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Application functional foods fermented with lactic acid bacteria in prevention medicine based on EBR
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Substrate of fermentation and screening the LAB from fermented vegetable
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Study on the LAB-fermented soymilk for promoting oral heath
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Soybean and soymilk

OO The soybean (Glycine max), or soya bean, is a species of legume native to East
Asia, widely grown for its edible bean, which has numerous uses.

OO0 Approximately 85% of the world's soybean crop is processed into soybean meal
and oil.

O soy sauce, soymilk, tofu, soy meal, soy flour, textured vegetable protein,
tempeh, soy lecithin and soybean oil.

O Soymilk is the common soy-based foods in Asia

Isoflavones

0 Conversion of glucoside isoflavones (Gl) to aglycone isoflavones (Al)
conjugated are conducted by B-glucosidase
(Esaki and others 1994)
0 Al are absorbed faster and in greater amount than Gl in hosts.

(Setchell and others 2001)

O Al-rich products were more effective than Gl-rich products in:

O Improving anti-oxidant activity, anti-mutagenesis, and NO-mediated vascular
relaxation

O preventing chronic disease such as coronary heart disease
O preventing menopausal syndromes symptoms
O preventing cancer

(Anthony and others 1998, Clarkson and others 2001, Hendrich and Murphy 2001)
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Fermented Soymilk

0 Fermented soymilk have more isoflavone aglycone forms than the

unfermented soymilk
(Chun and others 2007)

[ Isoflavone aglycones are the biologically active estrogen-like isoflavones
with the prevention and potential treatment of hormone-dependent

disorders
(Chien and others 2006, Wei and others 2007)

B-glucosidase I

Aglycones (IFA) R=0H: Genistein

Glucosides (IFG)
R=H: Daidzein

R=0H: Genistin
R=H: Daidzin

R 1 ERICHRSE I =R
Taiwanese pepper Taiwanese Bitter Gourd Taiwanese Broccoli Taiwanese Yam Taiwanese White Cauliflower
TWP TWBG TWB TWY TWCF
B#EE HEE EHHR FN=ES SEEE
Taiwanese White Radish Taiwanese Carrot Taiwanese Sweet Pepper Chinese Cabbage Taiwanese Golden Mushroom
TWR TWCT TWSP CHC TWG
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Screened the LABs from fermented vegetable

Oral microflora and pathogens

O Colonization:
O teeth, buccal mucosa, tongue, soft and hard palate
O species-rich and highly dynamic heterogeneous ecological system

[ Cariogenic bacteria:
O Streptococcus mutans

[ Periodontal pathogens:
O Porphyromonas gingivalis (PG)
O Aggregatibacter actinomycetemcomitans (AA)

[ Pathogenic factor:
O oral biofilm (dental plaque)

(Singhrao et al., 2015)
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Oral biofilm

OO0 Community of microorganisms that adhere to the surface of organic
and inorganic materials at the solid-liquid boundary
0 Dysbiosis
[ Dental caries
[ Periodontal disease
O oral candidiasis

0 Conventional treatments

O nonsurgical treatment (scaling and root planning)
O surgical treatment (flap surgery, guided tissue regeneration...)

O Side effects
O reducing the perception of human taste
O increasing resistance of pathogens to antibiotics

(Kriebel et al. 2018; Marsh and Zaura 2017; Zhang et al. 2017)

A Pellicle formation B Initial adhesion C Maturation D Dispersion

°
.
. \

acquired pellicle acquired pellicle

Tooth Surface

BN - OREYERR - ZBZ2ROREYEERNE—S - (A) BEEHN - BESFREMBETERANIERIEEE - (8)
EME - IERPHYREEAREEEINESERTMEE LH - SEMMIOEN - () KA - FREMNAEHERE
T 72 B R AR AE A EE - (D) B AN - ABEREEMIERERBEEIFAIUE -

Figure 4. Oral biofilm formation. This diagram represents each step of oral biofilm formation. (A) Pellicle formation. The pellicle is
a thin film derived from salivary glycoproteins attached to a clean tooth surface. (B) Initial adhesion. Pioneer bacteria in saliva
recognize the binding proteins in acquired pellicle and attach to them. This adhesion is reversible. (C) Maturation. Different
bacterial species coaggregate and mature biofilm forms. (D) Dispersion. Bacteria disperse from the biofilm surface and spread to

colonize a new site.
(Huang et al. 2011)
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Oral disease-periodontitis

O Chronic inflammatory destruction of the gingival connective tissue
resulting from continuous inflammatory response triggered by

subgingival bacterial biofilm

O Risk factors:
O oral biofilm (dental plaque)

O smoke
O diabetes

O Chronic periodontitis:
O P. gingivalis
O Fusobacterium nucleatum

0 Aggressive periodontitis:

O A. actinomycetemcomitans
(Minty et al., 2019; Singhrao et al., 2015)

£51378

BA - (A ERFTRAFRHASETEERZRES B) BEFTRABZTRAEZRELSEB13 =K -
Figure 5. (A) Examination of the gingival tissue with the use of a perioprobe to measure the depth of the gingival
sulcus, or pocket depth. (B) Healthy gingival tissue will produce a pocket depth of no more than 1-3 mm. CEJ,

cemento-enamel junction
(Gross et al. 2017)
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(Hoare et al. 2017)

FREHIR

BN - EOREEFREFNERREEE -
Figure 6. Dysbiosis changes associated
with oral di Oral di are
associated with changes in microbiome
community structure. Examples of
microbiome community shifts and the
main factors promoting the

establishment of the dysbiotic

microbiota are depicted for caries,
periodontal diseases and oral candidiasis.

Oral-brain axis
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Objective

[ Anti-microbial activities and anti-biofilm formation of LAB-fermented soy
milk on oral pathogens.

[ Anti-periodontitis and its associated cognitive impairment of LAB-
fermented soy milk on lipopolysaccharide (LPS)-induced periodontal
disease in rats.

KN
N r @) © =

(D) (E) (F)

(

Research rationale

O Isoflavones has shown antibacterial activities against
Staphylococcus aureus and Vibrio harveyi in the in vitro
studies.

(Lalouckova et al. 2021)

O Soy isoflavones can inhibit Listeria monocytogenes and
Escherichia coli biofilms formation at 10 mg/mL and 100
mg/mL concentration levels.

(Albert Dhayakaran et al. 2015)

O In the past decade, a growing number of clinical reports have
linked periodontitis to the development of dementia.
(Sadrameli et al. 2020)
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‘RC10793
CRC14417
comitans BCRC14405

- ===
rip flow I
Im reactor

Isolation and purification of
anti-oral pathogen
substances

}’rematu re and matu TE[

Antimicrobial] [ Antibiofilm

activity activity

]

' ) sem

or test Oxidative stress
oone loss Protein expression
(LPS-induced periodontitis) Inflammatory cytokines = | Oral and gut microbiota

B+ - URSRFFEHASFEMBRBRE TWKio BEBOZBEENYEIES (A B - C - D) P gingivalis BCRC 14417 £1 (EFGH) A.

actinomycetemcomitans BCRC 14405 2 5548 -

Figure 10. Thermal field emission scanning electron microphotographs of P. gingivalis BCRC 14417 (A, B, C, D) and A. actinomycetemcomitans BCRC 14405
(E, F, G, H) cells being treated with ethanol extracts from TWK10-fermented soymilk at x10,000 and x30,000. (A, B, E, F) control; (C, D, G, H) ethanol extracts

from TWK10-fermented. a — cracks; b - shrinking with irregularly deformed.
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Inhibitory model  Destroyed model

27 2%
Y

l }

Incubate Incubate
| |
Broth é Broth é with or without

(Y ) 'Y ) sample

%’ I%’
10 T—== 100 T

} |

Sampling Sampling

B+ - Rl EYERESR 2B RIEE -

Figure 12. Experiment models on drip flow biofilm reactor .

B+= - REMERESRT TWKil0 BB ZEZENMHETRBREZES - BXRSEREVETBEUTBARVFREZSIHREEZ2HE -
Figure 13. Effects of ethanol extract from TWK10-fermented soymilk on viable cell and total polysaccharide content of (A, E) P. gingivalis BCRC 14417 or (B, F) A.
actinomycetemcomitans BCRC 14405 biofilm and (C, G) the production of polysaccharides per unit of periodontal pathogens in the biofilm with continuous flow. Results of A, B and
C were pre-treatment with MIC of TWK10-fermented soymilk ethanol extract, and the results of E, F and G were post-treatment with MBC of TWK10-fermented soymilk ethanol
extract. The data are presented as means  SD (n = 3). *means significantly different from the control group in the same experimental item by Student's t-test (p < 0.05).
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¥

0.12% chlorhexidine

TWK10FSEE

B+t - FHESHEFIRABTARZEMIEREL -
Figure 17. Establishment of LPS-induced periodontitis experimental rats animal model. LPS: lipopolysaccharide; TWK10FSEE: TWK10-fermented soy milk

ethanol extracts.
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B+« 2% TWK10 B S I SEEZE BN IS AE B BE AR B F B R R EL 5| B3 R AN Th A P Bt K B8 S B B B K 3K = ol Bt o 22 R M B el B 2 B K BB 1R ] -
Figure 19. Effects of spreading TWK10-fermented soymilk ethanol extracts on swimming pathways in Morris water maze in LPS induced periodontitis and its
associated cognitive impairment rats (A) NC, (B) L, (C) PC, (D) LE, (E) ME, (F) HE. NC: normal control group; L: lipopolysaccharide-induced periodontitis group; PC:
lipopolysaccharide-induced periodontitis positive control group with 0.12% chlorhexidine with CMC; LE: lipopolysaccharide-induced periodontitis with 0.036
g/kg bw of L. plantarum TWK10-fermented soymilk ethanol extract with CMC; ME: lipopolysaccharide-induced periodontitis with 0.072 g/kg bw of L.
plantarum TWK10-fermented soymilk ethanol extract with CMC; HE: lipopolysaccharide-induced periodontitis with 0.144 g/kg bw of L. plantarum TWK10-
fermented soymilk ethanol extract with CMC.
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Conclusion

O FREASEELUBUERREERIEN - REEmAVCI AMEERRERERE - WolE
IMERERNZL

O Population aging society causes a rise in prevalence of chronic diseases. The healthy functional foods are one of
the candidate for stay healthy and reduce the medical expenditure.

O #E17AE R D RUAY 2 on B 38 o] RIEUFT 0 55 RIS AV 38 R TS (B A ARV 2 E m il 70
M EEE
O The segmentation for development products will induce the motivation and marketing of novel products and
raise the value added of traditional agriculture products.

O XM REEmAVIAEE (F R EIAYIRET - ol (ERE ZFREEmMINMIERE - EmE
2{CRYIL BT

O Study on the efficiency and mechanisms of healthy functional foods will lead to the development of functional
foods that is based on the biomarker and sciences.

Thanks for your attention

BREEL

REHEHCKE HHER
BEmB B % e BE AR

TEL: (02) 2905-2539/(02)2905-254n

E-mail: tytsai@mail.fju.edu.tw
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FEEEEXKERSES
TPk B

BTSN AR L EE
R R
2|5

ll-l--

- HE

B.Sc. (1991-1995) & XKE{LF
M.Sc.& Ph.D. (1999-2004) R KB EREM{LER

AARAEE

2004-2008: R KEEYEETBHR PO HELTEWES

2008124 & K EMR KI5 BT E T LR
202125 A RRILR SR

Ligat o T

Symbiosis (Microbe-Plant interactions)
Environmental Microbiology
Agricultural Biotechnology
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St 4 B Photosynthetic bacteria (PSB)

(1) EF|ZX & 4E Oxygenic photosynthetic bacteria :
Cyanobacteria EX4¢H

(Q)FER ZX S 4E Anoxygenic photosynthetic bacteria :
purple and green bacteria

Chromatium R. palustris Chlorobiaceae Chloroflexi

'miEis Sk E T S dERERN L B

| WA A R A R AL B

IMESE SENRBERE  TETER - B RILYELE  HaRa+n® ~ B fiEs
VEEEONBR

(Hirashi et al., 1984; Oda et al., 2002; Hunter et al., 2008; Larimer et al., 2004)

KEREERLZER-

Fisheries industry KE&HE%

» decrease NH; or NH,*, BOD; increase the rate of dissolved
oxygen to modify the waste environment of aquaculture

Livestock industry E& &%
* remove the waste to improve the feeding environment; as
additional nutrients for fodder

(Kaintachote et al., 2005; Tim. et al., 2013; Banerjee et al., 1999; Ponsano et al., 2011; Saejung & Apaiwong, 2015)
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EEREEXLEZER-2

Bioremediation and sewage treatment £Y){EBFELEEKEIE

» eliminate the polluting wastes, such as organic wastes,
nitroaromatic compounds and hydrogen sulfide

compounds

Production of hydrogen gas/ electricity as biofuel &

EE &Y

B Beilm

R. palustris

R. palustris

Liuetal., 2030

(Hardwood and Gibson 1988, Marvin-Sikkema and de Bont, 1994; Kim et al. 2004; Gosse et al.

2007; Liu.et al., 2015; Akbar et al. 2016, Liu et al., 2020)

ASEESKEEM LAER

B5 IE % SR Prevent “fruit drop”- avoid

0 the formation of abscission layer,

e.g. Mango, Litchi, Betel palm

winEEgEE Enhance color,
® sweetness

e.g. Wax apple

E-RBFTCHIR Extend flowering
period, increase colors of flower,
prevent blossom drop

e.g. Orchid
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W. Wong

Winogradsky soil column + molecular marker (puf) 7

BRASHEHREEMER
B IRAE T

BRXSERDRE
i 25 5 B HE R
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ExHEZER - & KERFT SIREHIR

PS3 X &R B HE

aerobic microaerobic

a-proteobacteria

Rhodopseudomonas palustris ;iBEH R EREE
Phototrophic purple non-sulfur bacteria
~1um short rod, quick-moving

Produce bacterial auxins (IAA)

Fix nitrogen

PSS A ERBEEYER

100% CF, full amount of chemical fertilizer
50% CF, half amount of chemical fertilizer

Wong, et al. Microb Ecol, 2014

27
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EZEENE "EHEEALEZMEYIERIERE
(Safety bacterial strains for bio-fertilizer)

11

12
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B}

SImM
FIFH

13

14
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Farming

== N
’ITRZE Yield (Kg/0.1ha)

v 50%CF  100%CF

50% C F ] Om;::::::’I-PN s 3

23742  2,679.3 3,303.6  3,723.4 ~39%A

15

BITR%

Conventional
Farming
Crops Treatments Yield
(Kg/ 0.1ha)
Chinese flowering cabbage
(Choi Sum) 100% CF 1,835.8
100% CF
+PS3 2,328.4
Pepper leaves 100% CF  3402.9
100% CF
+PS3 4298.5

@private farm in China
16
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HH# B % Organic Farming

PS3

17

EIE PS3 AEECEHENATE
K[EFIHBE(NUE) BEZRFA

N-content in whole plant {

- ] =

DAP

Plant dry mass (g)
NUE =

Hsu et al. Front Plant Sci, 2021 Total N supply .
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3 XS E A B VK EE A HE

RRE

Chinese cabbage

UN=F

nitrate content

Content of nitrate
(mg/kg fresh weight)

Crinkle garden lettuce

WESE

nitrate content
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PS3 kS H{REMEEMBREILEK

A
600 I
O 50% CF T
500 [ @ 50%CF+PS3 PS3 122%
s ¥ 50% CF+C3 PS3 YC3
e 400
5 E 300 a
sE
£ 7 200
[
100 b
50% CF 50% CF
0 : : : +PS3
8 1 17
50% CF 50% CF+PS3 50% CF+C3
1st leaf 1842 + 427 a 2036 + 537a 1890 =+ 448a
_adle_ _ _ ___ 2015 % 510a _ 399 x_793a 4583 x 10802 _ _ _
: I
! I
I ____________________________________ l
©bth leat 26./12 £ 1931 a 7/0./0 £ 1553 a 28.95 % .94 a
Total laef area plant" 22744 £ 2934 b 506.41 + 5194 a 29040 + 5562b

21

PS3ASEIRAEEN MM 5T

PS3

YSC3

CK

* 1

Hsu et al. Front Plant Sci, 2021

» PS3 prolonged the cell division activity in the leaf base

33
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BHEM
Organic Tomato

23

PS3 tEEIEAFHMENNEERME

Org.F Fresh weight Dry weight
20 20
N=30 a N=20 a
£ 15 b =
: 2 b
:
Org. F+PS3 2 10 £
- e 25%f |:° 38%%
Ripening earlier, Bright color, Size 1000F 100 OF PS3 * 100 0F 100 OF PS3
sugar/acid ratio Vitamin C Lycopene
60
50
g 2

m 5%

24

100 OF 100 OF —PS3
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I _ PS3RFLHIE A BRI LR R T

1 s6% 1 35% 1 40%

K Ca Mg
Dehydrogenases Phosphatase Urease
(C cycling) (P cycling) (N cycling)

1 62% 1 13% 1 36%

v" PS3 Inoculation enhanced the C-P-N cycling related enzyme activities

Lee et al., Front. Microbiol, 2022 25

| semmert ps3sk amA IR EDE RN E B A

AR
Rl E
c7)1ipie

of host plants
-y A4

interact (c’ B K, ca’ Mg)
= = *soil nutrient availability (35-56%) and

e enzymatic activities (13—62%) increased by PS3
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BRXSERDRE
i 25 5 B HE R

27

:
m 2= SR

44

=

g

3 major GHG

» carbon dioxide (CO,)
« FH%E methane (CH,)

* nitrous oxide (N,O)
SILER

2 Greenhouse gases (GHG)

CH, and N,O are stronger contributors
to global warming than CO, emissions

21 times the potential global warming impact than CO, *

310 times the potential global warming impact than CO, *

*& KR &S global warming potential (GWP)
within 100 year time horizon

28
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K& E ECH, 1 N,O M EEHHE

Agricultural practices emit over 50% of global non-carbon dioxide GHG emissions

i R R B R E R (R I E T R BE R R EAY 50% L b

@ 22% of agricultural CH, #

11% of agricultural N,O#

# Qian et al., Nature Reviews
Earth & Environment, 2023

29

FEoK 7 H A s Rk E R L A2 D B HER) F B

N

Emission reduction measures

=

Adapted from Ji et al., Front. Sustain. Food Syst. 2024

37
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I R. palustris 8% T CH R E

i~

Fix CO,

Fix CO,

Li et al., Front. Bioeng. Biotechnol., 2022

I Rhodopseudomonas palustris strain PS3

aerobic microaerobic

* Purple non-sulfur bacteria (PNSB)
* ~1um short rod, quick-moving
* Produce bacterial auxin

* Fix nitrogen
= . rico,

32
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I
>

1200 Organicfield

1000
- 3
P
i ™ 24%)
é 600 P
-
O 400
3
& 200

0

Control  Carricr TK103 TN14  [PP803

(No PNSB)

Benefits of application

* R. palustris PP803 was the most effective to reduce CH, emission
in both organic and saline flooded rice fields.

« PP803 which was 24% and 28% lower than commercial organic
fertilizer (COF), in organic and saline paddy fields, respectively

33

| EE RSB EE

* reducing N-fertilizer input
* reducing CH, emissions

+ CO, fixation ﬁ

N, fertilizer inptd

R. palustris PS3 inoculant —— - :
soil microbial community

N, fixation w==p NH,*

Goals
CO; fixation == Soil carbon storage 1t
CO, capture
Reduce CH,
(|nh|b|t methanogen) 4 per 1000 initiative

39




REFAEKERERFEHRHZER - B KERFT BIRERIR

I KBS ERI5

B}

Rice paddy fields

BRES TR 5

NTU exp. farm Ankang farm
I Pot experiments-for CH,

Transparent chamber for CH4 and

N,O measurement AK soil

without R. palustris
@ with R. palustris
M +methanogen addition

R with rice cultivation

\ 36.6%

R. palustris could decrease the CH, flux in
emitted from the NTU farm soil by about 36.6%

36
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Pot experiments-for CH,

AK soil

without R. palustris
\ 5320, B With R. palustris
M +methanogen addition
R with rice cultivation

R. palustris could decrease the CH, flux emitted
from the Ankang farm soil by about 53.2%

37

Pot experiments-for N,O

—_ NTUsoil
= without R. palustris
< p
L @ with R. palustris

%0 b AK soil M +methanogen addition

bed  cd ¥ R with rice cultivation

cd
41.3% ¢
d d[d d d
—"r R
M M

R. palustris could decrease the N,O flux by
about 91.3% in the Ankang farm soil

41
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Field experiment @

The Ankeng Branch of NTU's Farm

39

* 50 cm closed chamber

42
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I LI-COR Trace Gas Analyzers for CH,,
and N,O measurements

» 2 layers 100 cm chamber

LI-7810 (CH,/ CO,) & LI-7820 (N,O)

41

_ CH, emission flux

©
o

[=2]
o
1

% PS3+NIEE/KIGCKEEIEAAFIELY
o ® g 43% CH, BB L

b

10ln

I
& S S
Q%

'S
o
|

0
mg CH,/halyr L
S
1

o

Relative emissions of CH,

a
C"L‘: 150 -} T
2\1 ab ab 1
3 100 ‘ 43%
™=
° b
=
s 50 [
©
X
0 1 1 1
N S
F D 23
= 7 9

@ panicle initiation stage Q'o'b
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I N,O

N,O emission flux

N

Relative emissions of N,O

N

NI, PS3ZNI+PS3zH

HEK

REFETHRAEZER - 8 KERAT 2IREHR

EE &L
= Ae

ZAHNHINLO

Take-home message

44




ERFRFTHRHZER - 8 KERAT 2IRERR

Fe & H KA
Acknowledgements
Collaborators

Chi-Te Liu’s Lab

Prof. ZY Hseu Prof. W Fang Prof. WC Yang

Prof. HS Lur Dr. CH Kuo
/NSsTC
@8 Prof. SS Lin Prof. JC Chen  Dr. MS Chiang Mr. MK Chen  Prof. LT Chang
nuereen
n Acknowledgements
Chi-Te Liu’s Lab Collaborators
* Mr. WS Tseng
° Mr. WJ SyU Prof. YP Lin Prof. SL Wang Prof. LY Liu
e Ms. CY Chen
- Mr. MY Hsieh * Mr. LC Cheng
Ms. MJ Lee « Mr. CF Kao
/NsTC
P8 ErTmEdReR
Assist. Prof. YJ Shiau Assoc. Prof. SY Pan

BIFFEA T D

45




REHEEKEREHEFTHRZIER - B RERET BIRIEHF

21 35) BZ B
Thanks for
your attention

2GS Chi-Te Liu
Microbial Ecology &
Functional Engineering Lab

chiteliu@ntu.edu.tw
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St
c

MR A2 1 A BUESHES 21 | Key Parameters in Fermentation Scale-Up

o RIEZRAMAAR ( Vessel Geometry ) : THERARIBIERILMIEE RO LIE - DUR
BF—RREHEEREH

o TEFEAIRS ( Agitation & Aeration ) : 1. BHIEFREDIOTI DM ITLIZEAERER N
o ) WAKRERARZY NEFERER . DU/ RS ERIEYT -

© SERIEHEZE ( OTR, Oxygen Transfer Rate ) : ¥ EMIZREL - OTR ERAREE -
MEERSTEILNN - RETEEASTELL I RE -

o REENT Ii( Rheological Properties ) : FafiZ /RN EEA[EFRE FNoJgeci & - &
/tcmﬁﬁ!‘i . ERERECHIEATHEE .
« B4 ( Feeding Profiles ) : TEHLREERZ ( Fed-batch ) & - BIEHIE DA

ﬂDEﬁH#FaﬁE—i 2R BREREEIFSNRZEEER -

8
03/07/2025
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IRCEEE2 0 | Modern Fermentation Technologies

IR CES B R o A A . MWMBEYRERZFNRAUE -
Modern fermentation uses , , and novel bioreactors

for improved efficiency.

03/07/2025

FEERRERNSCEMEYIIIRS BEZEYNES -
editing modifies microorganisms to enhance target product yields.

+

EEREE B ENEYRRE  BRERCGEMEY (NARE - BESER )
REEREDF - HINEBRE - BEMEYERESY -

Precision fermentation is an advanced biotechnological approach that enables the
production of specific molecules, such as proteins, lipids, and bioactive compounds, using
genetically engineered microorganisms.

10
03/07/2025
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il | Control

ERERERF A B EEMEERE AR -

Sensors and 4! technologies monitor and optimize fermentation processes in real-time.

14
03/07/2025 https://linkinghub.elsevier.com/retrieve/pii/S0960852422017849
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[lular
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HMELAYZFEZE | Novel Bioreactors

18
03/07/2025

55



R B & 7E « BiEE X T - major science EmREE KR %

19

=S | Experimentation-

YR ERRZAMRRBEEXRRHERBERE - RITESRNE - DUET
INRIEA DA IRARRIEERE AT - -

Bio fermentation provide researchers and industries with
specialized facilities, expertise, and equipment to conduct small-scale and pilot-scale
fermentation studies.
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Winpact gefg {1+ E | What can Winpact provide
Winpact FIEZEE|BX - o DUR DU B iz IEH -

Winpact's professional team can provide the following fermentation experiment services:

- EEEFRI0ERE - EUHERERERINEEZZNXSE -
* Fermentation Technology Consulting : Offer professional advice and support regarding
fermentation technology.

- BEEERRET - REMERKERTHESRNSE -
* Fermentation Experiment Design : Design the parameters of the fermentation
experiment based on research needs.

Winpact Bete 1B | What can Winpact provide
Winpact FIEZREBX - o DUR DU N B2 HIEHE -

Winpact's professional team can provide the following fermentation experiment services:

- EYIRERE  BREARRURENERRZE RS - SRBENaERS
* Material Selection : Provide recommendations for different types of materials, such as
carbohydrates, proteins, and amino acids.

- BRBRGUEIELE . BEEE - pH - SREESERGFLIRSEENUE -
* Fermentation Condition Optimization : Adjust conditions such as temperature, pH, and
oxygen concentration to improve yield and efficiency.

o7
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Winpact Bete B | What can Winpact provide
Winpact WEEE K - o] DURHDUMNEEEE RIEHE -

Winpact's professional team can provide the following fermentation experiment services:

« MEEMK : BLE Wipnact 50L W EETHEEEE -
* Pilot Scale Production : Using Winpact’s 50L fermentation equipment ot pilot scale
production

- EENK  BEFLIMIMERREREETHAREE
* Scale-Up Production : Using production scale fermentation equipment with co-partner
facility to scale up production.

03/07/2025
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Winpact industry-academia collaboration |Winpact EE2 5 {E

Winpact ZE251FHIEH -
Winpact industry-academia collaboration :

KilfiEE  BMRANOMERRERERE -

* Technology Transfer : Academic research outcomes are transferred to companies.

BISFE Y : ANABIET D OB -

* |nnovation Base : Join innovation centers or incubators.

Winpact industry-academia collaboration |Winpact EE2&{E

Winpact ZE251FHIEH -
Winpact industry-academia collaboration :

- MRSHE BRI REEFETESIFETRIMAENERTTE -
* Research Collaboration : Research teams from schools work with companies to develop
technologies or products.

« INEURERBIRRIEETS BN ME R CRIF AR -
* Small Business Innovation Research : To help advance and commercialize innovation and
research.
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FEEIER (ARTP)& EiEz £ HEIEUR 2471 (BODS) - LLIKERIE &R

SUEER

@ Tmaxtree fully biological industry solution

flux
increas
» |
e

ARTP DREM cel | MISS cell MMC EVOL cell TB-1 7 TB-5

Automatic fermentation detection system

1he 1nnovation ot methods and
systems brings infinite

. . . . ' — _
possibilities ABI AS| MBP BODS
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@ EYEM—UAMRATR

[

—

® & B MR T ERES
AREDF BT EIT o ‘
R B R R R AT IhRETCHHZH REEHGE
SR RS R

EYRG, BREER. MR
R RFLE. EREIE
WA E, —=2RTMEEHR
HEMES. BHRNRE; —
EMUEH.. RRFENEY
ARG ERMOT MRS,

EHRE R
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® AREMFEEMREE

A REE A E R R TR AR MR R X RIEE

© REFEFRREEREN © BRUEETHIRE

o REEPREMEIRT AR TR - ERREMIRI

- REMINSE~Z EFEREEZ © BEERKTE
© ERE N

I Applications

Food »
Medicine -
Argiculture »
Enzyme ...'.

Synthetic
biology ‘ I




REEZRIHE
BT B BRIREE R

4
FERRT I
it R

4

RS EY
REREREY

¥

KRR
TR~ E2

FEEER (ARTP)& i £ BB AR 47 1% (BODS) - LKA #h & &

® SHRENF—IENBRGR

ARTPEERRFEFHFTEM
o FEEBEMTEE. EMHNTEE
s RERTE, REXKERTEK

DREM cel I/MISS cel | BB R AS
¥mﬂﬁﬁ§§ﬁ
Tt S SUEE T
s HUMMMBGEETRRS
- EEETHIEMEEEM RE

MMC/EVOL ce | | £ B BhRe4E Mgtk AY
o BEIHRE R

ABI/AS| B Bl ¥ 3t/ B R e
BODS/MBP % &% B Zh 4L 45/ 53 #fr

AT SR

@ HJFEESEIPE

FETHEX

EBFE (Plasma) REMIRMELS. REMSSHENYR
FUE (1879, F, W. Crooks) , R—MIEEFHMEBFHEEXBEZFHN

HESS A (1928, %,

I. Langmuir) ,

BixERHE,

I R SRS RIS — M5, Bt sl sk
JNRE ER TR, ARTPHELE R 3, 1599.999% 1) i 4l S SR N2 5

TR
KJ/mol RE
EEETEECEETT | w2,
400-315 3.1-3.9 297-374 h
C=C 134 611
UVB 315-280 3944 374-422
C-C 154 348
uUvC 280-190 4.4-6.5 422-624
C-N 148 305
260 477 458 N s oL
He* 62.7 19.77 1900 C-0 143 326
50.5 24.57 2360

C=0

120

728




FEEER (ARTP)& BB & AN AR 2 #11% (BODS) - LI/ AKIE Hh& &

@ 3R EE

[EEEHHE SRR SFIE5RTE
BB A O B

& 1L 32024458, ARTP#H 3% 3T ik it
12835 , Eﬂhﬂhiﬁ:ﬁk%&% 333

e N ke EHNTFHEFEE

EEHRLF

@ FJERIEE

EMEHER SRR SFEREE
RHS RN TE MM

65




FHEER (ARTP)& BBz = BB AR 7% (BODS) - LKA B R

@ =R EE

EMEHER—ERMESFEREE
L2 E

66




FEETER (ARTP)& BiE2 2 BB IR TR (BODS) - LKL B R

® SEETFE
DREM cel I/MISS cell HEifE A HBMESIER
3

Pl 3 0 fFE@ERE1073N/K
0 MHESEFEER, ZRETIEEERRS
104%, T HEE THEZE1/108

0 WAIJ7ZR AT MAEYTFE. (BBA. fast)
ERTHIE ., BLIATHIE . 2510t Fus

iﬁ—mﬁ_@

67




FEEER (ARTP)& i £ BB AR 47 1% (BODS) - LKA #h & &

@ =iE B ik
RREHNE—S AR BT
S B TS TR TS

@ =i B xR E
REEHAR-B~EHRFEERIE
7 S BRI b i

54

— I s me s Nl =t et — s = = Ly 19 o e 1 T

0 BETASTERBNIEERI (iGlusnFr) , fERAMISS

68




FEEIER (ARTP)& EiEz £ HEIEUR 2471 (BODS) - LLIKERIE &R

@ =iE B ik
EHEFRNEYS E—FEESTRZHE
RO £ BT A MR S R

Fecal Sample
dissolution

RERAEMEEE  FEERAAE A Te BRI K 0 YRR
5 EiRiHIEM L, MISS cell EERMAEFHEIZF60%

]
[ ]
HERHE HE PR SEFH WA TR

@ SiEETHiE
MLy E— DR ENFREZHE
ARNAET GRR L WERTNER SR o

FEMIKE, 5FIRTFEMEELEMISS cell SRIFMENFHAIRF17.8%

69




FEEIER (ARTP)& EiEz £ HEIEUR 2471 (BODS) - LLIKERIE &R

VS

M=

Mia (F) ARG RER, BWERMIIMESFRETE

R 5 B #R[B) 32 R i5

& ERtEHEH

F AR MRERARERERRERES, SUBIMBENERER. TTLUCHE BRhE 7MYl
Bk, HFERETRMENERMEESN, BOATHRELIMNRE, SASBOERILFIET.

70




FEEER (ARTP)& i £ BB AR 47 1% (BODS) - LKA #h & &

@ &R
MMC/EVOL cel | & BSR4 M4k (%

EHEPURIE; Bt RESEERREN;
SMNSE; SIRELAN;
ZARBEFIULER;

TIRRRES105LL L

ARTEMA; EORESNE; MAENMHENK;
Y S -

SHIURIE; EAERESEFREL;
ZMIENSH CEF) ; SERTELL;
SCREEURE . BBAEARIN
TIRRES10f5 L E;

A AT A& R ML -

@ BRI
°
i R — R R SIS —RHESF R — e THE
Hms EIRLE —fRRRME WEETHERM R AR

71




FEEER (ARTP)& i £ BB AR 47 1% (BODS) - LKA #h & &

@ R
RBEDNZME, E—PEEYTR !
TR P B L B AT B
&ﬂﬁ —RR—

0 BEEEIEFHA120h, EEERIT20K;
0 XBAFELLRGER Z 5 T 200% o
i[ﬁi?sﬁ Trends in Biotechnology, 2020 (IF=14.3) , BME5XET

@ ERIPEE

REEMNZE, #F—PREETR !
iE R A SRR Z BRI B = R

0 ZEMAREEXLEHATUERERIENBELATAR
BZET B

0 EZ10X. 25K, BHRSCENAE, RS
TG CEMER M EERSNEEZEH.

0 BEE ZEEAREN2%E mMBI4%, ML KRA LI
ST, FEEBHFIEIE, WCERIEHL, 52
RE S —RIIMRIER:, RS T R8RS T
50. 23%

ARAE, SPREEIHREE Green Chemistry, 2022
(IF=11.034)

72




FEEER (ARTP)& i £ BB AR 47 1% (BODS) - LKA #h & &

@ BRI

R EYFI R, 80 pHlS2 M, RHEREHIRAS !
gﬁlﬁﬁ&*ﬁﬂm\ﬁmﬁ&ﬁﬂﬂﬁﬁkﬁ%ﬁé

0 BTHERERAERR WML #, RBEREE (PMA) M
0 #ATAHReHER ML, BEBTE HIEIHKAE-35, B EpHIEHI TPMARL A ZI9. 23£0. 02¢/L, 1A
5. 27%

0 SIASNEBEEcnbERE, FRISKRIEIRAE-S9, 75 L% B 58 o FiNa,CO A TIRpHEE AT, PMASIHIAZ!

Chemical Engineering Journal, 2022.
(IF=16. 744)

@ BRI

RBED W, H—PRE R |
BN RIRIEE T B ER 2, -AH R

1, - SEER A

0 TERRENSH BRI A, -AZEMNE YN ERZ B E N &R BRI 24 RRARE, 57 2EARYaE#H, 1E
HNEREFPN, -A_E , URMEARIFYINTER, SRFEEE.

0 FIFARTPIEZS BF 4 ERRIRIS 73160 g/LHEHRZFAIEK ;

1BIIMMC 7 S 8938 B M SEI6 = L A X100 g/L 1, 3-FA-EmM= ME=NEk;

0 mEBESEMIBEENEEBTESTE T REFEKGIH-418, 1, 3-H_EEfEH60.12 g/L

Bioresource Technology, 2022 (IF=11.889)

[}

73




FEEIER (ARTP)& EiEz £ HEIEUR 2471 (BODS) - LLIKERIE &R

& BT
ML IR )7 %R

Y NBEOEATECRE , Ty IRt
JEHR, TSR

27

& ERtEHEH

HAR iR BRI R AR, BET 2 !
ERB/DREMH R R A R ERPEEIREHRIFETFIE

o ETARTPIFT-MMCIFIE RBERZ/NIKE
PRI, BEZRIETMEE, 53
M4 35 A BERPERY SR AT 5 HRCX41FIMC8, M
RA LS TEAKBBOHZRERE ;

o SEFAEREMRMEL, XAKRRTHRERSE
£F|E, HEZR2=BEKT8B UL, &
EMtegzEb, BRUELD T TilkdE =i iEH iR
M. ERA. STRENREXELE, X
ABUIERE, BIRE~ZRAE, ATUH
TEEEAEKRNEAY, IERER
MABEFRET =S, MERFHMNER

28

4




FEEER (ARTP)& i £ BB AR 47 1% (BODS) - LKA #h & &

@ BRI

REEMZEES), BEREHIRA !

gﬁﬁﬁkﬁﬁﬁﬁﬁﬁ&ﬁﬁ%ﬂ&%&ﬁ
SSTEPEYATE
B KB E 0

1 ] ~

0 RAEVOL cel INMEMTFE (REE) #T ESERERIL, SURSEKNESHHEM;
0 EHEHENATEE HOERT, ERERTIN

0 SE4AEEE, #HILERR FNEx£20D600 , TEEIEMEL

Biochemical Engineering Journal, 2023

® BT EHARK
” | O $R#iA T
0 T{ERX
0 HEEE
0 FiTiEsE
0 SiErsERE

BERMEHRRE, LENMRNER LRS!

75




FEEIER (ARTP)& EiEz £ HEIEUR 2471 (BODS) - LLIKERIE &R

® LEET ZHLHK

o BAEERS, S o EFERS. Sk - NELEE .« KRBiE © KEEEE(E
 YREIEFF RAS * YREIEFF RAS ﬂiﬁ%ﬁ?“”* = © RERIIENT « REREIENIT
ABI MBP ASI BODS
BafEcH R RS Ham B EAES B ERF B RR EYMRNTELE
KM R% BN RS

® LEBEISHARK

-l
L = ©f» e © !

1
| 1
| 1
|
© : :
! 1
i | ¥ BF fig |
82 | Bk g

| 1
ekl i T
|
H-J-)&IE,EE R . :
© mi .ezwmul @ Rz
o it ORBETEI | RSN
SO sus pp RERNERERSE

e#ﬂﬂ&tﬂ AR IRTE E BRELX BES |
ALY (OD), 33k, NH,*, Na*, K*, Ca®*, W%, K, 1Bk, HiSM, A58, 28, Bl ... -

76




FEEIER (ARTP)& EiEz £ HEIEUR 2471 (BODS) - LLIKERIE &R

® ZBETZHRUBKX
EREAI AR IR 2

Bt A BEEATTHEER A B E
AEFEHEREN, AR IRE
HITREG; EEHUR L BT IZTEIE
EAMRHESR, I 3HRAAIB 3K
¥>], BODSIZHEREEM 1. 0g/LEE
HH|+0.15g/L ! ! !

33

® KETZHLHX
EHEAI ML IR I

0 S5, DLEE #8R I%EH
0 EaeX BRI AR 4R, SCIEREEEM 2B 34

77




FEEIER (ARTP)& EiEz £ HEIEUR 2471 (BODS) - LLIKERIE &R

® EMER—ERBRGR

- KRR B R
- R - R

MISS cell DREM cel | MISS

T BRI R YR, AR, £ - ERERE A A TR (0 A K
%s E%Egs EI‘:‘IE‘ gﬂ?s 1‘)1.175; *is ﬁﬁ%**:ﬁ:)
© BRBERRNEYERRFIHIE . RS R R

« XBERZHE

35

® EMER—ERBRGR

© REBERRZEMNRE o BRMALHEK: pL-mL-L
* BEBRE ML o REE R

‘“‘ B -I».
| ARTP

MMC/EVOL MMC EVOL cell BODS
. e

« WEEKRMNIFEMZME: pH. BRE. R - REERTITRMZE ZREKRE
E.&5 B/ =4 N

. RERE MR EY/ YN © FRIEERHEA LB T ZHAE), T

« PUEEHREKERE BfTEEE

78

36




FEEIER (ARTP)& EiEz £ HEIEUR 2471 (BODS) - LLIKERIE &R

® EMER—ERBRGR

‘-“-IR-+.

ARTP DREM cel |/MISS cell MMC/EVOL cel |

SEMRSR © RERBHRR REMR A+ FR
RAR G A - RBEREK i HOR R
. B BT
. BEHE MM

. BRESTRRILEHK

37

® EUEH—IRRRGTR

ZFTIL
IF=8. 829 IF=16. 823
IF=16. 744 IF=14. 3
IF=16. 837 IF=11. 034

IF=4. 446 IF=4. 395

79




FEEIER (ARTP)& EiEz £ HEIEUR 2471 (BODS) - LLIKERIE &R

80




BEREANER - SRXEH SREHIER

81



BEREANER - SRXEH SREHIER

82



BEREANER - SRXEH SREHIER

83



BEREANER - SRXEH SREHIER

84



BEREANER - SRXEH SREHIER

85



BEREANER - SRXEH SREHIER

86



BEREANER - SRXEH SREHIER

87



BEREANER - SRXEH SREHIER

88



BEREANER - SRXEH SREHIER

89



BEREANER - SRXEH SREHIER

90



BEREANER - SRXEH SREHIER

91



BEREANER - SRXEH SREHIER

92



BEREANER - SRXEH SREHIER

93



BEREANER - SRXEH SREHIER

94



BEREANER - SRXEH SREHIER

95



BEREANER - SRXEH SREHIER

96



BEREANER - SRXEH SREHIER

97



BEREANER - SRXEH SREHIER

98



BEREANER - SRXEH SREHIER

99



BEREANER - SRXEH SREHIER

100



BEREANER - SRXEH SREHIER

101



BEREANER - SRXEH SREHIER

102



BEREANER - SRXEH SREHIER

103



BEREANER - SRXEH SREHIER

104



BEREANER - SRXEH SREHIER

105



BEREANER - SRXEH SREHIER

106



BEREANER - SRXEH SREHIER

107



Innovative Production of Foaming Bacterial Cellulose and Its Potential Applications
LtBEELR HRTEHIT

Innovative Production of Foaming Bacterial
Cellulose and Its Potential Applications

Shin-Ping Lin Ph.D.
Assoc. Professor
School of Food Safety, College of Nutrition
Taipei Medical University

20255 B h B At =

Violacein production in £. coli Extracellular violacein production
expression system in E. coli expression system

E. coli system

Regulation of
biosynthesis pathway

Violacein Melanin Prodigiosin ‘ - .
Microbial pigment production

K. xylinus system

‘ Pigment gene insertion £

Microbial leather BC based tempeh l\/\

Immobilization scaffold Biosynthesis engineering

— Foaming system
Foaming bacterial cellulose (FBC) l l

Melanin/FBC

Cewraet "
Tissue scaffold Wound dressing Functional packaging

Medical abplication Packaaina anblication Heavv metal remavement

108



Innovative Production of Foaming Bacterial Cellulose and Its Potential Applications

Foaming system

Bacterial cellulose (FBC) l

Tewwtenes -

Functional packaging

Packaging application

Cellulose

Structure of cellulose

Single chain (1~9 Hydrogen-bind
mm in length)

B-(1,4)-linkage .
H \
\ Rs)
.--Q _H-
Formula: (c6H1005)n . HH O/E H\CH2 ot HH o’y ) H™CH, o
-0 o 7 H
HO 0 a x Pl OH
l%cég: o ed e e ol

Origin of cellulose TR T

Multi-layer
Animal Plant Microorganism
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Animal cellulose

Tunic, a kind of animal cellulose

Ascidiacea
(Matthysse et al., 2004)

Plant cellulose

Applications

Cellulose

Furniture

Hemicellulose

Clothes Lignin

(Negahdar et al. 2016)

Paper Plant cellulose (PC)

(Sannigrahi et al,. 2010)
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Bacterial cellulose (BC)

BC-producing bacteria

Bacteria Cellulose (BC)

subfibrils 2~4nm

BN

Nanofibrils(<100nm)

significantly smaller than those in PC

B (1—4) linked D-glucose units

Komagataeibacter xylinus

(Castro et al. 2011; Lin et al. 2016) (Klemm et al., 2001; Kunahoko et al., 1998)
7

The unique properties of BC

BC possesses unique properties

1) High purity

2) Excellent mechanical strength

3) High water uptake capacity

4) Good permeability for gas and fluid exchange
5) Biocompatible

6) Non-toxic

Limitation of BC

1) Additives incorporation is difficult.
2) Lack of biological functions.

(Marestoni et al., 2020)

8
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Modification of BC

(Cazén and Vazquez, 2021)

Foaming BC (FBC) system
10
?’ Static culture ‘;’
7
BC FBC (Rihs et al, 2018)
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FBC modified with different additive

Stephanie Singajaya

11

Optimization of xanthan and cremodan

Modified CSL-Fructose with xanthan 0.2% and cremodan 1% ~5%
1% 2% 3%

4% 5%

Choose modified CSL-Fructose with 0.2% xanthan and 1% cremodan

12
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Foaming BC with additives (avicel/CMC/chitosan)

13

Water content analysis

Treatment Water content (%) Treatment Water content (%)
Normal control 98.85° + 0.09 Foaming control 98.09¢ + 0.19
Normal avicel 98.66° + 0.21 Foaming avicel 97.37° + 0.28
Normal CMC 98.79° + 0.02 Foaming CMC 97.51° + 0.45
Normal chitosan 97.672 + 0.13 Foaming chitosan 96.64° + 0.38

Only normal BC with chitosan addition showed lowest water content 97.67% which is
significantly differences compared to normal BC control, with avicel addition and with
CMC addition.

Foaming BCs with additives had significantly lower water content compared to the control.
There were significantly decreased of water content by adding the additives for normal BC
and foaming BC.

Lower holding capacity obtained from foaming BCs but still considered as high water

content.
14
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Swelling ratio of additive/ FBCs

Swelling ratio  Reswelling ratio

(%) (%)

BC 77.96+3.22 58.73+9.79bd
BC/avicel 76.61+1.61pP 66.72+13.19be

BC/CMC 74.70+6.72d 67.50+4.3be
BC/chitosan 73.41+8.15bd 44.52+21.23cde

FBC 93.55+0.532 93.67+0.572
FBC/avicel 91.36+1.1b 91.57+1.292
FBC/CMC 93.22+0.54bd 93.05%+1.192
91.973+0.92¢ 91.57+1.942

FBC/chitosan

Foaming BC showed superior swelling ratio while the swelling ration of normal BC

decreased.

15

FTIR result of FBC

Literature review:

FTIR of Xanthan
samples
The characteristic
peak located at 2800—
2950 cm” showed the
axial deformation of C-
H (Mohsin et al.,2017)

FTIR of sodium
alginate
Stretching vibrations
of aliphatic C-H
were observed at
2920-2850 cm!
(Daemi et al., 2012)

All of foaming BC showed two strong peaks at 2916 cm' and 2850 cm-', these peaks
probably come from: xanthan and sodium alginate from cremodan.

16
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FTIR result of avicel/ FBC

There is no peak different between normal BC and foaming BC control with avicel addition

Literature review for avicel FTIR:

Lin et al., (2016): the absorption intensity of 3348 cm™! (stretching of O-H) increased with the ratio
of avicel to BC concentration.

17

FTIR result of CMC/ FBC

There is a peak at 1590 cm-! for CMC/BC and 1580 cm-1 for CMC/FBC.

Literature review for CMC FTIR:
Zhou et al., (2019): modified BC with CMC showed a new peak at around 1590 cm-?, which corresponds to the carboxyl group.
Chai et al,, (2013): The band at 1590 cm' confirmed the presence of COO- and assigned to stretching of the carboxyl group.

18
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FTIR result of chitosan/ FBC

* There is a peak at 1560 cm-1 for both normal and foaming BC with chitosan addition.

Literature review for chitosan FTIR:
- Ciechanska (2004): The peaks for modified BC were found at 1650 cm-! (amide I) and 1560 cm-! (amide II),
attributed to the amide groups characteristic for chitosan.

19
[ [ [ ]
SEM images of additive/ FBCs
339 nm
47 nm 5n3m3 68.2 nm
BC BC/avicel BC/CMC BC/chitosan
89.2 nm
‘Lsmg 86 nm 88.3.2nm

FBC FBC/avicel FBC/CMC FBC/chitosan

20
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Cell cytotoxicity

= All of BCs have cell viability percentage above 80% - non-cytotoxic.

» Highest survivability showed by foaming BC control, followed by normal BC and foaming
BC with CMC addition.

21

Cell adhesion

» Cell adhesion in foaming BC has significantly higher compared to normal BC

» The highest cell number was achieved from foaming BC without additives and with
avicel and CMC addition, followed by foaming BC with chitosan addition and
normal BC with avicel addition.

22
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3D Cell culture

No addition Auvicel addition CMC addition Chitosan addition

BC

FBC

« In the BC groups, the cells only on the surface of BC.
« The cells can penetrate into deeper layer in each FBC groups.

Cell proliferation

= Cell proliferation in foaming BC has significantly higher compared to normal BC

» The highest cell number was achieved from foaming BC without additives and with avicel

addition while the lowest cell number was obtained from foaming BC with CMC addition.
24
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Conclusion 1

Avicel, CMC and chitosan

FBC production with
different additive

High water content (96%~98%)
Great swelling ability (91%~93%)
No cytotoxicity

Well cell adhesion and proliferation

Additive/FBC

Evaluation of additive/FBC in
biomedical application

Tissue scaffold or wound dressing

Pore size control of FBC using agar addition

Anita Chandra Kusuma Yu-Chieh Chou

Pei-Ching Chan Yi-Chi Yu
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Foaming BC with agar addition

Normal BC 0% agar/FBC 0.5% agar/FBC Dry weight of Foaming BC with Agar Addition
12
p\ 9.810.75
10 4 Ib T N
T
—~ 81 a
g T 1
-
=
a 4]
2 ﬁ
1% agar/FBC 1.5% agar/FBC 2% agar/FBC 0 ' ‘ ' ' ; '
NormalBC 0 05 1 15 2

Agar addition (%)

27

XRD result

_w
| Samples Crystallinity index in %
w

] Normal BC 87.24
W 0% agar/FBC 75.85

Intensity

T 0.5% agar/FBC 71.43
jw 1% agar/FBC 69.42
| - 1.5% agar/FBC 67.96
2% agar/FBC 59.89
| 0% agar/FBC
Normal BC

26 (deg)

« All BC samples exhibited four distinct peaks appearing at diffraction angles of 14°, 16°, 22°, and
34°. Another peak at 21.5°, was identified as representing the amorphous portion of the
sample.

+ As agar is added to BC, the crystallinity of the material decreases. Agar molecules can disrupt
the regular arrangement of cellulose microfibrils.

28
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The BET result of agar/FBCs

Groups BET surface area Pore volume Pore size
(m?2g7) (cm3g) (A
Cold water washing
FBC 2.1878 + 0.0671 0.007108 129.9533
0.5% agar/FBC 0.6865 + 0.0253 0.001483 86.4118
1.5% agar/FBC 0.3598 + 0.0330 0.000843 93.6560
2% agar/FBC 0.3599 + 0.0457 0.000594 65.9689
Hot water washing
FBC 0.5445 + 0.0627 0.005010 368.0539
0.5% agar/FBC 0.9337 + 0.0427 0.002775 118.8770
1.5% agar/FBC 1.3997 + 0.0852 0.002279 65.1203
2% agar/FBC 4.4179 + 11.9561 0.001218 11.0305
e
[ ]
® ® o9 %
.. e o ° o Agar dissolved
O e o L "
/‘ e Hot water treatment
Agar

Brunauer-Emmett-Teller (BET)

Measurement of carvacrol release

« The high agar addition group provided high carvacrol release and
longer release time.
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Active food packaging application

I -

> Control (no addition)
> S. putrefaciens
> S. putrefaciens + agar/FBC

> S. putrefaciens + agar/FBC+ carvacrol

31
TVC analysis from different groups
TVC analysis from different groups in sea bass fish filet for 12 days of storage.
Distinct letters (p < 0.05) indicate the presence of significantly different values.
Group Total viable count (log;o CFU/mL)
day 0 day 3 day 6 day 9 day
12
Control 5.97 8.98 11.495 15.25 TNTC
+0.06" +0.08° +0.28° +0.04°
Agar/FBC 5.86 7.82 11.128 15.04 TNTC
+0.12° +0.03° +0.3° + 0.05°
Agar/FBC- 4.99 6.70 10.08 14.96 TNTC
Carvacrol +0.59° +0.2¢ +0.36" +0.03°
CFU, colony-forming units; the conc. of Agar/FBC is 1.5%; TNTC, too numerous
to count. Data are expressed as the mean+standard deviation (n = 3).
« The growth of S. putrefaciensin Carv. Agar/FBC is the lowest
compared to other groups.
32
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Resuit of TVB-N and TBARS

« Carvacrol addition to the 1.5% agar/FBC film showed a significant
difference in TBARS results that lower to the control and 1.5% agar/FBC.

 In the TVBN result, the 1.5% agar/FBC can still maintain lower TVBN
amounts which were around 95.07 and 90.59 TVBN mg/100 g.

Total volatile basic nitrogen (total volatile basic nitrogen); thiobarbituric Acid Reactive Substances (TBARS)

Conclusion 2

Carvacrol release

@ ®e: O
'.,0.0.0 e « Great antimicrobial ability
° o + Inhibition of lipid oxidation
e X 1Y)

AJ\I\/\/ co=_¢° + To slow the fish spoilage
/ \Agar/FBC
* Control of pore size g
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Development of antimicrobial FBC for
active packaging application

Ling Hong Yu-Chieh Chou

Yu-Chen Huang

Production of CS/FBC

(a) (b)

©

« The FBC production were
optimized using different conc.
of nitrogen and carbon source.

« The 1.5 % chitosan addition
provided the highest FBC
production.

Figure 1. Production of foaming bacterial cellulose (FBC) with different concentrations of a nitrogen

source (A), carbon source (B), and chitosan (CS) addition (C). Different letters on the error bars
indicate a significant difference (p < 0.05).
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Result of SEM

Figure 2. Visualization of chitosan (CS)/foaming bacterial cellulose (FBC) samples. (A) FBC, (B) 0.5% CS/FBC (C) 1% CS/FBC,
(D) 1.5% CS/FBC, (E) 2% CS/FBC and (F)2.5% CS/FBC.

« In SEM image data suggested that chitosan may incorporate with the
microfibrils of BC membranes, forming a denser network structure, and
decreasing the pore size.

37

Characterization of CS/FBC

38
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Antimicrobial property of CS/FBC

Figure 4. Antimicrobial property evaluation of chitosan (CS)/foaming bacterial cellulose (FBC) samples against Staphylococcus
aureus and Escherichia coli utilizing viable cell counts (A) and viability reduction (B). Different letters on the error bars indicate
a significant difference (p < 0.05).

The antibacterial experiment showed that the foaming BC (FBC) with
chitosan added significantly reduced Staphylococcus aureus and
Escherichia coli by approximately 2 logCFU/mL.

Application of CS/FBC in food packaging

1.5 % CS/FBC group presented the highest growth
inhibition of S. Putrefaciens compared to the control and
FBC groups.

«  The TVBN value presents the condition of volatile alkaline
nitrogen- containing substances released out of fresh fish,
and should be limited to a value of 20-35 mg/100 g.

+ 1.5 % CS/FBC group was still lower than 20 mg/100 g
after 15 days of storage.

The TBRAS result also showed that 1.5 % CS/FBC group
presents the lowest MDA content compared to the other
groups.
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Conclusion 3

Advantage
Green producing process
Easy for industrial production
Great absorption
Inhibit lipid oxidation
Inhibit fish spoilage

. Contact-killing antimicrobial propert
Modified FBC with K FAIOR ’ e
different additives . ‘e ® ®
M A
°o-."°
Porous-control FBC with carvacrol
for packaging application o 0 *e®
. 0 0.
o’ "o
ZO'UM
°o-."
Chitosan/FBC for

packaging application
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