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Abstract

Here we report two methods that chemically-modify alginate to achieve neutral-basic pH-
sensitivity of the resultant hydrogel. The first method involves direct amide bond formation
between alginate and 4-(2-aminoethyl)benzoic acid. The second method that arose out of the
desire to achieve better control of the degradation rate of the alginate hydrogel, involves reductive
amination of oxidized alginate. The products of both methods result in a hydrogel vehicle for
targeted delivery of encapsulated payload under physiological conditions in the gastrointestinal
tract. 2D Diffusion-Ordered Spectroscopy as well as internal and coaxial external NMR standards
were utilized to establish chemical bonding and percent incorporation of the modifying groups
into the alginate polymer. The hydrogel made with the alginate modified by each method was
found to be completely stable under acidic pH conditions while disintegrating within minutes to
hours in neutral-basic pH conditions. We found that, while alginate oxidation did not affect the
M/G ratio of the alginate, the rate of disintegration of the hydrogel made with the oxidized
alginate was dependent on the degree of oxidation.
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INTRODUCTION:

Hydrogels have been a key focus for drug delivery studies due to their natural swelling/water
retention properties as well as their consistent and predictable release rate of therapeutic
agentsl=2. They are also used as a means of protecting the therapeutics from harmful
conditions such as the acidic stomach environment during oral drug delivery. Many drug
delivery hydrogels are already on the market for a wide variety of therapeutic applications
including: hypertension, pain management, infections, and burn dressings?: 3. With
controlled drug release being the main objective, extensive research has gone into tuning the
properties of the hydrogels to respond consistently to different stimuli with temperature2 4-5
and pH1~2. 6-13 heing the most popular. Drug release based on pH sensitivity is useful for
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oral drug delivery due to the large difference between the acidic stomach pH (< 3.0) and the
more neutral intestinal pH. Some polymers that have been examined for pH sensitivity
include: chitosan-poly (ethylene oxide) (PEO)!4, poly(acrylic acid):PEOL, Gelatin-PEQ10,
Poly(acrylamide-co-maleic acid)!®, hyaluronic acid8, and alginate®-°.

There is significant interest in the use of alginate, a block copolymer consisting of (1,4)-
linked B-D-mannuronate (M) and a-L-guluronate (G) monomers, in biomedical applications
owing to its proven biocompatibility and ability to form hydrogels under mild physiologic
conditions!”~18, In addition, its controllable degradation, ease of chemical modification and
self-healing properties make alginate particularly attractive in drug delivery®. Although other
chemical modifications of alginate for drug delivery have been described, our objective in
this study was to develop a modification method that specifically preserves alginates
inherent biocompatibility and non-toxic rapid crosslinking properties when added to a
divalent cation such as calciums.

Alginate based scaffolds have been commonly used for bone and tissue regeneration19-21,
absorbent dressing for wound treatment3: 22-23, and drug delivery platforms8-7: 23-28,
Although alginate hydrogel microbeads are prone to swelling under physiologic conditions,
they usually remain stable and slow to degradation2?, which is not ideal for oral drug
delivery with regards to controlled therapeutic drug release in the gastrointestinal tract
(GIT). We hypothesized that alginate microbeads made with chemical modifications having
basic functional groups would function inversely to those having acidic functional groups
when exposed to acidic or basic solutions. Therefore, chemical modification of the alginate
polymer would be an option for controlling the release rate by enhancing the swelling
capacity and/or water solubility of alginate at a desired pH. A number of studies on hydrogel
formation and properties based on chemical and physical crosslinking polymers23: 30 are
largely based on the network structure and permeability of the material3L.

Alginate derivatives via chemical modifications include reactions targeting the carboxyl
groups via esterification32-33 Ugi reaction34-35, and amidation36-37 whereas modification
via the vicinal hydroxyl groups on the polymer backbone include oxidation of alcohols to
dialdehyde36: 38 followed by reductive-amination of the oxidized alginates38, sulfination26,
and copolymerization3?. Our work involves the chemical modification of alginate as a way
to improve and better control the release rate of potential therapeutic agents in the GIT.
Although a previous study had modified alginate using three different bioactive peptide
sequences (GRGDYP, GRGDSP and KHIFSDDSSE) coupled to 8% periodate oxidized
alginate32, the present study is the first application of the approach of modifying alginate by
oxidizing the vicinal dialcohol backbone of alginate as well as direct amide bond formation
between alginate and 4-(2-aminoethyl)benzoic acid to generate a pH-tunable alginate for
drug delivery.

MATERIALS AND METHODS:

Materials:

Ultra-pure low viscosity (20-200 mPa-s) sodium alginate with high guluronic acid (UPLVG)
contents was purchased from Nova-Matrix (Sandvika, Norway). UPLVG alginate was
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reported by the manufacturer to have molecular weights 75-200kDa and G/M ratios of 1.5,
and the G/M ratios were not altered by our modifications as shown in Table 2. 4-(2-
aminoethyl)benzoic acid was purchased from Combi-Blocks (San Diego, CA); sodium
meta-periodate >99% purity was purchased from Santa Cruz Biotechnology (Dallas, TX)
and TMSP-d4 for NMR quantification was obtained from Cambridge Isotope Labs
(Tewksbury, MA). All other chemicals were purchased from Sigma-Aldrich (St. Louis MO).

Chemical Modification of Sodium Alginate:

Amidation: Amidation was done based on the general procedure described by Sakai and
Kawakami with some modification0. Ultrapure alginate (200 mg, 1.14 mmol) was dissolved
in 25 mL of phosphate buffer (pH 6.05) and 25 mL of acetonitrile. 240 mg (1.25 mmol) of
EDC.HCI and 200 mg (1.74 mmol) of N-hydroxysuccinimide were added sequentially and
the mixture was stirred in the dark under Ar atmosphere for 1 hour. 4-(2—
aminoethyl)benzoic acid.HCI 300 mg (1.50 mmol) was then added and the mixture was
stirred for the next 24 hours. The sample was then dialyzed with 0.1 M NaCl for 12 h
followed by ultrapure water (Millipore Sigma) for 24 h and lastly lyophilized until dry
obtaining 110 mg (~ 0.56 mmol) of soft cotton like material.

Reductive Amination: Following Dalheim et al.’s protocol32, ultrapure alginate (180 mg,
1.0 mmol) was dissolved in ultrapure water (Millipore Sigma) with 10% (v/v) isopropanol to
a concentration of 8 mg/mL. The solution was degassed with N5 and chilled to 2-4 °C. To
generate an oxidized alginate product, a degassed solution of sodium (meta)-periodate
(0.25mL of 0.25M solution, 0.0625 mmol NalO,4) was added for oxidation of about 5 mol
percent of alginate units. The mixture was stirred for 48 h in the dark and then dialyzed with
ultrapure water until the conductivity was below 2-uS and then dried via lyophilization to
obtain 133 mg of the product. The periodate-oxidized alginate (120 mg, ~ 0.7 mmol) was
dissolved in ultrapure water and methanol (12% v/v), and either used as such or used after
further modification with 4-(2-aminoethyl)benzoic acid for hydrogel bead fabrication and
testing.

For the modification of the oxidized alginate with 4-(2-aminoethyl)benzoic acid, after
stirring for 15 minutes, 12 mg (0.06 mmol) of 4-(2-aminoethyl)benzoic acid hydrochloride
and 10 mol equivalent of pic-BH3 were added. The pH of the mixture was adjusted to 6.0
with phosphate buffer and solution stirred in the dark for another 24 h. The sample was then
dialyzed with 0.1 M NaCl for 12 h followed by ultrapure water for 24 h and lastly
lyophilized until dry obtaining 105 mg (~ 0.58 mmol) of soft cotton like material. Batches
with 1%, and 2% periodate oxidized alginates were used to obtain incorporation of
approximate equivalents of small molecules via 2x and 4x scaling of the reagents for
oxidation (NalQ,) followed by reductive amination with 4-(2-aminoethyl)benzoic acid
hydrochloride and pic-BH3 Quantification of the small molecule incorporated was done via
1H NMR analysis detailed in the NMR analysis section below.

Quantification of alginate M/G ratios and assessment of molecular weight of alginate:

M/G ratios were determined for the modified alginates according to the published
procedures*! with a few modifications; 1D 1H spectra were collected at 80° C verses 90° C
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in 100% D,0 using a full 90 degree pulse as opposed to a 30 degree pulse. A five second
recycle delay was then used to ensure full T1 relaxation when using the 90 degree pulse.
Spectra were reference to the water signal (4.219 ppm) according to literature*2. The
equation M/G = (B + C — A)/A was used where A is the area of the G anomeric proton (Hj,
broad singlet, 5.03 ppm), B is the area for the multiplet centered at 4.68 ppm containing H;
of M and Hs of G in the GM blocks and C (4.43 ppm) is the area for Hs of G in the GG
blocks.

NMR acquisition and analysis:
Modified alginate was dissolved in D,O (8 mg/mL) along with 3-(trimethylsilyl)-2,2,3,3-
tetradeuteratepropionic acid sodium salt (TMSP-dj) as an internal standard (1 mM
equivalent). The moles of substituent incorporated per moles of alginate was determined via
1H NMR analysis based on the internal standards used. A known amount of maleic acid
dissolved in D,O was also used as an external standard for secondary standard for
quantification. Although FTIR is often used for structural/molecular characterization of
particles, the data for particle size and zeta potential were inconsistent and appeared to vary
with concentration and duration of sonication. Therefore we chose not to include them in the
results. We believe that NMR is much more definitive than FTIR for structural/molecular
characterization. We have done SEM imaging with other alginate structures not related to
this project and have found it rarely useful for this type of characterization as the particle
size is too small to assess.

Validation of covalent bonding of the small molecule:

Diffusion-Ordered Spectroscopy (DOSY) is commonly used for analysis of complex
mixtures based on their relative hydrodynamic radius and their derived diffusion
coefficients#3-44, The technique is especially useful when the 1D spectra is crowded and
hard to resolve unique resonances*. Comparison of diffusion coefficients between the
oxidized alginates, small molecule 4-(2-aminoethyl)benzoic acid and the covalently bonded
product of the two can be used as an indirect confirmation of an association between the
polymer and small molecule.

In Vitro testing of modified alginate degradation:

Modified alginate was dissolved in Hanks Balanced Salt Solution (HBSS) at a concentration
of 1.5% (w/v) overnight. Hydrogel beads were formed by manually extruding the alginate
through an 18-guage blunt needle into a 100 mM CaCl, crosslinking solution. The beads
were allowed to crosslink for 10-15 minutes before being incubated in either simulated
gastric fluid (SGF) for up to 6 hours or simulated intestinal fluid (SIF) for 3 hours while
being shaken at 60 RPM. At corresponding time points, the beads were counted to determine
the degradation rate in each respective medium.

Imaging
All images were taken with a Zeiss Axiovert 200M inverted microscope.
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Statistical Analysis:

Data in Figures 4, 5, & 6 are expressed as mean + standard error and a multiple t-test was
used to statistically evaluate the differences between the two groups. Differences were
considered significant if p < 0.05.

RESULTS:

Chemical modification and validation of covalent bonding of the small molecule:

Alginate modification following the two protocols were verified for the degree of
functionalization and chemical bonding. The desired structures for amidation and reductive
amination are shown in Scheme 1 and Scheme 2 respectively

The amount of small molecule incorporated into the polymer backbone was calculated based
on 1H NMR data using an internal standard (3-(trimethylsilyl) propane sulfonic acid sodium
salt) and further verified with a coaxial external standard (maleic acid). Covalent bonding
between the polymer backbone and the small molecule was determined using DOSY to
measure the difference of diffusion coefficients between the covalently coupled product and
non-coupled mixture of oxidized alginate and small molecule (Figure 1).

Here we show the comparison of the DOSY spectra of a mixture of the oxidized polymer
with free small molecule and the chemically coupled product of the two. In Figure 1A, the
oxidized polymer and the small molecule both have distinctively different diffusion
coefficients confirming no coupling between the two whereas in Figure 1B, the DOSY
spectra after chemical modification using POA (periodate oxidized alginate) and the small
molecule display one cohesive diffusion coefficient indicating the bonding of the small
molecule into the alginate polymer. 2D 1H DOSY spectra were collected using the standard
Bruker sequence stebpgpinlsld. A diffusion gradient length of 100 ms and a diffusion time
delay of ~3200 ps giving 95% truncation of the POA alginate 4-(2-aminoethyl)benzoic acid
were used. DOSY spectra were collected with a linear gradient of 16 points and 32 scans.
Processing was carried out with TopSpin3.6pl6. DOSY spectra clearly showed a difference
in the diffusion coefficients between the aromatic peaks (7-8 ppm) in free 4-(2-
aminoethyl)benzoic acid (Figure 1A) and the chemically bonded 4-(2-aminoethyl)-benzoic
acid (Figure 1B).

NMR Acquisition and Analysis:

1D H NMR spectra were collected under full T1 relaxation conditions to help ensure
accuracy of the integral areas. The concentration and mol% modification of POA alginates
(Table 1) were determined by comparing the area of the aromatic resonances of 4-(2-
aminoethyl)benzoic acid to the area generated from using a co-axial 1mm insert containing a
known concentration of malic acid in D,O. Table 1 lists the concentration (and molar
percent) of small molecule (4-(2-ethylamino)benzoic acid) chemically coupled to
approximately 0.5, 1, and 2 percent oxidized ultrapure modified alginates (UPLVG).
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Quantification of alginate M/G ratios and assessment of molecular weight:

In order to determine if the modification had an unintended change on the structure of the
alginate, the M/G ratios were measured using NMR and determined by the equation M/G =
(B+C-A)/A, where A is the area under the first curve, B is the area under the centered
multiplet, and C is the area under the broad singlet (Figure 2). UPLVG alginate M/G ratios
(Table 2) remained within the range specified by the company’s description of the
unmodified UPLVG alginate (>60% G units). The modified alginate had an M/G ratio of
0.63, 0.69, and 0.61 for 0.5%, 1%, and 2% modified alginate respectively (Table 2). This
indicates G units making up about 62-64% of the alginate polymer. Therefore, the chemical
modifications had no impact on the block subunit structure of the alginate.

In Vitro testing of modified alginate microbead degradation:

We had hypothesized that 4-(2-aminoethyl)benzoic acid modification onto the alginate
backbone would lead to a structural weakness at a neutral pH. We were able to control the
modification to as low as 0.5 mol percent of the total alginate units in the polymer (Table 1).
Oxidation of the polymer at greater than 10% resulted in degradation of gelling capacity of
the material as expected due to the disruption of the backbone structure®3. Modified alginate
by direct incorporation of 4-(2-aminoethyl)benzoic acid at 0.35 mol percent as well as 2%
oxidized alginate was synthesized and the degradation of the resultant hydrogel microbeads
in simulated acidic gastric fluid (SGF) and simulated neutral intestinal fluid (SIF) was
studied. As shown in Figure 3, after 6 hours of placement of hydrogel microbeads made with
either unmodified (control) or modified alginate in the SGF medium the beads remained
structurally intact. However, when incubated in the neutral SIF medium while majority of
the microbeads made with the unmodified alginate remained structurally intact despite an
apparent swelling, all of the beads made with the modified alginate completely disintegrated
within 3 hours of incubation. Also, as shown in Figure 3 when we tested alginate microbead
hydrogels made with alginate that had been oxidized without covalent bonding to 4-(2-
aminoethyl)benzoic acid, we found that the hydrogel was also sensitive to the simulated
intestinal fluid while resistant to the gastric fluid.

The rate of degradation of the benzoic acid modified alginate over time can be seen in
Figure 4. Within 1 hour of incubation in SIF, 71.5 £+ 9.3% of the modified alginate fell apart
compared to only 1.8 + 1.8% of the unmodified alginate beads.

The effect of the degree of oxidation of the alginate backbone on the rate of degradation of
the resultant microbead hydrogel in the SIF, is shown in Figure 5. As the degree of oxidation
of alginate increased from 0.5% - 2%, the rate of bead disintegration was enhanced. Within
45 minutes, ~ 80% of the beads made with 2% oxidized alginate had disintegrated and this
was significantly higher than was observed with beads made using lower percent oxidized
alginate. Within 1.5 hours, none of the beads made with either 1% or 2% oxidized alginate
remained intact and by 2 hours, less than 10% of the beads made with 0.5% oxidized
alginate stayed intact. Benzoic acid was bonded to the oxidized alginate in order to
determine if there was a compounding effect on the alginate bead degradation.
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DISCUSSION:

Alginate is a complex polysaccharide composed of randomly oriented blocks of monomers
of (1-4)-linked B-D-mannuronic acid (M) and a.-L-guluronic acid (G)*6. The transport of
molecules within an alginate hydrogel is important for their transport in such a delivery
system. Transport within this hydrogel system is largely driven by diffusion, and diffusion
varies as a function of alginate composition and concentration and the rate of diffusion is
greatest for hydrogels prepared with sodium alginate of low G content in contrast to those
prepared with sodium alginate of high G fractions*’. This is attributed to the flexibility of
the polymer backbone, which suggests that higher G fractions result in higher crosslinking,
less swelling and hence a greater barrier to diffusion. Measurements of simple physical
parameters, such as volume fraction and size, can be used to predict solute transport in
alginate hydrogel?’. These parameters can be controlled based on the alginate concentration
and composition for sustained release of small amounts of substances encapsulated in
alginate hydrogel. However, in situations where the release of readily effective therapeutic
levels is desired, it would be beneficial to modify the alginate delivery vehicle to release the
encapsulated products based on prompt degradation of the alginate hydrogel. One way to
achieve such immediate release and enhance the bioavailability of therapeutic molecules
encapsulated in alginate hydrogel is to modify the alginate polymer to degrade based on
sensitivity to the basic pH of the small intestine where absorption into the systemic
circulation also takes place.

We show in this report two methods of chemical modification of the alginate polymeric
material that result in the potential use of the alginate hydrogel as a drug delivery vehicle for
pH dependent release in the GIT. In this proof of concept study, 4-(2-aminoethyl)benzoic
acid was used as a modifier on the alginate backbone by direct covalent bondage to generate
a novel modified alginate material whose hydrogel is sensitive to neutral-basic pH prevalent
in the intestine, but resistant to the simulated acid conditions of the gastric fluid. We also
show that alginate can be modified by periodate-oxidation to produce an oxidized alginate
material whose hydrogel has similar pH-sensitivity characteristics as the 4-(2-
aminoethyl)benzoic acid-modified alginate. Successful chemical coupling of desired
quantities of 4-(2-aminoethyl)benzoic acid with oxidized alginates was achieved following a
facile procedure reported by Dalheim et al32. Periodate oxidized alginates were reacted with
4-(2-ethylamino)benzoic acid followed by reduction of the imine to amine using pic-BH3,
However, hydrogels made with the oxidized alginates without or with the 4-(2-
aminoethyl)benzoic acid were equally responsive to the neutral-basic pH effect.

Previous studies by Bharti and Roy had shown that oxidation of the alginate polymer at
greater than 10% resulted in degradation of the gelling capacity of the material as expected
due to the disruption of the backbone structure, but our findings constitute the first report of
alginate oxidation resulting in pH-sensitive degradation of the hydrogel made with alginate
oxidized by as little as 0.5%%3. We hypothesize that this is caused by deprotonation of the
alginate molecules at neutral pH conditions, which leads to increased water retention with
subsequent swelling and eventual degradation of the hydrogel. This hypothesis would be
consistent with a previous suggestion that a limited degree (typically 1-20%) of periodate
oxidation of polysaccharides may give rise to derivatives with entirely altered chemical and
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physical properties. Specifically, it had been proposed that the ring opening caused by
periodate leads to the formation of highly flexible ‘hinges’ in otherwise rather semiflexible
or rigid structures*8. Also, we observed that our chemical modifications had no impact on
the block subunit structure of the alginate as determined by the M:G ratios in the modified
alginates, which were similar to those specified by the suppliers (Novamatrix, Sandvika,
Norway) of the UPLVG alginate.

We have shown through /n vitro tests that this modified hydrogel is capable of staying
structurally intact in the harsh acidic conditions as occurs in the stomach, but degrades
readily in the more neutral pH conditions that prevail in the intestines. The rate of
degradation is directly related to the percent modification of the alginate which has
enormous potential in controlled release of therapeutic substances. Thus, in a therapeutic
situation where multiple agents need to be delivered sequentially in a timed-release fashion,
different degrees of the modification can be used to achieve such a goal. Being able to more
accurately control when the modified alginate degrades and releases its therapeutic payload
allows for targeted delivery throughout the GIT. In particular, a therapeutic agent would be
most effective with delayed release in the distal small intestine where absorption takes place;
thus encapsulating it with a lower degree of modified alginate such as 0.5% or even 0.25%
oxidation would greatly increase the bioavailability of that therapeutic agent. On the other
hand for a compound that needs to be delivered immediately upon entering the proximal
small intestine perhaps to induce pancreatic enzyme secretion, a higher degree such as 2%
oxidized alginate could be used to burst release the compound once it enters a more neutral
pH in the duodenum.

We note that oral drug intake starts in the mouth where saliva might potentially influence the
bioavailability of ingested substances. In this report we did not examine the stability of the
hydrogel in saliva because of the extremely short transit time of swallowed substances in this
fluid. Although the average pH of saliva for individuals with clinically healthy gingiva is ~
7.06%9, the instantaneous entry of a minute volume of saliva into the larger volume of very
acidic gastric fluid (pH < 2), would quickly result in an acidic pH of the medium around
swallowed substances during the extended transit time in the stomach, thus making the
determination of the stability of the hydrogel in acidic medium more relevant, as we have
done in our study consistent with the approach adopted by others?: 26. 50,

In conclusion, we have developed a novel, 4-(2-aminoethyl)benzoic acid-modified alginate
material whose hydrogel is suitable as a vehicle for controlled release of therapeutic agents.
The percent incorporation of small molecules in the modified alginates were reliably
quantified and chemical coupling was confirmed via NMR spectroscopy. This study
validates a relatively inexpensive, environmentally friendly, non-toxic and efficient method
of alginate polymer modification for pH-controlled delivery of therapeutic molecules.
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ABBREVIATIONS
GIT gastrointestinal tract
PEO poly (ethylene oxide)
UPLVG ultra-pure low viscosity high guluronic acid
Nal Oy sodium (meta)-periodate
TMSP-ds 3-(trimethylsilyl)-2,2,3,3-tetradeuteratepropionic acid sodium salt
DOSY diffusion-ordered spectroscopy
HBSS hanks balanced salt solution
SGF simulated gastric fluid
SIF simulated intestinal fluid
POA periodate oxidized alginate
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Figure 1.

2D DOSY (linear gradient) spectra of alginate and 4-(2-ethylamino)-benzoic acid (modifier)
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Figure2.
NMR spectra of 0.5% modified UPLVG alginate. In the equation M/G = (B+C-A)/A, A is

the area under the first curve (1.00), B is the area under the centered multiplet (0.92), and C
is the area under the broad singlet (0.71).
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Figure 3.
Visual representation of modified and unmodified alginate in different solutions after 2

hours. (A) Unmodified alginate in crosslinking solution with no signs of degradation. (B)
Unmodified alginate in SIF showing signs of swelling leading to cracks in the hydrogel. (C)
Unmodified alginate in SGF which shows no signs of degradation. (D) Benzoic acid
modified alginate in crosslinking solution with no signs of degradation. (E) BA modified
alginate with a significant increase in size due to swelling. (F) BA modified alginate in SGF
showing no signs of degradation. (G) Oxidized alginate without BA in crosslinking solution
with no signs of degradation. (H) Oxidized alginate without BA in SIF with an increase in
size and large ruptures due to swelling. (1) Oxidized alginate without BA in SGF showing no
signs of degradation. Scale bar on bright field images 500 pm. Scale bar on dark field
images 250 ym.
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Figure 4:

Comparison of benzoic acid amidation chemistry and unmodified alginate (control) in SIF.
The modified alginate falls apart much faster than the control group (*) p < 0.05, n = 4.
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Figureb.

Degradation rate of oxidized alginate in SGF (left) and SIF (right). Values expressed as
fraction of dissolved beads. (*) p<0.05, n = 4.
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Degradation rates of beads made after alginate oxidation + benzoic acid attachment. p >

0.05,n=3.
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Scheme 1.
Chemical modification scheme for amidation represented as a reaction on an alginate

monomer unit
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Scheme 2.
Chemical modification scheme for reductive amination represented as a reaction on an

alginate monomer unit

J Agric Food Chem. Author manuscript; available in PMC 2019 December 11.

Page 20

COOH



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Banks et al.

Percent incorporation of 4-(2-aminoethyl)benzoic acid in periodate oxidized alginate (POA)

Table 1.

0.5% POA 1% POA 2% POA
Concentration (mM) | Mol % | Concentration (mM) | Mol % | Concentration (mM) | Mol %
UPLVG | 0.0501 0.6875 | 0.1242 1.2808 | 0.2525 2.4592
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Table 2.

M/G ratio for UPLVG maodified alginate

Sample A B C M/G ratio
UPLVG 0.5% | 1.0 | 0.92 | 0.71 | 0.63
UPLVG 1% 1.0 | 0.91 | 0.78 | 0.69
UPLVG 2% 1.0 | 0.92 | 0.69 | 0.61
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