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Abstract

Black ginger, obtained from steaming and drying process, provides the various functional properties. This study was
performed to investigate the optimum processing conditions for black ginger with high content of biologically active
substance such as anti-oxidations. Optimum processing conditions such as temperature and time for black ginger was
determined by response surface methodology (RSM) with manufacturing process and functionality. The optimum
steaming condition was determined 6 hours at 93.2°C, and 82.7 mg/L. DPPH scavenging activities was obtained at
this condition. The black ginger drink was made with black ginger extracts, Japanese apricot, and honey. Interaction
effects of these ingredients were investigated by modified distance based on design and analyzed by linear, nonlinear
regression model, and RSM. The optimization of mixture ratio was made by statistical modeling using DPPH scav-
enging activities and sensory properties which are the important target constraints in drink. Total flavonoids showed
a linear canonical form, while preference and antiradical activity showed a nonlinear canonical form indicating the
higher interaction among mixtures. The response trace plot revealed that antiradical activity, sensory properties and
total flavonoids were quite sensitive to the drink blending. The optimum formulation of the drink was set at 14.2%
of black ginger extracts, 5% of Japanese apricot, and 10.8% honey.
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Table 1. Experimental data on DPPH radical scavenging of
different steaming conditions based on central composite design
for response surface analysis

No Steaming  Steaming Time DPPH rzfld.ical scavenging
* Temp (°C) (hr) activity (mg/L)
1 52 12 64.6
2 80 12 45.0
3 100 18 55.4
4 80 12 75.6
5 80 12 87.1
6 60 6 552
7 80 4 84.0
8 108 12 79.2
9 80 12 67.2
10 80 12 81.9
11 80 20 61.7
12 100 6 65.9
13 60 18 64.3

Table 2. Analysis of selected models and regressions at
polynomial equations for the response of different steaming
conditions

Equation in term of

Response Model Prob>F coded factors
DPPH radical . 71.33+13.1A-4.1B-
scavenging activities Quadratic 0012 4 5145 13 654241 33B2
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Fig. 1. Response surface for DPPH radical scvenging of black
ginger depending on steaming temperature and time.

Table 3. Optimum steaming condition of constraint values and
predicted score of responses

Constraints name Goal . Nurperlcal .
optimization solution

Steaming Temperature. in range 93.2°C
Steaming Time in range 6 hr
DPPH radical scavenging activities max. 82.7 mg/L
Desirability 0.946
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Table 4. Level and composition of design for the formulation of drink

No. Black ginger (g) Japanese apricot (g) Honey (g)  DPPH scavenging activities (mg/L) Total Flavonoid (mg/L) Sensory test
1 15 6.85 8.15 48.5 32.2 54
2 12.48 6.16 11.36 40.7 26.1 5.1
3 5.37 9.63 15 27.4 16.9 5.5
4 6.42 11.75 11.83 30.7 18.7 6.5
5 15 9.82 5.18 44.6 343 4.5
6 12.19 12.81 5 37.7 27.8 6.1
7 10.28 5 14.72 36.0 22.1 6.5
8 12.42 9.76 7.82 38.1 26.6 6.0
9 9.69 10.02 10.29 34.5 23.8 5.5
10 15 6.85 8.15 453 314 43
11 12.19 12.81 5 40.1 28.3 5.6
12 5.17 15 9.83 30.2 17.5 7.0
13 5.17 15 9.83 30.9 19.3 6.6
14 10.28 5 14.72 374 214 54
15 8.64 14.16 7.21 36.3 22.9 6.3
16 5.37 9.63 15 27.4 159 5.0

Table 5. Analysis of selected models and regression at polynomial equations for the three response

Response Model Prob>F Equation in terms of pseudo component
DPPH scavenging activities Quadratic <0.0001 60.9A+37.69B+25.675C-38.87AB-5.73AC-12.35BC
Total Flavonoid Linear <0.0001 38.8A+19.6B+13.36C
Preference Quadratic <0.0234 2.708A+8.739B+4.855C-0.327AC+7.387AC-3.398BC

A: Black ginger extracts, B: Japanese apricot, C: Honey
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Fig. 2. Trace plot describing the effects of black ginger extracts,
Japanese apricot, and honey on total flavonoid.
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Fig. 3. Trace plot describing the effects of black ginger extracts,
Japanese apricot, and honey on preference.
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Fig. 4. Trace plot describing the effects of black ginger extracts,
Japanese apricot, and honey on DPPH scavenging activity.
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Table 6. Optimum constraint values using numerical
optimization method
Constraints name Goal  Numerical optimization solution
Black ginger extracts  in range 14.2%
Japanese apricot in range 5.0%
Honey in range 10.8%
DPPH scavenging max. 46.0 mg/L
Total flavonoid max. 29.9 mg/L
Sensory max. 5.3
Desirability 0.615

A: Black ginger
20

20 5 20
B: Japanese apricot C: Honey

Fig. 5. Contour plot of desirability of the optimum result.
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