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Esterification of citric acid (CA) with locust bean gum (LBG) was prepared by hydrochloric acid (HCI) as a catalyst
and UV irradiation (254 nm) as esterification energy. This study aims to determine the best conditions of
esterification. Other than that, it is to know the effect of amount HCl and UV irradiation time for the esterification

Et:ﬂ[:u:uilﬂdc <ol process of CA with LBG. The amounts of HCI ai 8 and 0.30 M, while the variations of UV irradiation time are
U:f irradiation 75 and 100 minutes. Polyester (CA-LBG) were characterized by Fourier transform infrared spectroscopy (FTIR),

nuclear magnetic resonance (NMR), scanning electron microscopy (SEM), differential scanning calorimetry (DSC),
X-ray diffractometer (XRD), esterification degree, and viscosity. Parameters for determining the best conditions
for esterification are esterification degree and viscosity. The best conditions of esterification were obtained by
using 0.30 M mL HCl and 100 minutes of UV irradiation time resulted in CA-LBG having a value of esterification
degree 9.69 % and viscosity 7.46 cPs. HCl accelerates protonation on the O atoms and the formation of positive C
atoms of carbonyl groups of citrie acid. The time of UV irradiation gives the longer energy for the bond formation
between the positive C atoms of the carbonyl group and the O atoms of the hydroxyl group at C-6 atoms of

Esterification

mannose and galactose,

1. Introduction

Eust bean gum (LBG) is derived from the endosperm of gal-
actomannans, the family of Leguminosae. Monomer chains of LBG consist
of mannose and galactose (4:1) [1]. The advantages of LBG compared to
synthetic polymers are inert, safe, non-toxic, biocompatible, biodegrad-
able, available in nature, and it can be a matrix for pharmaceutical
products, The C-6 atoms of the monomer chain molecules potentially
react with acids or base [2, 3, 4]. Several studies havpr:en conducted on
the LBG modification such as carboxymethylation of locust bean gum and
acrylamide grafted locust bean gum [5, 6, 7].

Citric acid (CA) is one of the acid agents that can react with LBG. In
CA, the O atoms of the carbonyl group can be protonated and form a
positively C atoms. The carboxylate group of CA has the potency to
replace OH in C-6 atoms from mannose and galactose [2]. One study of
the use of CA for polymer modification which has been conducted is
irradiation-induced acrylamide/citric acid hydrogel and their swelling
behavior [8, 9].

Hydrochloric acid (HCI) is widely used as catalysts. In the carboxylate
group, HCl can induce the O atoms of the carbonyl group to be proton-
ated and form a positive C atom. Also, HCl may also induce hydroxyl
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release of C-6 atoms from LBG [10, 11]. The UV iradiation is the source of
bond energy between the positive C atoms of the carboxylic group with
the O at C-6 LBG. The low wavelength of UV irradiation (200-400 nm)
produces a significant amount of energy [12, 13, 14, 15].

The novelties of this study know the best conditions of esterification
to produce CA-LBG. Also, over cross design can help to know the effect of
HCI as a catalyst and UV irradiation time as the energy source of bond for
the esterification process of CA with LBG resulted in low viscosity CA-
LBG but have the highest value of esterification degree. The advantage
of this method is simple, economical, and easy to do.

2. Material and method
2.1. Materials

The materials used in this study were locust bean gum food grade
(Viscogum) (Cargill, France), citric acid monohydrate pro analysis (Merk
KgaA, Darmstadt, Germany), hydrochloride acid pro analysis (Sigma-
Aldrich Chemie, GmbH, USA), sodium hydroxide pro analysis (Merk
KGaA Darmstadt Germany), distilled water (Sterilized Water For Injec-
tion) (PT. Otsuka Indonesia) and aceton technical grade (Cawan

Received 11 February 2019; Received in revised form 2 July 2019; Accepted 15 August 2019
2405-8440,/© 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-ne-nd/4.0/).




1
W Hadinugroho!:l

Anugerah Chemika, Indonesia).

2.2. Preparation of esterification CA with LBG

LBG (7.10 10 ® Molar) was swollen in 50 mL of warm distilled
water (55-60 °C) in a glass bowl. In the LBG swollen were added
CA (0.42 Molar) and some amount of HCl The mass of CA-LBG
was stirred (10 minute) and irradiated by UV 254 nm (Shortwave
8 watt CH-4132 Muttenz, Camag, Switzerland) (Table 1). The mass of
CA-LBG was precipitated with acetone, flushed with acetone-distilled
water (1:1), and dried at ambient temperature [16]. The chemical
structure of the material and the esterification mechanism is shown in
Fig. 1.

LBG and CA-LBG were characterized by Fourier transform infrared
spectroscopy (FTIR), scanning electron microscopy (SEM), X-ray
diffractometer (XRD), differential scanning calorimetry (DSC), esterifi-
cation degree, and viscosity.

9 Fourier transform infrared spectroscopy

Fourier transform infrared spectroscopy (FTIR) was performed
to characterize the functional group and structure in LBG and CA-
LBG by using UATR Perkin Elmer Spectrum Version 10.4.3. The
spectra data were collected over the wave number range of 4000-450
em !
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2.4. Nuclear magnetic resonance

Liquid state *C NMR spectroscopy JEOL RESONANCE ECZ 500R
S photometer (Japan) operated at 500 MHz was used to analyze the
3¢ NMR analysis of LBG and CA-LBG. Approximately 7-20 mg of sample
was inserted NMR glass tube.

2.5. Scanning electron microscope

LBG and CA-LBG surface morphology was examined using SEM sys-

(JSM-6510LA, JEOL, Tokyo). The powder was coated with platinum

to increase the conductivity of the electron beam. The acceleration
voltage of 10 kV and the distance of observation 10 mm.

2.6. X-ray diffraction

XRD analysis of LBG and CA-LBG were recordeesing X-ray diffrac-
tometer (Lab X XRD 6000, Shimadzu, Japan). The X-ray source was Cu,
with the wavellShgth of 1.54060 A detector employed. The diffractometer
was operated at a scanning speed of 4%/min, slit DS: 1° S8: 1% RS: 0.30
mm, and the scan range between 3.0200° and 80.0000° (8-20).

13
2.7. D!:ﬁ’eremial!mdng calorimetry
DSC thermograms of LBG and CA-LBG were obtained using DSC-60

Plus (Shimadzu, Japan). The samples 2.5-3.5 (10 gy g were wetted
with 5-10 pL of distilled water. The heating process ied out from

Table 1 50 °C to 250 “C underpure nitrogen condition by the flow rate of 50 mL/
The various condition of esterification between CA with LBG. min, and the heating rate of 10 °C/min.
Condition ~ LBG 10°° CA HCl UV irradiation time
(Molar) (Molar) (Molar) (minute) 2.8. Potentiometric
1 7.10 0.42 0.18 100
2 7.10 0.42 0.30 100 The potentiometric analysis was performed to determine the amount
3 7.10 0.42 0.18 75 of CA dissolved in acetone and acetone-distilled water. The titrant of this
4 710 0-42 0.30 75 analysis used NaOH (0.2 N). The standardization of NaOH (0.2 N)
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Fig. 1. Proposed mechanism esterification CA with LBG.
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solution was conducted using oxalic acid. Total acid dissolved (meq) (CA
dissolved and HCI dissolved) was determined from titrant volume were
calculated with Eq. (1). The CA dissolved at mEq unit was converted to
grams unit (W CA dissolved) and calculated CA reacts corresponding to
Eq. (2). The weight of the carboxylic group in the CA reacts (gram) were
calculated through the weight multiplication of the CA reacts with the
ratio of the mass molecular relative (Mr) between the carboxylic group
and CA. The weight of the carboxylic group in the CA reacts at gram unit
converted to Molar unit. The percent of esterification degree were
calculated with the ratio between the carboxylic group on the CA reacts
at Molar unit and carboxylic group on the CA initial at Molar unit (Eq.
(3)).
Dissolved CA (meq)

dissolved CA(meq) = dissolved total acid(meq) — dissolved HCl (meg) (1)
Weight CA reacts (g)

W CA reacts =W initial CA — W dissolved CA (2)
Percentage of esterification degree

Esterification degree (%)

carboxylic group on the CA reacts (Molar )

= 2100 %
carboxylic group on the CA initial (Molar) ! @

2.9. Viscosity study

ge viscosity of LBG and CA-LBG (3% w/v) were determined by
Brookfield Viscometer (Model LVDV-1 Prime, AP6510416, Brookfield
Engineering Labs, Inc., Middleboro, MA, USA). The samples were dis-
solved in 150 mL of distilled water at the temperature of 80 °C after the
sample completely dissolved then distill ater was added, until the
volume of the solution was 300 mL. The spindle (Spindle no. S61) was
rotated at speed 100 rpm, and viscosities were recorded. Products that
have low viscosity are one of the criteria for determining the best con-
ditions for esterification.

2.10. Disintegration studies on tablets

The tablets were prepared using CA-LBG (2 mg) as a disintegration
agent, polyvinylpyrrolidone K-30 (PVP K-30) (2 mg) as a binder, and
lactose monohydrate (196 mg) as fillers. Sodium Starch Glycolate (S5G)
is used as a standard disintegrant agent for comparison. Standard tablets
are prepared using SSG (2 mg), PVP K-30 (2 mg) and lactose mono-
hydrate (196 mg). The composition above is intended to produce con-
ventional tablets by wet granulation, tablet weight of 200 mg, and tablet
hardness of 10-13 kef.

Evaluation of tablet disintegration was done by randomly selecting
(six tablets) and put into a basket on a disintegrantion tester (Erweka ZT
3, Germany). The media used is distilled water (900 mL; 37 + 2°C) [29].
Tests are carried out until no part of the tablet is left in each gauze basket.

2.11. Dissolution studies on tablets

Tablets were prepared using CA-LBG (1 mg) and lactose monohydrate
(99 mg) while standard tablets contained LBG (1 mg) and lactose mon-
ohydrate (99 mg). Excipient granules were produced using the wet
granulation method. The mixture of excipient granules and ketoprofen as
the active ingredient model (100 mg) was compressed with a tablet
weight of 200 mg, and tablet hardness of 9-12 kgf.

The ketoprofen released from the tablet was analyzed by dissolution
of the USP II apparatus (Electrolab TDT-08L, India). The dissolu-
tion medium used was of phosphate buffer pH 6.8 (900 mL; 37 + 0.5 °C;
50 rpm; 60 minutes) [29]. Sampling at 5, 10, 20, 30, 45 and 60 minutes.
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3. Result and discussion
3.1. Esterification of CA with LBG

Modification of LBG was conducted by esterification of between of CA
with LBG. HCI was used to create acid conditions. It could be induced the
Oal of the carbonyl group to be protonated and form positive C atom.
The proposed reaction scheme is shown in Fig. 1. In this mechanism, The
citric acid carbonyl group was protonated and reacts the hydroxyl (OH)
group at C-6 atoms of mannose and galactose, produces tetrahedral
cation. Oxygen in OH was protonated ("OHz) to convert the OH loose,
H20 loss and produce the ester (CA-LBG) [17, 18]. Based on the spectra
of Fourier transform infrared (Fig. 2), esterification can produce CA-LBG.
The hydroxyl group (OH) appear about 3300 em™! derived from
mannose and galactose in LBG, the C-H appear about 2950 em ™! from
CA, the C-C appear about 1643 cm ' originating from mannose and
galactose in LBG and CA. The carbonyl ester group (C = O) appear to be
about 1735 ecm ™! which is an additional peak and specific in CA-LBG that
was not previously seen in LBG, The energy UV irradiation has used the
formation of bonds between the positive C atoms of the carboxylic group
with oxygen in the position at C-6 LBG, thus shortening the esterification
time. The details of the experimental conditions are shown in Table 1.

3.2. Fourier transform infrared spectroscopy

The fourier transform infrared spectra (UATR mode) of LBG and CA-
LBG are shown in Fig. 2. An extensive stretching peak of around 3300
em! is a hydroxyl (OH) group bound to C atoms in mannose and
galactose. The OH group that appears is the OH group does not react with
CA. The sharp peak of about 2900 cm ' shows symmetrical C-H origi-
nating from CA. The peak and vibration around 1600 cm ! [19] are C-C
from the bond between C atoms of manonose and galactose in the LBG. In
addition, C-C from the bond between C atoms of CA. The carbonyl ester
group (C= O) around 1735 cm ! is an additional characteristic that does
not appear in pure LBG. This group is the specific group of esterification
CA on LBG. This group formed from the bond between a positive C atom
from a carboxylic group with O on C-6 LBG. Spectra showed that CA-LBG
from esterification conditions of 0.30 M HCI and 100 minutes of UV ra-
diation has the sharpest peaks because they has the most carbonyl ester
groups and were in accordance with the esterification degree (Table 2).
In this condition, HCI quickly protonates the O atom and forms a positive
C atom from the CA carbonyl group. Long time UV irradiation provides
more opportunities for the formation of bonds between positive C atoms
of carbonyl groups and O atoms of hydroxyl groups on C-6 atoms of
mannose and galactose.

The amount of HC] 0.18-0.30 M and the time of 75-100 minutes of
UV irradiation produced a good and clear CA-LBG spectra in all esteri-
fication conditions. CA-LBG results of this esterification were confirmed
further by the '*C NMR liquid state study.

3.3. Nudeaaagneﬁc resonarce
16

The '3C NMR spectra of CA and CA-LBG are shown in Fig. 3. In the '*C
NMR spectra of CA (Fig. 3a), intense absorptions peaks at § = 176.828
ppm and & = 173.449 ppm relates to the carboxylic acid groups (COOH),
& = 73.306 ppm relates to the central carbon of the molecule, § = 43.310
ppm relates to two methylene carbons (CH). The previous study reported
that two methylene carbons (CH) appear at 5 = 44 - 43 ppm, the central
carbon of the molecule appear at & = 80 - 70 ppm, and the carboxylic acid
groups appear at 6 = 180 - 170 ppm [20, 21, 22, 23].

The *C NMR spectra of CA-LBG (Fig. 3b), the presence of peaks at § =
176.886 ppm, & = 173.488 ppm, § = 73.325 ppm, and 43.329 ppm relate
to CA. The presence of peaks at & = 100.154 ppm, & = 99.971 ppm, & =
96.458 ppm, § = 76.560 ppm, & = 75.034 ppm, & = 71.415 ppm, & =
71.310 ppm, & = 69.937 ppm, & = 69.294 ppm, § = 60.521 ppm indicate
CH and CHz on mannose and galactose. Several previous studies reported
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Fig. 2. FTIR spectrum of LBG and CA-LBG of various condition of esterification.

that the absorptions peaks of mannose and galactose appear at & = 105-
60 ppm [24, 25, 26, 27]. The presences of slight change of CH peaks at &
= 176.828 ppm to & = 176.886 ppm, 5 = 173.449 ppm to § = 173.488
ppm, & = 73.306 to & = 73.325 ppm, and & = 2.817 ppm to & = 43.310
ppm indicates the occurrence of CA bonded on LBG.

The concentration of esterified CA with LBG will affect changes in
peak shift in CA-LBG for each esterification condition. This will affect the
length of the chain and the molecule complex bonds formed in CA-LBG.
The concentration of esterified CA with LBG can be confirmed by the
degree of esterification.

3.4. Scanning electron microscopy

The SEM CA, LBG and CA-LBG images are shown in Fig. 4. CA
(Fig. 4a) has a coral shape and rough surface. LBG (Fig. 4b) has a wavy
and fibrous surface. Morphologically, CA-LBG (Fig. 4c) has a more
complex and irregular surface than LBG. Morphology looks complex
because of its existence like a sheet attached to a wavy surface. Complex
morphology is the result of interaction between LBG and CA.

3.5. Differential scanning calorimetry

The addition of 5-10 L distilled water in the preparation of the DSC

Table 2

analysis aims to determine the effect of temperature on CA-LBG in wetted
or swollen conditions so LIE it can be used in pharmaceutical formula-
tions. DSC thermograms of LBG and CA-LBG are shown in Fig. 5. Analysis
of thermogram is CA-LBG which expands due to being dampened by
distilled water experiencing evaporation and loss of moisture. The dry
CA-LBG is then melt.

The concentration of esterified CA affects the chain length and
bonding of the CA-LBG molecular complex. This can affect the process of
wetting and dissolving CA-LBG particles. The CA-LBG thermograph
shape (condition 1), the peak seems to be going back when the rising
temperature. This indicates the presence of dissolved CA-LBG particles so
that the evaporation process increases. The concentration of esterified CA
with LBG can be confirmed by esterification degree.

Thermogram of LBG shows the endothermic peak at 137.73 °C with
the AH of 6.70 kJ/g. Based on Fig. 5, it can be seen that CA-LBG shows a
distinct feature from LBG. The CA-LBG has the endothermic peak varies
from 108 “C up to 145 °C (Table 2), This variation is due to the different
amount of HCI used during the esterification. The the endothermic peak
of CA-LBG is lower than LBG. The value of the endothermic peak is an
indicator of thermostable. The higher the the endothermic peak indicates
that the macromolecule is more stable thermodynamically [28]. The
endothermic peak are also influenced by the amount of HCI, the higher
the amount of HCl used, the lower the endothermic peak. The UV

Detail thermodynamic parameters, crystallinity degree, esterification degree, viscosity of LBG and CA-LBG of various condition of esterification.

Batch code  Condition  Endothermic peak (*C)  Enthalpy Transition glass temperature Tg (“C)  Crystallinity degree (%)  Esterification degree (%)  Viscosity
AH(kJ/g) 3% (cP)
LBG 138 6.70 122 261 - 386.7 + 0.70
CA-LBG 1 141 4.13 128 144 8.35 11.37 + 0.15
2 122 3.56 103 6.19 9.69 7.46 + 0,09
3 146 4.22 129 3.00 8.64 8.78 £ 0.12
4 109 2.84 99 374 8.49 7.82 + 0.09
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irradiation also gave the same effect as HCI in endothermic peak.
The CA-LBG has transition glass temperatures (Tg) vary from 98 “C to
128 °C (Table 2). The variation of transition glass temperature is due to

the different amount of HCL. In the case of Tg snalicn, the higher the
amount of HCI the value of Tg decreases. A similar trend was also
observed for UV irradiation, the value of Tg decreased with the increased
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of UV irradiation.

The DSC study (Table 2), it was found that the enthalpy (AH) for all
the CA-LBG was lower than LBG. The lower value of AH was found in CA-
LBG which has lower viscosity. This phenomenon was caused by the
damage to the structure of mannose and galactose because of influence
AH and lead to network failure to hold water.

Esterification with small amounts HCl produces CA-LBG that has
molecules stable thermodynamically. The stable molecules have limited
movement of space. Therefore, they need high heat energy to move
freely. The longer of UV irradiation time is increasing the thermodynamic
parameters CA-LBG. Because it gives more opportunity for forming bonds
between the positive C atoms of the carbonyl group of atoms with the O
atoms of the C-6 mannose and galactose hydroxyl groups. The CA-LBG
structures formed are rigid. Therefore, they decrease the space move
between molecules in CA-LBG.

3.6. X-ray diffraction

Diffractograms of XRD analysis of LBG and CA-LBG are shown in
Fig. 6. The XRD analysis of CA was carried out as a control that CA-LBG of
all esterification conditions showed no effect of pure CA which did not
react to esterification. The diffractogram of all conditions have a peak
that is not sharp and different from a pure CA diffactogram. This shows
that various esterification conditions produce CA-LBG which is amor-
phous. This characteristic is caused by the low concentration of CA that
can be esterified with LBG. Parameters of degree of crystallinity can be
used to confirm an esterified CA with LBG. The diffractogram CA-LBG
peak intensity in all esterification conditions increased compared to
LBG. This is due to the presence of an esterified CA with LBG. The CA-
LBG (condition 1 and 2) gave a higher peak than LBG. The CA-LBG
(condition 3 and 4) gave a lower than LBG.

The CA-LBG (condition 2) gave a higher crystallinity degree than LBG
(Table 2). This phenomenon suggested that LBG is more amorphous than
CA-LBG (condition 2). CA-LBG (condition1,3 and 4) gave a lower crys-
tallinity degree than LBG. This phenomenon suggested that CA-LBG
(condition 1,3 and 4) is more amorphous than LBG. Esterification by
the more amounts HCI and the longer of UV irradiation time increased
the crystallinity degree. The CA esterified and thermodynamic parame-
ters influence regular of structure molecules in CA-LBG.

3.7. Potentiometric

Esterification by the more amounts HCl increased the acidity of the
esterification condition, thus accelerating the protonation of the O atoms
to form positive C atoms of the carbonyl group. The UV irradiation time
gives longer energy for the formation of the bond between the positive C
atoms of the carbonyl group and the O atoms of the hydroxyl group.
Esterification by higher amounts HCl and the longer of UV irradiation
time produce CA-LBG that has high esterification degree (Table 2).

3.8. Viscosity study

Esterification by the more amounts of HCl decreases viscosity
(Table 2) because it potentially damages the structure of mannose and
galactose. Therefore CA-LBG can not withstand distilled water. The
longer UV irradiation time (Table 2) increases the viscosity CA-LBG
because it gives more opportunity for forming bonds between the posi-
tive C atoms of the carbonyl group of atoms and the O atoms of the C-6
mannose and galactose hydroxyl groups. The structures CA-LBG formed
are rigid. Therefore, it can withstand distilled water and increase the
viscosity.

3.9. Disi uul.l‘l}il tudies on tabl
The purpose of this experiment was to determine the ability of CA-
LBG as disintegrant on conventional tablets. The disintegration time of




W. Hadinugroho et al.

Heliyon 5 (2019) e02337

#00 4

CA
I I WLwawv sl i
LBG

; T s
= et S

00

WM“%

400

200 _\\‘/N\\\“v‘w\

CA-LBG (Condition 1)

% 1 B SO e
= 9
= CA-LBG (Condition 2)
[LLE
400 M
200 \“\—-»..M,\‘_ﬂ_
] T —n
200 S5k
CA-LBG (Condition 3)
s00 4
100
.\w /,__,..-"r W\N‘\\\‘\
200 T
WMM—
800 el
3 CA-LBG (Condition 4)
600 ]
i
400 -
N _
200 wwhh—»m
o
Ry N i i =
¢ 1o 2 E) 10 : 5 y 0 :
Theta-2Theta (deg)

Fig. 6. XRD difractogram of CA, LBG and CA-LBG of various condition of esterification.

tablets containing CA-LBG is 5.58 minutes while tablets containing 5SG is
11.62 minutes. The difference in time value of disintegration because
both disintegration agents have different disintegration mechanisms.
Although CA-LBG has a hardness of 10-13 kgf, but CA-LBG has low
adesivity with other particles making up tablets. This condition causes
CA-LBG particles to resist interacting with other particles when wetted by
disintegrant media so that the tablet disintegrates. When wetting the
media is disintegrated, S5G particles swell and push other particles
around it so that the tablet disintegrates. The process of swelling S5G

particles is influenced by the penetration speed of disintegrant media so
that it also influences the time of tablet disintegration.

3.10. Dissolution studies on tablets

The tablet release pmﬁleraining CA-LBG and tablets containing
LBG is shown in Fig. 7. The purpose of this study was to compare the
effect of CA-LBG with LBG in tablets to drug release. Tablets containing
CA-LBG have a slower drug release profile compared to tablets
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Fig. 7. In-vitro drug release profile from tablets.

containing LBG. The CA-LBG interaction with ketoprofen in tablets in-
hibits the wetting of ketoprofen and inhibits drug release from tablets.
Although CA-LBG can give a time of rapid disintegration, tablets that
disintegrate into granules are not easily dissolved. CA-LBG particles are
located on the surface of the granule inhibits the penetration of disso-
lution media. The release of ketoprofen is influenced by the speed of
granule wetting.

In tablet containing LBG, wetting and swelling starts from LBG on the
surface of the tablet into the granule and inhibiting the dissolution of
ketoprofen. The LBG swells and high viscosity (Table 2) when moistened
by dissolution media. Wetting and swelling starts from LBG on the sur-
face of the tablet and then gradually into the center of the tablet along
with the speed of entry of the dissolution media. The release of keto-
profen starts from ketoprofen on the surface of the tablet and then de-
pends on diffusion and swollen LBG erosion,

4. Conclusion

The CA-LBG was created from esterification between 7.10 x 10°®
Molar LBG and 0.42 Molar CA under conditions created using 0.30 M HCI
and 100 minutes of UV irradiation time. The CA-LBG having value of
esterification degree 9.69 % and viscosity 7.46 cPs. HCl accelerates
protonation on the O atoms and the formation of positive C atoms of
carbonyl groups of CA. The time of UV irradiation gives the longer energy
for the formation of the bond between the positive C atoms of the
carbonyl group and the O atoms of the hydroxyl group at C-6 atoms of
mannose and galactose.

gdarations
Author contribution statement
Wuryanto Hadinugroho: Conceived and designed the experiments;
Performed the experiments; Analyzed and interpreted the data;
Contributed reagents, materials, analysis tools or data; Wrote| paper.
Suwaldi Martodihardjo, Achmad Fudholi, Sugeng Riyanto: ceived
and designed the experiments; Analyzed and interpreted the data.
Funding statement

This work was supported by the Ministry of Research, Technology
and Higher Education, Indonesia (0299/E3/2016).

gompenng interest statement

The authors declare no conflict of interest.

Additional information
No additional information is available for this paper.
Acknowledgements

Wauryanto Hadinugroho is thankful to the department of research,
technology, and higher education, Indonesian for support of this work.
The authors are thankful to PT. Makmur Pangan (Indonesian) for locust
bean gum (vise ); LPPT Gadjah Mada University (Indonesian) for
SEM, DSC, NMR; Department of Chemistry, Faculty of Math and Science,
Gadjah Mada University (Indonesian) for XRD; Faculty of Pharmacy,
Gadjah Mada University (Indonesian) for instrumental facilities; Faculty
of Pharmacy, Widya Mandala Surabaya Catholic University (Indonesia)
for the instrumental facilities.

References

[

R.J. Chudzikowski, Guar gum and its application, J. Soc. Cosmet. Chem. 22 (1971)
43-60.
P. Dey, S. Maiti, B. Sa, Novel etherified locust bean gum-alginate hydrogels for
controlled release of glipizide, J. Biomater. Sci. Poly. 24 (6) (2013) 663-683.
V. Samavati, 5.H. Razavi, K.A. Rezaei, Intrinsic viscosity of locust bean gum and
sweeteners mixture in dilute solutions, Electron. J. Environ. Agric. Food Chem. 6
(2007) 1879-1889,
Y. Tamaki, T. Teruya, M. Tako, The chemical structure of galactomanan isolated
from seed of delonix, Bicsc. Biotech. Biochem. 74 (5) (2010) 1110-1112.
[S] W. Johnson, On the Safety Assessment of Galactomannans as Used in Cosmetics,
Cosmetic Ingredient Review, Washington DC, 2012,
[6] S. Kaity, A, Gosh, Carboxymethylation of locust bean gum: application in
interpenetrating polymer network microspheres for controlled drug delivery, Ind.
Eng. Chem. Res, 52 (30) (2013) 10033-10045.
[7]1 S. Kaity, J. Isaac, P.M. Kumar, A. Bose, T.W. Wong, Microwave assisted synthesis of
acrylamide grafted locust bean gum and its application in drug delivery, Carbohydr.
Polym. 98 (2013) 1083-1094,
S.R. Palit, Some recent results of end group Analysis of dye techniques, Pure Appl.
Chem. 12 (1-4) (1966) 451-462.
E. Karadag, D. Saraydin, N. Sahiner, O. Giiven, Radiation induced acrylamide/citric
acid hydrogels and their swelling behaviors, J. Macromol. Sci. Pure Appl. Chem. 38
{11) (2001) 1105-1121,
[10] A. Bhattacharya, JJW. Rawlins, P. Ray, Polymer Grafting and Crosslinking, A John
Wiley & Sons, Inc, Publication, Canada, 2009.
[11] A. Colas, Silicones: Preparation, Properties and Performance, Dow Corning
Corporation, USA, 2005.
[12] C.C. Yeh, C.N. Chen, ¥.T. Li, C.W. Chang, M.Y. Cheng, H.I. Chang, The effect of
polymer molecular weight and UV radiation on physical properties and bioactivities
films, Cell. Polym. 30 (5) (2011) 227-242.
indraatmadija, LS. Burn, The effec of ultraviolet radiation on polycarbonate
glazing, in: M.A. Lacasse, D. J Vanier (Eds.), Durability of Building Material and
Component 8, National Research Council Canada, 1999, pp. 884-898.
[14] C. Decker, T.N.T. Viet, D. Decker, E. W-Koehl, UV-radiation curing of acrylate/
epoxide system, Polymer 42 (13) (2001) 5531-5541.
[15] E. V-Santiago, 5. H-Lopez, R-Romero, Photochemical cross-linking study of
polymers containing diacetylene groups in their main chain and azobenzene

[2

(3

[4

[E:)

[9

[13]




W. Hadinugroho et al.

[16]

117]

(8]

(9]

[20]

[21]

[22

compounds as pendant groups, Sociedad Mexicana de Ciencia y Tecnologia de
Superficies y Materiales 19 (1) (2006) 1-7.

W. Hadinugroho, 8. Martodihardjo, A. Fudholi, 8. Riyanto, Study of catalyst for
crosslink citric acid on locust bean gum, J. Chem. Technol. Metall. 52 (6) (2017)
1086-1091.

J.M. Halpern, R. Urbanski, A.K. Weinstock, D.F. Iwig, R.T. Mather, H.A.J. von
Recum, A biodegradable thermoset polymer made by esterification of citric acid
and glycerol, Biomed. Mater. Res. Part A 102A (2014) 1467-1477.

Y. Zhao, C. Moser, G. Henriksson, Transparent composites made from tunicate
cellulose membranes and environmentally friendly polyester, ChemSusChem 11
(10) (2018) 1728-1735.

J. Coates, Interpretation of infrared spectra, a practical approach, in: R.A. Meyers
(Ed.), Encyclopedia of Analytical Chemistry, John Wiley & Sons Ltd, Chichester,
2000, pp. 10815-10837.

R. Nissan, L. Merwin, J. Fischer, J. Smith, J. Maurice, R. Nickell, L. Lusk, An
investigation of the Chemistry of citric acid in military soldering applications,
NAWCWPNS TP 8199 (1995) 1-28.

AMW.H. Jans, K.H. Kinne, ®C NMR spectroscopy as A tool to investigate renal
metabolism, Kidney Int. 39 (1991) 430-437.

K.M. Doll, R.L. Shorgren, J.L. Willett, G. Swift, Solvent-free polymerization of citric

acid and D-sorbitol, J. Polym. Sci. A Polym. Chem. 44 (2006) 4259-4267.

Heliyon 5 (2019) e02337

[23] Y. Zhang, C. Zhao, X. Liu, W. Li, J. Wang, Z. Hu, Application of poly(aspartic acid-

citric acid) copolymer compound inhibitor as an effective and environmental agent
against calcium phosphate in cooling water systems, J. Appl. Res. Technol. 14
(2016) 425-433.

H. Bhatia, P.K. Gupta, P.L. Soni, Extraction, purificaton and characterization of a
galac from prosopisjulifiora (SW.) DC. Seed polysaccharides, Int. J. Sci.
Technol. 2 (4) (2013) 708-724.
E.G. Azero, C.T. Andrade, Characterisation of prosopisiulifiora seed gum and the effect
of its addition to x-carrageenan systems, J. Braz. Chem. Soc. 17 (5) (2006) 844-850.
K.S. Parvathy, N.S. Susheelamma, R.N. Tharanathan, A.K. Gaonkar, A simple non-
aqueous method for carboxymethylation of galactomannans, Carbohydr. Polym. 62
(2005) 137-141,

S. Gillet, M. Aguedo, C. Blecker, N. Jacquet, A, Richel, Use of "*C-NMR in Structural
Elucidation of Polysaccharides: Case of Locust Bean Gum, Poster of Young Belgium
Magnetic Resonance Scientist, 2014,

V. Vijan, 8. Kaity, 5. Biswas, J. Isaac, A. Ghosh, Microwave assisted synthesis and
characterization of acrylamide grafted gellan, application in drug delivery,
Carbohydr. Polym. 90 (2012) 496-506.

United States Pharmacopeial Convention, Inc., The United States Pharmacopeia,
Twenty-Sixth and the National Formulary, Twenty-First, Asian Edition, The Board
of Trustees, Twinbrook Parkway, Rockville, 2003,




Esterification of citric acid with locust bean gum

ORIGINALITY REPORT

10 .5 %8 %9

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Submitted to King Mongkut's Institute of
Technology Ladkrabang

Student Paper

"l

Santanu Kaity, Jinu Isaac, P. Mahesh Kumair,
Anirbandeep Bose, Tin Wui Wong, Animesh
Ghosh. "Microwave assisted synthesis of
acrylamide grafted locust bean gum and its
application in drug delivery", Carbohydrate
Polymers, 2013

Publication

"l

e

ro.ecu.edu.au

Internet Source

%]

=

boris.unibe.ch

Internet Source

%]

www.arjournals.or
InternetSougce g <%1
n Kaity, Santanu, Jinu Isaac, P. Mahesh Kumar, <o 1
Yo

Anirbandeep Bose, Tin Wui Wong, and Animesh
Ghosh. "Microwave assisted synthesis of
acrylamide grafted locust bean gum and its



application in drug delivery", Carbohydrate
Polymers, 2013.

Publication

Lannie Hadisoewignyo, Sandy Budi Hartono,
Angelica Kresnamurti, lIvonne Soeliono et al.
"Evaluation of anti-inflammatory activity and
biocompatibility of curcumin loaded mesoporous
silica nanoparticles as an oral drug delivery
system", Advances in Natural Sciences:
Nanoscience and Nanotechnology, 2018

Publication

Submitted to Birla Institute of Technology

Student Paper

Weili Huang, Baijun Liu, Famin Sun, Zhihua
Zhang, Xiaojun Bao. "Synthesis and
characterization of thermally stable MCM-41/y-
AlI203 composite materials”, Microporous and
Mesoporous Materials, 2006

Publication

RN
(@)

repositories.lib.utexas.edu

Internet Source

—
—

link.springer.com

Internet Source

-
()

www.sciencedirect.com

Internet Source

RN
w

Santanu Kaity, Animesh Ghosh.



"Carboxymethylation of Locust Bean Gum:

Application in Interpenetrating Polymer Network <°/01
Microspheres for Controlled Drug Delivery",
Industrial & Engineering Chemistry Research,
2013
Publication
WWW.issp.ac.ru
Internet SourcE <%1
Teresa Cordeiro, Ana B. Paninho, Maria <, 1
Bernardo, Inés Matos et al. "Biocompatible °
locust bean gum as mesoporous carriers for
naproxen delivery", Materials Chemistry and
Physics, 2020
Publication
Wang, J., P. Lei, Z. H. Liu, P. He, K. M. Wang, <o, 1
C. B. Liu, Y. K. Chen, M. M. Miao, and C. C. Li. °
"Preparation, Characterization and Properties of
Cellulose Acetate-Grafted-Poly(glycidyl
methacrylate) Copolymers", Journal of
Macromolecular Science Part A, 2015.
Publication
academicjournals.or
Internet SourceJ g <%1
EXCLUDE QUOTES ON EXCLUDE MATCHES <10

WORDS



EXCLUDE
BIBLIOGRAPHY

ON



	Esterification of citric acid with locust bean gum
	by Wuryanto Hadinugroho

	Esterification of citric acid with locust bean gum
	ORIGINALITY REPORT
	PRIMARY SOURCES


