittleness and gumminess. The R’

of the regression equation for springiness, cohesiveness, chewiness, brittleness and gumminess were
recognized at a significant level of 5 to 10 %, with 0.8948, 0.9103, 0.9032, 0.9097, and 0.8561, respectively.
The combination conditions of black ginseng and black garlic with the highest springiness of black jam
were found to be 194.39% (springiness) with black ginseng 54.00 g and black garlic 105.83 g, while
the conditions of black ginseng and black garlic mixing with the lowest springiness were found to be

164.11% with black ginseng 31.48 g and black garlic 119.43 g. The mixing conditions of black ginseng
and black garlic with the highest cohesiveness of black jam and its consistency were 40.96% (cohesiveness)

with black ginseng 48.85 g and black garlic 129.62 g, while black ginseng and black garlic combination
conditions with the lowest cohesiveness were found to be 32.96% with black ginseng 50.06 g and black

garlic 82.77 g. Black ginseng and black garlic mixing conditions, which have the highest chewiness of
black jam, was 43.19 g (chewiness) from black ginseng 42.95 g and black garlic 106.83 g. Black ginseng
and black garlic mixing conditions and their brittleness were found to be the highest in black ginseng

32.10 g and black garlic 88.04 g to 16,874 g. Black ginseng and black garlic mixing conditions and
their brittleness were found to be 678 g from black ginseng 50.53 g and black garlic 83.91 g. Black

ginseng and black garlic mixing conditions and their gumminess were 14.06 g with black ginseng content
of 32.91 g and black garlic content of 124.60 g. By examining the relationship between black ginseng/black

garlic ratio and the rheological property of black jam from above results, it is believed that black jam
can be produced for anyone to enjoy using health function material.
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Table 1. Experimental data on rheological properties of the black jam under different conditions
based on central composite design for response surface analysis

Exp. Condition Variables? Rheological properties
No.» Black ginseng Black garlic  Springiness Cohesiveness Chewiness Brittleness Gumminess Sugar conc.
(g (@ (%) (%) (g (g (@ (° Brix)

1 48 (1) 120 (D 185.897 38.89 40.62 7,879.63  -17.33 65.2 3.34
2 48 (1) 90 (-1) 183.03 35.24 21.74 3,975.19 0.00 64.7 3.41
3 36 (-1 120 (D 172.91 35.06 22.07 3,632.90 0.00 66.3 3.44
4 36 (-1) 90 (-1) 174.13 36.45 26.03  10,456.12 -10.00 64.3 3.38
5 42 (0) 105 ( 0) 185.68 35.75 46.22 6,254.97 -11.33 65.4 3.39
6 42 (0) 105 ( 0) 184.24 35.27 45.23 5,907.52  -10.00 64.6 3.43
7 54 (2) 105 ( 0) 197.02 36.03 23.66 4,263.16 0.00 65.1 3.42
8 30 (=2) 105 ( 0) 165.72 34.40 21.70  13.780.10 0.00 63.9 3.44
9 42 (0) 135 (2) 173.88 39.10 15.72 2,734.78 0.00 64.3 3.43
10 42 (0) 75 (-2) 185.47 34.41 15.94 7,583.76  -11.00 64.7 3.48

UThe number of experimental conditions by central composite design.

YRecipe : black ginseng 30-54 g, black garlic 75-135 g, pectin 4.5 g, apple 270 g, fructo—
oligosaccharide 360 g, water

¥Data were expressed as mean of triplicate determinations.

Table 2. Polynomial equations calculated by RSM program for the black jam

Responses Polynomial equations V R?  Significance

Y=113.621429+1.452292X,+0.387417X,+0.011333X,X,—

Springiness 0.017488X,7~0.004681X,” 0.8948 p <0.05
= — — _ 2
Cohesiveness Y 94.498571 1.105833X;-0.769667X,+0.014X,X,-0.003363X;°+0.00 09103 p <0.05
1173X,
. Y=-310.712381+6.22125X,+4.066278X,+0.063444X,X,~0.150362X,2-
Chewiness 0.031669X,” 0.9032 p <0.05
. Y=182629-5156.176944X,-1113.185333X,+29.799056X,X,+
Brittleness 20.617679X *~0.992705X.,2 0.9097 p <0.05
__ _ 2
Gumminess Y=-166.856048+1.891958X,+2.162339X,-0.078703X,X,+0.074808X; 08561 p <0.10

+0.005858X,”

YX,, Black ginseng (g): X,, Black garlic (g).
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Table 3. Regression analysis for regression model of rheological properties in the black jam

F-value

Regression model

Black ginseng (g)

Black garlic (g)

Y Springiness 10.46"°Y
Y Cohesiveness 5.58"

Y Chewiness 7.26"

Yritleness 10.56"

Y Gumminess 7.46""

1.06

11.06™

11.177
5.99"
575"

D*Significant at 10% level : " Significant at 5% level.

Table 4. Estimated levels of optimum extraction conditions for the black jam

Condition variables

Estimated responses

Responses Black ginseng (g) Black garlic (g) Morphology
Max. Min. Max. Min. Max. Min.

Springiness (%) 54.00 31.48  105.83 119.43 19439  164.11 Maximum
Cohesiveness (%) 48.85 50.06  129.62  82.77 40.96 32.96  Saddle point
Chewiness (g) 42.95 48.36 106.83  79.56 43.19 5.66 Maximum
Brittleness (g) 32.10 50.53 88.04 8391 16,874.00 678.13 Saddle point
Gumminess (g) 32.91 3476  124.60 81.07 14.06 -18.68  Saddle point
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