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Glucomannan (GM) is a polysaccharide generally extracted from the tuber of Amorphophallus konjac. It consists of
mannose and glucose residues linked by B-(1-4) and exhibits hydrocolloid characteristics which can be applied as
thickening and gelling agents. However, it has poor water resistance and low mechanical strength when used as an
excipient in solid form. Several physical and chemical modifications have been carried out to improve these
drawbacks. Chemical modification involves the substitution of functional groups in GM’s structure including
esterification and etherification. It causes a decrease in its high hydrophilic film behavior and produce water-
resistant films. Physical modification involves mixing native GM with other excipients through processes involving
milling, moisture, temperature, pressure, radiation, etc. It causes variations to particle size, shape, surface

properties, porosity, density, and to functional properties such as swelling capacity and gelation ability

glucomannan chemical modification physical modification excipient

| 1. Introduction

Solid dosage of drugs is most preferable because it provides accurate dosage and is more stable than other forms
(1. Common uses include uncoated and film-coated tablets and film. Production requires polymers to enable
pharmaceutical products to optimally control drug release 8l and to improve physicochemical properties 23],
Natural polymers such as glucomannan (GM) have attracted extensive attention due to their biodegradability,

nontoxicity, harmlessness, and biocompatibility.

Glucomannan (GM) is a polysaccharide typically extracted from Amorphophallus oncophyllus 8
and Amorphophallus muerelli Blume [, It has the ability to thicken and form a gel; hence, this compound is widely
used in various industries, including the pharmaceutical industry as a binder [8, thickener [, gelling agent 9, film
former 11, coating material for tablets 12131 emulsifier 14!, and stabilizer 13,

As a natural polymer, GM has properties that are superior to other polysaccharides when used as excipients for
solid preparations, especially in tablet production. GM could be the excipient of choice for direct compression—the
most efficient tablet manufacturing method—because it has desirable free-flowing and compressibility behavior (L8]
[17]118] GM is also reported as a widely used coating material and stabilizer in the pharmaceutical industry due to its
gelling properties and particular rheological properties [11I[13][19]

Native GM has several disadvantages for pharmaceutical applications, such as extremely high viscosity and low

mechanical strength 2921 |n addition, GM’s high-water absorption index causes poor water resistance and limits
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some potential applications 1422 However, these shortcomings of native GM could be overcome through

chemical or physical modification to enhance its structural and functional quality.

Chemical modification involves the substitution of functional groups in GM’s structure including esterification and
etherification and elongation of the molecular chain through the formation of crosslinks and encapsulation.
Depending on the degree of substitution (DS), these modifications alter several characteristic of GM, such as
homogeneous film formation 24, increased tensile strength 22 improved thermal stability ¥, and sustained

release [23],

GM can be physically modified to improve functionality without undergoing chemical changes. Physical
modifications involve mixing native GM with other excipients through processes involving milling 24, moisture 23],
temperature (28 pressure 2, radiation (2829 etc. Physical modifications cause variations to particle size, shape,
surface properties, porosity, density, and to functional properties such as swelling capacity and gelation ability.
These modifications directly influence disintegration and mechanical properties when used as an excipient in solid

form.

| 2. Structure and Physicochemical Properties of GM

GM is a natural heteropolysaccharide with a linear chain consisting of D-glucose and/or D-mannose in various
proportions linked by 3-1,4 glycosidic bonds. It also has multiple branching at -1,3 glycosidic bonds to mannose

units as shown in Figure 1 B9,

The molecular weight varies from 200,000 to 2,000,000 Daltons, giving it incredibly higher viscosity than any
known dietary fiber such as guar or locust bean gum B[22 When GM sol concentration is below 0.55%, it is only
slightly affected by shear rate, indicating Newtonian fluid flow characteristics. However, at higher concentrations,
shear rate can affect viscosity, leading to shear thinning and indicating non-Newtonian pseudoplasticity 23, Based

on previous reports, the viscosity of konjac glucomannan solution (1.0 g/100 g) can reach ~30,000 cps 241,

CH3OH CHZOH CH,0H

B-1.4 linked

B-1.3 linked
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Figure 1. Structure of glucomannan.

GM is a hydrophilic polymer due to the abundance of hydroxyl and carbonyl groups in its molecular chain. The
hydrogen bonds between each molecule affect its solubility; hence, the stronger the bonds, the lower the solubility
in water. In contrast, low acetyl group branching (5-10% at the C-6 position, i.e., one branch per approximately 19
sugar residues) reduces hydrogen bonding, thereby increasing solubility; this causes high water absorption of
105.4 g/g (water/GM) B2l Water absorption is also affected by granule size and surface morphology—a reduction

in particle size will increase surface wrinkle density, which culminates in higher hydration rates 26!,

The formation of gel is by hydration of water; this can be accelerated by heating and vigorous stirring. GM also
forms synergistic gels in a thermally reversible reaction with other polysaccharides, such as xanthan gum B2, k-
carrageenan 28l and gum tragacanth (22!, which increase the mechanical strength and decrease syneresis. This is
presumably due to agglomeration or physical entanglement and dynamic hydrogen bonds with other
polysaccharides [E7138139],

In recent years, GM has attracted special attention from researchers and the food industry due to its bioactive,
biodegradable, and hydrophilicity properties. This high-molecular-weight polymer is known as a hydrocolloid and
interacts strongly with water 9. Hydrocolloids are used in the food industry because of their thickening, gelling,

stabilizing, texture-modifying, and film-forming properties.

Re'etRERical Modification

1. Lajoinie, A.; Henin, E.; Kassai, B.; Terry, D. Solid oral forms availability in children: A cost saving

NalfG MAIBR VB HOB ISR SR 21T dha fnsipucosity of 1% can reach 30,000 cps, and so it

has potential as a good film-forming agent 1. However, a very viscous external gel layer on the surface of

Far RGP0 G Xbin feeiahalek pERAIARIE 7 AIAN P LIRS NIRIE A QR ton i
imEHGRIARRAD for RRIRRIAL aRR)iRaLa ol Arats L o phYPRAEPRL HYSORI AU 19 iper

of f?e%zhydroxyl and carboxyl groups distributed along the backbone, and it exhibits high moisture absorption. As a
rgsVitLNaveSeM has tangaknessey ofpangwateC msittensiornefiewrmesianistiieoajh &2,

glucomannan/chitosan complex nanogels as potential delivery vehicles for curcumin. Food Chem.
Se%§1stwribwﬂ§ications of GM have been performed to enhance its structural and functional qualities,

including oxidation (23144451 and etherification by addition of acetyl BUB8I46I47] 5nd carboxymethyl [2IBIL3]I15]48][49]
SorgMsh -t lohetlesst i mheitokyl o SR o e P UsRanTical 30 i cfiBP Wit uikidretie dlYrebs V& bstitution (DS)
givE AMRRARIIGS AAr2TR AR QRS SUHRTRE RA: AR RREP Bl B3 Gl S MBS IR "RRd by
diﬁ%ﬁpa%tﬁé@iloﬁprﬂgﬁ?gjQ-ﬂah&acfp&}éxgrop alxgﬂtu%gﬂ@co?\%%u‘?es?o_ %%\%r viscosity and particle size, denser

Rt STIctWernd bererdabiet stranatb\®@ment of physical properties of crosslinked alginate and

carboxymethyl konjac glucomannan blend films. J. Appl. Polym. Sci. 2002, 84, 2554—-2560.
GM is an ideal candidate for appropriate modification by chemical functionalization. Each of the glucose—mannose

St YRR ARy i RS AR o AASIETF AR S5O HEAMAN A AR BRARERYS, era
stu SRS RN AL RIBRIAIE ASINEY e SRRy 5 BRI ANM 2 BPm g9 etz Among

various modification methods such as acetylation H8IEZBS  carboxymethylation and oxidation 231441561571
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darlyatyaréaity|AioM & seaonBsiepRmohnzadi blatabiay &mi,sblicC hadatieristissgef GIGESHERENahésefttad of
carfraynfegshiatidoesro Mg NAme sopbedlas fuileelteri Blume). Carbohydr. Polym. 2017, 156, 56—

63.

3.1. Increased Solubility _ _ o
8. Septiawan, A.R.; Darma,”G.C.; Aryani, R. Preparation and Characterization of Glucomannan from

ChERERNEHHESIANBPENIERN A G R BRIA BRATBEX) Ao fyiakbal itRdes JPr egtdhRt Burkddted cRBRacetic

aci®lth a hydroxyl group, which partially replaces hydroxyl and acetyl groups with carboxymethyl [2I481491(58]

gegserprationial & caeormediy, YiPYR RRPRARIZHARISHES URKSHRR BIUEBHSaNARF AN HHY&i0eBrag¥ e
betyreg B EMARY FRIRIrPErRSH IO IR BRPRIaBIRY iR Figure 2 below.

10. Du, X.; Li, J.; Chen, J.; Li, B. Effect of degree of deacetylation on physicochemical and gelation
properties of konjag;oglucomannan. Food Res. Int. 2012, 46, 270-278.

O0—C—CH
11. Zhang, Y.; Li, J.; Lindstr"rgr\M.E.; Stepan, A.; Gatenholm, P. Spruce glucomannan: Preparation,
structural characteristicg and basic film forming ability. Nord. Pulp Pap. Res. J. 2013, 28, 323—
330.

D"»"..'-c —~CHy

12. Wang, K.; Fan, J_dHu, Y.; He, Z. Konjac glucomannan and xanthan gum as compres;iion coat for
co|onm.dw@§ﬁ@”u‘%$@g&%@%@g@ %H%hﬁmcﬁu@iﬂa 4,
1021080~ e HO HO HO HO

13. Long, X.Y.; Lyo, X.G.; Zou, N.W.; Ma, Y.H. Prepargtion and in vitro evaluation of 8arboxymethyl
konjac glucoégnnan coated 5-aminosalicylic acidlablets for colonic delivery. Ad\é]\j@tﬂ. Res.

2011, 152-153, 1712-1715. \
H2C H

c
14. Wu, K.; Zhu,-&,zglan, H.; X%M.,@rke, HH l_{;s |q1a(.|5|, K.; Jlﬂ%%g. (I;I%ntrollabl?:{’[]\%/ r?_&gnhc-ny-
hydrofHt G5Ko R aﬁwo E¢ilms.
Food Hydrocoll. , 79, 301-309.

15. Guo, Y.; Wu, M.; Li, R.; Cal, Z.; Zhang, H. Thermostable physically crosslinked cryogel from
Figureé 2 CMGM synthesis pathwa

Away.
carboxymethylated konjac glucomannan fabricated by freeze-t¥1awing. Food Hydrocoll. 2022, 122,

Mo&ﬂz&%% to CMGM improves solubility because excess substitution by carboxymethyl groups breaks extensive
16/deag8n Bnsieg laadipetaCe; dieat Yedreane n; Iyasallimty \Anchan Linctease; ini seumisyidpMedifiesttioruaiso
chalages dapgaBauotfanelytabtatedhasdandy Romia S dluwsifiem ek erskusdifiel Tarineresapplesalohtity is
duantiherinegipetiino f aikribitkg!UblsoehoMrate @1SIPEC] BATlegadtylation (Figure 1). Additionally, changes

in water-binding Eroperties are caused @/ reduction and/or loss of crystal structure in the granules, making them
17. Zhu, G.-Q.; Zhan , J.-H. ies on drug release from aminophylline konjac glucomannan
mostly amorphous andmore hygroscopic

, g, Y.; Liu
matrix tablet. China J. Chin. Mater. Med. 2007, 32, 2236—2239.

1igowRyen. basrshey Bevevalrriudies YiiarsnialieditheydSnegyob substetienl shepovieioie hishaRbibeipstie anthe
incigasyeladbe aenaed a0 B Rid8 N tovod 923316 435, B vatgr sglubility is also lower in CMGM than

in GM. This is because the particles in both are all amorphous; hence, carboxymethylation does not reduce and/or
19. Cuia, M.; Alonso-Sande, M.; Remunan-Lopez, C.; Pivel, J.P.; Alonso-Lebrero, J.L.; Alonso, M.J.
eliminate the crystalline structure inside GM granules, but, rather, alters its granular surface structure, which might
Development of pho&horylated glucomannan-coated Chitosan nanoparticles as nanocarriers for
affect moisture adsorption ==,
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Ohyraiein deivery. al dNamosgighamatecinale 2206 @ap8Ré-2 3% easing the solubility of GM in water and

2'8?%%8!%%%‘ eo,t T@?%‘S?théhﬂﬁf?\ﬂ%”&ﬁ{%r, S.S. Fabrication and Characterization of Composite

ial ing Rod. Techno-Societal 2021, 2, 87-95.
3.3/ ML S8 GiLg gy Tochno-Societe 2021, 2.87-95

21. Patria, D.G.; Sutrisno, A.; Sukamto, S.; Lin, J. Process optimization in the development of porang
TheRANSATAFNAN AR BIShEPRAMIEHIDIRIREY FRISTA ABBCIA IS IRl ikiswosig QI aupgiuce
nonsiyFRfe By S cRe ATE HBHS YAV SRV IBB oRing UA aPK e 1RIc ESTAHIT a7 PSHImaYBRGAYCBNn AR naRyEeS
hydeQalyasic HstahHisy- Eb‘?f?@?kfl@ under mechanical tension and might break, thereby causing variations in
film thickness 3. Consequently, moderate viscosity is desirable for film formation. For utilization as a coating

2atitn o B Yt 8" Goe i ASkodinl BN S AP I768 R RGOIPHARL AN S H NS BESRY LBIK0MNaGn be
incZHSOMANRAN ang gellamaumn! itk Biol Magrama! 228484 RBRR3R&rages 200,000 to 2,000,000

Ml ENEhgiving @ e hidheYeinKinaargsoYity Xierop8e e te mainatipolysadobastien abkp pedeiisately 30,000
cpsrabalifieddmritengilityn®annan/chitosan nanospheres. Int. J. Biol. Macromol. 2016, 91, 609-614.

280Vl tiod o Bt R 'l 1w faly, Yol Bhamiple 68 olyinelri BubRCLFAN 28 9L98Kiion, and
carlSAINASARIR G SRR AR PAREY AR KRGS A USReRAAR, FORASES o UnP 2 48 dhlreRded
28gdfivardly FRomcieaplerroNG albmaftel mdetsaloVEr®z-Bagnis, V.; Lamballerie, M.D. Effects of
High Pressure on Texture and Microstructure of Sea Bass (Dicentrarchus labrax L.) Fillets.

Deaggiu|atiam dyguely camboxygethylation changes the structure from semi-flexible straight chains to elastic
microspheres that decrease inherent viscosity (Figure 3) 4. As a comparison, substitution of carboxymethylation

28 o0 e i dfbsesisE e MR Ao idn Ai%od; EQNIRRtON oL RS RAFS P AR A QB Rrc)
ha V%Il\J/%%g% ; %@%’?@Eﬂ%@aﬁ' gﬁ@/c%rsggg%ré%t%@e microspheres with enhanced colon-targeted

delivery. Int. J. Biol. Macromol. 2019, 131, 209-217.

ation properties and

27. Li, Z.; Wang, J.; Zheng, B.; Guo, Z. Effects ¢f high pressure proce
\ - hem. 2019, 291,

{1!17 Cl;l:r forces of myosin contalnmg‘jeglcgtyk\tw

— L —p l Viscusity

o
28. Li, B %ead ; Xig, J.; Kennedy, J_.1!.; ‘?i.e;s.'Xi:EIu, .G. Effect of gai) %ﬁo on the condensed
state structlﬂ@%nd mechanicarprﬁp'erties of konjac glucomannan/ckh®asa®-blend films.
CarboffHf*P5lym. 2011, 83, 44Lgicsree of caboxymethylation Strung self-crimping
Lineat chain of G Induced by strong base Elastic microsphores

29. Fan, L.; Yang, J.; Wu, H.; Hu, Z.;Yi, J.; Tong, J.; Zhu, X. Preparation and characterization of
guaternary ammoniuﬁ%ggﬁ?tgsgﬁel%/afrgareqoﬁme& Ir‘ﬁ?f%%ﬁf‘ gﬁ?i%%%?é’rﬁ%f%&%ity. Int. J. Biol.

cromol. 2015, 79,.830-836.
3.:-.{\./Iilncrease ensile Strength

30. Shi, X.D.; Yin, J.Y.; Zhang, L.J.; Huang, X.J.; Nie, S.P. Studies on O-acetyl-glucomannans from

GengiYpHiSHPIERAECSHRICTR e CERBA B DA HRYRiEBRRE e AR AldaeaR M BNhPaRKRIAR HIRsaVes gel

strqﬁggﬂdq;{yf@f%w.rgqugrgg?@bg_ymiig a high DS also increases mechanical strength 2. The introduced
COO- group can efficiently bind more water, which can act as a plasticizer to improve elongation of the film €8 As

3he W W LnEliengisSs: TeRa Hidre M08 ralve BMects Of keniae Jusamanan  Jyman faecdhy
sty IORIAERS A5 Ml G59NER RIS AR IGVE!S A0d fagsal waler LICy IRWaHS (R0 288 ke
am(?urht‘]c')tj\&f\}]rG%Iog'ajﬂ’s%g%hg)r%g_rg&ﬂéion, thereby weakening its mechanical properties 8!,
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R.4.umpioved Fhermal StahilityX.; Xiao, M.; Xu, Y.; Kuang, Y.; Jiang, F. pH-Sensitive drug

delivery system based on hydrophobic modified konjac glucomannan. Carbohydr. Polym. 2017,
CM{M nepitains the gel network through hydrogen bonding upon heating to 95 °C for 2 h, implying excellent

thermal stability (121, Carboxymethylation increases the thermal stability of GM in a DS-dependent manner. Based
Werrr%grawmetrlc an Yy5|s (%H\) Gl\ﬁ;ong]égrddéd in %Fgg%t%aelgh?gg%%%lr@ %hav Oa{n%fe}?r? e %gs due to
mo%tﬁ"r%or@rﬁg\p rPro 88 for&géd'\ﬂe%g\}v ile, ‘?’fr 2%8 300 °C, great weight loss was recorded in GM, CMGM

IDSTARE), @NACHRBoRMeiNtS. Rivgsicdchérihtal pRopdttieands kA6 glespentvetaniestiradiaal fetrge of

dedeomjasititouaty tegipepitucenfriidgabidh rothess. Wy B Fmerie cledeahadh 2G5S, hange39-G0a6Ban in

CMGM due to thermal de radation [&
35. Koroskenyi, B.; McCarthy, S.P. Synthesis of acetylated konjac glucomannan and effect of degree

of acetylation on water absorbency. Biomacromolecules 2001, 2, 824-826.

3|6 4. Physical Modification

. Guo, L.7Yokoyama, W.; Chen, L.; Liu, F.; Chen, M.; Zhong, F. Characterization and
coprysisarhemicatRpe TR RRASIS 6f kRasebieraniRsuRlicalaBsiab SHGHLERIPRAHIFR
funkebMRRSARSMESed fd¥sregYlogSeds 1P od068&SBgoing chemical changes 89, This method can change

FAndHRE A CIAGEREIISECH SYGRRTP AURETSEE 3R SERPR aMMBROIAMPR BFIPACENE RO AShF IR ER &R Which
aﬁ%&?df@@@PfWWem%eﬁ'@%YnggﬁF@éB}M@% ?ﬁéo‘ﬂ'ﬁ'_‘??‘?@’ influences the disintegration and mechanical

properties of tablets /9. Some examples of GM processed together with other excipients are shown in Table 2 for

3\égarlous appT'caart}b‘r%s Zegpl)JémaﬂyY %gﬁ}rgﬁlhé‘ dr‘Ejg Ir‘(la en éHhrougﬂ dross,"nk%g FE;.EI% 1[ errnqgt\llc‘?r! 8¥ gr%gl f%/rgroes
on|518konjac glucomannan significantly improved the rheological propertles and texture of konjac

glucomannan and k-carrageenan blends. Int. J. Biol. Macromol. 2019, 123, 1165-1171.

3Risohd- IPR9sRREA SNWtOtNG &HCReNR, R.J.; Du, Y.; Wu, C.; Pang, J. The rheological and

nh\lc_ir‘nr_‘hnmir‘nl nrnnartiae nf a nnvel tharmneancitive hvdrnnel haced nn knniar
Combination of

P Co-Processed Application Mechanism Ref.
Excipients
4 Hydrogen bonds in single ep
Matrix for gastro-retentive polymers have low energy, but
. the simultaneous formation of
tablets forming a porous . .
. interlinked hydrogen bonds
4 Microwave on channel that allows the
GM and HPMC K . between polymer components [74]
level 5 (350 polymer mixture to absorb . T . .
100 LV . provides significant interaction
W) for 30 min more water and expand, . .
strength, resulting in a matrix that
followed by prolonged drug . L
4 floats quickly and maintains the
release . . .
integrity of the polymer mixture
under acidic conditions.
4 GM has a high viscosity and annan
strong adhesive properties, thus
providing good tablet binding
Wet Filler—binder for direct effectiveness. GM has poor al
GM and lactose ranulation compression of effervescent solubility in water, so it is [z2] | _'
g tablets combined with lactose as a ilized by

water-soluble ingredient and to
improve the poor flowability of

4 lactose. and

properties of konjac glucomannan. Int. J. Biol. Macromol. 2019, 130, 378-387.
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/4 Combination of

Excipients Co-Processed Application Mechanism Ref.
1. 2013,
GM interacts with SA via
hydrogen bonding and physical
. . . entanglement, and GO enhances .
4 GM, sodium Microsphere-making . i . astic
alginate (SA) olymers that enhance these interactions in the
9 ' Freeze dried poly . microspheres. In addition, GO [26] 0. 82
and graphene targeted delivery of drugs or . . ! !
oxide (GO) nutrients to the colon can greatly improve the loading
efficiency of ciprofloxacin (CPFX)
y of microspheres, and achieve the heni
sustained release effect of CPFX. ening
Heating OGM and CS to high
4 The OGM-CS combination temperatures causes structural ization

damage that limits the solubility

exhibits low solubility and and swelling ability of the

swellability, which makes it a

. . polymer.
B
< Oxidized GM, possible excipient for the The addition of SE with HLB 5
formulation of sustained- . |
cassava starch, decreased porosity and slowed =g 015,

Dry heated release drugs. However, the
and sucrose drug release because the more

addition of SE significantly

esters . closed structure inhibited free
decreased porosity and
. . movement of the drug out of the .
B swelling of the tablets, which . - sslinked
e : matrix. In addition, more hydroxyl
inhibited immediate drug .
groups in SE form hydrogen
release. } S
bonds, increasing intergranular
B bonding.
The anionic carboxyl group of
E  CMGM and 2- The coaservation complex CMEM an.d the cationic veen
h quaternary amine group of HACC
hydroxypropyl Complex formed can encapsulate and . .
. . cause intramolecular electrostatic >o|ym_
trimethyl coacervation control the release of the . 23]
: attraction that causes the HACC
ammonium and freeze molecular model for the
. . . : . and CMGM macromolecular
chloride chitosan dried vaccine, namely ovalbumin chains to aggress and coil
[ y .
N (HACC) (OVA). forming the CMGM/HACC nac
composite nanosphere. 123,
436-445.

55. Wang, C.; Li, B.; Chen, T.; Mei, N.; Wang, X.; Tang, S. Preparation and bioactivity of acetylated
konjac glucomannan fiborous membrane and its application for wound dressing. Carbohydr. Polym.

| 5°Futtirée Récommendations

56. Korkiatithaweechai, S.; Umsarika, P.; Praphairaksit, N.; Muangsin, N. Controlled release of
CMiRRIGEFFORTIARAI PryiRsIiet anitssarrRifadRIcGoiddesARR A1t oRtRRAANY forafirBit gRMPOassion
duegt’oli§4fge_e_t@@gi_ng nature and compressibility. Some applications of chemically or physically modified GM have
been reported. Chemical modification is suggested to modify the solubility, viscosity, and mechanical properties of

SM: Wi physteaindiimdaforor dt & QSRR KO NAGH CAmAl Ak A RAY %St%ﬁggs%r%dosu € Thatrix.
AIthoSutgehrS ﬁem@a\lllea{necf( I!R/Iselcrzlgﬁ for %g %Irpsegf r(?ll?%%(\?er%%terhxsttaglleeés c!)%pare% (t)o 0 ae(r:rp())o ycs)gc%Raztr(l)de]éSSGUCh
as (:ﬂltosanogr2 alginate, the studies are not wide or deep enough. The mechanisms behind the effects of

58oé#iécayioks; PaltomhRimbeeluicaM. ddaclesmisiaspropetiiesaisf pbéyeletitiohgbigorhgiesdilmsthased omand

polyvinylamine and carboxymethyl cellulose. Ind. Eng. Chem. Res. 2006, 45, 6665—-6671.
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San&iashlity/Splatian bf. iRbyiezb G naieahchelracke liznaticrood canbsxyhmatoyy adlnkasardions differeifibd
GMsiz adcdssahufek dtsatel appiicaiian apaaktapplditiviaceWdad2hich4, 112630.

. Ohya, Y.; Ihara, K,; Mur, ; i T, i, T. Pr ion and biological i f
6Icr)l I%anaf, yehrs,aaa’vvi é velljrigttf;Jl '0 ’lnSnlél att?v%’ apip%ua% es to rﬁgg}[ﬁ tCE)M %ag/eb tc))e?e %%vgrc? e%lrttﬁrsoggh non-

dicarbgoxy-glucomannan: Enzymatic degradation and stimulating. activit ainst cultured .
contamlnatlng 8I!1y5|ca mo&ﬁcatlonyme@[lhods reen methods) such as microwa e%%atlng, ultrasound-assisted

anﬂ?grgtﬂg? gsﬁrgc%l:sgggy grﬁd I?Jg,yrmm%g%ﬁ’a giti]d%?e_x%lgc?rétion of other plants as sources of GM may also be
6donBactBd; tMierkher eejdsr, rRaye & Kinfbeatindsy alyicredlso negrikation @pdbililyon pH on viscosity
affecting integrity of a polysaccharide coat of compression coated tablets. Int. J. Biol. Macromol.

2019, 125, 922-930.

62. Chen, Y.; Chen, B.Z.; Wang, Q.L.; Jin, X.; Guo, X.D. Fabrication of coated polymer microneedles
for transdermal drug delivery. J. Control. Release 2017, 265, 14-21.

63. Fowler, P.D.; Ruscher, C.; McGraw, J.D.; Forrest, J.A.; Dalnoki-Veress, K. Controlling Marangoni-
induced instabilities in spin-cast polymer films: How to prepare uniform films. Eur. Phys. J. E
2016, 39, 90.

64. Nair, S.B.; Jyothi, A.N.; Sajeev, M.S.; Misra, R. Rheological, mechanical and moisture sorption
characteristics of cassava starch-konjac glucomannan blend films. Starch-Staerke 2011, 63, 728—
739.

65. Xu, M.; Li, D.S.; Li, B.; Wang, C.; Zhu, Y.P.; Lv, W.P.; Xie, B.J. Comparative study on molecular
weight of konjac glucomannan by gel permeation chromatography-laser light scattering-refractive
index and laser light-scattering methods. J. Spectrosc. 2013, 2013, 685698.

66. Jacon, S.A.; Rao, M.A.; Cooley, H.J.; Walter, R.H. The isolation and characterization of a water
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