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Protocol 1 Protocol 2 Protocol 3

Energy 9.6 12.4 1.7

Freshwater  1.3 0.6 0.4

Ethanol 1020.5 364.1 116.1

Hydrochloric acid 0.1 1.3 1.0

Sodium carbonate 0.7 1.2 0.1

Sodium citrate - - 75.2

Calcium chloride 2.3 - -

Sodium hydroxide - 0.0 -

Optimization of Protocol 3 - Preliminary Results

Alginates, derived from kelp, are copolymers composed of  β-d-mannuronic acid (M) and α-l-

guluronic acid (G) blocks. The M and G blocks are organized in GG or MM clock and MG or GM 

blocks.

This study aimed to investigate greener extraction methods and the effect on alginate properties, to 

advance sustainable methods suitable for bioplastic applications. 

Alginate composition varies based on the source of kelp and the 

extraction process. Alginate undergoes ionic crosslinking with 

cations, such as calcium, at the GG-blocks (Figure 2), enabling the 

formation of materials like bioplastic packaging. The 

physicochemical properties of these materials are influenced by 

the block compositions, structural conformation, and molecular 

weight of the alginate1,5.

Figure 2. Chemical structure of 

alginate and alginate ionic 

crosslinking.

Figure 3. Alginate-based packaging (Bioform).

Figure 4. Holistic approach for 

evaluating greener methods of 

extraction.

This work aimed to evaluate greener alginate extraction methods, investigating the safety and 

environmental impact, and investigate the isolated alginate properties for bioplastic applications.

• Three greener alginate extraction methods were selected and evaluated.

• Protocol 1 and 2: molecular weight similar to commercial alginate, and high M content.

• Protocol 3: high G content, and lowest environmental impact.

• Reduced extraction time resulted in higher molecular weight and higher M content.

Investigated reduced extraction time for Protocol 3. Trialed extraction times at 1, 4, 10 hours. 

Figure 9. Isolated alginate yield and characterization of properties at varying extraction times. 

The next steps include:

• Design of experiment (surface response methodology) to further optimize protocol 3 for desired 

alginate molecular weight.

• Investigate the relationship between alginate properties and alginate film mechanical properties.

Table 3. Impact on Climate Change (kg CO2 eq). 

Highest contributors include ethanol and sodium citrate

Chemical, energy, and water assessment, evaluating the input requirements to produce 1 kg of 

alginate. The material inputs were adjusted based on experimental yield. Impact on Climate 

Change determined using the ReCiPe method.

Protocol 1

Protocol 2

Protocol 3

Figure 5. Methods of 

alginate extraction 

selected from literature, 

exhibiting chemicals with 

less hazards determined 

by hazard assessment. 

Extractions of each 

protocol were 

completed in 8 

replicates, from 

identical sources of 

Macrocystis pyrifera.

𝐹𝐺𝐺 =
𝐴𝐼𝐼𝐼

𝐴𝐼𝐼 + 𝐴𝐼𝐼𝐼

Figure 6. Isolated alginate samples compared 

to commercial alginate. The color of isolated 

alginate differed, and protocol 1 showed an 

undesirable dark pigment.

Figure 9. Key signals for determining alginate composition, 
1H NMR spectrum and uronic acid composition equations.5,10 

Table 1. Isolated alginate average yield and characterization of alginate properties 

Avg. Yield (%) 
Weight Avg. Molecular 

Weight, Mw (kDa)

Polydispersity 

Index, PDI

Protocol 1 24.3  ± 0.7 240.53 ± 100.81 1.30 ± 0.03

Protocol 2 22.3 ± 1.2 228.20 ± 57.83 1.30 ± 0.10

Protocol 3 26.7 ± 0.6 59.51 ± 13.33 2.20 ± 1.50

I-2M - 211.90 ± 7.18 1.34 ± 0.11

I-2 - 248.70 ± 8.32 1.25 ± 0.07

I-2G - 276 ± 58.00 1.25 ± 0.12

Figure 8. Comparison of chemical, energy, and water 

assessments of extraction protocols.

M/G Ratio
Fraction of GG 

Blocks 

Protocol 1 1.23 ± 0.03 0.18 ± 0.00

Protocol 2 1.53 ± 0.07 0.17 ± 0.01

Protocol 3 0.63 ± 0.03 0.34 ± 0.01

I-2M 1.98± 0.07 0.13 ± 0.00

I-2 1.01 ± 0.07 0.20 ± 0.00

I-2G 0.24 ± 0.06 0.51 ± 0.01

Table 1. Uronic Acid Composition of isolated alginate 

and commercial alginate

• Protocols 1 and 2: high 

MW comparable to 

commercial alginate. 

Beneficial for tough 

materials

• Protocol 3: low MW and 

high PDI, indicating 

degradation during the 

extraction process.

• Protocol 1 and 2: high M content.

• Protocol 3: low M/G ratio and a high fraction of 

GG blocks, which is advantageous for 

crosslinking.

• Potential M block degradation occurring during 

Protocol 3.

• Alginate-based bioplastic are promising 

petrochemical plastic alternatives: home 

compostable and good mechanical properties.1

• Conventional methods of extraction: often employ 

harsh chemicals and water and energy-intensive 

processes.1

• Limited methods tailored for bioplastic applications
Figure 1. Kelp, a beneficial feedstock, does not 

require fertilizers and grows on non-arable land. 2,3
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