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Pilot Production of Bacterial Cellulose by Gluconacetobacter hansenii TL-2C
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Abstract

This study was designed to ultimately develop a highly efficient mass production technology of bacterial
cellulose isolated from the citrus gel fermented by G. hansenii TL-2C. Pilot equipment made with FRP vessel,
length (665 mm) X width (375 mm) Xheight (210 mm) was developed for mass production of the citrus gel.
To develop the optimal conditions for mass production of citrus gel, comprised of citrus juice (6,000 mL) diluted
100 times, containing 5% seed bacteria, 10% sucrose, and 1% ethanol, citrus juice was fermented at 30°C for
14 days, and gel productivity in pilot system was examined. BC was isolated and purified from the citrus
gel, and their chemical composition and physicochemical properties were investigated.
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Tea fungus
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Isolation of G. hansenii TF-2
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UV irradiation
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Cultivation for 7 days by using SA medium
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Isolation of G. hansenii TL-2 with high acidity
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Cultivated at citrus medium for 7 days
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Repeated cultivation
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Isolation of G. hansenii TL-2C with low acidity

Fig. 1. Isolation procedure of mutant G. hansenii TL-2C
from G. hansenii TF-2 of tea fungus.
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Fig. 2. Pilot production vessel of citrus gel fermented by
G. hansenii TF-2.

FRP (fiberglass reinforced plastics) size: 665 mm (length) X 375
mm (width) X 210 mm (height).
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Fig. 3. Comparison of gel thickness of the citrus gel pro-
duced by G. hansenii TL-2 and G. hansenii TL-2C at 6 and
14 days according to various concentrations of citric acid.
SA medium, a semi-synthetic medium, which contained sucrose
and acetic acid was used in the experiment.
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Fig. 4. Changes in the gel thickness during fermentation by
mutant strains developed for gel fermentation
G. hansenii TL-2 was a mutant which grew rapidly by forming
large colonies. G. hansenii TL-2C was a mutant resistant against

citrate and was developed from TL-2. Bacterial strains were cul-
tivated in SA medium containing 0.4% citric acid.

pH7} 7} F438] ol on At x FA A F71ste
W g 149 A7 o= &3 3.70%(acetic acid® AR AbS Ad
Abstedch, ubm o] TL-29} TL-2CellAl & Ak &afo] W& 8
A# o) F 1604 1.9% Ale]Z AL AA3A {FAIH <k
A greFe Jeblsith G hansenii TL-29% TL-2C9 7
QA5G w23 A citrate?} FH A ob 3 vl o
Ae T FFAtolel A HEH Ao)7) gigl o, eI
g A el A= TL-27F & 1494 <) F7 10 mme] A& A
A3 ubde] TL-2CE 11 mm2 23 o] $A4L A%2 v
2=

ol A+ AL G hansenii TL-2C7} ZHE3}5u] 2] o A
ZA Gt w2 A AAEFe] Fom FAR AL AT
s oA S5 wEFe s HrbE Aok vl 0.4%2
citrateS &-3-3F SA Bl A el A= TL-29F TL-2C Aloleol] A
Aol AAEE 2ol 7| o, vl &'t F =2 citrate
E F4E AR e 2 Zolrt A E AL AEHF
o] B)3E}e] SAvNR| ] ZAo| wheale] FAHFo] citrated]
dEg Hby] AHd Aem 4

WER
NAE FAo g F4FAFuA ¢l ] FE0~5%)] o
o Artsle] AL wad A Fig. 63 o] o5& 1%%}

=
&
&

e L.
< =

2% A7}77F ol ulste] &3] F7AL Ao] 44 =
ek, ollghe 1% 2 2% A7He] A5AE vy sl

o} oRE 1% AT AR Ao] £ HUE, A4



Gluconacetobacter hansenii TL-2Col 213} Bacterial Cellulose?] Pilot 234t

1345

45 12
40 |
10
35 |
G —_
5 £
30 } o £ 8
o »
25 | B &
I ® £ s
20 | < ©
15 | £ 3 s
2
10 v —a—TF2
o —m—TL-2 05 2
S _e—TL2C 0
0.0 L L 1 L L L L 00 L . L P L 0
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

Fermentation (days)

Fermentation (days)

Fermentation (days)

Fig. 5. Comparison of pH, acidity and gel thickness of the culture broth according to three different bacterial strains,
G. hansenii TF-2, G. hansenii TL-2 and G. hansenii TL-2C, for the citrus gel production.
The organisms were cultivated in citrus juice diluted by 6 times without supplement of any other nutrients.
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Fig. 6. Effect of ethanol addition on thickness and shape of
gel after 14 days of the citrus gel fermentation by G.
hansenii TL-2C.

Values in the bottle indicate percentage (%) of ethanol added.
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Fig. 7. Effect of ethanol addition on pH, total acidity, soluble
solid, total sugar and thickness of the citrus gel fermented
by G. hansenii TL-2C.

Culture broth contained 1.0% (v/v) ethanol of citrus juice. The
gel were fermented by static culture of G. hansenii TL-2C at 30°C.
Pellicle showed a synchronized growth in thickness with acidity
increase during fermentation. Symbols are -O-, pH; -@-, total
acidity; -M-, soluble solid; -[J-, total sugar and -a-, gel
thickness.

]2 &} bottlesll A1 2] wjek 248 pilot A4tel] A48 =
Ao g A7 WA Z(Fig. 2)ollA AAE 2702 ovtg 3
7}k 0, 05,1, 2 2 5%2 Gelsted 6 L wiokstd 2 AL
AEstgdch 2 43} Table 164 Bizule}l o] z7] ol&k
& ghegol| mhet A Ao g Aol E et slel HA
A7 1444 pHE 250~2562.2 dl=7-(pH 251)9} B



1346 AAE - A

Table 1. Effect of ethanol addition on pH, acidity and thick-
ness of the gel fermented by G. hansenii TL-2C

Conc. of H Total acidityl) Gel thickness”
ethanol (%) b (%, acetic acid) (mm)
0 2.51£0.02° 0.46%0.03° 6.67+1.20°
0.5 2.56+0.02° 0.41 +0.02¢ 12.50+0.50°
1.0 256+0.01% 0.54+0.01° 14.83+1.00°
2.0 2.52+0.02°¢ 0.99+0.02° 15.33 2,50
50 250+0.01% 2.34+0.13 9.50+0.00°

Values are mean=*SD of triplicate determinations. Values with

different superscripts in the same column are significantly dif-

ferent at p<0.05.

DTotal acidity was measured by using 0.01 N-NaOH and rep-
resented as acetic acid concentration (%, w/v).

IGels were fermented by static cultivation at 30°C for 14 days.
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Table 2. Effect of loading volume on thickness and productivity of the gel fermented by G. hansenii TL-2C

T Loading Depth of H Total acidity Gel Gel productivityS)
ype volume® (mL) solution® (mm) P (%, acetic acid)  thickness (mm) (wet gel g/L)
A 5,350 ’ 215 2.63+0.16° 0.70=0.06% 15.05+1.06° 3,522+ 248°
B 6,420 25.7 2.58+0.05° 0.70%+0.02? 22.70+0.92° 5,312+430%
C 7490 300 2.89+0.13% 0.74+0.09° 18.75+0.35" 4,383+ 82"

Values are mean*SD of triplicate determinations. Values with different superscripts in the same column are significantly different

at p<0.05.

Gels were fermented by static cultivation at 30°C for 14 days. Plastic tray: 665 (length)x 375 (width) X210 (height) mm
l)Loadmg volume (mL)=sugar solution (mL)+citrus juice (mL)+ethanol (mL)+gel (g)

Depth of solution (mm)={volume / (665x375)} x 1,000

IWet weight of the gel sized as 650 (L) x 360 (W)x 15~22 mm (H) was measured and represented as the relative weight against

liter of the medium.
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Thickness 25 mm

Fig. 8. Shapes of the citrus gel fermented by G. hansenii
TL-2C for 14 days.

The size of citrus gel produced by pilot fermentation was 360
mm (L) X650 mm (W)Xx25.0 mm (thickness).

B0 (G. hansenii TL-2C)& 0|28t Z Pijot A4

Pilot A4Fe 93+ WA 2= FRP(fiberglass reinforced
plastics) 2 wFE4¢l e n], A2 375 mm, 7}F& 665 mm, <)
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g 1%2 nAsE 0w, 30°C skl 147 wa 3l
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Table 3. Effect of ethanol addition on color value of the
citrus gel fermented by G. hansenii TL-2C

Cit | Colorimetry”
1rus ge Control gelZ) Sample gelB)

L 57.383%£1.90 60.28+1.34

Upper layer a -1.61£0.30 -1.92+0.06
b -5.44+1.92 -7.30+0.03
L 59.37+0.93 61.37+0.75

Bottom layer a -2.08+0.46 -2.3510.24
b -3.95+0.63 -4.99+0.99

Citrus gels were harvested after 14 days of fermentation.
YA colorimeter (Chroma meter CR-310, Japan) was used in the
experiment. L value: Degree of whiteness (white +100 < 0
black), a value: Degree of redness (red +100 < —80 green),
b value: Degree of yellowness (yellow +70 < —80 blue).
PControl gel: no addition of ethanol.

¥Sample gel: addition of 1% ethanol.

Table 4. Rheology data of the citrus gel fermented by G.
hansenii TL-2C

Rheolometly“

Parameter Control gelm Sample ge13)
Strength (10° dyne/cm®) 1.965+0.518 2.519+0.102
Hardness (10° dyne/cm®  6.364+1.212 8549+1.799
Cohesiveness (%) 38.24+14.42 44+15.33
Springiness (%) 46.01+3.38 48+1.84

Gumminess (g) 254.45+156.28 35211094
Brittleness (g) 120.12£80.29 168 £58.45

The data were obtained after 14 days fermentation.

YA rheometer (Sun Scientific Co., Compac-100, Japan) was
used in the experiment. Measurement conditions of theometer
was 15.0 mm of sample height, sample 50.0 mm diameter, 10.0
kg load cell(max), 60 mm/min table speed, round diameter
200 mm adaptor.

PControl gel: no addition ethanol.
3)Sample gel: added with 19 ethanol.
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