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TEELSlH SYEANET ZrllE4EY

Abstract Dextran is a glucose homo-polysaccharide with a predominantly e¢-1,6
glycosidic linkage of microbial source and is known to be produced primarily by
lactic acid bacteria. However, it can also be obtained through the dextran
dextrinase of acetic acid bacteria (Gluconobacter oxydans). The dextrin-based
dextran was obtained from rice starch using G. oxydans fermentation of rice
hydrolysate, and its properties were studied. Both dextrin- and rice hydrolysate-
added media maintained the OD value of 6 after 20 h of incubation with acetic
acid bacteria, and the gel permeation chromatography (GPC) analysis of the
supernatant after 72 h of incubation confirmed that a polymeric material with DP
of 480 and 405, which was different from the composition of the substrate in the
medium, was produced. The glucose linkage pattern of the polysaccharide was
confirmed using the proton nuclear magnetic resonance ('H-NMR) and the
increased a-1,4:¢-1,6 bond ratio from 0.23 and 0.13 to 1:2.37 and 1:4.4,
respectively, indicating that the main bonds were converted to @-1,6 bonds. The
treatment of dextrin with a rat-derived alpha-glucosidase digestive enzyme
resulted in a slow release of glucose, suggesting that rice hydrolysate can be
converted to dextran using acetic acid bacteria with glycosyltransferase activity to
produce high-value bio-materials with slowly digestible properties.

Keywords acetic acid bacteria, dextran dextrinase (DDase), rice hydrolysate (RH)

dextran, Gluconobacter oxydans

1. ME

A2 =g E3ISE ofAJof A GoflA FA 07 FLE T Qlor W Lol S AlA 3T
AFHAEE Fole T8I AEAE AR FFo] 90% oo 2 FEo] ltk(]uliano,
1985). AEL2 A=ZA9] g 2o o] HAH glucose’t AHs 2 EXFEHZE Agd
A% eestE R QI7H9] o A] At Fa st JFAo|tHAmagliani 5, 2016; Patindol 5,
2015). AEL glucoseZ A AT amylose@t EXF 2] amylopectin.& 0]F0]A]
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Synthesis of dextran from rice hydrolysate by Gluconobacter oxydans

A0 o]H3t glucose FHAI= HHE @-1,4 glycosidic
Ao s Aduo] Auf Astaad] ofs fHA Esf=o] of
VA2 ARGEAL BHA] glycogenC & RHAE 0 11 2=
o] AZHEHAdeva-Andany 5, 2016; Ball 5, 1996).
S ¢, A4 BEHEE $£8 AR EELAE e-
amylase, ea-glucosidase’} Ao A% Huro] o-
glucosidase®l| 93 FZ2Z 07 glucose’l B4, &55
o] §92 284 HckDhital 5, 2013; Gray, 1975).

Dextrane F& Leuconostoc mesenteroides w3
49 glucosyltransferase® Y& % dextran sucrase
(DSase; EC 2.4.1.5) &40 93] sucrose? glucosyl 2t
717} transglucosylations &9 dextrano.2 G o]% o]
Az nYE dgHFE HugotiLawford 5, 1979;
Lindberg®} Svensson, 1968; Robyt &, 1979). Glucose
9] homopolysaccharideQ! dextran< A&} 2] F9
Argel ARt =9 AE5AQ -1,6 2 7H = Aol
S4oH vt o® AA AF9 50% ol AAIS.
ol8et ¢-D-glucane Akt F-EHe] % -1,2, ¢-1,3
Fejo] = E(Hehre, 1941), 2AHE F3H9 FS- a-1,4
A Zd3tolA fE#sks S 7HAAL 2 H(Yamamoto
5. 1993) 74 A4t n|AE #50f wet dextran®] A<
St 271 2ek A Hck(Misaki 5, 1980; Naessens &,
2005).

Dextran dextrinase(DDase; EC2.4.1.2+ G. oxydans
0] o5 AYAHE ropy W] HA EEA TAEHN
O m(Hehre, 1951) 84382 &3] maltodextrin®} 2
2 B2 maltooligosaccharide? W|EPA LTt
glucose F7|E GHolgto] dextrano@ HRA7|=
transglucosidase® €& A tHSadahiro 5, 2015). ©]
RBae A9 240 wet #F W A2 o9t 9 3 Alx
2 37t ®HO| EA 5t (Sadahiro &, 2015) ZofA°l
A 84 BAE o-1,4 94H glucosyl &9 49 A
& Eisto] ¢-1,6 2FE Pt A%AQ glucosyl A
g2 9I5| maltodextrinA 18} dextrano] A=
Aoz A& A QltHNaessens 5 2005). olo] tfa] T
ALAFE0] dextran®] 35 E43I513 DDase 21-&0]
it HAYUSE A7+ +3sHtHMountzouris 5, 1999:
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Suzuki &, 1999; Wang 5, 2011; Wichienchot &,
2009).

o]} Zo] AP4ke dextran ¥ FEAl= A9 - 3kt AF
oA gda A& lem(Mao &, 2012; Tsuchiya &,
1952) 3t BAAY, G E4 To8 SPFE A7
(Vettori &, 2012) ¥ A% AtGlA= HlolA ] (Korca2t
Vargga, 2024 94 9, LT AlF 9 A} ofolA
39 22 ARY J7HEE AFHE(Food, 2000) A4
HdE A Aol d-F2A9 &-8(Yamamoto &, 1993)
T B AR 27t Sl AoE IYA Utk 84
4 dextrang AJAoH= A4 U8 34 Qo a4 AA|
7} Z¥Z}F sucroseY maltodextring dextranl.2 ZJHA]
7l AE3T 71& E3 NEET AH(Naessens 5,
2005). olof| whet Aol Z3hE thFo] HES dextran® =
AEASSHo] XS =ole Al=7t 7Fssith

mata] B Ao+ dextrin F8 dextran &4 A

2ol e AN HaE 33 & AR 72

B

o] &

7

2 ANA #iA] AXE Ao AHEE bacto peptone,
yeast extract= Difco Laboratories(Detroit, MI, USA)
At A& ARSI maltodextrin® DEFE 14-209]
Serimfood(Seoul, Korea)9] A& AFESITH & 74l
o] AHgHE Termamyl® 120 L9 Promozyme D2%
Novozyme(Bagsvaerd, Denmark)®] A& AMEoIHIL &
FE4 dextran(Mw=40,000)2 TCI(Tokyo, Japan)°lA]
Fste] ARESITE. HPLC &2 ARESE water:s
Thermo Fisher Scientific(Waltham, MA, USA)9] HPLC-
grade A9FZ EEoIly o] 29 A|9FE2 Sigma-

Aldrich(St. Louis, MO, USA)9] A&E2 A}L3}9ch,
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22 W2 JpEHE HE

2 Ao AREE 7HRAESE HIER2)E 1-EA]
A FAsto] ARSI A7HRE 30%Y] =2 575l
AR F stirringdtH 89 2= 100C7H4] 7hEsto]
70-80T oA #7129 815 BRIsIY o™ Termamyl®
120 LE & FA oiv] 0.5%=Z A5t 80-85C 9 2=
oA 1A1ZF &% HIFAIFT 1A7E B o] % &9] 2%
£ 60CE YZAIZl 3 Promozyme® D2& & L&
Agfste] 447t 5 BESAIR T ¥ & XF &
5C, 529 Aoz FAE EZAHIAIIL YAHET
(7.119 xg, 158)5t] 43AS Rttt 5 48
Hjxjof] A-GAlZ wf 7]& HjA] @ & Thps] A5
°Brixg 375t 5L ghol HEEHEE 3|45t ARG

shqirt.

bOl

2.3 #F Y F2fAT WYX

E AFo| AMEH 2AHEF G oxydans KACC 19357
+ YA nAELH(KACC, Wanju, Korea) o
2R Fofiol ARgstglon, kAT Hi) HiX= &
Acetic acid bacterium(AAB) ®iA(peptone 5 g/L,
yeast extract 5 g/L, glucose 5 g/L, MgSO4'7HzO 1
g/L, 355 1 L, pH 6.6-7.00& A3t @5 -70T
9] deep freezeroll A ¥iFH 1 mLA 100% glycerol
0.5 mLE &%s}o] —”?-3'4'3]'03—’ ARG Alofli= AAB T4 Hl
Ao &ofjE H+FE T T 30T, 72879 R7CE
Hok—} UERd single colonyE AAB A v x|ofl ZHl

Foto] -gotqitt. @59 M2 AAB A HiA| &

shakmg incubator©l Al 30T, 200 rpm % 24A17+9] %
Aoz wjeFstlomr o]F 60 mLe] AAB HiAI7F €71 &
230 1%(v/v) HEsto] Hjgstaict.

2.4. JAR fermenter 2FZXH & 42F =F
2 AYoA AMESE JAR fermenter= 5 L AR
&sto] =gttt
Maltodextring 7|2 24 &83F Fa X v QI3 uijX
2/39] A% yeast extract 5 g, KH,PO4 0.5 g, K;HPO;4
0.5 g, glucose 5 g, MgSO4-7H,0O 1 g, maltodextrin
(MD; Maltodextrin, Serimfood) 50 g, 2% glycerol
w/v), 355 1 L8 &t pH 6.0-6.52 A5t A
a5t} & 7} HES 7|A2 &83F AL obA HjA|
9] °Brix #t=& &A% T & 7IENES YT °Brix &
02 3]45}9] maltodextrin th4l Yol A|xst¥ o Ba
Z9] A 7Fs 272 Table 10 YEFHQICH BilY2 6
mL2| AAB HiA[7} &3] EStAA0lAM H2 7ﬂﬂﬂok(soc
200 rpm, 20A17D3F & AR wiA] 1.2 Lol 5%(v/v)Y]
SEE HFot Bk APsioith. dax WS T
T2AZE B9t RE UL 2ANFO] BETAE ERIsH] 9
3 0, 6, 12, 24, 48, 72A170]| G5tz HiFAE )45}
o 600 nmolA F=E FIUt pHY 242 5
271 10%(v/v) NaOH ¥ 50%(v/v) glycerolo] HEE
Azt ol&stion AXA=
204, Sigma-Aldrich)& F&&%7t 0.05%v/v)7t HEs
A zoto] vjFo] ARSI} JAR fermenter® HH%H =
714z air pumpE & SFERLH, air pumpE 53
IFEH F7)= air filters EFAIA 0.5 vvnlo 2 IA5}
Al FABFATE E3F dextran A4S +=017] flsto] 7]&
(Maltodextrin 60 g, MgSOy4-7H,0 2 g, distilled water
100 mL) W A|xsto] 12, 244170 F7HH 2= 50
mL¥ feeding lineS &3l 32352 HiZ] A=} uf
FHRAE F71 714 &H9] Brixs §745t & 7HEslE

< 59 TE°rA

(Kobiotech, Incheon, Korea)E ©]

ol

o]

anitifoam(Antifoam

Table 1. Media composition and culture condition for dextran biotransformation

Samples Composition Culture condition

Substrate concentration Volume (L) Agitation (rpm) pH Time (h) Aeration (vwm)
MD-F2" 120 g 1.2 600 45 72 0.5
RH-F2? °Brix 10

UMD-F2, Maltodextrin feeding at 12 h, 24 h (DE. 14.0-20.0).
2RH-F2, Rice hydrolysate feeding at 12 h, 24 h.
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2.6, B

Hj2] 9] F-F(Maltodextrin, & 7FpEoE)0] TS A
o Fe o A AolE AFSH] Slste] dE v
o] ey EA4E £A5I0H MigdS AR (7,119
xg 108)5t] B AS5HS Rheometer(Discovery
HR-1, TA instrument, New Castle, DE, USA)S AR5}
o] 243511, geometry= 40 mm peltier plates A&
oF¥ o 2% = 25T, shear rate:= 0.1- 3009 HY W
oA F 308 SAotAT.

2.6. Gel permeation chromatography(GPC) analysis
Hj 2 9] FF(Maltodextrin, & 7HpRsiE)ol ot 4
H g7 EAF B £42 915t gel permeation
chromatography(GPCYE 435ttt Y 3l
cold e 90%(v/v) Aelste] A, 35d 284 5
2 7A%35t9 AE(10 mg/mL)yE 7%l =% F 0.22
pm syringe filter(13 mm, 0.22 #m, NYLON, Thermo
Fisher Scientific Co.)& oj¥}slo] BAAERE ARRSIIC]
HPLC(Agilent Technologies 1260 Infinity, Waldbronn,
Germany)©ll TSK gel G3000PW column(7.8 mmx30
cm, Tosoh, Tokyo, Japan)= A6, column 2%
=400, A& FYFE 10 L, &= distilled waterE
ARESEe] 0.5 mL/min®] &2 & #A5IIH. EEEE
2 Sigma-AldrichAte] glucose, maltose®} pullulan
standard setE AR&sto] G&H Al7tol wE EAF 271

= shlsigc.

2.7. "H-NMR(Poton nuclear magnetic resonance)

Hj 2] 9] FF(Maltodextrin, & 7hsiE)ol ot A4
TEAL RO BAL 7t 0-1,4 E o-1,6 2O TS EA
517] 9J5te], "H-NMR spectroscopy(500MHz FT-NMR,
JEOL, Tokyo, Japan)E $3stitt. HiFH ] ofets
AES 52 A3 ARQ0 mg/mL)yE 4H344(D,0)
of &9l F 40TollA 1087t §H&AIZl ¥, 'H-NMR £4

=
bl
2 Sustet.

ofr

2.8 Azfg BX(RIAP)

Hf g ) 2ok S4S &RIs] 95) mammalian e-

152

glucosidase®l RIAP(rat intestinal acetone powder)°]
e ASRAE o]8sto] EolH glucose TS Um
5(2023)9] WS A7 HYPsto] FAsiqith. iAo
5H o JA, g4 184 248 52 AXT AR
£ 6.7 mM NaCl# 0.2% sodium azide”} ¥ 100
mM phosphate buffer(pH 6.0)°] 0.1%(w/v)9] sE=Z
=91 3 RIAPH10 mg/mL, w/v) 37COA ¥H-gAIHoH
s 5 Y A4S 971 Yote] ampicillin(0.0005%,
w/v)= Attt 714 9 34 2920, 1, 2, 3, 6,
12, 24A17te] =45191e™ 95T, 589 7oA a4
S FAAZIL AAEEF(7,119 xg 5E)5IH. olF
a4 A2HE B glucose? 4 D-Glucose Assay
Kit(Megazyme Co., Bray, Wicklow, Ireland)E &-&3
of E45}91 maltodextrin, dextrang control2 2§

sfol Hlm - BAsHAC

2.9. EAxe/

A% A3k= SPSS 24.0(Statistical Package for Social
Science. SPSS Inc., Chicago, IL, USA) Z213-& o]&
Sto] 33] o} ¥hHE 4% AgkE B+ RTHALR UE
Wi, LLuix] EAREA(oneway analysis of variance)
< AA%E & Duncan® YA (Duncan’s multiple
range test)= &9 AR 7F] FAE p0.05 =004
A5k

3. 1 ¥ 1%

3.1. & J+25F HE ¥ 74

G. oxydans @3 W dextran dextrinase 49| 7]
E AMSE= dextring & FHERE thASt] ZAPER
olgt & Fe9] dextrans A|Xol7] fJoto] & 7HEoE
< Axst9lom o]9 FAFE Al maltodextrin(MD)
I} vlwsh7] Ysto] gel permeation chromatography
(GPC) #4951 Fig. 1(A)°l UetH AT Maltodextrin
HAE9] 7heEs) YAHERA, F2 glucose, maltose?t &
2 79 S3rEF maltotriose & maltotetraose?] &
AT 22 ST ¥ HERE AAEHER 2Agel |
A BExHo] 9lct. gubxoz o 20 W] DE Foz
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Fig. 1. Gel permeation chromatography analysis of Gluconobacter oxydans culture media added with maltodextrin and rice hydrolysate.
(A), not cultured; (B), before and after culture (+) labelled with the a—f represent the elution time at standard peak. a, 400 KDa;
b, 100 KDa; ¢, 50 KDa; d, 10 KDa; €, 6 KDa; f, 1.30 KDa; g, 0.34 KDa; h, 0.18 KDa.

ERHH DEZ} 2255 7HEd) el il ¥ £
Z}—rﬂ Sot= AL ou|gttH(Chronakis, 1998; Takeiti

5, 2010). GPC ¥4 A3} MD+ 9F 2083} 2189 2719
peak’l &5 0H o]= MD9| A B3 7} bimodal
FHE vehdtE 7€ 979 X599 2H(Sun 5,
2010) EFEA0 93] Z peako] EAFHS G535 At
JJLTZ}%%(Mp)ol 1,000 Dal & F%= 5-7 A=E 714
= AoZ yehgtt &3 50-100 kDao| g5k 4%

A TR0l 0% 2 £ T GOl U A
sjelalgick 4 ZleoiEe) 9 $AY REE AR o-

1,4 A% E95l= g-amylase € ¢-1,6 28 Edflst
+ pullulanase©] 9J3] ETE©] maltooligosaccharide
(MOS)E BAsto] SF= 5-7 B=E F/45HaL MDet
FAFEE A7 ol =8 peak?t 8& = QT T MDOJ H]
Sto] peak7t LEZ] FAE ] AEA EH9 FFol ¢
T2 AZ gRlstylet. B3 & 7R OHE-’] _rx}% ot
oA &R 540 sidst= peak’t &
& Ko} 787t ZAgle] o]Fofd 7/1% ghelgt —jr\— A
U3 MDE| EAF #xE9} o =
gob7lol ol EdigE Tax wjdE Akt

E
o,
ECB.

32 HIOI‘EX‘I

FHo] aAZA0] A= G oxydans #FE(eong 5,

https://www.ekosfop.or.kr

! aeration®] YAotA 2HH lab scale ¥&
oflEo] ot HjA|o|A Y G
oxydans 459 8% ZE=F Z75 Fig. 20 YERAA
o 7 ARG RS SRMD, & ZhpEsiE)e] WE G
OXydgnsg daz HHOk %EE H]_u_o} 7:13,]- HHOk A]X]—
*]’Q(Oh)oﬂ MDE ©]-&% +ol4 ODeodtel 0.125, & 7+
FEoE AFFoNAE 0.4272 Zo|7t A5t o=

e BT A9 WS 71 EA g JeoR

2021) pH ¥
715 &3] MD 2 & TR

OD (600 nm)

0% T T T
0 20 40 60 80

Time (h)

Fig. 2. Growth curve of Gluconobacter oxydans culture media
added with MD and RH. Symbols: @, MD-F2"; O, RH-F22.
MD-F2, maltodextrin (MD) feeding at 12 h, 24 h (DE. 14.0-
20.0). ?RH-F2, rice hydrolysate (RH) feeding at 12 h, 24 h.
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oX,

e g S FF7F Hi7]ol SolMw 12417
A 719 stz 24417 Aol dextran®] AF4HdE
7] flote] 71dE F71= FAsieleH, ol & Ad
ODgoodk<= 24417714 54 8] S7F5k91al MD7F &
Hiz| e} & ZheEsiEo] EgHE HiAAAL] Fhol

4.49, 4.982 YEHH A o= G oxydans 5 B1%
2447 oHjo] F43 7t A= Eloke 7€ A+ 4

Ha)iE

o

—

1

e U]

o 19

T

N

>

Y (Naessens = 2005)9} AX5he v 27]9 v]s=gH
ODgoodt AFol& E it FFHoE MD7F &89 A+
3 & JlpRafEo] &8H AT 77} 4,783} 5.449]

ODgoodt& EATE Wei 5(2009)9] 7ol 2w 3.7 L
TRz 9 pH 5.5004 et A% wiF 20417kl ODeoo
# 109 STty HiEo] glon o] & A} Zjo]
7b Qo #9] iRz Zpo] wiiZo|tal At HT
oo weg} & A AN HiY F & 7HEdEs 7t
st o A7t dojupA] e AL elskilon,
B #2 ASE(0Dgo value) 2= gHHst7] AsiM= +
7 A7t 28 Ao s waE ek HH AR Wi
% AFS AABFER base lines £33 pHE AR 4=
735 iAW pH7F 2.5 74| Aashs Ae SISk
(data not shown), pHE= A9 A& 2 DDase 2H&-
of gFS AT AS & 5 AAHKSilberbach &
2003). ®3t, G. oxydans® B&E7t §55tdA 871
HAol= GHo|aA &4o] £ 2UE =S| st
of theFek pH 2794 ¥iget A3} pH 4.5904] dextran
Ay7go] Eristgl7]ol & HigRdS st STt '
HHog ZUket Aox wEtHjeong, 2022).
3.3 G. oxydans W3S E5t HEXEt HEE

Z+ wjAlo] H7HE 714 5k MOSY A £
FAMIE ERIgE o] % o]5Z E&-oto] A ol &
stlom 72417 St HaR 2 ¥ 3ed Hjgde
A E2E Fig. 1B)°] UerH Atk ARGE 7] vijde]
GPC chromatogramol|A 9F 2083} 2180 ZE peak
7F Yebd ¥hd, vk & MD-F29F RH-F29] 2% s %A
7kl 72A17F &} chromatogram®Al&= 3709] main peak
7b =T 27] 714 o] peak?t ARAE 9fR|oh=
Z7] Az ol &5 o] 1EA thgR7E Y ES &elst

Az ofo

154

gor MD-F2¢} RH-F2 2% 22 Hi} o peak’t &&=

01 HjQF & BARF B0 Bt i HIlth ol=
¥ 432 G oxydans’t MOSE dextranlZ Agks}
+ BHo] ai(DDase) 40 U= AT AR
(Hegre, 1951) MOS7} Bo] 7142 & 2 AH| o]
peak7} Zagt A0 2 ALREY, glucose Y9 peak E
Sk A% A0 E Hof o]= 24kt BES f% ©4ad
ogL %_Q_E] 3—1_9_& .\J]-E]—QO']q- }\ﬂ/KéQ 7]-21— =2 _]“_I__E_X]-
A peak® EARFE 430 kDa ¥ $EA 242 50 kDa
OF G oxydans2HE TAE dextran®] EAFEFo] 96.8
kDagl 71& E3(Wang &, 2011)9h= oH2 JAFS B
of. 28y E HdRe peakt ool wt 71E
peak?] Aol ERlxlor oyt Ait= v &
7142 AREHE MOSY peaks Z4st 1EA] g5t
+ peak’t A== 71& AFZHY FA st (Lang &
2022; Wang %, 2011) DDase®] &4ol 9Jgt gz vt
o°] OJ%}GM] o]FolZ AL FRIT 4= AU EF v
449 peak? YA+ 1.3 KDa-0.342 KDa &
ﬁ—i Ko} G oxydans 50l o) F& 7|HE AH]
£ 5+ maltose @ DP(degree of polymerization)
olate] MOSZ Teh]n] Lang £(2022)9] dio] w2
G67F 8 71AE AHEHY= Haet A5k Ak
Bk 24 339 dextrang 3802 A5 9
OH/\']JE Z=g2 /\]._le— 7]11_,] pp 4 1 z3} AHAJQ 1-4-1:1—3_,]
THE 5= AAls] EF5ke & F7HAQ 9 28T

Aoz Amdd,

°1N

rEOO_'rﬂL

34, HE
MD @ & FJAESRe 7] 2h2sto] Hjokst o]
&g #F9] sy &4 J*]' Fig. 37} Table 2°] 4
efiglom wiek A, & Jxo Aol& FRlst] st =
7] BiFHOAIZH 2 FHFE B FH(7247hY A=E H|wst
04 UERH AT, vk A wix]e] FE7] Fe= MDY} & 7}
$E5E0] 0.57, 0.85 mPa-sZ ¥ $X& HYoH
ot 1 EA}F E49] A Z Q8| shear rate?}t shear stress
7} vlEste] S715k= newtonian 29 FAZ YERGTH
(Kamal®} Mutel, 1985). 58 MD @ & 7eialE 712
7Y 727 WG Bl A7 7.44, 2.23 mPa-sC &

FUE _‘>_“,
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# 10% Dextran .
o MD "'
v MD-F2 oY
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Fig. 3. Shear stress—Shear rate plots of Gluconobacter oxydans
culture media added with MD and RH. Symbols: @, 10%
dextran solution; O, maltodextrin (MD) media; W, maltodextrin
culture media 72 h; A, rice hydrolysate (RH) media; M, rice
hydrolysate culture media 72 h.

Table 2. Rheological properties of Gluconobacter oxydans
culture media added with MD and RH

Samples Apparent viscosity (mPa - s)
10% dextran solution 1.13£0.02%9
MD" media 0.57+0.01°
MD-F2? 7.4440.372
RHY media 0.85+0.03¢
RH-F29 2.2310.01°

"MD, Maltodextrin (DE. 14.0-20.0).

IMD-F2, Maltodextrin feeding at 12 h, 24 h (DE. 14.0-20.0).

9RH, rice hydrolysate.

“RH-F2, Rice hydrolysate feeding at 12 h, 24 h.

Al values are meanstSD (n=3). Means with different superscript
letters ("°) in a column are significantly different (p¢0.05) by Duncan’s
multiple range test.

HjQF Aofl H|sto] o] HA F7HE BEY] ke A& Y
EF2le™ 10% dextran 849 1.13 mPa- s&Ect 89
HOoZ £ A& Hoj(p0.05) IEA} B F8H &

A& BAY. ol G oxydans #5 W DDase 849 &+
|02 Qg 7142l dextring E-85t% dextrang AJAksk
o HE7} E0lA|& shear-thinning EAS Hol& 7|&
B3 (Naessens 5, 2004; Sims &, 2001)2} €X|5}= 2

Fo|}, ESE uf> ‘;l‘f_’_ shear rateo|A =7} Ao},
7t shear rateol|Al= Hehgo] whet Ao A5Fo|

https://www.ekosfop.or.kr

45HH, 1] =2 shear rateol|A+ J=7F AsHA e
= non-newtonian 4] % pseudoplastic FA2 &
A& EAtH(Boger, 1977). °ol&=
o] ¥ shear rateo|Al= F292 x5 EXEZ Qs}
o] =& AL YeFN o] shear stressgte] I A YeG
shear rate7} F2F S7FstAA 184 E4E50] dHsHA
AHEHA] shear stress?] A5Zo| 71ASH= Ak 1
IE Yehf7] ‘ﬂi—rolﬁ}(\/eljkovic =, 1988). 184 MD
£ 7142 AMESE sjgE]do] 2HY| Ak 7.44 mPa-s
] Hlgto] & 7l vl A5 A= 2.23 mPa- s
= Hud W2 FdH7] Jx $A 5 Holed o= & 7l
BaE AR Al AEo] g-amylased] 93 F&= 7t
o= MD thH] v 2 ARES] MOS7H Al2E]S17
Eo] AR & 7pBEE 7]A Hjokelo] Zol7}
MD 714 uigdol H|sh 7] Wzl AoE AtgEH

= 1EA} 49l dextran

3.5, "H-NMR

MD ¥ & 7IESES 712=E A7t G oxydans
KACC 1935723 Hh&% ol At A} R
B 7 72 BHL f8to] 'H-NMRE AAStg
'H-NMR Z4¥& NMR spectra(TOCSY, NOESY,
ROESY, HSQC ¥ HMBC)9] #8002 dextran®] +&
Ao A1&EE 7]&o]thPurama 5, 2009). HiFA7H

£ e-14 9 o-1,6 2H&9 H3E gRIst7| 9i5to]
0 12 72/\]7]-01] 6Hlﬂ-6 S 13]]0(}0149~ _‘?_Hé]-Oﬂ_TY_ 1 751]-3—
Fig. 4} Table 30 YefWSlth. MD H & 7H4-EsE=
v oFst vk 45919 thdH chemical shift peak FEj
= Y7 4.92, 5.3 ppm X914 major peak”} EHRA= 3L
1, 'H-NMR AHEHo|A 5.3 ppm® chemical shift
peak:s e-1,4 Aol 93t Ao (Masayuki 5, 1999)

4.92 ppm< a-1,6 2] Tosk= glycosidic proton
o 7193t Ae& RiE o]t Chakraborty 5, 2005'

Kim 5, 2010). MD ¥ & 7}pES|E 0417 WY 3l&

< e-1,4 9 -1,6 2H7F 242} 1:0.23, 1:0.149] H]&
S HYT o] H|oF 1247t HlYF FLEL 1:1.0 Y
1:2.649] HIEZ o-1,6 247} 371619 o1% WY &
2 AFEQA 7247 BiF SlREL 1:2.373 11442 g
A e o HA 37K $AE B ol G
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Fig. 4. '"H-NMR spectroscopy of Gluconobacter oxydans culture media added with maltodextrin and rice hydrolysate. (A), dextran
(a=1,6 linkage); (B), maltodextrin media O h; (C), maltodextrin culture media 12 h; (D), maltodextrin culture media 72 h; (E), rice
hydrolysate media O h; (F), rice hydrolysate culture media 12 h; (G), rice hydrolysate culture media 72 h.

Table 3. Glycosidic linkage ratio of Gluconobacter oxydans culture media added with maltodextrin and rice hydrolysate

Samples Glycosidic linkage ratio
MD culture media RH culture media
a-1,4 linkage a-1,6 linkage a-1,4 linkage a-1,6 linkage
Oh 1.00 0.23 1.00 0.14
12 h 1.00 1.00 1.00 2.64
72 h 1.00 237 1.00 4.40

oxydans @5 ¥ DDase? d7Ho]a4 8o o3t A
o7 718E 75k glucosed] 2] o-1,4 FHoA
2-1,6 FHZ A=A u|gtch F 7189 ikt vy
FE2 AlZto] Ao wEbA o-1,6 29 H&o| S5t
= 5% P UEr e ojfet o-1,6 2HIE S
7} i) A= ¢-1,6 A7l A&H0 = o]oj7l long
chain IMOOIA = AFH o2 Uehtz E40|tHXue 5,
2022). EH 0 E MDO|| Hlsto] & 7HpRdEs ARES
A% 8 2 ¢-1,6 2FH &2 YEUHgl e ol:= MD&}
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36 Azl 24

FHo] aagdo] Sl= #ol g AHEE 71E(MD,
a2 7rEdE)E A4E teRe A%k H7HE flsto]
Hg AT E4Z oe-Z A, 3459 mammalian
I e-glucosidaseQ] RIAP &4 B&E+= glucose
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o]E Fig. 59 YEMAL}. - gluc051das % Oﬂfﬁ "4’
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AeprEEs &4 9 Z-gujgo] /‘}O]O}‘:}—L _TLHO1 A
o8& (Lee 5, 2013 Um &, 2023) & 43Hg7to] A
L5+& uBE FHY 48849 AMGZ7HMacCleary 5
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Fig. 5. Glucose generation by mammalian mucosal a—glucosidases
of Gluconobacter oxydans culture media added with maltodextrin
and rice hydrolysate. Symbols: @, dextrin; O, dextran (positive
control); ¥, maltodextrin media 0 h; M, maltodextrin culture
media 72 h; [J, rice hydrolysate media 0 h; <, rice hydrolysate
culture media 72 h.
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