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A study on the optimum condition for bacterial cellulose production from
red dragon fruit (Hylocereus polyrhizus (Weber) Britton & Rose)

using response surface methodology
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ABSTRACT: The objective of this study was to determine the optimum conditions for bacterial
cellulose production from red dragon fruit (Hylocereus polyrhizus (Weber) Britton & Rose) using
Response Surface Methodology (RSM). Factorial experimental design was applied to optimize
the concentration of dragon fruit juice, the concentration of (NH,),SO, and total soluble solids.
The results showed that these three factors affected the productivity of cellulose. The experimental
data obtained were fitted to quadratic equation because it showed high coefficient of determination
(R?*=0.8629). The 3-D response surface plot and the contour plot derived from the mathematical
models were applied to determine the optimal conditions. The optimum production conditions
were as follows: 66.57% of dragon fruit juice, 0.73% of (NH,),SO, and 10 °Brix of initial total
soluble solids. Under the optimal condition, the productivity of cellulose was 56.46 g/L/d.
Keywords: bacterial cellulose, red dragon fruit, Acetobacter xylinum
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Table 1 Factors used in determining the level of factors affecting bacterial cellulose production

Factor

Minimum level Maximum level

Concentration of dragon fruit juice (%, v/v)

Concentration of (NH4)ZSO4 (%, Wiv)

Total soluble solids (°Brix)

50 90
0 1
8 10

Table 2 Treatment combination from factorial 3x2x3 in Completely Randomized Design

Treatment

Factor

Concentration of dragon fruit juice

Total soluble solids Concentration of (NHA)ZSO4

(%) (°Brix) (%, wiv)
1 50 8 0
2 50 8 0.5
3 50 8 1.0
4 50 10 0
5 50 10 0.5
6 50 10 1.0
7 70 8 0
8 70 8 0.5
9 70 8 1.0
10 70 10 0
11 70 10 0.5
12 70 10 1.0
13 90 8 0
14 90 8 0.5
15 90 8 1.0
16 90 10 0
17 90 10 0.5
18 90 10 1.0
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Table 3 Colors, total soluble solids and pH of red dragon fruit juice and coconut water

Quality Coconut water Red dragon fruit juice
Colors
L 45.04 £ 0.35 9.01+ 0.55
a 515+ 0.45 75.03 £ 0.40
b 3.86 £ 0.50 7.75+£0.35
Total soluble solids (°Brix) 5.00 £ 0.10 14.6 +0.20
pH 4.87 +0.10 5.30 £ 0.02
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Figure 1 Bacterial cellulose produced from A. aceti subsp. xylinum TISTR 975 at various the concentration

of dragon fruit juice, total soluble solids and the concentration of (NH4)2804 of the treatments 1-18
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Table 5 ANOVA analysis of the design to optimize bacterial cellulose production from red dragon fruit

Regression Degree of freedom Sum of squares Mean square F Value Prob > F
Model 8 1912.90 239.11 7.08 0.004
Linear 3 1112.01 370.67 10.98 0.002
Quadratic 2 772.32 386.16 11.43 0.003
Cross-product 3 28.57 9.52 0.28 0.837
Error 9 303.95 33.72

Coefficient of determination, R* = 0.8629, Adj R’ = 0.7410

ANNNANINAABIAINITNATIIANNEUNUS
srvdnepnudindiuaestiudiasions (X) AN LEINTL
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Figure 2 Response surface plots of the productivity of cellulose (g/L/d) as a function of: (a) concentration

of dragon fruit juice and concentration of (NH4)ZSO4 (b) concentration of dragon fruit juice and total

soluble solids, (c) concentration of (NHA‘)ZSO4 and total soluble solids and contour plot of (d) the

productivity of cellulose (g/L/d) as a function of concentration of dragon fruit juice and concentration of

(NH4)2804 at total soluble solids of 10

lelFaunsdviiunesnemananisaglas
anufiastaniudifedunsuin Anhanasrans it
HIABLANAY (response surface plots) UBNEATING
HaRIaglaguazn?INIA2eI4 (contour plot) kAAIAY
Figure 2 TAEWLIN Response optimizer 41848019
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Table 6 The productivity of cellulose under optimal conditions for bacterial cellulose production from

red dragon fruit

Concentration of dragon

Concentration of (NH4)2804

Total soluble solids ~ Productivity of cellulose

fruit juice (%) (%, wiv) (°Brix) (g/L/d)
66.57 0.73 10 56.05
66.57 0.73 10 57.55
66.57 0.73 10 55.80

Average 56.46
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AR RTAIReLALes kaasliTu ANz
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FINALNIIAYANIINARBILLL Factorial design in

L S D¢

ALAN

Completely Randomized Design wudnliiAngaman
mmﬁmLsm@ﬁ@mﬂgﬂmnmimm@u (56.46 NFu/
an3/) In&iAsaiuAndlEannnistszananadae
TUsungn (55.52 NTN/ART/N)
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