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Guar gum: A promising natural polysaccharides for various applications
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Abstract

Guar gum, a natural polysaccharide derived from the seeds of Cyamopsis tetragonoloba, is widely recognized for its versatile
applications across various industries. Its structural properties, including high molecular weight and water solubility, enable its
use in food, pharmaceuticals, cosmetics, and wastewater treatment. Modified derivatives, such as hydrogels, films, and
composites, enhance its functionality for specific purposes like drug delivery, packaging, and adsorption. Guar gum’s
biodegradability, non-toxicity, and economic availability make it a sustainable choice for industrial innovations.
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Introduction

Guar gum which is also known as Guaran or Cluster bean is
the cheapest source of galactomannan 1. It is obtained from
the seed endosperm of Cyamopsis psoraloides, a plant
height of 0.6 m with 5-12.5 cm length pod size I 2. It is
grown in few countries like India, South Africa, Australia,
Pakistan and some southern part of USA Bl Out of all
producer countries 90% of Guar gum is cultivated in India
and Pakistan only and out of which India produces 80% and
is the largest trading country all over the world ™ 51 The
gum obtained from seed endosperm is odorless, appears
whitish yellow in color with high molecular weight. It is
insoluble in organic solvents such as alcohols and ketones
except in formamide. Water is the only important solvent in
which it dissolves to form a viscous solution [l
Structurally, it consists of long polymeric chain of D-
mannose units linked by B (1 4) glycosidic linkage attached
with side chain of D-galactose units alternatively through o
(1 6) glycosidic linkage 11 in 1:2 ratio as shown in Fig 1.
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Fig 1: Structure of guar gum
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In addition to carbon, hydrogen and oxygen it contains
small amounts of nitrogen, phosphorus and ash as
represented in Table 1 Also, Presence of hydroxyl groups in
polysaccharide backbone opens up the opportunity of its
modification to synthesize many derivatives for diverse
industrial applications [1-13],

Table 1: Chemical composition of guar gum

Sl. No Constituents Percentage
1 Nitrogen 0.67
2 Protein 3.5-4.0
3 Phosphorous 0.06
4 Ash 1.07
5 Water soluble polysaccharides 88.50

Various chemical tests (methylation, acid hydrolysis),
analytical techniques (SEM, NMR, IR-spectroscopy),
biological test (hydrolysis of selective enzymes), physical
test (stress-strain measurement) are used to determine the
chemistry and structure of polysaccharide [14, 15]. All its
chemical properties depends on its constituents and
structural features i.e. presence of hydroxyl group, degree of
polymerization, chain length etc. [6l. From advanced
analytical techniques average molecular mass of guar gum
is determined and found to be between 10°to 2x108 gm/mol.
It is insoluble in alcohols, hydrocarbons, esters, and fats and
is soluble in water only. Solubility of guar gum in water is
due to the presence of 85% water soluble part. i.e. mannose
and galactose units contain hydroxyl group which in water
forms a highly viscous solution 7],

Guar gum attains high viscosity in less time in both hot and
cold water even at room temperature whereas; other natural
gums take prolonged heating to attain the same solution
properties characteristics. Rate of hydration and viscosity of
guar gum is dependent on features such as pH, temperature,
concentration, dispersion and presence of other foreign
substances. Owing to its high viscosity, gelling, non toxic,
easy available properties, it is popular choice among
researchers to use it in various industrial applications. Guar
gum attains highest hydration at pH 8-9 and lowest at pH <4
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and >10. Temperature is also another factor which
influences the viscosity of guar gum. At high temperature
hydration rate is more than compared to low temperature but
prolonged heating effects the interaction of guar gum and
water molecule by changing the order of water molecule
around guar gum and thus results in decrease in rate of
hydration and viscosity ('8 19, Presence of hydroxyl groups
helps guar gum to form hydrogen bonds with water
molecule in aqueous solution. In addition to mannose units,
galactose units also expose the hydroxyl group which results
to form highly hydrated colloidal system [©1. Presence of
sugar and salt molecule also affects the hydration rate and
property of guar gum. Sugar molecule competes with guar
gum for hydration and thus decreases its viscosity whereas
salt molecules increase the intermolecular interaction and
thereby enhances the rate of hydration. Due to this excellent
property guar gum is used as a dispersant and coagulant in
organic and inorganic solutions respectively 2%,

Guar gum processing

India is the leading country and exporter of guar gum
sharing about more than 85% of global production. It is
obtained from guar seeds, a legume plant that is cultivated
and grown in semi-arid region of Gujarat, Rajasthan and
Haryana. Guar seeds are subjected to many mechanical
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processes such as screening, milling, dehusking, roasting,
polishing and grinding etc. for the extraction of guar gum
powder. Step wise procedure is shown in Scheme 1.1.

Split formation

Guar seeds are collected, processed and split into two
halves. Further, germ and the hull are scrapped off
mechanically to obtain endosperm.

Screening of split

It is one of the important step in guar gum processing to
obtain guar gum powder. In this step split formed are
screened and selected for further process. The selected splits
are cleaned and allowed to prehydrate. Prehydrating the
splits is important as it decides the hydration rate of final
product.

Pulverization

Endosperm obtained from the screened splits are then
pulverized and purified followed by grounding to obtain a
powder.

Sieving
Grounded powder is sieved to obtain a desired and required
mesh.

" Guar seed

Multiple grinding and sieving

Dehusked Guar Splits

Pulverization

Grinding and Sieving

Guar gum Powder

Dehusking

Seperation of Germ and Hull

T =

l\, Removal of Husk

Guar gum and its derivatives

Guar gum based hydrogels

Hydrogel is a highly complex three dimensional polymer
formed as a result of crosslinking between the monomeric
units. These hydrogels have the ability to absorb and hold
water which makes them pertinent to be used in different
fields and applications. Many crosslinking agents such as
EGDMA, glutaraldehyde, methylbisacrylamide are used to
synthesize these polymers. They are capable to form
intermolecular bond with hydroxyl group present in the
monomeric unit. Three dimensional voids formed within the
polymer can entrap and hold water molecule. Degree of
crosslinking and polymerization decides the nature and
water holding capacity of hydrogel. Many guar gum based
hydrogels are reported as far.

40

Guar gum hydrogels crosslinked with other natural gums
such as xanthan, agarose, starch, alginate etc. have been
reported for many applications with immense potential. In
2007 George et al. reported a hydrogel based on guar gum
crosslinked with alginate for controlled release of a protein
drug 4. They crosslinked both polysaccharides due to their
non toxic nature and high stability at even high pH range.
This hydrogel had some limitations. On rapid dissolution,
immediate release of protein drug was observed which
enters the intestine 23, Recently, in 2016 guar gum and
nano sized bentonite clay based hydrogel was proposed by
Maity and Ray for the removal of chromium from synthetic
waste water. For the initial concentration 200 mg/L, they
reported a maximum adsorption capacity of 182.4 mg/g,
which make the synthesized hydrogel to be used in large
industrial scale for wastewater treatment %2, In 2018, guar
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gum grafted acrylic acid crosslinked with EGDMA based
hydrogel was reported by Nandkishore et al. for controlled
release of nutrients in soil. This hydrogel was fabricated for
agricultural application with high porosity and water
holding capacity of 800 ml water per gram of hydrogel ™1,
All guar gum based hydrogel are nontoxic and
biodegradable. Their degradation is dependent on oxygen
content, pH of the system, humidity and temperature.

Both soil burial and composting methods are employed to
check the biodegradability of guar gum hydrogels. In soil
burial method samples are buried into the soil and
degradation is studied in terms of weight loss whereas in
composting samples are allowed to degrade by burying
them in compost having various numbers of microbial
species. Biodegradability of pure guar gum, different
hydrogels like guar gum grafted with poly- acrylic acid and
GG-g-p(AA-ipn-aniline) was studied by kaith et al. by both
the methods 2%, They found that the samples were degraded
completely in 7 days by soil burial method and within 14
days by compost technique.

Guar gum based films

Guar is also modified as film with the help of synthetic and
natural polymers. The films are quite strong mechanically.
They have found to posses antimicrobial properties also.
Many guar gum based biocomposite films are reported so
far in different applications with appreciable results.
Biocomposite film based on guar gum and pea starch is
reported for food packaging application with very good
antimicrobial property @4, Guar gum based metal
nanocomposite with silver and copper is also reported with
excellent oxygen barrier, thermomechnical and antibacterial
characteristics. This film was synthesized by solvent casting
technique for the application in food industries for food
packaging °1. Rao et al. also fabricated a chitosan and guar
gum based film by casting method. The best film was
obtained by standardizing the ratio of chitosan and guar gum
in the range between 0% to 50% v/v. Properties such as
opacity, oxygen permeability, transparency, rate of water
vapour transmission, mechanical strength and antimicrobial
activity were also studied and investigated. Film with 15%
v/v guar gum composite showed the best result. This film
was very less permeable to oxygen with very good tensile
strength 261,

Application of guar gum and its derivatives

Guar gum being natural polysaccharide, non-toxic, and
biodegradable with exceptional physicochemical properties
is more suitable for modification. Guar gum and its
derivatives have proven their worth in many industrial
applications. Presence of glycosidic linkage makes it easily
degradable by intestinal microbes and is used widely as a
food product. In addition to this, its swelling property makes
it suitable to be used in food as well as pharmaceutical
industries to be as binder and dispersant respectively 27 281,
Presence of hydroxyl group allows its modification to form
many guar gum grafted derivatives, cross linked hydrogels,
composites, nanocomposite films etc. Thus by controlling
its inherent properties by different techniques, guar gum and

its derivatives are used in various industrial applications 2>
31]
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Cosmetic industry

High solubility in both cold and hot water, film forming
property, stability over wide pH range, characteristics to
form highly viscous solution, non-toxic, biodegradable with
economic and easy availability makes it useful for cosmetic
industrial application. It is used in toothpaste to impart its
flowing nature which makes toothpaste to extrude from
tubes even when low force is applied. It is used as
stabilizing agent and shaving cream. Guar gum also
improvises facial skin 4 when used in cosmetic products.
In cream and lotions, it acts as emulsifier and prevent from
phase separation. Guar gum averts water loss and stabilises
the emulsion system. At low temperature, in freeze thaw
conditions, emulsion system of cold cream generally gets
degraded, which is also prevented by the use of guar gum
which acts as stabilizer and emulsifier in the system.

Food industry

Guar gum is one of the important and widely used natural
polysaccharide, to be used in food industry. Properties like
reduced rate of evaporation, high capacity of water
retention, flexibility in freezing rate and its development in
ice crystals after minor modification makes it exceptional
excipient to be used in food products. Regulations to use
guar gum as an additive is completely maintained by FAD
(Food and Drug Administration). In chapatti, 0.75% is the
permissible limit 31, where as 0.5% in bread and ice-cream
(34351 1,5% in pasta [®l. Function and permissible limit in
many other products are tabulated in Table 2. In food
products, it is used to improvise glazing, viscosity, moisture
retention, gelation and bloom. In bakery industry, it reduces
the moisture in dough and increases the product yield. It
also prevents and reduces the penetration of fat into the
dough. In dairy industry, it is used as thickener and helps in
thickening of yoghurt and liquid cheese products. It is also
used in ice-cream to improvise its consistency and texture.
In beverage industry, guar gum is added in beverages to
reduce and control the calories. Thus, it is preferred over
other cellulosic gums like karaya, xanthan and tragacanth.

Table 2: Function of guar gum in various dietary products with
their permissible dosage amount

Dietary product Dose Function Reference
Chapatti 0.75% Softness [33]
Tomato ketchup| 0.5-1.0% Improving [37]

consistency

Fried products | 0.5-1% | Decreasing oil uptake [38]
Sausage 0.13-0.32% Softness [39]
Pasta 1.5% Texture improvement [36]
Cake 0.15% Firmness [40]
Yoghurt 2% Texture improver [41]

Drug delivery

In the past few years, guar gum and its modulated
derivatives are extensively used in pharmaceutical industry
for many drug formulation and drug delivery system.
Swelling and binding properties in addition to emulsifier,
thickener and stabilizer, make it suitable for pharmaceutical
industry. Other than the above mentioned properties, its
biodegradability and low cost are the driving force for its
preference by drug and pharmaceutical industry. Guar gum
derivatives are used as tablet matrix for targeted drug
delivery. They can easily interact with mucus lining tissues
and thereby increase the contact time and localization at
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targeted sites. Many derivatives like hydroxylmethyl guar
gum, guar gum cross linked with glutaraldehyde,
hydroxyethyl guar gum, guar gum conjugated with 4-vinyl-
pyridine have been reported for novel targeted drug delivery
system. Due to its high stability even under shear and stress,
it is used as anti-hypersensitive drug system. Guar gum
derivatives are used as tablet matrices for number of colon
specific and anti inflammatory drugs * like metronidazole
431 indomethacin ¥4, mebendazole 1, albendazole ), for
their controlled release. Sodium trimetaphosphate cross
linked guar gum succinic anhydride micro-particles were
experimented as carrier for drug delivery. The material was
found suitable due to its pH dependence and nontoxic
nature. Guar gum based drug matrices are found to be pH
and temperature sensitive in addition to percentage grafting
in case of graft-co-polymers. For example, release of 5-ASA
by GG-g-P(AM) decreases with the increase of percentage
grafting M8 which is also seen in case of release of
ketoprofen by e-caprolactone grafted amphiphilic guar gum
with maximum release in alkaline pH #71,

Some guar gum based derivatives used in
pharmaceutical application are listed in Table 3.

Table 3: Guar gum based derivatives used in pharmaceutical

application
Guar gum and its - Reference
A Application
derivatives
Carboxymethyl guar Controlled transdermal 48]
gum release of diclofenac sodium
Alginate - guar gum |Controlled delivery of protein [21]
hydrogel drug
Fluoroacetic acid in guar| Medicine [10]
gum
Carboxymethyl guar Wound healing [49]
gum
Carboxymethyl_guar Biomedical [50]
gum-g-gelatin
Chitosan and guar gum Antimicrobial properties [26]
films
Wastewater treatment

Guar gum and its many derivatives are also used for the
treatment of different waste water. It is modified by
different synthetic polymers by grafting to form graft
copolymer for the removal of suspended particles by
flocculation. It is also fabricated as hydrogel to act as
superadsorbent for the adsorption of many ionic dyes and
heavy metal ions. Some of the derivatives are listed in Table
4 which are used in waste water purification.

Table 4: Guar gum and its various derivatives for water
purification applications

Guar gum and its derivatives Application Reference
H-partially carboxymethylated | Superabsorbing 18]
guar gum-graft-methacrylic acid material

Adsorption of fried [38]

Guar gum with glycerol potato chips

Summary

Guar gum, primarily produced in India and Pakistan, is an
eco-friendly, non-toxic, and

biodegradable polysaccharide used extensively in industrial
applications. Its unique

www.medicalsciencejournal.com

physicochemical properties, such as high viscosity and
water solubility, are exploited in

food for improving texture and shelf life, and in
pharmaceuticals for controlled drug release. Derivatives like
hydrogels, films, and composites are engineered for
advanced applications, including waste management and
biomedical uses. The paper highlights guar gum’s chemical
composition, processing, and modification techniques,
emphasizing its role in sustainable development and its
promising potential in emerging fields.

References

1. Thombare N, Jha U, Mishra S, Siddiqui MZ. Design
and development of guar gum based novel,
superabsorbent and moisture retaining hydrogels for
agricultural applications. Carbohydrate
Polymers,2018:185:169-178.

2. Thakur M, Sharma G, Ahamad T, et al. Synthesis,
characterization and environmental applications of a
new bio-composite gelatin-Zr (IV) phosphate. Journal
of Polymers and the Environment,2018:26(4):1415-
1424,

3. Chandrika KP, Singh V, Raigond P, et al. Novel cross

linked guar gum-g-poly  (acrylate)  porous
superabsorbent  hydrogels:  Characterization  and
swelling behaviour in different

environments. Carbohydrate Polymers,2016:149:175—
185.

4. Thombare N, Kumar S, Kumari U, et al. Guar gum as a
promising starting material for diverse applications: A
review. International Journal of  Biological
Macromolecules,2016:88:361-372.

5. Szopinski D, Kulicke WM, Luinstra GA. Structure—
property relationships of carboxymethyl hydroxypropyl
guar gum in water and a hyperentanglement
parameter. Carbohydrate Polymers,2015:119:159-166.

6. Sharma G, Kumar A, Sharma S, et al. Guar gum and its
composites as potential materials for diverse
applications: A review. Carbohydrate
Polymers,2018:199:534-545.

7. Kumar V, Singh C. Cluster Bean: A Novel Alternative
for Commercial Guar Gum Production. INDiAN
FARMER,2018:383.

8. YiJZ, Zhang LM. Biodegradable blend films based on
two polysaccharide derivatives and their use as
ibuprofen-releasing matrices. Journal of Applied
Polymer Science,2007:103(6):3553—-3559.

9. Tuomilehto J, Silvasti M, Aro A, et al. Long term
treatment of severe hypercholesterolaemia with guar
gum. Atherosclerosis,1988:72(2-3):157-162.

10. Vartiainen T, Gynther J. Fluoroacetic acid in guar gum.
Food and Chemical Toxicology,1984:22(4):307—308.

11. McClendon JH, Nolan WG, Wenzler HF. The role of
the endosperm in the germination of legumes:
galactomannan, nitrogen, and phosphorus changes in
the germination of guar (Cyamopsis tetragonoloba:
Leguminosae). American Journal of
Botany,1976:63(6):790-797.

12. Lapasin R, Pricl S, Tracanelli P. Rheology of
hydroxyethyl guar gum derivatives. Carbohydrate
Polymers,1991:14(4):411-427.

13. Bradley T, Mitchell JR, Chaudhuri JB. Thermal
degradation of guar gum. Carbohydrate
Polymers,1989:10(3):205-214.



International Journal of Medical and Health Research

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

Daas PJ, Schols HA, de Jongh HH. On the galactosyl
distribution of commercial
galactomannans. Carbohydrate
Research,2000:329(3):609-619.

Parashar P, Sharma RK, Singh R. A microhardness test
to analyse thermal change in guar gum,
polyacrylonitrile  and  their  blends.  Polymer
Testing,1993:12(5):467-475.

Toti US, Aminabhavi TM. Modified guar gum matrix
tablet for controlled release of diltiazem hydrochloride.
Journal of Controlled Release,2004:95(3):567-577.
Sharma G, Katwal R. Fabrication, characterization and
cytotoxicity of guar gum/copper oxide nanocomposite:
Efficient removal of organic pollutant. Materials
Science Forum, 2016. Trans Tech Publ.

Tripathy J, Kumar A, Singh RP. Synthesis of partially
carboxymethylated guar gum-g-4-vinyl pyridine and
study of its water swelling, metal ion sorption and
flocculation behaviour. Carbohydrate
Polymers,2008:72(3):462-472.

Zhang LM, Zhou JF, Hui PS. A comparative study on
viscosity behavior of water-soluble chemically
modified guar gum derivatives with different functional
lateral groups. Journal of the Science of Food and
Agriculture,2005:85(15):2638-2644.

Mukherjee S, Mukhopadhyay S, Zafar S, et al.
Application of guar gum for the removal of dissolved
lead from wastewater. Industrial Crops and
Products,2018:111:261-269.

George M, Abraham TE. pH sensitive alginate—guar
gum hydrogel for the controlled delivery of protein
drugs. International Journal of
Pharmaceutics,2007:335(1-2):123-129.

Maity J, Ray SK. Enhanced adsorption of Cr (VI) from
water by guar gum based composite hydrogels.
International Journal of Biological
Macromolecules,2016:89:246-255.

Kaith BS, Sharma R, Kalia S. Guar gum based
biodegradable, antibacterial and electrically conductive
hydrogels.  International Journal of Biological
Macromolecules,2015:75:266-275.

Saberi B, Vuong QV, Chockchaisawasdee S, et al.
Characterization of pea starch-guar gum biocomposite
edible films enriched by natural antimicrobial agents
for active food packaging. Food and Bioproducts
Processing,2017:105:51-63.

Arfat YA, Ahmed J, Hiremath N, et al. Deciphering the
potential of guar gum/Ag-Cu nanocomposite films as
an active food packaging material. Carbohydrate
Polymers,2017:157:65-71.

Rao M, Kanatt SR, Chawla SP, et al. Chitosan and guar
gum composite films: Preparation, physical, mechanical
and antimicrobial properties. Carbohydrate
Polymers,2010:82(4):1243-1247.

Kumar A, Sharma G, Naushad M, et al. Aerogels and
metal-organic ~ frameworks  for  environmental
remediation and energy production. Environmental
Chemistry Letters,2018:16(3):797-820.

Soumya RS, Ghosh S, Abraham ET. Preparation and
characterization of guar gum  nanoparticles.
International Journal of Biological
Macromolecules,2010:46(2):267-269.

43

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

www.medicalsciencejournal.com

Tripathy S, Das M. Guar gum: present status and
applications. Journal of Pharmaceutical and Scientific
Innovation,2013:2(4):24-28.

Prabaharan M. Prospective of guar gum and its
derivatives as controlled drug delivery systems.
International Journal of Biological
Macromolecules,2011:49(2):117-124.

Al-Saidan SM, Krishnaiah YSR, Satyanarayana V, et
al. In vitro and in vivo evaluation of guar gum-based
matrix tablets of rofecoxib for colonic drug delivery.
Current Drug Delivery,2005:2(2):155-163.

Patel J, Karve M, Patel NK. Guar gum: a versatile
material for pharmaceutical industries. International
Journal of  Pharmacy and Pharmaceutical
Sciences,2014:6(8):13-19.

Ghodke SK. Effect of guar gum on dough stickiness
and staling in chapatti-an Indian unleavened flat bread.
International Journal of Food Engineering,2009:5(3).
Keskin SO, Sumnu G, Sahin S. A study on the effects
of different gums on dielectric properties and quality of
breads baked in infrared-microwave combination oven.
European Food Research and
Technology,2007:224(3):329-334.

Sutton RL, Wilcox J. Recrystallization in ice cream as

affected by  stabilizers.  Journal of  Food
Science,1998:63(1):104-107.

Raina CS, Singh S, Bawa AS, et al. Textural
characteristics of pasta made from rice flour

supplemented with proteins and hydrocolloids. Journal
of Texture Studies,2005:36(4):402-420.

Gujral HS, Sharma A, Singh N. Effect of hydrocolloids,
storage temperature, and duration on the consistency of
tomato ketchup. International Journal of Food
Properties,2002:5(1):179-191.

Yu L, Li X, Wang L, et al. Effect of guar gum with
glycerol coating on the properties and oil absorption of
fried potato chips. Food Hydrocolloids,2016:54:211—
219.

Andrés S, Zaritzky N, Califano A. The effect of whey
protein concentrates and hydrocolloids on the texture
and colour characteristics of chicken sausages.
International ~ Journal of Food Science &
Technology,2006:41(8):954-961.

Zambrano F, Despinoy P, Ormenese RCSC, et al. The
use of guar and xanthan gums in the production of
‘light’ low fat cakes. International Journal of Food
Science & Technology,2004:39(9):959-966.

Brennan CS, Tudorica CM. Carbohydrate-based fat
replacers in the modification of the rheological, textural
and sensory quality of yoghurt: comparative study of
the utilisation of barley beta-glucan, guar gum and
inulin. International Journal of Food Science &
Technology,2008:43(5):824-833.

Wong D, Larrabee S, Clifford K, et al. USP dissolution
apparatus Il (reciprocating cylinder) for screening of
guar-based colonic delivery formulations. Journal of
Controlled Release,1997:47(2):173-179.

Krishnaiah YSR, Satyanarayana V, Dinesh Kumar B, et
al. Studies on the development of oral colon targeted
drug delivery systems for metronidazole in the
treatment of amoebiasis. International Journal of
Pharmaceutics,2002:236(1-2):43-55.

Prasad YR, Krishnaiah YSR, Satyanarayana S. In vitro
evaluation of guar gum as a carrier for colon-specific



International Journal of Medical and Health Research www.medicalsciencejournal.com

drug delivery. Journal of Controlled Release,1998:51(2-
3):281-287.

45. Krishnaiah YSR, Satyanarayana V, Dinesh Kumar B, et
al. Development of colon targeted drug delivery
systems for mebendazole. Journal of Controlled
Release,2001:77(1-2):87-95.

46. Sen G, Mishra S, Jha U, et al. Microwave initiated
synthesis of polyacrylamide grafted guar gum (GG-g-
PAM)—characterizations and application as matrix for
controlled release of 5-amino salicylic acid.
International Journal of Biological
Macromolecules,2010:47(2):164-170.

47. Tiwari A, Prabaharan M. An amphiphilic nanocarrier
based on guar gum-graft-poly (e-caprolactone) for
potential ~drug-delivery applications. Journal of
Biomaterials Science, Polymer Edition,2010:21(6-
7):937-949.

48. Giri A, Bhowmick M, Pal S, et al. Tailoring
carboxymethyl guar gum hydrogel with nanosilica for
sustained  transdermal  release of  diclofenac
sodium. Carbohydrate Polymers,2012:87(2):1532—
1538.

49. Jana P, Shyam M, Singh S, et al. Preparation of guar
gum scaffold film grafted with ethylenediamine and
fish scale collagen, cross-linked with ceftazidime for
wound healing application. International Journal of
Biological Macromolecules,2016:153:573-581.

50. Manna PJ, Mitra T, Pramanik N, et al. Potential use of
curcumin loaded carboxymethylated guar gum grafted
gelatin film for biomedical applications. International
Journal of Biological Macromolecules,2015:75:437—
446.

44



