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Abstract

Plastic materials are generally applied matters in food packaging;
however, it resulted in an environmental impact or pollution. Recently,
environment friend materials from natural and renewable resources, which
are biodegradable and biocompatible, have received great attention. Starch,
an edible material with thermoplastic characteristics, is suitable for film
formation; however, the starch-based film is too brittle to processing.
Cellulose is an abundant polysaccharide :nature with high crystallinity,
which has the potentialto™ enhance ~the-“mechanical properties of
starch-based film. In the present stud;rz, the influence of addition of ultrafine
cellulose in starch-based film _Was studicd. by the application of media
milling technique. Corn starch and cotton cellulose were fractured by
media milling, and the static-light-scattering particle analyzer was applied
to check the nano/submicron particles. Also, the scanning and transmission
electron microscopes were used to observe the image of particles in
nano/submicron scales.

The rheological properties of milled starch and cellulose suspension

were evaluated by dynamic rheometer. The apparent viscosity of starch and

cellulose suspension was increased after media milling. Addition of

III



ultrafine cellulose drove the decrease of apparent viscosity of native
gelatinized corn starch. But, the apparent viscosity of gelatinized milled
starch increased with ultrafine cellulose addition. The suspensions appeared
to be a shear-thinning fluid and can be described by Herschel-Bulkley
model. The suspensions were used to prepared starch-based film using
casting method. The mechanical properties of films were studies by texture
analyzer with tensile test. The Young’s modulus increased from 743 MPa
for the native starch film to 1505 MPa for the milled starch film. The

Young’s modulus increased from 743 to 1075 MPa as the addition of

T

ultrafine cellulose. increased from 0,;:{6' 11% (W/w, base on the weight of
starch). Media milling as well as.thesaddition of ultrafine cellulose can

enhanced mechanical properties of starch based film.

Key words: Starch, Cellulose, media milling, Film, Biodegradable
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Table 2-1. The physical properties of commonlyused grinding media.

Density Bulk density =~ Hardness

Media
(gm/cc) (Kg/L) (Mohs )
Polystyrene sphere 1.05 0.63 NA
Polyamide cubes 1.13 0.68 NA
Polycarbonate CYL 1.20 0.72 NA
Sand 2.5 1.5 5.5
Glass-unlead —al?.5 1.5 5.5
Steatite 263 1.6 7
Flint Pebble |22 P16 7
Basalt 2.9 1.7 6
Glass-Leaded 3.6 2.0 5
ALUMINA 3.6 22 8-9
Zircon/silica 3.8 2.4 7
Titan. Oxide 3.9 2.4 6
Steel 7.6 4.5 6-7
Tungsten Carbide 15.0 8.2 9+

(5 » 2001)
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Table2-2. Nanotechnology in the food and related industries.

Product

Details

Functional beverage

Personalised beverages
and foods

Smart filters

Smart sensors
Sanitiser

Novel encapsulation
system
Drug delivery

Fortified flavoured waters and milk with vitamin, mineral and other functional ingredients using nanoemulsion
technology for incorporation and controlled release of bioactives.

Nanoemulsions that releases different flavours through activation with heat, ultrasonic frequency, pH or other
triggers. Food that can adjust its colour, flavour or nutrient content to accommodate a person’s taste or health
condition.

Selective nanofilters that can distinguish molecules based on shape as well as size enabling the removal of toxins
or adjustment of flavour.

Packaging with nanosensors that indicate when a product is compromised and not safe for consumption.
Nanoemulsion of vegetable oil, surfactant surrounded by trace amounts of alcohol suspended in water with
properties to kill bacteria.

Solid hydrophobic nanospheres composed of a blend of food-approved hydrophobic materials encapsulated in
moisture-sensitive or pH-sensitive bioadhesive microspheres to enable controlled release of active ingredients.
Complex coacervates of DNA and chitosan used as delivery vehicle for gene therapy e.g. treatments of food
allergies such as peanuts.

* — g (Sanguansri and Augustin, 2006)
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RIFHATIRBR Y S VARARDAES D F LR ok 3 g A RB )

242 2 PR AU 2 A HERMNA S
AP T LEEE R FATE A S Z X 53 2003 ; Petersen
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O = 4’117”§}§ E‘j J?'\ﬁﬂﬁ A& zi\}’.’&."lf'?é»fé’é?#iéi
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II ."E

ZF I AP b S 22T R e e B i 6E T ke i)
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Beoks AP B AR ST s R s A RR Y E A
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BRI A2 RFENE P b s DR BIPRPETI 2 22895
B EAprt o 4 57 o R AR Wﬂﬁﬁﬁhﬁﬁmi%ﬁwﬂaﬁéﬂ
PE LSRR TR T R f[’:;'ﬁf* 28 L AR B e A2 (Kim,
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Zhang and others, 2007 )» 78 5 #4444 &2 @484 F o3 ¥ 4P F PO AL
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WY 5558 8 4% 387 F(Tharathan, 2003) » e % 7 &
BEFOIRF LI L H G D iR L RE 2 L 3T (Saha,
2004) » FHGA B GRAF R EA I EHF 0 BT L A HEBR 0 O

BAPF AR AF EFEF B8 &0 BRI T il » X T
B 4F & #13 eh4p 2 ik (Phase Morphology) ~ 7 & {4 & (Interfacial Properties)
2 At <t o] (Particle Size)* 78258 o @ A HTAp AT * ~FIRE 0 R £k
ARG Frooenivd 4 gHie it A B A Rarck g (FoHEH

AL e B 2 ST Ure R (Sbrrentino and others, 2007) - #-ik #»

EF XTSI i@aéﬂuzmﬁﬂﬁ&i@vz TR
LA P

BW)h 3 5 RREUHER R R o

B K- L RTEE o

18



2.5. & g

2.5.1. Bk

M EF S a5 AR A0 FAMBESARR BLE 5 AN
A p = J: e X 1+

B o SEFRER RSN P BRB AR K ) F

BEENAEE LSS T2 AERE R

@end PRl ik A d B4kl (04 D-glucopyranose ol —4 42 @ =)

2 & hdjik ks (4 D-glucopyrangse a1—>6£;3 MR )T e A R > B
¥ ° Gallant and others (1997)4p ﬁxi,, &;' J[#(gj 2 5)5 L5 B
R

(semi-crystalline) » & # 5% ¥\ (crystalling region) =4 %] % (amorphous

region) » £ 2 & ‘%#ﬁi % & ' blocklet S 0 o] ehblocklet A 2 5

2 (semi-crystalline soft region) > # ~ = blocklet £ = % J ,T, A

o
?“*ﬂ\
/<.\

F

% % (crystalline hard region) > @ 7 % 3| % Rl d $%4 & 4k (amylose)¥?

g F (lipid) 2 % 48kt (amylopetin)¥% 4 & & 97 k8 =0 o s ARl do BB HE AL

d S 4djks 11 2R B % (amorphous region) £ 2 2 fp T IRk 45 e s H

N 4Bk 2L % f i i (amorphous channel) 12 % —

)

b iE K 22 2L ¥ & E R 47 & enblocklet + X 5

20-500 nm > & @Ak ks 5E A~ ¥ 5 2-100 um (Gallant and others, 1997) - i
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SE - FLERIELS PN E o AR 7 RS TP BB A
MAEBFEFPRIVEAF fr2 kb B C A REHEDREHAR S Y
% 15-45% (Zobel, 1988) -

AR L AR A BB TR EFERDRR KB PINAFE
Bedofpl 0 R i B RURRE A S d g A PRk RS HEAS RARRUT
NI g QAN s e LA Y o ol “Lﬁf—" AR Bt #fE B
QY g o i SR RN O b (0 ?;;”T;ﬁ ﬁia‘; #3 1* (gelatinization) » —
e 0 B4R g 'fiiz?év’n\lll’i.lsf—'#;j}’i(WOIffénd others, 1951) » ® ¥ 4&jik
He R L AR R iR S R o B (Rmdlav-Westhng and others,

1998) -
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Crystalline

Hard Shell
Semi-crystalline
Soft Shell
Pores Granule Surface
Hilum /
Whole Granule
—
Crystalline —»
Hard Shell
Semi-crystalline -r%
Soft Shell
Large  Small
Amorphous Blocklet  Blocklet
Channels
Crystalline /
Amorphous 4
ﬁ Blockiet
EEAN A VAT

[

Top View

Amylopectin
Clusters

/53 % ’

Amylose Lipid

B12-4 ~ FAs RS
Fig.2.-4. Overview of starch granule structure. (Gallant and others, 1997)
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BFAZIAE P ZEREROARFL I ARAFEALEN e F Y
SWE s — MR RN i ime B e BREE A 1 50% 07 ¢ o
'»ETJ‘ ]%Fia # IF?(@ 25) =% mlgéq K '% j\/)fﬂ _ﬁ %\BF A} rj—-}- \Af‘—j

i 23 BP iR aR gz E85F 0 Hik 94 %o i L d
D-glucopyranose ™ Bl—4 4t m 2R &5 (B 2-6)° TR ER Y
10,000 = + (Fan and others, 1987) sk 2% » 3+ 4+ 2 #c® Z 7 OH £ 7 7

TALE LRI MR AR E R B (M

N
=

\_"\\
!

- ik
g% 0 1980) o Gk E P 2REnT fsﬂ%ﬁi % PENCE TR TR T

a&m&»4m§¢ﬁwa%%kﬁqﬁ%%ﬂﬁ%&ﬁ?’%iﬁﬁ
ol |

\oN
wnl

B HE RS 28 A R(E 2-7) plﬂ D dn AR R S TR B 300

L4818 55 fe R Ap T % 15 %(Ouajai and Shanks, 2006) -
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Layered mesh of
microfibrils in
plant cell wall

Single microfibril =

Cellulose molecule I

OH . OH OH OH_
HO w Wo
(o] 05
HO ¥ on on O HOT oy oH
| I L il

Crystalline cellulose

FE55329999 9499904404449

B 2-5 S0k BiEs 3 )

o

OH

F2-6 a4 B i

Fig. 2-6. The structure of cellobiose.

Fig. 2-5. Cellulose structurtéatg (

Glucose Cellobiose Ui b e S A L4420 008004
b bbb bb bbb bbb bbb
m C1 W
Al R
o] o
ot
=
S
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%2 23 P Baiaz £ o
Table 2-3. The content of cellulose in plants.

Source Cellulose (%)
Cotton 94
Hemp 77
Flax 75
Kapok 75
Sisal 75
Ramie 73
Jute 63
Wood (coniferous or deciduous) 50
Bamboo 40-50
Straw 40-50

s f\‘ﬂ"a I

(Mark, 1999)

Amorphous region

Crystalline region Crystalline region
____M_—__-__ {
i
e
—
R

Fﬁ?] 2-7 % “E‘_% ‘:’f”%‘ HE L;/i’ ;'i“g:r};‘ FJBB % oo
Fig. 2-7 Crystalline and amorphous area of cellulose.

(Beguin and Aubert, 1994)
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2.6. RIZE P

S R s Xeray BFEE O B EA G

H T (S A4 2 AEL REWMBEHEE 0 ILIET A

SRTAT R 0 (%5 RS T A

"

BlET > ¥ 5 ﬁl B3 4 Heen g P A T 0 Fe TR ?

Mac 2R 2 23R KB A RS CRT RGO RS
EN-

2o L E R UEE b o 1‘——*——75 R L
RRAMDA A

£

4 (van der Waals force)

$F A el gr.,. .? lﬂ =l

ﬁ*ﬁ‘<mfw%%’++w&5;,ﬁ% N
PRI I FR TR [P R A o 4 24 FUE 13 A% A A R R R

P T B R4 ] Ak BREr & p i * ihfk &-(Powers and others, 2006)

/;,u

AP BB RGN B RS e RA o wER R PIEUN G R R AT

B o
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%2-4 i3 ¥ /= Bk kS b

e
a2

ik -

Table 2-4. Ensemble particle sizing techniques applicable to nano/submicron particle.

Mominal size

Aus-dosed

Suspension in

Sizing techmnigue range Advantages [Msadvantages biological flud Aerosol
Dynamic light scattering®™* 4 nm—6 pm Ensemble method, can also be used Less reliable as size distnbution Yes Maybe
for zeta potential broadens
Centrifugal sedimentation™ 5 nm=10 pm Good for broad size distnbutions Cumbersome Yes Mo
Laser diffraction/Static light 40 nm—3 mm Broad dynamic mnpge—wet or dry Azsumes spherical paricles: shape Yoz Yes
scattering” MEASUREments effects unkmovam
Low pressune impacter and electrical H) nm — 10 pm Measunes aerodynamic diameter Dry low pressure technigue, small Mo Yes
low Pressure Impactor (ELPLF sample sizes
Scanmng/differential mobility 2 nm=2 pm Grood for size distnbutions Dy low pressure technigue, small Mo Yes
analysis” sample sizes
Field flow fractionation” 2 =200 pm Crood resolution of size distributions Must be used in compumetion with Yes Mo
other technigques (e.g., light
scattering)
Size exclusion chromatography™? 1 mm—2 pm Good resolution, small sample Slow; requires good calibmtion Yes No
volume
Acoustic Techmgues® A nm-10 pm Good for concentrated systems High concentration required Yes Mo
{(=1wt%), poor resolution
Electron microscopy™ 0.3 nm— several Good resolution and imaging Artifacts from sample preparation Possible with Mo
micTmns and vacum cryo-techmigues
Time of flight Mass spectroscopy® I nm-3 pm Can be used with laser ablation for Expensive; sampling difficult; Mo Yes
(100 to = 100R Do particle chemical composition multiple detectors reguired for full
analysis range
Atommic force micm.t;mp}"" 5 nm—several Crood resolution and 3-0 imaging Can only see surface; prone to tip- My be Mo
mimns (wet ar dry) induced artifacts; tedious
Specific surface area® (BET, titration, 5 nm-several Straightforward and applicable to Particle size is estimated based on Titration Yes (diffusion

diffusion charging)

micmmns

mist systems.

monodisperse spherical
assumption with no porosity

techniques only

charging)

“Boote eral. (20041; "lillavenkatesa and Kelly (2002); “Fritz er al (19971 “Bootz er al, (2005, “Dukhin eral. (19997 Sjostrom er al. (1995); *Borchert er al, (20051 *Lowell er al. (2004, Burtscher

{3005).
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2.6.1. # fi kbt
BB XA RILA)Y A R RS A SRR 7 R SO &

B endF A (7 IR g SRRSO PR F Bk MEST R G PR e

e A BRI R (BR > 2004) o fie & MieTshdgstenis 52 5 & B
’Fﬁ ﬁa It 15 /? ?“’r;]#%‘\ ]SOnm ;L'Jﬁii /{%’(‘} o ;ﬁ,‘]}ﬁ : E.JEJ’P? .

FoRdh i~ W R (R __g f§$§;g.1%_ﬁ? #20 nm~2000 pm) °
FOLERS 5 xa’ﬁ,g,)gzj\ 2 72 oa,*ﬁ‘_LMle W4T R R FR T B
I

o ¥ R 2l ’ﬁ_’ﬁ&\#'—’rj SFEL e Foh s gt

A

Zv3ckiE®

\\\?{r

4RI 5 ok BT § 0k e B A S

&tk 2_ B 2¥(Bootza and others, 2004 ; Jillavenkatesa and Kelly, 2002) °

2.6.2. T A 1w

fsa ® AdpF RSk RAR AR EATIEZE A F F a
T 2 jF AR 8T o845 (nhumber mean diameter)£? 48 £ T 324 /% (volume
mean diameter) °
AR IORAL AT AL DR A e (B 2 A 0 1998)
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WIS T RPRDPIZE & > AFLHFFL Pl > o

AR H TR R P

2 nd!
d_ - iZn.d.3 ........................... )

J B2-845% (7 5 2008) » R iFR ¢ & § 4 1,000,001 HEF o H P

1 $g4% 5 1000 nm > 2 41,000,000 $gk-is % 5 10 nm > H -] gk 4% 48

I+ B =

8 21 S AR AR 6 AP B0V D ARSIV B R o e T S T

'f:x.ﬂ"

11 nm » ie 48 Sk R so__o.nm A R T g n g £ 8

- 1 Iy
il XxX9q

N AT B A —lif—jffi_jgﬂ_?qlfﬁ_\ﬂ AT 3 '?-]"

/\\_
o
59
o

=
q\

R N 021y =
TEERRATIOS

BEE - F) A R m—*i i:n‘“ D A PE 0 M FEdy 1L

IPRLEE - Rl S e SR ﬂﬂziﬁ@}yg— R TN
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The Number/Volume relationship

1,000,000 1 single
1“ nm 1“““ nm
particle particle

Volume =50 : 50

FI2-8 i R4 I 2 B 14

Fig. 2-8. Relationship between numberand volume.
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2.7. BACKHRE

- BA AR AT PLAHRLY 5 200 pme Fg d SR 5 AR b LB
R 502 um 0 T F BACE T BEI10 nmerF o 7 o Fles e
T ORRFT B 1 DA 1 o

2.7.1. 7 # ;%7 F & k4 (Transmission Electron Microscope, TEM)

TEGBERT F AR ~RENRE B FEY 22 55T 51
BRBEHEFE W F R "5'\ VIl MBS T AT RSB B 4
BLER S o FCH Rl & A E ,'Jh‘f’;?ﬁﬂﬂ‘{iﬁ"‘ o A B AR
i ﬁﬁ%‘dﬁkkﬁﬁiﬁ;i%Qﬁiiﬁﬁﬁo’ﬂ%%
T2 &REAT FE > 7 FT?» oL ‘i' .:é.:‘_ TE- TEZROEE
Qﬁ’%Uﬁ%ﬁ%ﬁﬁﬁﬁ’%ﬁﬁé&%i(ﬁwwm%mﬂﬁ
HaEA ] EpE R R 2 gB4 1 I 4E o (Bootz and others, 2004;
Park and others, 2005; Vogel and others, 2003 ; » 2004)
2.7.2. ¥ 45 3 & + B st (Scanning Electron Microscope, SEM)

SEM A RIATEM Api » 300 T3 A2 T3 et » £ o

HHEHRE > FTHE- EdR S AR B RS REFR TR
frA 4 ML e m SEM B TEM &+ % B a3 Jcin5L7 F » SEM #71i
TR B S B FAEE S E & YTA 24 eho =t § 5 (secondary electron) e
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N

THA-fARa R G 0 HA 2 BEHERA ARG &S AR 2 - SEM
SRl R D I LR N RO R Y S U F U
THRMEIZ A MR RER S 6 R BB LTAPTRE - H
Pt AEE 0 P v k217 R20.6nm; ¥ L BiFSELE T

FATPELRACRAR R B PR R RPI ARy R AT

Kol g A RFATRB T R 230K A ] 3E R (Bootz
and others, 2004 ; » 2004) ©
28 ¥

! i

iR F - R m«mﬁv:?ﬂow) =" %(deformatlon) L B
S LR L EE *—JIJ {ﬁ%&ﬁ_ﬂéﬁi'lﬁﬂj% % i A i 5 )
R HEMA T o N¥E 1R 1‘)’@; 4 (stress) % J& % (strain)z F¥ criRg
Grodtie®m 7o ¥ H A LT 7 & 4 (shear stress)~ 3 7 J& % (shear

strain or shear rate) 2 %k /& (viscosity)2. B ciif# % o

2.8-1 B8 e 5

$oFehinds EE TR S s it St A G A hn g pE s B
J& # (shear stress) ~ 7' *» & % £¢ §' *7 i# & (shear strain or shear rate) % %t
(viscosity)z R érald % » T 5 SRR R R F TR ek o AU R GE
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g o RE Y R IR 0 p AR ¢ B 2bA a8 (non-Newtonian
fluid) 185 & b+ £ 0 HR e 1 PEFETAST E G o R AT S 2
AR o T MR A S A EIARE R 2L N RE(F] 2-9) o ik R A T
PR T R Ik R s 5 0 4o 2 FE 58 (Newtonian
fluid) ~ % /% i 48 (Bingham fluid) ~ &% {277 48 (Pseudoplascic fluid) % 4
B8] 2-10 #171 -

LHELRE =,u;;/

THT7 R Y ST 7RI e B A I AR 7 T 7
¥h g WETERT uE #ﬁi’ *’t’B*F” ’*’"*71@%b%if&§ e l=£F
o2 e TR %""%u"’l\ ﬁﬁ% CFE FAFEIEY S
Bl T BT B #Ffﬁé-)?. ”UE o

m zt 4 L#Eﬁi%ﬁ R R iR K Bivamkd Bx ¥ L G
shear-dependant(3: & £ 7' ** & % @ %)% Time- dependant(%- & “§ & 7' *»
MR PR3 4e @ sT %) o shear-dependant® 4 % shear thinning fluid(# *»
T 5 4o PF R B engE R € "8 1) shear thickening fluid (' 7 Ji % 3 4o
PR AR AR € <1 %) o Shear thinning fluid(% *7 R {2 4) 4 5 8%

12748 ( Pseudoplastic fluid )& % & /i 48 (Bingham fluid)  #% 4/ 48 &
fof LenZb 2 il F T T REH s ot E e

AN REBFRR O LET R i+ (shear-thinning) » 3¥ B A S
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B~ RR RpHE ARG SR o R AR G S

P fh (P B )R - BRI GE S LA e 7 5 S

I w g 4] (8] 0 2005) o ¥R 4o — dx 4 2 42 5% (Herschel-Bulkley
equation) ¥ & $E % 12548 & F % % % 2 {7 5 > Herschel-Bulkley i 48 £ §
RS AR R R

Herschel-Bulkley equation ‘

AN :TF"-»
r=1,+K| ¥ 1
¢ 2B Sk it BN F e WA R 4 (1)) ~ AR (k)

Eondedgt(n) o SRR ARER Y R B ed ] 0 T L RK

Hridin 42 o (Herschel and Bulkley, 1926)
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R Gas

Newtonian flid | ¢ 57 5 it Low MW liquid
(k. TR, ) e e
Psendoplastic flmd
Shear-thinning
flud HiE
_ Shear-dependant and nearly Bingham plastics
s time-independent flud ; ; s
Fhud e Shear-thickening ~ F#{$fHS
fluid Dilatant fluid
S
JET@FEA | Time-dependant (and also motopde
— Non-Newtoman — shear-dependent) fluid T
Rheopectic flud
REaE

Viscoelastic flud

Bl 2-9 inAf A & & X N

Fig. 2-9 Classification of ﬂuld i@;_;: 1 B (%] 2005)
r'y

<= | |

Bingham
plastic

Pseudoplastic
with yield

Mewtonian

Dilatant

Shear stress

Pseudoplastic

Rate of Shear
B 2-10 ;m8 T 4

Fig. 2-10. Behavior of fluid.(Shear stress versus shear rate curves for
time-independent non-Newtonian slurries) (He and others 2004)

34



2.8-2. F fyipR

;]w?ﬁm,,.u BELIIE S e g s AR E TR
4 (shear stress) ~ ¥ * i# & (shear rate) # %F & (viscosity)z. B el i > 3
SRR R g TR R ehe R o BI2-11 P A d 3 fi RI3#(Stationary tests)
KRAF IR AER ~ T A o SRR - R (yield

A

stress) ~ #% % 4 (thixotropy) ~ i* # # (normal force) % %#c > ¥ 531 2 %

BB bl o 2R FEdlse 2R R SR B E
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Stationary tests

Viscosity p

Yield stress

Thixotropy
Normal force

Processing
application
(Mixing,
stirring,
pumping, etc.)

-l )

.' i n Wi
Fig. 2-11. Stationary test of liquid.: W

B 2-11 Jndg s jgiplsd

(Tabilo-Munizaga and Barbosa-Canovas, 2005)
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2.9, EUABEILT 2 Bl

BRERY TIRB Y A PR SR S S e T b g

\\\

R s

BERefE BN S o R R LT

RS =L RN SRV Ty ¥ I = A

‘L‘.l_"'_l

Blprent ¥ £ B E 3 etk 4 5 TR AW I BB ERE o 4 H
MEE R T STE Yt B R AR F R T2k o ol

% (Guilbert and others, 1996) o — 4k /@ % > B A + 4aF 4% 4% § oh

S

A IEr R R ’“s—il BT e Rl TR ALY B R R

ﬂi%#é@ﬁﬁﬁ%&‘%%L@@ﬁfﬂﬂiﬁﬁﬁkﬁ‘%#

EAREEGVRERENE AT AL EHUE LS paen R %
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5~ Ml E S
3.1
1. % %k : Starch from corn, SIGMA-ALDRICH, Inc. (St. Louis, MO,
USA)Z & o 927% 3 48 5 £ o
2. =4 =% * Sigmacell Cellulose, Type 20. SSIGMA-ALDRICH, Inc.

(St. Louis, MO, USA)# & o J fudk 2 1t £ 1.607 ~ 4554 5 1.54 o

3. 4 : Glycerol, Nacalai Tesque Inc. (Kyoto, Japan) 4 #
32. X H%
1. 32 K & A B Netzseh-Feinmahitechnik GmbH (Staufen,

s

i

Germany)# 2 - 3| 5_.Minipur p ,ﬂ::-f’Fﬁ_ﬁﬂ%’B—lab’%fr PR 2%
4o B)3-1b#777 o -

2. T ks & 47 & (laser diffraction particle size analyzer) :
Beckman Coulter(CA, USA)2 # » 3|5.LS 230

i 424z 8 iR § §10.4 ~ 2000 pm ;

il. & 37978 % g ;% 5 Fraunhofer laser diffraction, Mie

scatteringf=PIDS (polarization intensity differential scattering) °

3.5 A (T ",’TT # )% : Branson Ultrasonics Corporation (CT, USA)
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4 A > A% Models 3510R-DTH - # &40 kHz -

4. &3 % : Scientific Industries, Inc. (NY, USA)# A& - 3]5.G-560

(Votex- Genie 2) o

5. iR RORA £4173]) ¢ TA Instrument (New Castle, DE, USA)

4 A& > A5 AR-2000ex ©

6. B ;% T F ¥ fic4i(scanning electron microscopy, SEM) : Hitachi

(Japan) » 3] % S-800 o

7. %% N § 5 M Acé (Transmission Eleetron Microscope, TEM) :

Hitachi (Japan) » |52 H-71005 /[

8. 4 ip] Tk (Texture analyzer) 2iStable Micro System(

Godalming, England) # & >3] ’?;i_TA—XT2i °

9. PlHc®E (micrometer) : mitutoyo (Japan)# #

39



VEFF ARl (pre-stirring tank)

E—ﬁjﬂ%‘g (controller) e 4 (milling chamber)

(3L <21 (low temperature
water bath)

Bl3-la 2 5K /i BT B4 o

f’ﬁfﬁ%}k(circulaﬁon pump)

Figure 3-1a. Nanoscale media milling apparatus.
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controller o
milling bead media
separator

%
\_! cooling water jacket Y

~—>*2 f pre-stirring
tank

circulation
pump

W3-1b % o 50 0 B804 7 L -
Figure 3-1b. A sketch of nanoscale medium grinding apparatus.

(Fit > 2006)
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3.3. § WinALE H A

Preparation of Raw Materials for suspension
22 g cotton cellulose / 400 g deionized water
24 g corn starch /400 g deionized water

Il

Media Milling
Media: 0.3 mm Y-Zr beads
Operation conditions:
3000 rpm, 60min (cellulose), 120min (starch)

Solid content Morphology (SEM/ TEM)

Particle size Rheology

!

Mixed starch, cellulose and glycerol

Rheology

Film

Morphology (SEM)

Mechanical strength (Texture analysis)
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11.

111

1v.

V1.

33.1. RalkER
AL R 524 g 4400 g2 4 B K (E BT A KR 96 %)222
gik A 4ed400 g2 2 B3 R(E 2 F ~ kR $55%) o d **Minipurz

B A ?."r,gﬂ B Y g v e o

\v

PR EEFRR A B E S RAER
ZARFERD R P EFGE TR GRS DIER ] T
FLER c BT KB Z BRE E € A GRS P E
MR RRT R REE I TREE o FRR MR 5% 0 TR
A FH G R Bk AR EY 5 % o RALAE (9400 mL) i 4 2
Vo i TR 2 F B RGN0 P ﬂ;m
, E-J"

’E
3.3.2. 1 FF R

PR R 17 3 ke
R RAT03 mm 2 pAj4esETR 0 vt E N6~ T o
B FE A D 140mL (9575 g)

g i@ 0 3000 rpm e

AR A E ¢ 600 mL/min
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BB AR RUT0.3 mm2 go4 Tk R % H Y 0.3 mm2 4ekTh o R
Flp = o - o fesdRzZ ARG > M id > A3 @@~ & B g
BT HBERAGSLAERcH - > BRRAFHAATET 2 F
A RS ol % 2103 mm T 0.8 mmz BB AR Al Lt
T mEFRHAERET AR & o (A0 2004) o 4 F A B 2 e
<+ 20.15mm > FFAEHRZ 2 53015 mmPF o 3E R € i T AT
Brg b E PDRULT 2015 mmILT S FEEA AR R R L # v

lﬂ‘ P\ o

3
ek

'E

g
N.

2 i hn oy FAeT

1. #4140 mL#= f& /‘%’r’ibé*fﬁi;lﬂlﬁ“iﬁ‘ °
2. 4v »200mL2 B ARATIEFEHF P o
3. R e S i 2K 25 3000 rpm o 8 % R i 3K & 600 mL/min -

4. #24g3 A X 22 ghf IR AL 150 mLE 3ok ¢ B E R 4

IS 3;@};% °
5. % 50mLz 3 #r3 KRR ARF R A ~ FEAER Y 0 B4R pE o

6. - [E304 48K IpIEAE ¢ Btk o
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3.3.3. Bk a2 it

R L 2 AT Ao BI3-2970F o M R T RS SR B BT
B ESRERRER LA R B (10/0 ~ 9/1 ~ 7/3 ~ 5/5, wiw)iR & iz
WAREZ40g 2 RiFR P RAVF T E 55% £3-15 & REER
BHRAFREA B R R LR 2 £10%(02g) - #
BB ERE R B BRESSTCT I FH A0 4 B
B0 g BB RARE > EWEE (ML E9mm) ¢ o0 325C/80%

W A5 Dy 2
RH% 48 %557 ©
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Starch Milled starch (MS) Milled cellulose (MC)

Glycerol

l

Mixed in a beaker (40 g)

l

Put in a water bath (T=95°C)
l over 85°C for 10 min

Poured.on plastic:Petri dishes

|

Placedhin oven for 2day
(25°C and 80% RH)

l

Film

BI3-2 E i AR R
Fig 3-2.The flow chart of preparation of film.
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23-1 R R e 2 A

Table 3-1. Description of starch suspension composition and relative codes.

Native

Milled

Milled

starch starch cellulose glycerol Sample codes
40 0 0 0 S
36 0 4 0 S-1IMC
28 0 12 0 S-3MC
20 0 20 0 S-5MC
0 40 0 0 MS
0 36 4 0 MS-1MC
0 28 12 0 MS-3MC
0 20 20 0 MS-5MC
40 0 0 0.2 S-G
36 0 4 0.2 S-1MC-G
28 0 12 0.2 S-3MC-G
20 0 20 0.2 S-5MC-G
0 40 0 0.2 MS-G
0 36 4 0.2 MS-1MC-G
0 28 12 0.2 MS-3MC-G
0 20 20 0.2 MS-5MC-G
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3.3.4. iz &
s & BIR B 5 Beckman Coulter (CA, USA)# & 2. LS 230 ks &
iR 4 §10.4 ~ 2000 pm £ & 5 ijg % L (8 0 BRI T LT 1240 nme *+25°C
T oA T kb A REE R ERD o ) (S R A
GHET I AR KA S 100 ppm o ST RS B AES S T
itk BT FPEEES LS i S PR RGEL o I A
%8 (FLEX Software, Microtrac Inc., USA) A $74g 530 55 » 2+ 5 3 2.

Doppler shifts 14 F 47 & o i f & L& 354 & (mean particle size )

5 f\‘ﬂ"J I

335 mBRLFE

YU AR e s % R BRI ISR B o R (flow curve) s 3 F
PR F A S ZAERB OB TR RN TGN
75 o MRk Bk OB RF TR B YR S S (peltier plate) + 0 24
= /> 2° & 247 (cone and plate) %25 C T ¥ & (pre-shear) 1 min & = =
eFE R T @ S Ad 02 250057 0 7 FRIFIR A W A (up
curve) ] o i£ 4% Herschel and Bulkley model % 3.7 i 88 e 7 > & 3434

T *7 & % (shear rate) 2100 s~ VAL AR R (Ma- 100) °
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3.3.6. AR

B

11.

RREATE O RS L A AR RS T o
P 30T BB R R 15 2 SRR AR 100 5t 4

+oo @ g S %oy ® (Hitachi E101 Ion Sputter) %2 7 4% & ™

F

ﬂ>i

S ARR-E R I AR S A R B0 SR E R E R

1

7
TERPFAL R FHE S EEPop R NG AR YRGS
i HApUr g BAERET N 0 b o v E R BT S RO R R
kom 4EF £t o ISEM _(.Hitachi S-800 Field Emmission
SEM ) *+ % @ZOKV"’ Eﬁ-ﬁ g2kt B AR o

75T T Hks mag% 2 R AR 107 15 3F 2 TEM
* 2_200 meshés m 4 Ji= (OlSOO'—FQTed Pella, Inc., US.A.)» i# H
PRI Fo SRS E ENTEMBEZ » 1% CCDRE AP & Siig
Bir % B0 o TEM#1 % 2.3 3 R % #1448 T 5 1 (LaBe& 55)

Bo= Arid TR G 120KV o

337. BR &5

WA M 25°C ~ 50%RH T L fgF- % {8 > 1k ® (micrometer)

EEER CREIBAREEERSOER I EHTEE > BB LK

S

8

Eﬂ

AR R o
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3.3.8. BRILE A7

S R Bp] ik BRI% A 12 222 ASTM Method D882-02 (ASTM,
2002)2- = & > B R ERGE (TR BR E R ROTR TR (A/TG)
z_ & B Pzt B4 (elongation at break) 22 U5k 5g & (tensile
strength) ] € o7 L A BHR 7 L 60 x 30 mm AR < (T RA G
30mm > ® R 5 20mm) > ¥ 325°C/50% RH i@ BF 5 BF ¢ T fm— X {3
REFH o FHR RISk pARTRE > A EFEEE PV RS A
5] %20 mm #£2 1.0 mm/sec - Elongation atbreak (%) = (DLx 100)/L - #o
DL % woit o 2l pt il £ B » AL 3 ERRASE R (20 mm) - Tensile
strength (kPa) =F/A » # ¢ F < a‘i’%ﬁ”#”’ _&ﬁﬁk—’\ 4 (mN)> @ Az W2
Baff o et EHY R ﬁ‘iﬁt(Young s modulus) Sl s Rk
Flrogwm B ra')f%“ Fﬁgéi v % o N s
J& # (tensile strength)/ /& % (elongation at break) » 4%~ % 7 ¥ 4% % % %

2 -
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4.1, R FE

R EZgad Tiop S(ARP 2 PATIE)E 20 um > HK4 B
A T R 0 S R AT ST 4 17 ik (Beckman Coulter LS 230)
e ipl o B RE A F oB 4-1a BB 4-1b HrF > FLHE S F 5 R A
i 10~ 30 um 2. fF o g4 T 2807 5 16.50+ 0.99 um > 4 8T 2545 R
%943+ 0.22 pum o G aE kT A F 4oF) 4-2a 2 B 4-2b rF 0 H - H
WA R T e A 10~1400um. 2 ’%ﬁ_ﬁ%i’i’aa‘i}f_é 36.5+ 0.38 um > #-

BT s =R 45,53+ 0,01 ui

il
I —

51



Volume (%)
Passing Volume (%)

1000

. 100
Volume (%)
Passi 19
10 F assing Volume (%)
1 80
81 170
1 60
°| 1 50
1 40
' 1 30
27 120
1 10
0
1 10 100

0.01 0.1
Particle Diameter (um)

Fld-la T B 2 R0 R A Bl o

Fig.4-1a. Particle size distfibutiofifof nafi"\"fef"éogn starch by volume.
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Fig.4-1b. Particle size distribution of native corn starch by number.
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Fig.4-2a. Particle size dlstr1but1maﬁof cotfﬁ‘n:bellulose by volume.
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Fig.4-2b. Particle size distribution of cotton cellulose by number.
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4.2.1. A T B R e 3

fOETRT {8 2 Bk e T B T 0 WEF PR R S @ 1 (B 4-3a
21 4.3b) o R FE TR S F AT B e T 0 A B 180 A 4D

6 WA TR 5 9.1 0.49 um o KM A RIS A T BI(EB] 4-4a)- BT

TI..

MEEFT B e 0 RS G R L (ARSI RI)BE )
FoF B S > e 120 A 4B 2 (2 RS A TF 4 5 R 4 iF (bimodal
distribution) » % 7 #* {& 4 B izp o o ‘} 125 Bk 3R o BT 3k T -
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AT 90 & gask BT e s & 3.52£0.08 pm 0 e 120 A 48 7 F /= bk
FokF E@ R4 o T % 5 0.1 £ 0.01 pm > FATIESE &~ 2
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SER e BB & o k4 (abrasion) 0 AT B A R 2 RTHROR REA A o
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Fig. 4-3a. Volume mean particfe Size of f'edﬁ'étigh for starch.
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Fig. 4-3a. Number mean particle size of reduction for starch.
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Fig. 4-4b. Number particle size distribution of starch suspension after being
milled different time.
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Table 4-1. Volume and number percentage of nano/submicron particle of

starch at different milling time.

Milling Time (min) Volume (%) Number (%)

0 0° 0"

30 0° 0"

60 0° 0"

90 0° 0t

120 1.30 £ 0.08 " 99.86 + 0.06 ©

150 9.98 £ 0.93: 99.93 +0.03 ©

180 17.60-£4-05%, 19994 +0.01 ®

Each value presents Mean £+ SD, n.=.3.
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(Fadhel and France, 2001; He and Forssberg, 2006) » 7 4k & fF » F)+
Bp b ER SR EATEAT RSl B kRRE S K
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Fig. 4-5a. Volume mean particlegize of réduction:for cellulose.
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Fig. 4-5b. Number mean particle size of reduction for cellulose.
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being milled different time.""/ (A f:\l
| ==
| ||
s |i
10
B — 30 min
9 — 60 min
8 90 min
7t ‘ 120 min
< B — 150 min
% 2 i — 180 min
E
z 4 F
3 |
2 r J
1 |
0
0.01 0.1 1 10 100 1000
Particle Diameter (um)
Bl 4-6b k% 57 fo AT PEE R 2R Bop s A (T B o

Fig. 4-6b. Number particle size distribution of cellulose suspension after
being milled different time.

61



242808 % 2 P FAERFT 2 M TR o

Table 4-2. Volume mean diameter of cellulose at different milled time.

Milling Time (min) Volume mean (um) Number mean (pum)

0 36.5+0.38 ° 5.53+0.01 %
30 3.66+0.45° 0.12+0.02 ©
60 1.80 +0.05 © 0.14+0.04 €
90 1.46+0.33° 0.15+0.04 €
120 1.60+0.13° 0.14+0.03 €
150 1.53+£0.19 ¢ 0.14+0.03 €
180 1.5340.30 & 0.15+0.03 ¢

Each value presents Mean+ SD,1=3.

—

1043 7 BRI TGRSR Ak F S 2 R el A S

Table 4-3. Volume and numbet percentage-of nano/submicron particle of
cellulose at different milling time:

Milling Time (min) Volume (%) Number (%)
0 0° 0"
30 23.86+0.62°  99.93+0.04°
60 48.85+0.76°  99.88+0.08 "
90 5524+£1.71°  99.89+0.08 "
120 50.36+4.88° 9991 +0.04 "
150 51.62+5.51° 99.92+0.05°
180 50.61+4.80¢  99.90 +0.06"

Each value presents Mean = SD, n=3.
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Fig.4-7. Scanning electron microscopic photographs of native starch
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BI4-8. 3 of s A7 B 1204 4805 Fds % 7 5 BACE o

Fig.4-8. Scanning electron microscopic photographs of starch after milled
for 120 min.
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Fig.4-10. Scanning electron microscopic photographs of raw cellulose.
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Fig.4-11. Scanning electron microscopic photographs of cellulose after
milled for 60 min.
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Fig.4-13. Flow curve and viscosity of (a)starch and (b)cellulose suspension
after media milling.
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F* 3% %8 (STATISTICA 6.0)2+ & ! Herschel-Bulkley equation =4p B %
F 2 2 fd(d 4-4) 0 U AR R Gl B i 99% 0 BER 4T F W Sk

g H ids 7 5 7 % Herschel-Bulkley model % £ 77

% 4-4 ZmPw ﬁ? {4 Herschel-Bulkley -7 #i4p B % #c2? S #c o

Table 4-4. Correlation coefficients and parameters of nonlinear regression
for Herschel-Bulkley model.

Apparent
) . . ) Flow
viscosity Yield Consistency . )
Treatment ) . | behavior R
(Nax=100) | stress (Pa)y|vindex, k (Pa - s") |
, - index, n
(cP) . E: 3 :
S 4.2 0.000 0:004 0.999 0.999
SH 224.4 04 (N [L181\¥ 0.500 0.9978
SH-1MC 216.4 7993 |22 [1.108 0.563 0.988
SH-3MC 194.7 7.649 ;’| L E B 0.380 0.999
SH-5MC 155.8 4:312.1 | 2.148 0.378 0.986
MS 20.7 0221 4k . 20.071 0.712 0.999
MSH 59.8 0.414 0.477 0.537 0.999
MSH-1MC 62.2 0.542 0.520 0.524 0.993
MSH-3MC 88.9 0.732 1.239 0.415 0.999
MSH-5MC 105.5 1.018 1.719 0.382 0.999
MC 140.6 1.191 3.038 0.308 0.991
C 2.69 0.006 0.001 0.955 0.999
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Fig.4-16. Viscosity(n,, 100) of gelatinized starch at different milled cellulose
ratio.
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%45 FwER (1 :10°m) o

Table4.5 The thickness of films (unit: 10” m) .

Milled cellulose (g/100g starch)

0 11 43

S 6.8+0.9 6.8+0.8 72+12
S-G 72+1.1 7.0£0.5 73+1.1
MS 7.7+1.6 7.0£1.3 8.0+0.5
MS-G 7.1+ 1.4 6.9+ 0.8 7.1+1.0
N-MS 6.5+ 05 67 +1.0 6.8+ 0.4
N-MS-G 6.9 /0.5 A /] 6.8+ 0.6 6.9+0.7

S: starch; MS: milled starch; MC: milled cellulose.
G: 10% glycerol (glycerol mass/ total dry mass).

N: No gelatinization.

*There is no significant difference. (P>0:05)
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(2) (h) (1)

B 4-17. Bk End o Fhi\ e AR (a~c) D R R (A~ FERE
B (gel) PR B(E AP ) (e, d ) & s SR g EE s (b,e h)
7 v 11%F Bk ek s (c, 1) ¢ 7 bv 43%FT Bk o
Fig.4-17. Scanning electron microscopic photographs of film. (a~ c): Starch ; (d~ f):
Milled starch; (g~ 1): Milled starch (no gelatinization); (a, d, g): without MC (Milled
cellulose); (b, e, h): with 11% MC; (c, £, 1): With 43%MC.
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Fig.4-18. Scanning electron microscopic photographs of surface of starch with 10%(d.b.)
glycerol film. (a~ c): Starch ; (d~ f): Milled starch; (g~ i): Milled starch (no

gelatinization); (a, d, g): without MC (Milled cellulose); (b, e, h): with 11% MC; (c, f, 1):
With 43%MC.
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4-6 * A 2o Sk SRR B

Table.4-6. Mechanical properties of starch base films at different

component.
Milled cellulose (g/100g starch)
0 11 43 100
E (MPa) 743 +265°C 1075+ 140°® 2789 +250 "8 5092 + 1443 A
S o(MPa) 318=+4.1"* 40.0+4.7%  29.7+7.30%A 20.43 £3.5 B
&%) 4.6+1.7* 374038 1.1+02"8 0.4+0.01
E 1505 + 434 A 1433 £90 B¢ 3686 + 550 A 9744 + 460 A
MS o 53.4+52% 497+ 6.6*B  396+0.7%8 145+1.7°
£ 3.7+0.9% 3.5+0.6%8 1.1+0.1%8 0.2+0.01°%
E 945+ 105 ¢ _ 131659 2507 +46 ™ 5125 + 1650 ™
SG o 487+47%® . 150.9+£79% 29.5+£3.9% 21.1 4.4 P8
£ 52+0.8% 3.9+ 058 12+02° 0.5+02¢
E 1331 £ 19248 11689+ 158 *A * 4079 + 889 * 18153 + 5278 *B
MSG o 47.8 +£53°8 49 4% 215 A8 5738.0 £ 13.4 8 155+1.7%8
£ 3.7+ 0.8 3.0+ 04 1.0+ 048 0.1+0.01°%
E 1421 £ 324 8 1608£149 *AB 2723 £217 B 8698 + 6618 *A
MS-N o 489+13% 554+20% 454 +7.1%8 23.9+720%
£ 3.6+0.9% 3.5+£0.2%8 1.7+03% 0.5+04°A

S: Starch by cooking,
MS: Milled starch by cooking,

SG: Starch with glycerol by cooking,

MSG: Milled starch with glycerol by cooking
MS-N: Milled starch uncooking
G: 10%glycerol (glycerol mass/ total dry mass)

*abcd: row within the same parameter; ABCD: column within the same parameter.

Each value presents Mean + SD, n = 3.
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Influence of media milling and addition of ultrafine
cellulose on the mechanical properties of starch-base film

Yu-Chin Shen, An-I Yeh
Institute of Food Science and Technology, National Taiwan University.

Abstract

Plastic materials are generally appled matters in food packaging; however, it
resulted in an environmental impact or pollution. Recently, environment friend materials
from natural and renewable resources, which are biodegradable and biocompatible, have
received great attention. Starch, an edible material with thermoplastic characteristics, is
suitable for film formation; however, the starch-based film is too brittle to processing.
Cellulose is an abundant polysaccharide in nature with high crystallinity, which has the
potential to enhance the mechanical properties of starch-based film. In the present study,
the influence of addition of ultrafine cellulose in starch-based film was studied by the
application of media milling technique.' Corn-starch.and cotton cellulose were fractured
by media milling, and the static-light=scattering'particle analyzer was applied to check
the nano/submicron particles. Also, thé sc_};gn{ng and transmission electron microscopes
were used to observe the image of particleéifﬁ' hano/submicron scales.

The rheological properties ‘of r'nilléd starch’ and cellulose suspension were
evaluated by dynamic rheometer. The apparent viscosity of starch and cellulose
suspension was increased after media milling.”Addition of ultrafine cellulose drove the
decrease of apparent viscosity of native”gelatinized corn starch. But, the apparent
viscosity of gelatinized milled starch increased with ultrafine cellulose addition. The
suspensions appeared to be a shear-thinning fluid and can be described by
Herschel-Bulkley model. The suspensions were used to prepared starch-based film
using casting method. The mechanical properties of films were studies by texture
analyzer with tensile test. The Young’s modulus increased from 743 MPa for the native
starch film to 1505 MPa for the milled starch film. The Young’s modulus increased from
743 to 1075 MPa as the addition of ultrafine cellulose. increased from 0 to 11% (w/w,
base on the weight of starch). Media milling as well as the addition of ultrafine cellulose

can enhanced mechanical properties of starch based film.

key words: Starch, Cellulose, media milling, Film, Biodegradable
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Fig.1. Volume particle size distribution i‘of: stai_rk'_ih suspension after being milled different
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Fig.2. Number particle size distribution of starch suspension after being milled different

time.
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F - A RAERTTIRE N/ R 2 MRS Ry A
Table 1. Volume and number percentage of nano/submicron particle of starch at

different milling time.

Milling Time (min) Volume (%) Number (%)
0 0° 0"
30 0° 0"
60 0° 0"
90 0° 0t
120 1.30 +0.08 ° 99.86 + 0.06 °
150 9.98 +0.93 99.93 +0.03 ®
180 17.60#1,05 " 99.94 +0.01 B

Each value presents Mean + SD, n =37

NFF RS2 3t m‘fib_’ x;F‘%"E/ﬁz"Eﬁﬁ“f # e i (Rl= 2Bl ) ki
T Iofe i w304 B2 (SRS 1iﬂ$‘}i&05—)imﬁéﬁ#&lbﬂJ;;OUi
0.02 pm - & 1 4 & _ﬁﬂﬁg&”ﬁﬂ(%é}ﬁ%}l\ )’}._4;_" g R L_60Av\’f§f9 feaT e
{”im’lhﬁ@mﬁ%¥ﬁm1%° el Ak A S AR e *P
f@%a@%ﬂﬁwkgm°aﬁpZFP@ﬁWT%ﬁ%¢Wﬁﬁ$%4LW
ey » 5 ¥ g REE A5 B304 &1 R FEN S A BT A4S
BO0OA MBI RBF MG 27 TRAM A EFTHAR R PO AT LY
PP B2 (2007)F AR 0 F (2007) % AT R AT 3004 45 AT A
FendAe BT B AT L RE(EQINEREERR 5 0.5%)b’“ri% ®ehg
o 2 Lf’c;}ﬂ ' (Fadhel and France, 2001; He and Forssberg, 2006) » % <k & & » Ff
FHP D kS e B Ty sk R S ] S Bk AR T Bp RS
?ﬁ%ﬁ?*%iﬁﬁ%%$°

TR T B ERR G L o d RER % T Jil T ok T ¢
EFAEPET R A q BbrT F > FAAERFTE1204 4 0 i TSR Ty 7] T
o 1204 4B R BT R T T EARRUR S > AP AT N 0 BRI R B
B 21204 48 SR F T 3ol ¢ L F AT B P I o 4o @ BB YR 0§ AT R
FiE604 4875 > B 2P BT IO ET FARE Y R Y > B FFEFTE 260
Ak e E BRI R A SRS T B ] s 2 R - T
AR b R (e LR A ek ) B R
J& @ E T % (A 2004) o

o Ly mh‘%
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Fig. 3. Volume mean particle size of fedhétion.?for c..e1llulose.
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Fig. 4. Number mean particle size of reduction for cellulose.
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Table 2. Volume mean diameter of cellulose at different milled time.

Milling Time (min) Volume mean (um)  Number mean (pum)
0 36.5+0.38 5.53+0.01 4
30 3.66+0.45° 0.12+0.02°
60 1.80 = 0.05 € 0.14+0.04 €
90 1.46+033° 0.15+0.04 €
120 1.60+0.13 ¢ 0.14+0.03 €
150 1.53+0.19°¢ 0.14+0.03 €
180 1.53+£0.30°¢ 0.15+0.03 €

Each value presents Mean + SD, n=3.

2z PRFAEREFTRER N /SR R 2 WS ey A~ o
Table 3. Volume and number percentégéf;éf -nano/submicron particle of cellulose at

different milling time.

Milling Time (min) Volume (%) Number (%)
0 0° 0"
30 23.86 +0.62° 99.93 +0.04 B
60 48.85+0.76 99.88 +0.08 B
90 5524+ 1.71° 99.89 +0.08 ®
120 50.36 + 4.88 © 99.91 +0.04 ®
150 51.62+5.51° 99.92 +0.05 8
180 50.61 +4.80 ° 99.90 + 0.06 ®

Each value presents Mean + SD, n=3.
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B B 1202 BT ) L AT > R B MR B B Tt 8T
BB ERARE 0 3 F 5 R Tl R o ko @ i T ek
BT HEBRE S 7 BBk ﬁ'%g, 1204 482 SAEOR o
Bl &b E1204 8075 35 5 m*%ﬁlﬂfm"@» 30200 nmA+ 03 B0 2
BB o EP A 51205 4BFT B tS HwE T 5 2k /:w%‘ftff\ IR e

ﬂﬂmﬁﬁwﬁ#

DESEER § S 22 3
,@2 s of $tarch after milled for 120 min.

Fig. 5. Scanning electron mlgrosc%c

0.2 pm
—

Bl= 2 FRBAEI20- 4818 FHNT 5 BB o
Fig. 6. Transmission electron microscopic photographs of starch after milled for 120

min.
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Bl- 288 FFE60~,48HFHF T %EZ%‘&?%:’%\’ ¥ J‘xé M$ 3 % 2100 nm
et o fes 5 ORGSR % 8 pmP30 pmFt G o T oA AF] G hfe B RS
MR D R RRRFRFRFER LS P é:;—”:!ﬁ B AT B R 5T 12
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Fig. 7. Scanning electron mlcroscoplc
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Fig. 8. Transmission electron microscopic photographs of cellulose after milled for 120

min.
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BrriB PR GE R AR A SR B R % R (AR-ex 2000) 2 #ic k8 T TA Advantage
(thermal/ Rheology) ; ¥ ﬁfi %8 #-73] (fluid model) » Herschel-Bulkley model #p R 4 5
% o FI* FAY(STATISTICAG.0):+ & 4kt a2 2 H Sdi(£ ) o

a4 ERA Kt L (D EERGER 2 R F R L Q)R VR AR 2 R
EEp 'y 22 g} T g (3)/;‘%/?H PR A 5 CRUEUE e SEA- T (4)/;‘4‘3,@[‘ (s a2
A7 B daoe 2 B H ”“

L7 sl e % > A BT A 2R T L AR AR
Bk E A A RA RE Ak o d AN 2T 33 :,U;,J;,f‘:;.iﬁfd;fgg ELS A
BT RBPES TR B RS OTIEA LIRS RIFARRY cE S
RF iRy R HH e o BRI T AR o R B S R g R
FERG BEERS  RE2HA AR E IR A 1 H 0 T (2008) % 3F 2 AR e e
Mg o

27 ik 8 R R TN R AR e iR A e 1 0 A FRR B IRE Y T
dv oo ip L d *:&x%%ﬁ,ﬁ”]\ya P A gR 4 i (swelhng) T % (& ARiT e
BN A RGBT 0 LR R R B R Lk 8RR
FAAEERYE 0 AS é&;&x%»%pﬁ:}*\‘%‘éc CHR L E AR BB S LR 4
Fooh PHAT 0 RS AR E X R 0 T wﬁtﬁﬁ AT SR GCATIEIE Y B R
TR % fi 5 R e 1 (Szejthiy 1991) zrr/g’igmfgzgwm%%w vl R R B R
FIELIR R SRk T R iT 0 6 B 5&),&54 * %zr-'k PRI 0 R BRR A
L ES AR R AT R 2R 38 ko R e v 5 Y )*_J:(Morrison and other, 1994)3‘% drs e d
P4 B¢ 1§ S P 1 a0 4i(gelatinization) 'E 14 o e (S 0 A K J«E‘i &
R b2 e AT R 0 R A AR R R

3R RE N A AR 4t’4 fert blengiid o d YRR E dE R KON (MC:
SH) » F]pt Tﬁ:g;‘«.a;-,%:t& z,k‘i\,h)i BREPRE A TR o B4 AR R F /S bR Rk
B A K/t BaE 2 £ 1143 2 100 cellulose g/100 g starch)4c #t &
RALR AR (T2 % 5 100" )M 48 > 4 i 40 2 31 100 %(SH: MC = 1: 1)p# »
FHRELPRE(BRRE R EES FF E FAME AR MY A A FRAR
B AERIE ) o BT R L3 f’r@f A2 R RSP RE o F o Ed g
g d PR B kA AR 2007) e 1t HEARY BARREAAR T L kA

BRAMRGIEREES M E AR TR AR T S -

4.5 B ek 4 ;ik%* AR Rt Blehg Ak o d YR R R R YR
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2 v ERPw §F 14 Herschel-Bulkley -7 £74p B B S¥c o
Table 4. Correlation coefficients and parameters of nonlinear regression for
Herschel-Bulkley model.

Apparent
. . . . Flow
viscosity Yield Consistency . )
Treatment ) . | behavior R
(Mar=100) | stress (Pa) | index,k(Pa-s”) | |
index, n
(cP)
S 4.2 0.000 0.004 0.999 0.999
SH 224.4 4214 1.811 0.500 0.9978
SH-1MC 216.4 7.993 1.108 0.563 0.988
SH-3MC 194.7 7.649 2277 0.380 0.999
SH-5SMC 155.8 4312 2.148 0.378 0.986
MS 20.7 0.221 0.071 0.712 0.999
MSH 59.8 0.414 0.477 0.537 0.999
MSH-1MC 62.2 0.542 ©0.520 0.524 0.993
MSH-3MC 88.9 732 2512396, 0.415 0.999
MSH-5MC 105.5 - L018 1719 0.382 0.999
MC 140.6 1191 [ AL (43038 0.308 0.991
C 2.69 0.006 | ||= 0.001 0.955 0.999

| i i

250

200

Native starch

150 :
Experiment

viscosity (cp)

wf I T~/
0¥
Milled starch Prediction

0 20 40 60 80 100

Cellulose weight (g/100g starch)

*1 Pa.s = 1000 cP
B4 7R AR e B RS PR (00 R 1

Fig.9. Viscosity(n,, 100) of gelatinized starch at different milled cellulose ratio.
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(2) (h) (1)

B+ ﬁx‘f;:’gﬁ—&mﬁﬁ 5 a,"’%?/! 15\ (aNC) &ﬁ” i . (de) P i e iy
() R R R ) (0 g) T R EERER (e
7 v 11%F Edkiak s (e, 1) ¢ 4: A3%F Bl ak o

Fig.10. Scanning electron mlcroscoplc photographs of film. (a~ c): Starch ; (d~ f):
Milled starch; (g~ 1): Milled starch (no gelatinization); (a, d, g): without MC (Milled
cellulose); (b, e, h): with 11% MC; (c, £, 1): With 43%MC.
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Table 5. Mechanical properties of starch base films at different component.

Milled cellulose (g/100g starch)
0 11 43 100
E (MPa) 743 +265°C 1075+ 140°® 2789 +250 "8 5092 + 1443 A
S o(MPa) 318+4.1"* 40.0+4.7%  29.7+7.30%A 20.43 £3.5 B
&%) 4.6+1.7* 374038 1.1+02"8 0.4+0.01
E 1505 + 434 A 1433 £90 B¢ 3686 + 550 A 9744 + 460 A
MS o 53.4+52% 497+ 6.6*B  396+0.7%8 145+1.7°
£ 3.7+0.9% 3.5+0.6%8 1.1+0.1%8 0.2+0.01°%
E 945 + 105 *5C€ 1316 + 59 %€ 2507 + 46 *B 5125+ 1650 *A
SG o 487 +4.7% 50.9+ 7.9 205+3.90% 21.1 £ 4.4 5B
& 52+0.8* 39405 1.2+£02° 0.5+£02°
E 1331 + 19248 401689 + 158> 4079 + 889 18153 + 5278 *B
MSG o 478 53" [494 425D 380+ 134 155+ 1.7
£ 3.7 +0.844 3.0%£04 1.0+ 0.4 0.1+0.01°%
E 1421 + 324 8 11608+ 149*% 12723 £ 217 B 8698 + 6618 *A
MS-N o 489+13% 55.4 2.0 8 454 +7.18 23.9+720%
£ 3.6+0.9% 3.5+£02%8 1.7+03% 0.5+04°A

S: Starch by cooking,
MS: Milled starch by cooking,

SG: Starch with glycerol by cooking,

MSG: Milled starch with glycerol by cooking
MS-N: Milled starch uncooking
G: 10%glycerol (glycerol mass/ total dry mass)

*abcd: row within the same parameter; ABCD: column within the same parameter.

Each value presents Mean + SD, n = 3.
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