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Background and Objective: The accessibility and shortage to virgin pulps
and recycled pulps with lower reusing cycles in recent years has led to adverse
effects on the quality of recycled paper products which are used for packaging.
The use of chemical additives is considered as an effective strategy to improve
properties of the pulp and the recycled papers. In the meantime, the use of
biomass-based materials such as nanocellulose and multifunctional materials
such as cationic poly diallyldimethylammonium chloride (p-DADMAC) is
growing and attracting attention from various technical and environmental
aspects. Therefore, in order to improve the properties of the product and the
production process, the effect of nanocellulose and p-DADMAC as polymers
with the aforementioned potential was studied on a laboratory scale.

Material and Methodology: Recycled brown pulp was prepared from an
OCC domestic mill without any additives and with a Canadian standard
freeness (CSF) of 350 ml. Medium molecular weight cationic
polydiallyldimethylammonium chloride (poly DADMAC) from Sigma
Aldrich and cellulose nanofibers with an average diameter of 35 nm from Nano
Novin Polymer Co. were purchased. The addition of chemicals to the pulp
slurry was studied at four levels: 0, 0.1, 0.15, and 0.2 based on oven dry (O.D)
mass of pulp. Effects of the polymer additions, individually and in
combination, on pulp properties including CSF, total retention, and material
loss in the DDJ analyzer, as well as on the properties of laboratory handsheets
including density, tensile, bursting, and tearing strength indices, were
investigated according to TAPPI standards procedures.

Results: The individual addition of cationic p-DADMAC (patching system)
resulted in an increment of total retention of the recycled pulp ingredients, but
increasing the amount of addition did not significantly change the total
retention. It also reduced the amount of material loss through passing the DDJ
screen and increased the pulp CSF from 350 ml in the control sample without
any additives to 430 ml at the lowest level of p-DADMAC usage (0.1%). It
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also significantly improved the apparent density, but higher levels of p-
DADMAC did not have a significant effect on this structural property of the
recycled paper. Regarding the tensile and bursting strengths of the recycled
paper, the single application of p-DADMAC and increasing its dosage caused
some changes, mainly increasing but relatively limited. Cellulose nanofibers,
when used alone, also resulted in an increase in the total retention and density,
tensile and bursting indices of the paper; and a decrease in tear index, CSF, and
material loss from the pulp in the DDJ analyzer. The anionic nature, high
specific surface area, and hydrogen bonding potential were reported to be the
reasons for such results. The use of cellulose nanofibers after p-DADMAC to
the pulp as a complex system in the wet end of papermaking has increased the
total retention of the pulp ingredients on the wire of the laboratory handsheet
maker, which can be reported in the form of reduced material loss. It also often
has a significant and severe adverse effect on CSF and has made drainage
slower and longer. The use of nanocellulose after p-DADMAC has also had
different effects, mainly increasing, on the tensile, bursting, and tearing
resistance of the produced recycled packaging paper, depending on the
percentage of each of the additives.

Conclusion: It was shown that, except for the undesirable reducing effect of
the single application of nanocellulose on the tear index and CSF freeness, in
other single and complex addition treatments of chemical additives of
nanocellulose and poly-DADMAC, an increase in all strength properties and
paper density, improvement of drainage ease of recycled pulp, increase in pulp
retention during paper formation, and reduction of material loss can be
achieved compared to the control treatment. However, the single application
of the cationic polymer showed better results in pulp in terms of retention and
drainage than the single application of nanocellulose and their combination.
The trend of changes in strength properties also depended on the percentages
of combined application of two different chemicals.
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Figure 5. Effect of p-DADMAC- nano cellulose complex on apparent density of OCC recycled paper
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Figure 6. Effect of p-DADMAC- nano cellulose complex on tensile strength of OCC recycled paper
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Figure 7. Effect of p-DADMAC- nano cellulose complex on burst strength of OCC recycled paper
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Figure 8. Effect of p-DADMAC- nano cellulose complex on tear strength of OCC recycled paper

Lol Syl i o ss 1 s a3l &G
e (il Be 8 sl cato Ol 55 5 sl
s &0 5o md dee YO 51 B s Sly, an o
o oS o ke T+ 4 a3l 15,50 5806
3ok L2 3 S oS el s e 1, (40 /) o1 5,8
P- Sl 2 a3, ol SeslS e ) oleadds
apdls Gobgme 5 Sais Lsba ;5 DADMAC
B 5 0l B i (318 ol W)l |, s
by izt B kil Sy cnl ol s
Conslin 55 o3 ptmee Wl iyl 531 Bt st slie &) s s
2 0l 0l 4 il 53,5) 5525 4 BLL SR (naS
el 83 4y X5 Vo 3 ga 5 (e /N Cl’“) A o e
e L g S5 4 ceslhe asl g
sl 5 Wb Ll 3 gols sas 5 sbay p-DADMAC
Ol o2l 3 Ll o a2 1, 7N ) e ssas
Lim a8 5 seslie 59 s 58 S5 ey cnl 5 108
il e ke BUIS 5 i 508 il e slazal
5 it cbarle andh JEl s Bl s
XS s 5l alse Ol 5 Sly, am s ralS el uS 5
O e Ay a3 5 o e 5 SO panla il s

i S a5l B il o), -2

O EPW T IS SRS S Ve [P W R VNGO
ol 53 4 Ss Ssm 3 sad s o005 5 anl b sl S
Elyasi ) <l a,\,pJf e 59958 e 5 eslanal
She $U olyd 5l eslanal (Bakhtyari et al., 2017

oo 5o addl &S eag Ay cnl s was s S0y,
5 SAS1 bl YL Ay sl oL b ol
Sl Jlaan) Ol s iiSan ol sl
ol amlgn 5 s gl Sl 50 eslial b el s 3L
(oakos abl) sjate 5,58 ol Lulsl L
oless gl IS 8wk wso s S5 p-DADMAC
ol B Ol i 5 4Bl (gols pme Sl B2 e
sty 1o /N g o) i om0 55 S o8l s
OV 3lom 5 (55 om0 9 OB 3500 18 3505) skel
3l LB nle o 1 (gols gme ok G e ol Lol
o3l a8 |, DDJ (6,5 5 03 8,5 slae ol 5 )l
35l 506 1, ol p-DADMAC L oYL J&s .ol
L sl b bl Gl ol b gle sils sl b
ssde 5 3,15 5 B (55 503 S da 550 sbay



32 s s S35 (P-DADMAC) Sasls ke 56 oShaS 36 Yay

——_—
ST ey i ol e

350 ol el ol o &S s S syl 65 8

S s 2 sl Ol e sl gas 3l 5l K
SUlgl 5,8 el als §)L 5 0aS 5 solda
L ol e 25 m;c& p-DADMAC | s 35l
05 5 alw ol en 4 p-DADMAC 5 it 5 5,8 4 S
vf,\.&u% J..:L )\a@# u;';.h\s 4 e 3)‘3*“ ey
A 5 Sg,sbay .l sas 35 ss\S p-DADMAC
o>l Sul a8 5555 L p-DADMAC » jite 5,

Al eaalie (ol sae J.JL (Sob

Cr S 8823 8 gm0l 5 Z‘/Y WSk ook 55l 5 e
2l oo sse e W s SOL asle ol
S 5L 558l el anzls of o 4y anlzes 5 50 sn S5
Sl 035381 555 55 SN 58 Slasls= b 51
58 ol S b6 slae Yl Lals G s oS
Clgs 5o iy s bl Sl e e BUISL
p-DADMAC 5558 ady ol sl 32l s
oo amss pmas sl ghls s Jv\» S el
U el 03503 b 5 S 1y 680 5 000 1,55
Seowble 5l gl B es Glarss al
56 sals 32 ms U ), ol 56/p-DADMAC



R..F.R

Yay

C

\VF-F ¥ 5)\.«.’2 - "d"u\j‘ .A.G\S} [ ry\.:- uu.w;u" PR

I ey i i g

References

-Ahmadi Lajimi, A. Azadfallah, M. Hamzeh, Y. and
Rahmaninia, M., 2020. Effect of -cationic
polyDADMAC-based fixing agent on strength
properties of OCC pulp. Iranian Journal of Wood
and Paper Industries, 10(4): 605-616.

-Askarabadi, S. A., Talaeipour, M., Jalali Torshizi,
H., and Hemmasi, A. (2025). Enhanced
retention, drainage, and strength of old
corrugated container pulp using poly (aluminum
chloride), nanofibrillated cellulose, and
hydrophobic colloidal silica
particles. BioResources, 20(4): 8993-9007.
https://doi.org/10.15376/biores.20.4.8993-9007

-Baradaran Khaksar, A., Jalali Torshizi, H. and E.
Rasooly Garmaroody, Hamzeh, Y., 2017. Effect
of raw and cationic starch Iranian oak (Quercus
Persica) fruit (Acorn) as a novel biopolymer on
properties improvement of dry network and
cellulosic fiber suspension. Forest and Wood
Products, 70 (3): 519-528.

-Baradaran Khaksaar, A., Jalali Torshizi, H. and
Hamzeh, Y., 2023. Valorization and
development of acorn starch as sustainable and
high-performance papermaking additive for
improving bagasse pulp and paper properties.
Waste and Biomass Valorization, 14 (3): 937-
947. https://doi.org/10.1007/s12649-022-01912-
9

-Cai, H., Sha, J., Lu, C., Qiu, W., Liu, J. and Liu,
Y., 2023. High Performance of paper strength
and energy savings in occ pulp papermaking via
MFC addition. Paper & Biomaterials, 8(2): 66-
77. https://doi.org/10.26599/pbm.2023.9260010

-Chiaani, E., Jalali Torshizi, H., Rudi H. and Nabid,
M., 2018. Performance of chitosan and
polyamide epichlorohydrin (PAE) on wet
strength and water absorption of deinked pulp.
Forest and Wood Products, 70 (4): 709-717.

-Chiani, E., Jalali Torshizi, H., Ashori, A., Rudi, H.
and Nabid, M., 2025. Valorizing recycled paper
through  chitosan and  glyoxal-chitosan
treatments: synergistic effects on mechanical
and  physical properties.  Journal  of
Thermoplastic Composite Materials, 38 (3):
1122-1141.  https://doi.org/10.1177/0892705
7241271760

-Elyasi Bakhtyari, S., Jalali Torshizi, H. and
Resalati, H., 2015. Investigation on the effect of
different levels of alum consumption in alun-
rosin sizing on the properties of paperboard.

Journal of forest and wood products, 69 (2): 375-
385.

-Elyasi Bakhtyari, S. and Jalali Torshizi, H., 2017.
The effect of concentration of anionic starch
solution in paper surface sizing on physical and
strength properties of recycled paper. Iranian
Journal of Wood and Paper Industries, 7 (4):
487-497.

-Gonzalez-Pérez, M.M., Manriquez-Gonzalez, R.,
Robledo-Ortiz, J.R., Silva-Guzman, J.A., de
Muniz, G.I.B. and Lomeli-Ramirez, M.G., 2021.
Old corrugated container (OCC) cardboard
material: an alternative source for obtaining
microfibrillated cellulose. Journal of Natural
Fibers, 19(14): 9296-9308.
https://doi.org/10.1080/15440478.2021.198282
0

-Gullichsen, J. and Paulapuro, H., 1999.
Papermaking Chemistry, Papermaking science
and technology 19 series, 229 p.

-Hadilam, M.M., Afra, E. and Yousefi, H., 2013.
Effect of Cellulose nanofibers on the properties
of bagasse paper, Journal of Forest and Wood
Products 66(3): 351-366.

-Hassan, E.A., Hassan, M.L. and Oksman, K., 2011.
Improvement of paper sheets properties of
bagasse pulp with microfibrillated cellulose
isolated from xylanase treated bagasse. Wood
and Fiber Science, 43(1):1-7.

-Khosravani, A., Jahan Latibari, A., Mirshokraei,
A., Rahmania, M. and Nazhad, M., 2010.
Studying the effect cationic starch- anionic Nano
silica system on detention and drainage.
Bioresearches, 5(2): 939-950. https://doi.org/
10.15376/biores.5.2.939-950

-Jalali Torshizi, H., Jahan-Latibari, A., Mirshokraei,
S.A. and Faezipour M., 2009. Investigation on
the performance of cationic starch and CMC
addition on strength properties of fluting paper
produced from OCC. Pajouhesh & Sazandegi,
81: 69-76.

-Jalali Torshizi, H., Mirshokraie, S.A., Faezipour,
M., Hamzeh, Y. and Resalati, H., 2010.
Application of Galbanum gum polysaccharide as
a natural polymer to improve dry strength
properties of recycled papers obtained from old
corrugated cartons. Iranian Journal of Polymer
Science and Technology 23 (4): 345-353.

-Jalali Torshizi, H. Zare Bidok, S., Ramezani, O.
and Rudi, H. 2014. Effect of cationic poly
acrylamide - nano bentonite system on retention,
drainage and properties of recycled paper from



https://doi.org/10.15376/biores.20.4.8993-9007
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:4TOpqqG69KYC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:4TOpqqG69KYC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:4TOpqqG69KYC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:4TOpqqG69KYC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:4TOpqqG69KYC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:J_g5lzvAfSwC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:J_g5lzvAfSwC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:J_g5lzvAfSwC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:J_g5lzvAfSwC
https://doi.org/10.1007/s12649-022-01912-9
https://doi.org/10.1007/s12649-022-01912-9
https://openurl.ebsco.com/results?sid=ebsco:ocu:record&bquery=AU+Hui%20Cai&link_origin=scholar.google.com&searchDescription=Hui%20Cai
https://openurl.ebsco.com/results?sid=ebsco:ocu:record&bquery=AU+Jiulong%20Sha&link_origin=scholar.google.com&searchDescription=Jiulong%20Sha
https://openurl.ebsco.com/results?sid=ebsco:ocu:record&bquery=AU+Changsheng%20Lu&link_origin=scholar.google.com&searchDescription=Changsheng%20Lu
https://openurl.ebsco.com/results?sid=ebsco:ocu:record&bquery=AU+Wenlun%20Qiu&link_origin=scholar.google.com&searchDescription=Wenlun%20Qiu
https://openurl.ebsco.com/results?sid=ebsco:ocu:record&bquery=AU+Junjie%20Liu&link_origin=scholar.google.com&searchDescription=Junjie%20Liu
https://openurl.ebsco.com/results?sid=ebsco:ocu:record&bquery=AU+Yang%20Liu&link_origin=scholar.google.com&searchDescription=Yang%20Liu
https://openurl.ebsco.com/results?sid=ebsco:ocu:record&bquery=IS+2096-2355+AND+VI+8+AND+IP+2+AND+DT+2023&link_origin=scholar.google.com&searchDescription=Paper%20%26%20Biomaterials%2C%202023%2C%20Vol%208%2C%20Issue%202
https://doi.org/10.26599/pbm.2023.9260010
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:Wp0gIr-vW9MC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:Wp0gIr-vW9MC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:Wp0gIr-vW9MC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:70eg2SAEIzsC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:70eg2SAEIzsC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:70eg2SAEIzsC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:70eg2SAEIzsC
https://doi.org/10.1177/0892705%207241271760
https://doi.org/10.1177/0892705%207241271760
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:RGFaLdJalmkC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:RGFaLdJalmkC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:RGFaLdJalmkC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:KlAtU1dfN6UC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:KlAtU1dfN6UC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:KlAtU1dfN6UC
https://doi.org/10.1080/15440478.2021.1982820
https://doi.org/10.1080/15440478.2021.1982820
https://doi.org/%2010.15376/biores.5.2.939-950
https://doi.org/%2010.15376/biores.5.2.939-950
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:LkGwnXOMwfcC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:LkGwnXOMwfcC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:LkGwnXOMwfcC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:LkGwnXOMwfcC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:NaGl4SEjCO4C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:NaGl4SEjCO4C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:NaGl4SEjCO4C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:NaGl4SEjCO4C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:WF5omc3nYNoC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:WF5omc3nYNoC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:WF5omc3nYNoC

R.L.F.R

O

32 s s S35 (P-DADMAC) Sasls ke 56 oShaS 36 Yaf

ST ey i ol e

OCC.Iranian Journal of Wood and Paper Science
Research, 29 (3): 474-483. https://doi.org/10.
22092/ijwpr.2014.7544

-Jalali Torshizi, H. Zare Bidok, S., Ramezani, O.
and Rudi, H. 2015. Effect of nano silica and
cationic polyacrylamide on retention, drainage
and strength properties of recycled paper from
OCC. Forest and Wood Products, 68 (4): 771-
784.

-Lindstrom, T., Wagberg, L. and Larsson, T., 2005.
On the nature of joint strength in paper: a review
of dry and wet strength resins used in paper
manufacturing. 13th Fundamental research
symposium, Cambridge, Sept. 2005, p 457- 562.
https://doi.org/10.15376/frc.2005.1.457

-Nakib Hossen, M., Mostafizur Rahman, M., Islam,
S. and Sarwar Jahan, M., 2024. Alkaline
treatment and fractionation of OCC for strength
improvement. Nordic Pulp & Paper Research
Journal, 39(3): 493-499. https://doi.org/10.1515/
npprj-2024-0008

-Pourkarim Dodangeh, H., Jalali Torshizi, H., Rudi,
H. and Ramezani, O., 2016. Performance of
nano fibrillated cellulose (NFC) and chitosan
bio-polymeric system on recycled pulp and
paper properties of old corrugated containers
(OCC). Iranian journal of wood and paper
industries, 7 (2): 297-309.

-Pourkarim Dodangeh, H. and Jalali Torshizi, H.,
2018. The effect of cellulose nanofibres on

cationic starch efficiency in pulp and paper
recycled from packaging waste paper. Iranian
Journal of Wood and Paper Industries, 9 (2):
187-197.

-Tajik, M., Kiaei, M. and Jalali Torshizi, H., 2015.
apricot wood—a potential source of fibrous raw
material for paper industry. Comptes rendus de
I’Académie bulgare des Sciences 68 (3): 329-
336.

-Tajik, M., Resalati, H., Hamzeh, Y., Jalali Torshizi,
H., Kermanian, H. and Kord B., 2017. Effect of
cationic  nanofibrillated  cellulose  and
nanofibrillated cellulose-cationic starch on
properties of soda bagasse pulp. Forest and
Wood Products, 70 (3): 529-537. https://doi.org/
10.15376/biores.11.4.9126-9141

-Wu, C,, Bing, L., Li, S., Yu, D. and Wang, D.,
2016. Effect of coagulating agents on lignin and
oligosaccharide contents in pre-hydrolysis liquor
obtained in the production of dissolving pulp
from poplar Residual Slabs. Bioresources, 11(1):
87-94. https://doi.org/10.15376/biores.11.1.87-
94

-Yang, J., Huang, L., Ni, Y., Chen, L. and Miao, Q.,
2021. Nano-SiO2 used with cationic polymer to
improve the strength of sack paper.
BioResources 16(2): 3348-
3359. https://doi.org/10.15376/biores.16.2.334
8-3359



https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:WF5omc3nYNoC
https://doi.org/10.%2022092/ijwpr.2014.7544
https://doi.org/10.%2022092/ijwpr.2014.7544
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:ufrVoPGSRksC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:ufrVoPGSRksC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:ufrVoPGSRksC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:ufrVoPGSRksC
https://doi.org/10.15376/frc.2005.1.457
https://doi.org/10.1515/%20npprj-2024-0008
https://doi.org/10.1515/%20npprj-2024-0008
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:UebtZRa9Y70C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:UebtZRa9Y70C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:UebtZRa9Y70C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:UebtZRa9Y70C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:UebtZRa9Y70C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:r0BpntZqJG4C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:r0BpntZqJG4C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:r0BpntZqJG4C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:zYLM7Y9cAGgC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&citation_for_view=_6suG4EAAAAJ:zYLM7Y9cAGgC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:M3ejUd6NZC8C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:M3ejUd6NZC8C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:M3ejUd6NZC8C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=_6suG4EAAAAJ&cstart=20&pagesize=80&citation_for_view=_6suG4EAAAAJ:M3ejUd6NZC8C
https://doi.org/%2010.15376/biores.11.4.9126-9141
https://doi.org/%2010.15376/biores.11.4.9126-9141
https://doi.org/10.15376/biores.11.1.87-94
https://doi.org/10.15376/biores.11.1.87-94
https://www.proquest.com/openview/83879c5a62f19dc665b62143e7f9b68c/1?pq-origsite=gscholar&cbl=5038271
https://www.proquest.com/openview/83879c5a62f19dc665b62143e7f9b68c/1?pq-origsite=gscholar&cbl=5038271
https://www.proquest.com/openview/83879c5a62f19dc665b62143e7f9b68c/1?pq-origsite=gscholar&cbl=5038271
https://www.proquest.com/openview/83879c5a62f19dc665b62143e7f9b68c/1?pq-origsite=gscholar&cbl=5038271
https://www.proquest.com/openview/83879c5a62f19dc665b62143e7f9b68c/1?pq-origsite=gscholar&cbl=5038271
https://www.proquest.com/openview/83879c5a62f19dc665b62143e7f9b68c/1?pq-origsite=gscholar&cbl=5038271
https://www.proquest.com/indexingvolumeissuelinkhandler/5038271/BioResources/02021Y05Y01$23May+2021$3b++Vol.+16+$282$29/16/2;jsessionid=60DCEF0C48301F6099E88CE1A23E5C41.i-0c95b6f66e971c3ec
https://doi.org/10.15376/biores.16.2.3348-3359
https://doi.org/10.15376/biores.16.2.3348-3359

