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ABSTRACT

Using a two-stage continuous culture system, the parameters that affect the productivity of
sorbose were studied and the operating conditions which correspond to the maximal producti-
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vity of sorbose were determind.

The maximum specific growth rate of Acefobacter suboxydans strain emploved was J.31hr™t
and its optimal growth pH was determined as 4.6. The maximum productivity of sorbose-
obtained employing a batch culture system was 19mmole/liter/hr at 909% conversicn level
The enzymatic conversion of sorhose was found to be proportional to the cell concentration,
and the cell concentration in the second-stage continuous bioreactor was increased by using a.
filter system installed at the effluent line.

Under the optimal operating conditions, 29°C, pH 4.6,
two-stage continuous fermentation system yielded the productitity of 45mmole sorbose/liter /hy

and sorbkitol concentration 209, the-

while maintaining 90% or higher level of conversion, indicating that a singnificant improv-
ment in the sorbose productivity could Le achieved by employing the two-stage continous bio--

reactor system combined with the cell enrichment technique,
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Fig. 1. Synthetit Pathway for VitaminC(Reichstein Method)
I-sorbitol is dehydrogenated to make L.sorbose by microroanism.

Cis-Configuration
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Trans-Donfiguration
(Reaction does not pioceed)

)
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H-C-OH
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CH:OH

Fig. 2. Bertrand’s Rule on the Oxidation of Polyhydric Alcohol.
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Reaction on cis-configuration, especially D-form, proceeds readily.

1. M £

Vitamin C 9] 3 % ¢4 & 193314 Reichs-
tein 3} Hawortho] &3l Exldgd oz w3z 5
gom #Ae Vitamin Co ¥ Y4be
Reichstein ubdid 9 A 3St3 gl}. Reichstein
el o3&y Reichstein 7} 35 o g 443
5le] D-sorbitol o] 4 <=t} D-sorbitol -& 20%
o]Atel =z gelleglz, HelEx ¢ Ace-
tobacter suboxydans ] & &hed Ag:a}'d,- oz
4 5o} L-sorbose & & 4gteh, Felsl A
Z Ae)e) L-sorcose &= Acetone o 93k &350
2 ] olar¢Y A3LE utm 2, 3, 4, 6-diisopro-
pylidene L-sorbose(diacetonesorbose) & & 4§
o}, o3& I oz AlFs o] diacetone-2-
keto-L-gulonic acid & §A4stz s,

enolization, lactonization & A A ¥, L-ascorbic
acid & 443k =t ol & Fig. 1] =A

ssie,
u] A -Bof] ¢]3§l sorbitol 8] w4 ul-&-2 Ber-
tand ¢ ¥ & wtE3n 9l =- Acetobacter

genus = polyhydric alcoholﬂ secondary alc-
ohol 718] 9)%] 7} primary ¢} secondary alcohol
719] Alele] gl I secondary alcohol »}ef] of 3
o cis Y}l 912+ alcohol 7] & ketone 7| &
AstA ZlokE Aelvk, eElz Hannd {3 e
wtel Aceobacter 42 FF& cis 93] FdAA
% D-form & 1§ #A 48t AlAH. oA S
Fig. 24 Jepd gt

1930l o] F= m|AE<) 3 sorbose A AL
o Aokl Be AT YTV = AL
2 ole9m got AY Bito] A wE
o }3t odTFeluk, ol ATl gleid& pH,

Table 1. Medium Composition for Maintenance, Inoculum and Fermentation (W/V%)

Fermentation
Maintenance Inoculum Continuous
Batch
1st 2nd
|
Sorbitol 3 20 5 20
Yeast Extract 0.5 0.5 0.5 0.5 —
Peptone 0.3 1 1 —
(NH4¢) 2S04 - 0.5 0.5 0.5 —
Glucose 0.5 0.5 0.5 0.5 -
Agar - - -
KH,PO, — 0.95 0.95 0.95 0.95
Na;HPO;-12H.0 — 0.05 0.05 0.05 0.05
Antifoam (PPG) —_ — 0.1 -
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extract, peptone, (NH,),S0, & Al&8lxw E4&
Moz A-gglel,  # ek} - anti-
foamer 2% P.P.G. (polypropylend glycol)-g- A}
£33 pHixA ] Sgrensen’s phosphate S}
A® (KH,PO,, Na,HPO,12H,0)%& A}&35t4lt).
uj ok A& Table 1] vieR) glvl,
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—
air
] -
medium A4
AT s
thermostat
and
Temp.
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—

Cell Growth Stoge

5] 24 w372 500 m/ Erlenmeyer flask
9} 1-/ jar fermentor & Algslgm o <49
AL A1Y A2z wrigxE 1-/ jar fermentor
£ ALg-elgrl, Nickel & Actobacter suboxyd-
ans T 5 ZAE FER2 LHEZ HIY
= 433, baffle & =5 nickelo] 3§35
A ¢k-& stainless steel A S AL gl o5}
71 2 A}-4-%l sintered glass = 140mesh & E3}
i 200 mesh 2] sieveo| Az FEAEE 4}
L35t ZA 2.5cm, F74] lem¢] disk Fo7
=] sintered glass filter & -85t o},

454 TR AS TAH=ZA gk 57
uf ok gl magnetlc stirrer o)) o} s} mut 5}4
t}, Aerationd] ¢}e] A4 = air inlet 3} effluent
line o] glass wool & ®tE Z7] A=x4zx&E 4
st ot g o9& wAEg g, £4
= AT LEd] 54 aseptic sampler & 4}
SRR LEE WEZ Y B o3 4
At exxd AR d g8 29°C 2 {-A54
ok EE wE] e o] F-& sigmamotor,
pump &} peristaltic pump & A}-&3}¢
o o798 A&¢ uphx) sty o, feeding line
AT o] el A g silicon tubing(I.D.
0.062", O.D.0.187"")% A-gstgiel. 2xkd<
4 wE A% Fig. 3] Yelagleh.

Aol Fxt Al 1w wEE el #f A (medi-
um)d] agar Al A BEZ} FHFE AFAH 2
Aol vl AR o]z & = WMAE A5

air

air 4§
' effluent

finger
L

A

.2

Sorbose Production Stage Cell Filter

Fig. 3. Two-Stage Continuous Sorbose Reactor System.
Cell growth and sorbose production are separated for the maximum production of sorbose.
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Aoz Watmann paper No.1-& Ap&3}¢] 1,
411 w]£&¢ phenolst & EolAlz ALl
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Fig. 4. Effect of pH on the Sorbose productivity.

Optimum initial pH appears at 4.6.
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Fig. 5. Effect of Substrate [Concentration on the

Sorbose Productivity. Optimum substrate
concentration appears to be 20% in {the
continuous system.

wg o Fd & sorbitol, sorbose = ZEa] Fx]uk
fructose &= EAF}x] ¢SS & 4= gz o]d)

wte} anthrone-H,SO, ubiof] ¢ &t sorbose 24
o FH5ge Taatgt,

3. «&dat ¥ 13

(L nlyEe] ®H 48 =A

3] 24 wkF A o] A Sorensen buffer System -
AH&std pH 438 77449 QA 48 S
fow 71A Bx7F 20%, KHPOS0.95%, Na,
HPO, « 12H;0 0. 05%¢9] A 3 4 A& 14mmole
/liter/hr & g3 2 ¢ pHE 4.6+0.19
WA A ARG 2 A Fig. 44 o}
et ¢lc}, Buffer strength & &9 7% <33
PHE X A% &+ glod ol E A3 A4
2AL FALY. 4546 YA AL W2 7]
el wlg buffer §oi-& delFe] pH 4.6 &
A sl

#A 713 FEF T80 $18) 5~30% sorbitol
SE WA HEAF] Ak B%AAE 25
90% ol 4e] AstEe e WA 0% A
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Fig. 6. Productivity of Sorbose with a Batch Sys-

tem.
Productivity of sorbose in the batch proc-
ess is 19mmole/liter/hr, at 90% conversion.
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dsled, oe
A EY AR How Folxu),

74
714 ¢] hypertonicity ¢ ¢
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20%97 s BAEE dehiglen 2 258
Fig. 54 Jehygiet,
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(2) 8|2A U
Jar-fermentor & A}-83 3|24 widl 9o
A ¢x 29°C, %7 pH 4.5, 2773 F=

20%<1 A 90%9 AFEE vepi e, ol
ol A A1-g--¢ 19 mmole/liter/hro] gl 3 A LAl =
Y.« = 0.73mole/g DCW o] g},

- Q0% 7R AE-ge] $/FE€EFF I F

7
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Table 2. Cell concentrations (x13,%2), Fractional Conversion (X),

Abge] Frkshd, 1 olAd A e FaTE
ol % Fig. 64 veshilge}h, 3
el A s-g2l time course FA
£3}e] cumulative productivity &
o Fig. 64 245 4482 A
ol el whel A 2271 5k 7}F batch cycle
g Fgel AL Baseh oHT A4
4] & batch cycle 7] zk% w4 Eo] A4k
Ui Das FAE A AL
+ gk,

Mo

o O A -
A1) fo

i

8) A&

—

e

k=

44l wrEAle] olelA A 1, A 2vre] $k

H3ld] =& A 2utdl A fAE FE, 23S
Aabg, AAHAlT 2 v AFEEE S
o Table 24 Yehygch, a4 Wi gl
4 A 25k WAAEE g R AAAT Vo
= o vl E g A48 EF x40
Aol R, AGH
Vz ‘i;? =Fxx1——F2x2+ Vz?’x
Yx=UsX2, dt ——=0 °] 25
F
p=Dy=-= 2 (1)
Vi—+— ddfz =F1P\—FyPy+Vyry
dpP,
rP=YP/-"-‘/-52x21 4at _0 0'] 25
Fl
Yirn=—rm /,,:t (D P,— v, 1) @»

4% 3719 2% A 1% % Al 25 9

Productivity (z), Prcduction Coefficient

(Y,,2), and Specific Growth Rate (u) at varying Dilution Rate in the First State (D)) without
using Filter. (Second Stage Dilution Rate, D, is fixed at 0.12 hr7L.)

D)_ X1 X2 T Yp % 2
(br™Y) (g DCW/liter) (g DCW/liter) (mmole/liter/hr) (mole/g DCW) (hr )
0.03 0.36 0.15 0.13 14 0.93 0.099
0.05 0.39 0.18 0.16 15 — 0.045
0.08 0.45 0.30 0.24 19 0.73 0.033
0.10 0.45 0.47 0.60 37 1.07 0.010
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Fig. 7. Cell Concentration of the Second Stage
with and without Filtration.
(a) with Filtration, (b) without Filtration
(0) Dilution Rate in the First Stage, D, =

0.1hr %,

(A) Dy =0.08hr™t; (Ch Dy =0.05hr"!
(@) D;=0.03hr"t; (A) D;=0.02hr™!
Cell concentration in the second stage is
doubled when cell filtration is performed.

u] ghet,
Washing-out Ao %3}y A#AXNE D &
Fhell wheb A 1eke) w4 FEsk AL dAw

’J
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A FAH YA 2Rg s B+ 4
o) o] chemostat 22| o} o] Zof] & A&k &4
o] limiting nutrient 2 23Xz ¥

g9lrt. =3 Kubitschek o x

A e ¢ 4 g5k

AL
Tzt

Die] 0.1 % D,7F0.12 23_31-‘5 90%
7 mmole/liter/hr o] A A-&-& vehdl 3
vle] Fe g MRS Relxm YA
FEL EY B3 Ao HA E3hh
utg A9 i A AAlFE 0.91 mole/g
v B wh9]ekel] €]k sorbose A4k
& ABA A $EEE ¢ F AT 244
o] A wlul(one stage)?] 7§, sorbose:
A e gl yd = A-8-= & sorbitol o] =]
g FAEDY dliA 4 5 Badoz 4
%—EM sorbose 4§ A &-& dolmelAl v 2%k

L4 wrgel A% udE AARA s2iad
.9_1 sorbitol ®Br} zha glucose & FFFTFoE.

A A4 A 33E 4T 5 vk

(@) AFR|E ASE HAEA ©E

Sorbose A} AL-S- 913t A 2xlel] YA B|YE

Xx 2712 9314 sintered glass & o1
Az ALsgdr 2 AE Fig. 7 2 Table 3
o e givt,

34 E AT AFH BEA gleiA A
258 AAA T Vo ' (D4E 2 2 483
Fx v AFEE e Y Y EA ATE
A FA4 o 8 £E, AL

Table 3. Cell Concentrations (x1,%2), Fractional Conversion (X), Productivity (z), Production Coefficient

(Ys/2),

Speicfic Growth Rate (uz), and Filtration Coefficient (@ = x'/x) at varying Dilution

Rate in the First Stage (D)) for the System Combined with a Filter. (The Dilution Rate in the

Second Stage, D., is fixed at 0.12hr™Y)

b4 Yp p/ X 2 a

(mmole/liter/hr) (mole/g DCW) (hr™Y)

D, X1 X2 X
(hr™h) (g DCW/liter) (g DCW/liter)
0.02 0.41 0.27 0. 54
0.05 0.41 0.41 0.66
0.08 0.45 0.57 0.74

52 1.93 0. 082 0.91
68 1.87 0.070 0.94
62 1.80 0.051 0.91
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Fig. 8. Productivity of Sorbose with continuous System.

(O) Dilution Rate in the First Stage, Dy = 0.1 hr™!;

(A) Dy =0.08hr™!; (@) D1=0.03br71;

(—) Constant Dilution Rate (D) ;

(-++) Isoconversion Lines

Productivity of sorbose in the continuous process reaches 40 mmole/liter/hr.

is inferior.

But its

dxz A 4A 8 %

—lel_sz2’+ Vz?’x

conversion

T 1.87mole/g DCW 24 3|34

Y &2 g A Ak A<l 0.73mole/g

o] B E AAE QAT Ak 28
& A9g vas) v Di=0.059 = A
Ae ZE

3 A4 0.93 %

7= %2, xz'zaxz,—‘%z—=o DCW % 0.91mole/g DCW o] w3 = ojte-
Fox ot 4 e} (Table 2 8} 3).
ol2g m=aDi——y- - @  Azed f4E FE} G3AE

3T &
F w3 F9 slAE FEE v aste BTy
dslen Dy, D, w3}
Arkat |3 2olx ¥&S BUT 5 JdHt

v}

AourAAY 2 ¥E 2.322 A Fuje v A4 Hxd gl BAEY FEF viEe]
AE ST ZE wolz Qo] od wE wixr  FIAEY ASAL Lol LA A 2w
o) sorbose AJALe BAEw vk, (Table 254 A8 2%, sorbose A=A =l 4Ee] 3

w4 8] shR m A E ﬂll% A E3le] w] 4

QA A g A =€ Dy, D,
Wil A 70% vlwke] A 3-&3} 37mmole/liter/
hr ¢ 2w YA§e 4 o (Fig. 8), o
s AT AT A 7D FEsF 20% 4 A
D,=0.08, D.=0.17 AL vl & A FE-L 70%
o)1k gommole/liter/hr ¢] 4 g7 & ﬁu_
eltt(Fig. 9). 43 AAE o] &3l 7

3). AFF 4
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Fig. 9. Productivity of Sorbose with Continuous System and Filtration

(£) Dilution Rate in the First Stage, D; = 0.08hr™! ;
(A) Dy =0.02hrt;

(C3) Dy =0.05hrt;
(—) constant Dilution Rate (Dy) ;
(--+) Isoconversion Lines;

(O) Optimum Operating Condition

2

Productivity of sorbose in the continous process with filtration reaches 45 mmole/liter/hr (90%
conversion) at D; =0.068 hr! and D, = 0.084 hr’.

% 58, 67, 81 mmole/liter/hr & qgl o}
o &] A3HELe A 65, 64, 60%E wlmH Y
2 g 2y AR goet oldl T A
AZE 8 4SS Dy, Dol distd A3
A 90% SR 3}-&(isoconversion) Tl oz
o] JAeg ook, AALH g5t T
4 & =] & least square method o) ¢j&] 23z =
Ao 2 curve fitting sl 2 7 A& Fig. 9
ol el gt 20% A3 EE4 90% A 3-

£9] 79 Di=0.068, D,=0.084 & = o]
A& 45 mmole/liter/hr & 1gt},
4. 2 B

3

4 2ze] S8 pHel H1A B2 27

A

A& Tsbglch, Phosphate buffer o 2] sle] 3
A pH 4.6 T 9T 30% o4+ sorbitol =
o] A & hypertonicity &3] ofs v & A
o sorbose 4} Ate] £x] %8¢ #FHslgdh, o
<4 wkie] &%) sorbitol FErF 20% U
o A AES el & ggkeh

A7 & A5} ﬁ#*ﬂ‘ ‘%ﬁ
=

A x x=A i/vq sorbitol F% 209%,
29°C, pH 4.6, Dy=0.068hr"!, D,=0.084hr"!
o 90% AZHEAl A 3 A4AE 45m
mole/liter/hr & A §ic}h. 324 a9 i
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Nomenclatare
D : Dilution Rate, F/V (hr-!)
F : Flow Rate (ml/hr)
V : Reactor Volume (m/)
Y. . Production Coefficient, dp/dx
(mole/g DCW)
P : Product Concentration (M)
x : Cell Concentration (g DCW/liter)
7 : Productivity, PD (mmole/liter/hr)
% . Conversion
¢ Specific Growth Rate, %
t: Time (hr)
« : Filtration Coefficient, x,'/x;
x;3' : Cell Concentration After Filter in the
Effluent from the Second Stage
(g DCW /liter)
75 . Rate of Sorbose Production (mole hr)
7. . Rate of Cell Growth (g DCW/hr)

-1y

Subsecript
1 : First Stage
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2 : Second Stage
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