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ABSTRACT

The use of Jerusalem artichoke containing 8-1, 2-fructose oligomer in the production of sorbitol that
is used as food additives and precursor for the L-sorbose has been studied. Coimmobilization of both
inulinase and oxidoreductase was considered for the simultaneous reaction for hydrolysis of inulin and
conversion of glucose and fructose liberated from inulin to sorbitol. Both inulinase and oxidoreductase
were immobilized in chitin(5%, w/v) and K-carrageenan(4%, w/v). The activity of oxidoreductase
was specified by permeabilization of Zymomonas mobilis cell with 0.2% CTAB(Cetyltrimethylammo-
niumbromide). The use of inulinase for hydrolysis of inulin resulted in 36.65 g/1 of glucose and 85.32 g
/1 of fructose respectively. These are valuable substrates for sorbitol production. Using these
hydrolyzates, accumulation of 35.64 g/1 for sorbitol occurred at 38°C and pH6.2. When permeabilized
cells and inulinase were coimmobilized, sorbitol produced at 30.15 g/1 although it is low compared with

35.64 g/I in separated reactor system.
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Fig 1. Mechanism of sorbitol/gluconic acid production
by CTAB-treated cell of Z. mobilis. The pathway
from gluconate to ethanol is not functional if cells
are fully permeabilized. The enzymes are 1; glu-
cose-fructose oxido-reductase, 2; gluconolacto-
nase, 3; gluconokinase.
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2 A o)4¥ FFE Zymomonas mobilis
ZMA(ATTC 31821)¢]n], w124} 100 g/l glu-
cose, 1 g/l (NH,);S0,, 1 g/1 MgSO0,, 1 g/1 KH,PO,
223 10 g/l yeast extractZ o|-43}4ch. ok
L& 327, pH 5.0¢]it}.
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ek AEE AEeste dolAl AEE 0.2%
CTAB (Cetyltrimethylammoniumbromide) 2 &)
5 4CoAA 1087 BARF o] AEEF
Asde A A AEE 0.3% glutaraldehyde 4o
o2 Heg H 4TCAA 1087 #=%F 0.1M Kpi
buffer R FFFE Adste] AL FHAE A
AlFt}.  Glutaraldehyder= enzyme Arz7lhe]
cross-linking& 4o 2 o]43}¢r}.

Jerusalem artichoke juice2| =
Jerusalem artichoke® A3}z ¢kAl #1 &5 A
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al 121 C oA 15—,:7.} AbgE 5 filter paper(Ad-
vanced 5A)E ©]&3}4 filtrationst At#s}gic}.
ol WERA3t AR o vl AMEA] L84
7 AR-8ldct.

Jerusalem artichoke2| 7|83l

AFAHE o843t pHE 2002 5o ubs
21215 2N NaOH¥E o|43te] pH 6202 ZA39
t}. Enzymed] &3 7}-E3lE inulinase 0.398
% (v/v) A7}t 50CAA 2427 Ft vSAIA
o},

CellZ} enzyme2| SA|DAE}

Hsu%(20) 9] wlel webA chiting 6N HClZ .

A esled 4°CoAA 3559t WAFE 0.1M acetate
buffer(pH 5) 2 $Al3t4ict. 3% glutaraldehyde®
22)sta 25 CallA -5t 93t acetate bu-
ffer2 4 A3lgct. InulinaseE glutaraldehyde®
29 chitinel]l £33} 1X)7F 53t Aol A
g F 4Tl 24A)7F BEFH AHESHA) o) F
FHAdo] St Axe &3 5 SRl 48
K-carrageenan3 &£3}slg e K-carrageenano]
ZEAE WA 7] Y5t 40CE AL
10mlFA 715 o]8-3td 20 g/l KCl#} 0.5 g/1 CaCl
22 EF 84 o= A beadsE WEF 1417
&< ks Kpi buffer2 Al3qdct. o] &5 Al
X 6g, chitin 5g, K-carrageenan 3g, inulinase
3ml o]glom, beads®} =AL 2F 3-4mmojgly,
KCla} CaCl, €98 beadse] 7A1AL £ A]7]7]
S5l olg5hgich.
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Paper chromatography, HPLC, sorbitol test kit
(Boehringer-Mannheim) & ©}-2-3}¢} sorbitol9] %

55 ¥Aslgc). paper chromatographyol] AR8-%
A7/ 8v= ethylacetate, pyridine, ZF4E 12:5:
42] vEE EY3 xR Do R 2%
Na,COy7} &% 1% KMnO, & o]43l4ct. HP-
LC model® Waters R401¢]9]®, columng
Bio-Rad Carbohydrate HPX-87C& A}4-3}¢] 00
85C9 2=Z #A3kgch Solvent?] 442 0
6ml/mine|ic}.
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Jerusalem artichoke juice2| 7I5==3|

Acid =% inulinase® o}&3}ed4] Jerusalem
artichoke juice® 7}E8 3tgdch. FMsEed o
2 A JpEEdEs 33 3] sk 40%(v/w,
water/J. artichoke tubers), 50% (v/w), 70%(v/
w)E 100%(v/w)2 juice® wHEF 77} juice
o) pHE 2002 14 &9 7}5E8E shdct. Je-
rusalem artichoke juice 100g% glucoses} fruc-
tosed) yieldE Fig. 29 vehigict.

&%) W& Jerusalem artichoke juice®] At 7}
SRATE A 87 $lebe] 40%(v/w) Jerusa-
lem artichoke& 50°C, 70°C, 85C oA Z+7} 7l
# sgom Fig. 3o vehlXo] 85CAA 78
#7} m=A doydrh. Total carbohydrate®] 44
o] 9lo}A AllaisE(16)2 43% (v/w) 9] Eo] 37}
soleo HAo2 Bugul glct

A3} inulinasesl) 93 7HrRAEE vlasly] §
3] 40%(v/w)¢) Jerusalem artichoke juice®:
AHe3ke] inulinaseo] 9J% 7R AP 3
on, 0.2ml(0.389%, v/v)E A7l8lo 50°C A
2427k wke-A)17l Ast A EHEE el
t}(Table 1). Acidoll 2 7lg-slll vjgte inu-
linasedll &J§F 71523l A] total sugarAAde] <& 1.6
) E9tom 121.97 g/19] total carbohydrate7} A}
A =g}, o] Allias$(16) ]} Marchal5(21)
9} 7es AsH(110 g/} vlwate] £ 3ol
t}. glucosed} fructose?] 44 wl&- < 30:70°]
oict.

Sorbitol A4At=2| XX 3|

Aspergillus ficuum 2. 2 H¥ 5% inulinase?]
A whe &E: 60-65Co]x(22), fructose®
so-rbitol 0.2 A&sk= glucose-fructose oxido-re-
ductase?] A4L&xe} pHE 742 38T, 6.2 3
59c}(23). WA FATAHE AN A2 F
AzAe] a7dt. 40%(v/w), 50%(v/w), 70%
(v/w) 9] Jerusalem artichoke 50ml& 32°C, 35T,
38C 283 41Cl4 0.2ml9) inulinase ¥ 3g2
E3140) 2§ Zymomonas mobilise} ¥4 sorbi-
tol Aol #AjF AFS Wair}. Table 20 ety
o] sorbitolAtell WeF glucose-fructose oxi-
doreductase?) HA L5l 38CAA 40%(v/w)2
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Fig 2. Sugars fromed by acid hydrolysis at 85°C. The
yield was calculated on the basis of sugars(glu-
cose-+Hructose) formed/100g of artichoke juice.
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Fig 3. Liberation of sugars from 40%(v/w) J. artichoke
juice by acid hydrolysis.

Jurusalem artichoke juice® %€ FHthx|¢] sorbi-
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Table. 1. Hydrolysis of Jerusalem artichoke juice(40%, v
/w) by inulinase. Reaction was carried out for
24hrs at S0°C. 50ml of juice was used for en-

Zyme hydrolysis.
Liberated sugars
Inulinase Glucose Fructose Total
loaded(ml) | conc(g/) | conc{g/l) | (conc(g/l)

02 36.65 8532 12197
048 3380 7830 112.10
0.75 3094 8580 116.74
1.00 3095 7900 10995

Table. 2. Sorbitol formation from 40%(v/w) Jerusalem
artichoke juice with both inulinase and
permeabilized cells for 16hrs at 32°C, 35°C, 38°C
and 41°C. lulinase used was 02ml and pH was
not controlid.

Reaction Glucose Fructose Sorbitol Conversion
temp{C) conc(g/l) concig/) concg/l) eff(%)

2 - 485 95 1638
35 — 575 86 1301
38 — 570 152 21.05
4] - 404 13.1 2448
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Fig. 4. Optimization of pH for sorbitol formation from 50ml
of 40%(v/w) J. artichoke juice at the optimum tem-
perature of 38°C. Inulinase loaded was 02mL
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Sorbitol Aol glejx] A pHE Fig. 44 vhe}
BT} 7Fo] 6.20]%10H, o]u 9 ubg-2x= 38°C
o]glc}. & o] oxidoreductaseo)] 2 wl-g-o] lim-
iting stepolela. Alg ¥}

Chun3} Rogers(1), Leigh(24), z2#]a Viikari
(25) 501 Zymomonas mobilisE ©]43%} fructose®
H¥ sorbitol?] QA d§ mechanismg& B3
Ac}(Fig. 1). AAAQ] Zymomonas mobilis cell-&-
glucoseol| 4 gluconolactone-g- 443l Entner-
Doudoroff pathwayS 71#4 ethanol-g AJAI3lH
sorbitol & F-AFE-2 4] A ¥}, 22t celle] F
HAE FAAIE ZEAT] 4 H2Z ED
pathway®] A4AQl thapr} oo z|A Zahd,
u}e}A] sorbitolo] 2 AJA Fc}. Sorbitole fruc-
tose®2 B gluctose-fructose oxidoreductases]
o3t #Y g A Hoz Az FAARA
glucose7} W83l glucoses}t fructose?] oko] &
et FHoje] sorbitol2 A& gut. Glucoser)
glu-conolactone . 2 A= olgty 447} fruc-
toseE sorbitol 2 FAA|7|9, welr] A3} shedul
2-o] dojidr}, Jerusalem artichoke juice?] 7}
3 4] glucose®} fructose?] A Ew7} Alo] 3hm
B FIMAeR glucoseE: #Hr} slgern FHr|g
glucose®] ¥=& 35 g/lolA 65 g/I7kA] W3lA]A
Al AR A} glucosed] 57} 55 g/1dd 41.25
% 2] conversion efficiency & %]t} (Table 3).

Table. 3. Sorbitol formation from 50ml of Jerusalem
artichoke juice(d0% v/w) containing add-
itional glucose at 38°C, pH 6.2. Reaction time=

15h. Inulinase loaded was 02ml
Glucose added.  Sorbitolconc.  Conversion ef.
@D " %)
35 2195 39.00
45 3300 4041
55 3564 4125
65 36.13 39.36

Zymomonas mobilis cell} inulinase?| SA| 143}

Jerusalem artichoke juice® %-¥ sorbitolS- 4
A3t7) AN 7HEalel a4 glucoses} fruc-
toseE AJASt, o]2 RE| sorbitole AJAEA
t}. o]ezhe 2¢hA| 9] uk3-& 15 Fo)y] ¢35l
inulinases} F3}AJo] 3FAVE Zymomonas mobilisE
Aol A3t sk 3EA we7)E A4 8
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Fig 5. Sorbitol formation by coimmobilization at 38TC.
Inulinase loaded was 30ml, Glucose added was

35(g/1).

don pHe} &&= 77} 6.2, 38Celslc}. uhg-7]
We] Jerusalem artichoke juice®] ¢ 80mle]|3]
on 30.15 g/1¢] sorbitol2 XA 4t} (Fig. 5).
o]w &} conversion efficiency+ total glucoses 7]
Fo2 A shof 32.80%2 hehdrh olsigke
A A o] 88t Kim52(17) Jerusa-
lem artichoke®. ¥-€] ethanol& A4k 3}ict.

2 o

AFAME 522 o4 Hojx|= sorbitol g 5-1,
2-fructose oligomerE #4317 ¢l Jerusalem
artichoke& o|&3}e] A4l stgdom, o= L-sor-
boseAJ4tel] 9lojA] AF-ZARE o]L-Er). Inulinase
9} oxidoreductase?] FA|2A 35}, inuling glu-
cosed} fructose® 7Frialgta Ao 7124
55 sorbitol2 A3x|ZHc}, Inulinase®} oxidore-
ductase: chitin(5%, w/v)3 K-carrageenan(4
%, w/vyeg A3 AlFck. 02% CTAB
(Cetyltri-methylammoniumbromide) 2} 2]l <] 3}4]
E3}A o) AE Zymomonas mobilis X el 5
=09l oxidoreductase?] activityz} FArE et
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Jerusalem artichoke juiceE aciddl] 2§+ 723§
o 2Ja)4 40% (v/w) juice 100ml% 53.649] total
carbohydrate yield& ¢z, &5 W3l & 7}
FESNA] 85ColA  ubge] Al&3] dejyr)
Inulinase® o]4-§ 7kpiald) 28l 36.56 g/19
glucose®} 85.32 g/12] fructoser} YAE|9lom,
sorbitol AJAdel 7|22 o)L=}, Inulinases} Z.
mobilis M X9 FA)mAE ukg7)oA 30.15 g/19]
sorbitol & A F9lod, ol FAIRAIE A
orok-e-u 9] sorbitol YA FE(35.64g/0 )BT} ¥
et
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