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ABSTRACT

A study on hydrogel preparation from Gracilaria verrucosa using
alkali soaking and microwave dehydration method

By Yong-Woon Kim
Advisor: Prof. Hyun-Jae Shin
Department of Chemical Engineering

Graduate School of Chosun University

Marine algae are harvested or cultivated for the extraction of gelatinous materials
such as carrageenan, alginate and agar collectively known as hydrocolloids or
phycocolloids. Agar has a various application fields including the manufacture of
foodstuff, pharmaceuticals, cosmetic products, and also in biological and medical
research. Commercial grade agar and agarose are mainly obtained from the red
algae, Gelidium and Gracrilaria species. Generally, Gelidium species have been
exploited because of the high quality of their agarocolloids, while Gracilaria
species produces agar with low quality due to their high sulphate concentrations.
For this reason, the gel properties of many Gracilaria agar can be improved by
alkali treatment.

The objective of this study was to investigate the influence of alkaline
soaking using NaOH at different concentrations on yield and physicochemical
properties of hydrogel from domestic non-edible G. verrucosa. Next, the alkaline
soaking extraction and microwave thaw were applied to prepare agar with short
process time and the development of simple production process. Then, the
preparation of agarose from agar by further purification process was tried. First,
mineral contents of the domestic algae were analyzed to find out its suitability
for food. Proximate composition analysis showed a little fluctuation of

carbohydrate contents with harvesting periods during March and May 2015. Agar
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extraction time was determined to be 120 min at 121°C for a maximum yield.
The yield of agar was maximum in 3% alkali concentration (34.8%) and
minimum 1% alkali concentration (17%). Agar gel strengths fluctuated from 462
to 662 g cm”. Algae to water ratio was optimum at 1:30 based on yield, gel
strength, melting point, and gelling point. FT-IR and NMR analysis has been
done to confirm the right structure of agar. The gel strength of the agar
produced in this study showed rather comparable to commercial agar. The
turbidity should be improved to be used in food and medical purposes. Agarose
extraction was performed to produced much purified form of hydrogel. In
summary, this study produced high value product of agr from cheap bioresource
using alkali soaking extraction and microwave thawing method. Process time has
been shortened and the process cost could be lower than the conventional
method. For future works, some comprehensive analysis should be done to find
out the mechanism of melting and gelling and a scale-up of the process will be

studied before the pilot plant test of the process.
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Table 1. Aquaculture production of farmed algae in the world and selected major producers

(source: FAO, 2014. The State of World Fisheries and Aquaculture. Opportunities and

challenges.)
1990 1995 2000 2005 2010 2012
Volume (tonnes) 1,470230 4,162,620 6,938,095 9,494,591  1,1092,270 12,832,060
China Sh . W 1
oy e toal 39 05 60.78 74.55 70.23 58.35 53.97
Volume (tonnes) 100,000 102,000 205,227 910,636 3915017 6,514,854
Indonesia Sh X d 1
oy e total 2.66 1.49 221 6.74 20.59 27.40
Volume (tonnes) 291,176 579,035 707,039 1,338,597 1,801,272 1,751,071
Philippines .
(So}jgre in world total 7 75 8.45 7.60 9.90 9.48 736
Volume (tonnes) 411,882 649,099 374,463 621,154 901,672 1,022,326
Republic
of Korea (532;“* in-world ftotal 4 g4 9.48 4.02 4.59 4.74 4.30
Volume (tonnes) 565,387 569,489 528,881 507,742 432,796 440,754
Japan .
f;,}jj;re inworld total 5 5 831 5.68 3.76 2.28 1.85
Volume (tonnes) 16,125 40,000 207,892 331,490
Malaysia .
(Suga;re inworld total 0.17 0.30 1.09 1.39
. Volume (tonnes) 8,080 39,170 49,910 73,620 125,157 150,876
Zanzibar
(United )
of Tanzania) e ™ word total g 5 0.57 0.54 0.54 0.66 0.63
Volume (tonnes) 3260 800 13000
Solomon
Islands (soza;re in world total 0.02 0.04 0.05
Volume (tonnes) 2,846,755 6,101,413 8,819,740 12,989,600 18,484,076 23,056,431
Subtotal <h . d 1
oy e total 75 60 89.08 94.77 96.08 97.24 96.97
Volume (tonnes) 918,570 747,802 486,302 529,346 525,591 720,018
Rest of
world (Sr,‘/jf)‘re in-world total 54 49 10.92 523 3.92 2.76 3.03
WORLD Volume (tonnes) 3765325 6,849,215 9,306,042 13,518,946 19,009,667 23,776,449
- 4 -
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Kappaphycus alvarezii
& Eucheuma spp.

Japanese kelp
(Laminaria japonica)

Seaweed species
not identified

Gracilaria spp.
Wakame (Undaria pinnatifida)

Porphyra spp.

Other seaweeds
and microalgae

0 1 2 3 4 5 6 T 8 9 10

Million tonnes (wet weight)

Fig. 1. World aquaculture production of farmed aquatic algae grouped by nature and

intended use. (source: FAO, 2014. The State of World Fisheries and Aquaculture.
Opportunities and challenges.)
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" Biofuel Human food*

Fig. 2. Commercial algaec and its uses. (source: Indergaard (1983). The aquatic
resource. I. The wild marine plants: a global bioresource. In Cote, W. A. Biomass

utilization. Vol. Plenum Publishing Corporation, 137-168)
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Table 2. Hydrogel classification based on preparation methods

Classification ~ Method of preparation

Examples

Polymerization
Chemical
Hydrogels Chemical Reaction
Ionic interaction
Hydrophobic interactions
Hydrogen bond
interaction
Physical
hydrogels

Protein interactions

Crystallization

Self-assembly in a

supramolecular structure

Micellar packing

Vinyl monomers

Reactions used to crosslink natural or synthetic polymers,

or polymer networks

Alginate,  chitosan, hyaluronan
poly(N-isopropylacrylamide), hydroxylpropylmethyl
cellulose,

PEO-b-PPO-b-PEO, PPO-b-PEO-b-PPO, PLGA-PEG-PLGA,
PEG-PLGA-PEG

PVA, PVA/PEO blends, PVA/ poly-gamma-glutamic acid
blends, = PVA/PEO-PPO-PEO  blends, PVA/poly(vinyl
pyrrolidone)

(PVP) blends, polyacrylamide/polyacrylic acid blends,
gelatin, oligodeoxyribonucleotidesgraft-
poly(N,N-dimethylacrylamideco-N-acrylolyloxysuccinimide),

gelatin, Perceca

Synthetic polymer-graft-proteins, synthetic
polymers-graft-coiled coils, biotin-avidin

cross-linked networks, antigen-antibody cros-linked
networks

PVA, gelatin-silk fibroin, isotactic PVA, isotactic

poly(methacrylic acid).

Pluronics, PEO-b-PPO-b-PEO, PPO-b-PEO-b-PPO,
PLGA-PEG-PLGA, PEG-PLGA-PEG

Pluronics, PEO-b-PPO-b-PEO, PPO-b-PEO-b-PPO,
PLGA-PEG-PLGA, PEG-PLGA-PEG

(source: Hoffman, A.S. (2012). Hydrogels for biomedical applications. Advanced Drug

Delivery Reviews, 64, 18-23.)
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A

Physical stimuli
Response

Unswollen Swollen
hydrogel hydrogel

chemical stimuli
Response

Fig. 3. Stimuli response swelling hydrogel. (source: Ahmed, E.M. (2015). Hydrogel:
Preparation, characterization, and applications: A review. Journal of Advanced

Research, 6(2), 105-121.)
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Solution Gel I

Fig. 5. The gelling mechanism of agar.
(source: Chapter III: properties, manyfacture and application of seaweed

polysaccharides-agar, carrageenan and algin.)
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Fig. 7. Pretreatment processing.
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Fig 8. Texture analyzer.
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Fig. 10. Agarose production.
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Table 3. Proximate composition of Gracilaria verrucosa and Gelidium amansii

Gracilaria verrucosa Gelidium amansii
Contents
%) %)

Ash 22.46 5.83
Moisture 12.46 13.65
Protein 10.21 11.03

Lipid 1.79 0.50
Carbohydrate 53.08 68.99
- 28 -

Collection @ chosun



Table 4. Proximate composition of Gracilaria verrucosa

March April May

Ash 24.02 23.11 22.46
Moisture 12.15 12.22 12.46
Protein 11.57 11.09 10.21
Lipid 1.88 1.85 1.79
Carbohydrate 50.38 51.73 53.08
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Table 5. Comparison of mineral composition (G. verrucosa

vs G. amansii)

G. verrucosa G. amansii
Na 4186.00+775 7212.59+467.57
P 3700.33+28.25 4851.83+231.08

1633.00+132.69 13110.57+889.83
Ca 1356.25+159.98 32869.48+2634.319
Mg 1203.25+60 16610.35+1273.34
Fe 215.50+£14.28 1618.53+179.78
Zn 39.75+11.32 64.95+7.76
Cu 16.25+8.88 11.21£1.55
Ni 9.25+2.15 58.57+6.88
Mn 7.00+0.00 49.28+4.45
Mo 4.50+1.15 10.17+1.62
Cr 1.20+0.12 2.13+0.03
Hg 0.67+0.35 0.28+0.05
Pb 0.35+0.12 0.29+0.02
Sb 0.17+0.03 0.15+0.02
Cd - -
Se - -
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Table 6. Mineral contents of Gracilaria verrucosa

Ref 1 Ref 2

Na 4524+213.5 360.0+£11.0
P 2293.24+40.7
K 7924+317.8 316+10.6
Ca 305.9+5.5 2248+55.2
Mg 498.3+41.0 167.3+11.7
Fe 8.8+£2.5 313.2+15.5
Zn 4.05+0.1 20+2.8
Cu 24.443.1
Ni 0.4+0.0

Mn 7.4+0.4 90.3£18.2
Mo 1.1+0.1

Se 2.25+0.3

(source: <Ref. 1> Baghel, R. S, Reddy, C.R.K, Jha, B. (2014). Characterization of

agarophytic seaweeds Bioresource Technology,

280-285. <Ref 2>. Shin, J. H., Choi, D. J., Lim, H, C., Seo, J. K., Lee, S. ],
Sung, N. K., (2006). Nutritional components of 4 kinds of red seaweeds.

from the biorefinery context.

Journal of Life Science, 16(3), 400-408.)
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Table 8. Formation of agar

121C

0% NaOH 1% NaOH 3% NaOH 5% NaOH 10% NaOH

0.5h O O O x X

1h O O O X x

1.5h O O O x X

2h O O O X x
- 37 -
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Table 9. Physical and chemical properties of agar obtained from different extraction

time of Gracilaria verrucosa

Yield Gel strength Gte::i[:)n Melting temp Sulfate conc.
o, 2 o,
(o) (g/en) ) ) (Yo wiw)

121C 0.5h

(Alkali conc.)
0% NaOH 1.11 148.57 38.7 80.4 7.1
1% NaOH 2.30 462.04 40.3 85.6 7.5
3% NaOH 1.80 569.79 41.8 88.2 7.5
121C 1h

(Alkali conc.)
0% NaOH 0.82 127.35 38.2 78.7 7.2
1% NaOH 1.7 504.49 41.1 86.9 7.5
3% NaOH 1.93 580.01 42.6 88.8 7.4
121C 1.5h

(Alkali conc.)
0% NaOH 0.56 57.14 37.2 77.4 7.2
1% NaOH 3.01 564.89 42.1 87.8 6.9
3% NaOH 3.48 625.33 43.1 89.3 7.2
121C 1.5h

(Alkali conc.)
0% NaOH 0.47 48.98 36.6 76.8 7.1
1% NaOH 2.01 540.41 40.7 88.4 7.6
3% NaOH 2.48 609.92 42.1 89.6 7.3
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Table 10. Characterization summary of domestic agar

Yield Gel strength Gelation temp Melting temp
Harvest p
. (Vo) (g/em) ) ()
site and
season T G T G T G T G
Cheongspo

Autumn 13.6 13.6 465.8  487.6 43.1 42.8 88.1 88.4
Winter 11.9 12.2 5392 562.1 42.9 42.1 87.2 86.9
Spring 15.6 15.8 3825 3722 41.8 42.9 86.9 87.9

Summer 17.8 18.6 376.2  301.2 43.1 44.0 88.7 88.6

Boryong

Autumn 13.7 13.3 472.8 4822 43.1 42.8 87.9 87.8
Winter 12.3 13.1 542.0  550.0 41.8 42.9 88.1 88.0
Spring 15.8 15.9 3924 369.2 42.8 42.1 86.4 87.2

Summer 17.3 20.0 3145 2998 42.9 42.8 88.9 89.1
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Commercial Agar
(B) Agar from Gracilaria verrucosa

Fig. 11. Comparison of gel formation : Commercial agar.
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Fig. 12. Comparison of extraction method for agar in Gracilaria verrucosa.
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Table 12. Assignment of most important bands in agarocolloids

Wavenumber (cm'l) Assignment

1370 Ester sulfate

1250 Vas S=0O (ester sulfate)

1070 Skeletal mode of the galactan

930 Vibration of the C-O-C of 3,6-anhydro-L-galactose
890 Agar specific band

845 4-Sulfate galactose

830 2-Sulfate galactose

820 6-Sulfate galactose

805 Sulfate on C-2 of 3,6-anhydro-L-galactose
740 C-O-C bending mode in glycosidic linkages
716 C-0O-C bending mode in glycosidic linkages

(source: Mollet, J. C., Rahaoui, A., & Lemoine, Y. (1998). Yield, chemical
composition and gel strength of agarocolloids of Gracilaria gracilis, Gracilariopsis
longissima and the newly reported Gracilaria cf. vermiculophylla from Roscoff

(Brittany, France). Journal of Applied Phycology, 10, 59-66.)
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500 700 900 1100 1300 1500

Fig. 13. FT-IR spectra of agar from G. amansii (a), commercial agar (b), agar from

G. verrucosa (c).
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Fig. 14. '"H NMR spectra of alkali-soaking agar from G. verrucosa (a), H,SO, agar

from G. amansii (b).
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CHOSUN UNIVERSITY
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Fig. 15. Agarose yield obtained from different agar. From (A)
Commercila agar (bread garden): (B) Bacto agar : (C) Gracilaria

verucosa: (D) Gelidium amansii.
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Fig. 16. Agarose gel strength (g cm ) obtained from different

agar.
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