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Background and Obijectives: Cellulose has long been used in the form of
wood and plant fibers as a source of energy, building and clothing
materials. Bacterial cellulose due to its high purity and much more suitable
properties than plant cellulose, has been used as a suitable biomaterial for
various purposes, such as paper, electronics, food, acoustics, biomedicine,
tissue engineering and medicine industries. The properties of nanocells
(such as mechanical properties, thin film properties, viscosity, etc.) make it
an interesting material for many applications. After cellulose, chitin is the
most abundant natural polysaccharide which is mainly found in the marine
crustaceans and the cell wall of some plants. In this study, the rheologhcal
properties of the gels prepared from wood cellulose nanofiber (W-CNF),
bacteria derived cellulose nanofiber (B-CNF) and chitin (ChNF) nanofiber
were evaluated and compared.

Materials and methods: Each nanogel was prepared at two concentrations
of 0.5 and 1 % (w/v). Rheological properties such as oscillatory strain
sweep, oscillatory strain control and shear rate sweep were measured using
a rotational rheometer. The flow behavior data were fitted with rheological
models. Nano film was prepared and SEM, FTIR and AFM tests were
performed for studying their morphological and chemical properties.

Results: SEM images showed that the average diameter of MCNF, BCNF
and ChNF were 35, 48 and 26 nm, respectively. The AFM images showed
W-CNF had higher height difference resulting from their cellulosic strands
arrangement and non-uniformity. The B-CNF had lower height difference,
because of its more uniform surface and network structure. Most of the
FTIR peaks from the BCNF, WCNF, and ChNF were observed in the same
positions. The bacterial cellulose had higher storage modulus than other
nanogels at 1% (w/v). With increasing the concentration, their texture
strength was increased and nanogels showed stronger structure. Nanogels
maintain their elastic behavior at low frequencies due to their entangled
and strong structure, but this high-frequency lattice structure loses its
strength and becomes two-phase, and the behavior changes to viscous state.
The viscosity of nanogels decreased uniformly with increasing shear rate.
As the concentration in the nanogels increased, the viscosity increased. All
nanogels behaved like plastic and non-Newtonian. With increasing
concentration of nanogels, the amount of hysteria increased. Bacterial
cellulose nanogels have a higher area of hysteresis.

ey



Conclusion: All nanogels showed plastic-like and non-Newtonian
behavior. Bacterial synthesis cellulose had the strongest structure. The
storage modulus (G') was highly dependent on the nanogel concentration,
increasing the strain rate could cause the nanogel structure to collapse. The
shear dilution behavior can be due to the rupture of weak bonds between
the particles.
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study on rheological properties of nanogels of wood nanocellulose and bacterial nanocellulose
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Figure 1. Structure of cellulose from source to molecules
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Figure 5. Correlation of Storage and loss modolus of 0.5 wt% (a) and 1 wt% (b) concentration
of WCNF, BCNF and ChNF nanogels.
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Figure 6. Correlation of Storage and loss modulus of 0.5 wt% and 1 wt% concentration WCNF, BCNF
and ChNF hydrogels.
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Figure7. Correlation of viscosity and shear rate of 0.5 wt% and 1 wt% concentration of WCNF,
BCNF and ChNF hydrogels.
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Tablel. Effect of hydrogels type and their concentration on the rheological parameters based on Herschel-Bulkley,

Newtonian, Ostwald, Bingham and Cross models
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Table 2. Results of rheological properties of reciprocating curves of Herschel-Bulkley model in nanogels

M i a Jae
Herschel-Bulkley Model
RMSE R2 K(Pa.s") n 70(Pa) Js st
2.145 0.81 0.339:+0.106° *0.584+0.004° 1.102+0.3852 BCNF0.5
0.313 0.98 0.49+0.106° 0.578+0.004? 0.557+0.385? BCNFO0.5
3.918 0.97 1.08+0.5762 *0.579+0.061° 2.66+0.5132 BCNF1
1.432 0.997 1.896+0.576° 0.491+0.0612 1.93+0.5132 BCNF1
0.277 0.98 0.163+0.127° *0.732+0.139* 0.516+0.085? MCNFO0.5
0.225 0.992 0.244+0.127° 0.535+0.139? 0.396+0.085? MCNFO0.5
0.705 0.991 1.24+0.49° *0.504+0.01 3.85+1.204? MCNF1
1.43 0.95 1.934+0.49° 0.489+0.012 2.147+1.2042 MCNF1
2.633 0.994 0.929+0.267° *0.461+0.036 2.174+0.084° ChNF0.5
1.151 0.998 1.308+0.267" 0.41+0.036" 2.055+0.084° ChNF0.5
0.263 0.997 3.308+2.05" *0.447+0.063 4.033+0.192° ChNF1
0.185 0.991 6.212+2.05" 0.357+0.063" 3.76+0.192 ChNF1

e e ol |, (P< '/'O)_L.;JJOCl:.«;:lﬁai&\?nwé)bézudu:}lopﬂﬁ;;;u;.aa_%;/;-&

as e OLES 1y J550 a CuiS 5 Sy e s by e (e e sldel s (61 e Ol 5y Slae sl By =

Ve



(EXAIN D)Lo.a.:} N b)sb “;:L\S b'go dﬂ.\{ﬁigd)siﬁ

goedls s 3l s sz:_.ﬂ\ UL 6ls s s
cdb s o Jly 5 S e iy 58 s o
LU Jgde L 3855 55 505 S il 55
ol L Lad5 5 s 58 . ail all (G
Lo S My (Rals el oS sk @ (b o e
SN3FEs Gl 5B s e SSIL S ds
et et Slado s UL S s S 5L
B L S s 8L e ke I35 @ by
Vot 5 55 00 1 5l OF Sl s &5
Em Rl e e s O el S sladi

5o B B P SRR e 3 B
5 Sl 4 S5 IS ol adsl i 4 4
BEURGIEW P VN WG S PUIO I U2 WUHGI | Vi PG [ P
s sl 56 Ao /0 clac il
ir e S Sl o s e s ()
S 3 S8y g Sl R il e 1
LS s aiwys) coble U gladisls ws
e 3 e S L g il Se
S Sy e 30 CiS e ) eS
2 AL Ok pala gl S e w
Lol plad 28 sl it 53 (K) gl L

By Sy gevw s Gestlh bl 5l 2y

References

1.Klemm, D., Krame, F., Moritz, S.,
Lindstrom, T., Ankerfors, M., Gray, D.,
and Dorris, A. 2011. A new family of
nature-based  materials.  Angewandte
Chemie International Edition. 50: 5438-
5466.

2.Samir, M.A.S.A., Alloin, F., and Dufresne,
A. 2005. Review of recent research into
cellulosic whiskers, their properties and
their application in nanocomposite field.
Biomacromolecules. 6: 612-626.

3.Xhanari, K., Syverud, K., and Stenius, P.
2011. Emulsions  stabilized by
microfibrillated cellulose: the effect of
hydrophobization, concentration.

»\1

S 5 o

sladisl (S olss asdlas il

5 @2l S e ek (SO e o Pk
0 (G o dsde 3 S dslio 5 o 1S
@3 Sl Lol s cble 51 b Olse
s 5L, Lad3 U plas ol U350 ke
ol ls 0L 3 51y 5 b 5 Sl
oo 35 Jlbw 0 s s8 bls ol st o
L3l Sals Gl abats UL sla (ST 550
Sl o) clle b oL sU e Il J5 50
J350 s (V4 ePa) o b3 Jgde Ol o i
Lol Sl el s ol SL s 5k
B |y eSSt 0L L5 5 55 (GP>GM)
A el Cls RS Ol SRl sl
S adssl cbls oS Lm0 8 J550 skl
0,5 s sde Ol il 18l A )3 ) L v/0
il SR e ey ba 5 Gl
525 Sl 5l ol uilS 5 4l 5o ad3 5l
Ay Sl s sl bl UL LS b axt

dw&}uﬂ}o.&.ﬁr)ﬁ )JJL}LAJAJMLAJJ}JL
b J)_>'- gi::_wu\ )L':.é) Luﬁ.ti 6(.&&'46)_9 L J.J.)‘J
kg\&._&)l.b-l_wﬁ(‘_rbmj_?k_o;-

Dispersion Science and Technology. 32:
447-452.

4,.Gama, M., Gatenholm, P., and Klemm, D.
2013. Bacterial nanocellulose. Publishers:
Taylor and Francis. USA

5.Cai, Z., and Kim, J. 2010. Bacterial
cellulose / Poly (ethylene glycol)
composite: characterization and first
evaluation of biocopatibility. Cellulose.
17: 83-91.

6.Eichhorn, S.J., Dufresne, A., Aranguren,
M., and Marcovich, N.E. 2010. Review:
Current international research into
cellulose nanofibres and nanocomposites.
Journal of Materials Science. 45: 1-35.

7.Goelzer, F.D.E., Faria-Tischer P.C.S.,
Vitorino, J.C., Sierakowski, M., and



o5t 5 Solie allpbus | o ghsgils S S5 (S35l ool Amalie

Tischer, C.A. 2009. Production and
characterization of nanospheres  of
bacterial cellulose from acetobacter
xylinum from processed rice bark.
Materials Science and Engineering. 29:
546-551.

8.Khajavi, R., Jahangirian Esfahani, E., and
Sattari, M. 2011. Crystalline structure of
microbial cellulose compared with native
and regenerated cellulose. International J.
of Polymeric Materials. 60: 1178 -1192.

9.Meftahi, A., Khajavi, R., Rashidi, A,
Sattari, M., Yazdanshenas, M.E., and
Torabi, M. 2010. The effects of cotton
gauze coating with microbial cellulose.
Cellulose. 17: 199-204.

10.Yang, C., Tang, T., Zhang, S., Dai, K.,
Gao, C., and Wan, Y. 2010. Preparation
and characterization of three- dimension
nanostructured  macroporous  bacterial
cellulose/agarose  scaffold for tissue
engineering. Journal of Porous Materials.
18: 545-552.

11.Kim, J., Cai, Z., Lee, H.S., Choi, G.S,,
Lee, D.H., and Jo, C. 2010. Preparation
and characterization of a bacterial
cellulose/chitosan composite for potential
biomedical application. J.of Polymer
Research. 18: 739-744.

12.Ma, P., Li, T., Wu, W.,, Shi, D., Duan, F.,
Bai, H., Dong, W., and Chen, M. 2014.
Novel poly (xylitol sebacate)
/hydroxyapatite bio-nanocomposites via
one-step synthesis. Polymer Degradation
and Stability. 110: 50-55.

13.Hosseini, S.F., Rezaei, M., Zandi, M., and
arahmandghavi, F.F. 2015. Fabrication of
bio nanoc omposite films based on fish
gelatin  reinforced  with  chitosan
nanoparticles. Food Hydrocolloids. 44:
172-182.

14.Navaneetha Pandiyaraj, K., Arun Kumar,
A., RamKumar, M.C., Deshmukh, R.R.,
Bendavid, A., Pi-Guey, Su., Uday Kumar,
S., and Gopinath, P. 2016. Effect of cold
atmospheric  pressure  plasma  gas
composition on the surface and cyto-
compatible properties of low density
polyethylene (LDPE) films. Current
Applied Physics. 16: 784-79.

15.Paa’kko”, M., Ankerfors, M., Kosonen,
H., Nyka'nen, A., Ahola, S., O'sterberg,
M., Ruokolainen, J., Laine, J., Larsson,
P.T., Ikkala, O., and Lindstro'm, T. 2007.
Enzymatic hydrolysis combined with
mechanical shearing and high-pressure

"y

homogenization for nanoscale cellulose
fibrils and strong gels.
Biomacromolecules. 8: 1934-1941.

16.Razi, S.M., Motamedzadegan, A., Shahidi,
A., and Rashidinejad, A. 2018. The effect
of basil seed gum (BSG) on the
rheological and physicochemical
properties of heat-induced egg albumin
gels. Food Hydrocolloids. 82: 268-277.

17.Szyman’ska-Chargot, M., Chylin'ska, M.,
Pertile, G., Pieczywek, P.M., Cies’lak,
KJ., Zdunek, A., and Frac, M. 2019.
Influence of chitosan addition on the
mechanical and antibacterial properties of
carrot cellulose nanofiber film. Cellulose.
26: 9613-9629.

18.Volova, T.G., Anna, A., Shumilova, A A.,
Shidlovskiy, I.P., Elena, D., Nikolaeva,
E.D., Sukovatiy, A.G., Alexander, D.,
Vasilieva, A.D., and Shishatskaya, E.I.
2018. Antibacterial properties of films of
cellulose  composites ~ with  silver
nanoparticles and antibiotics. Polymer
Testing. 65: 54-68.

19.Yousefi, H., Faezipour, M., Hedjazi, S.,
Mousavi, M.M., Azusa, Y., and Heidari,
AH. 2013. Comparative study of paper
and nanopaper properties prepared from
bacterial  cellulose  nanofibers  and
fibers/ground cellulose nanofibers of
canola straw. Industrial Crops and
Products. 43: 732-737.

20.Yousefi, H., Azad, S., Mashkour, M., and
Khazaeian, A. 2018. Cellulose nanofiber
board. Carbohydrate Polymers. 187: 133-
139.

21.Derakhshandeh, B., Kerekes, R.J,,
Hatzikiriakos, S.G., and Bennington,
C.P.J. 2011. Rheology of pulp fiber
suspensions: acriticalreview. Chemical
Engineering Science. 66: 3460-3470.

22.El Miria, N., Abdelouahdi, K., Barakat,
A., Zahouily, M., Fihri, A., Solhye, A,
and El Achabye, A. 2015. Bio-
nanocomposite films reinforced with
cellulose nnanocrystals: Rheology of film-
forming solutions, transparency, water
vapor barrierand tensile properties of

filmsNassima. Carbohydrate Polymers.
129: 156-167.

23.Noshirvani, N., Hong, W.,
Ghanbarzadeh, B., Fasihi, H., and

Montazami, R. 2017. Study of cellulose
nanocrystal  doped  starch-polyvinyl
alcohol bionanocomposite films.



(EXAIN D)Lo.a.:} N b)sb “;&L\S blgo d)lé@gd)siﬁ

International J. of Biological
Macromolecules. 107: 2065-2074.

24 Wang, Z., Qiao, X., and Sun, K. 2018.
Rice straw cellulose nanofibrils reinforced
poly (vinyl alcohol) composite films.
Carbohydrate Polymers. 197: 442—-450.

25.Bai, L., Liang, H., Crittenden, J., Qu, F.,
Ding, A., Ma, J.,, Du, X,, Guo, S., and
Li, G. 2015. Surface modification of UF
membranes with functionalized
MWCNTSs to control membrane fouling
by NOM fractions. Journal of membrane
science and research. 492: 400-411.

26.Xu, Y., Atrens, AD., and Stokes, J.R.
2017. Rheology and microstructure of
aqueous suspensions of nanocrystalline
cellulose rods. J. of Colloid and Interface
Science. 496: 130-140.

27.Kanmani, P., and Rhim, J. W. 2014.
Physical, mechanical and antimicrobial
properties of gelatin based active
nanocomposite films containing AgNPs
and nanoclay. Food Hydrocolloids. 35:
644-652.

28.Danial, W.H., Abdul Majid, Z., Mohd
Muhid, M.N., Triwahyono, S., Bakar,
M.B., and Ramli, Z. 2015. The reuse of
wastepaper for the extraction of
cellulose nano-crystals. Carbohydrate
Polymers. 118: 165-169.

29.Hyun, K., Wilhelm, M.O., Klein, C., and
Cho, K.S. 2011. A review of nonlinear
oscillatory shear tests: analysis and
application oflarge amplitudeillatory shear
(LAOS). Progress in Polymer Science. 36:
1697-1753.

30.Behrouzian, F., Razavi, S., and
Alghooneh A. 2017. Evaluation of
interactions of  biopolymers using
dynamic rheological measurements:
Effect of temperature and blend ratios.

A

Journal of Applied Polymer Science.
134:1-13.

32.Rezayati, P., Dehghani, M., Afra, E., and
Shakeri, A 2013. Rheological
characterization of high concentrated
MFC gel from kenaf unbleached pulp.
Cellulose. 20: 727-740.

33.Khorami, M., Hosseini-Parvar, S., and
Motamed zadegan, A. 2021. The influence
of Basil seed gum on the stability, particle
size and rheological properties of oil-in-
water emulsions stabilized by sodium
caseinate. Journal of Food Processing and
Preservation, 12(2), 139-156. doi:
10.22069/ejfpp.2021.9120.1261.

33.Razavi, S.M.A., and Karazhiyan, H. 2009.
Flow properties and thixotropy of selected
hydrocolloids: Experimental and
modeling studies. Food Hydrocolloids. 23:
908-912.

34.Hemphill, T., Campos, W., and Pilehvari,
A. 1993. Yield-power law model more
accurately predicts mud rheology. Oil &
Gas J. 91: 34. 45-50.

35.Taherian, A., Sadeghimahounak, A.,
Mirzaie, H., Alami, M., and Sadeghi, A.
2021. Effect of Date Syrup as substitute
with sugar on the physicochemical,
rheological and sensory properties of
vanilla Ice Cream on Based whey. Journal
of Food Processing and Preservation,
12(2), 157-170. doi: 10.22069/ ejfpp.2021.
6604.1117.

36.Motamedzadegan, A., Omidbakhsh Amiri,
E., Jamshidi, M., and Khosravi rad, T.
2018. Effect of concentration on the
rheological and physicochemical
properties of lemon juice. Iranian Food
Science and Technology Research J. 14:
1.119-131.



