Study on the Effect of Shrimp Chitin and Shrimp Chitin Hydrolysate on the State of
Water and Denaturation of Lizardfish (Saurida wanieso) Myofibrillar Protein during
Dehydration and Frozen Storage.
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Summary

Study on the Effect of Shrimp Chitin and Shrimp Chitin Hydrolysate on the
State of Water and Denaturation of Lizardfish (Saurida wanieso)
Myofibrillar Protein during Dehydration and Frozen Storage.

In view of potential utilization of shrimp wastes, shrimp chitin (SC) and shrimp chitin
hydrolysates (SCH) were prepared from black tiger (Penaeus monodon), endeavour
(Metapenaeus endeavouri) and giant freshwater (Macrobrachium rosenbergii) prawns by
acid-alkaline treatment and their functional properties were determined. Sugar substrate was
the major component, accounting for over 99% in all SC. Crude protein, crude lipid and crude
ash were found less than 0.004%, 0.05-0.18% and 0.23-0.58%, respectively. The average
molecular weight of SC ranged from 5.41x10° to 7.59x10°. The degree of polymerization was
shown lowest value in black tiger prawn (4.93x10%) followed by giant freshwater prawn
(6.05x10%) and endeavour prawn (7.23x10%). The degree of N-acetylation of SC was ranged
from 82.22 to 85.70%. The oligosaccharides were the main component of SCH. The total
amount of crude protein, crude lipid and crude ash contents were less than 1% in all SCH.
Sodium chloride was less than 0.002%. The monomer was the major component of all SCH,
accounting for 76.07%, 69.55%, and 62.14% in the SCH of black tiger prawn, endeavour
prawn and giant freshwater prawn, respectively. The SCH of black tiger prawn exhibited
monomer to trimer, the SCH of endeavour prawn exhibited monomer to tetramer and the SCH
of giant freshwater prawn exhibited monomer to pentamer. Thus, SCH of black tiger prawn
showed the lowest average molecular weight, while giant freshwater prawn showed the
highest average molecular weight among the shrimp species. The average degree of
polymerization of SCH was 1.59 to 1.90.

Effect of SC and SCH (2.5-10% dry weight/ wet weight) on the state of water and
denaturaion of lizardfish (Saurida wanieso) myofibrillar protein (Mf) were assessed based on
water activity (Aw) and changes in Mf Ca-ATPase activity during dehydration. The effect was
compared with those of Mf without additives (control) and those of Mf containing sugars
(glucose and sucrose). The Aw of Mf with each kind of SCH and glucose exhibited
remarkably lower values than those of Mf with SC, sucrose and control. The Mf with SCH
showed a remarkably high level of inactivated Ca-ATPase activity followed by those with
sucrose, SC and control. Mf with glucose showed slightly higher inactivated Ca-ATPase
activity than Mf with SCH until the Aw levels of 0.65 and then rapidly decreased. The
unfrozen water in Mf increased markedly after being addition of SC and SCH. The finding
revealed that SCH attributed to the retardation effect on dehydration-induced denaturation of
Mf by stabilizing hydrated water molecule surrounding the Mf. [Chapter 3]

The effect of SC and SCH (2.5-10% dry weight/ wet weight) on the state of water and
denaturaion of lizardfish (Saurida wanieso) myofibrillar protein (Mf) during frozen storage at



-25°C were assessed based on changes in Mf Ca- ATPase activity and the amount of unfrozen
water. The effects were compared with those of Mf without additives (control) and Mf with
glucose. The changes of Ca - ATPase activity in control and Mf with SC were exhibited
biphasic pattern while those of SCH and glucose exhibited monophasic pattern. The amount
of unfrozen water of Mf with SC was lower than that of control and gradually decreased up to
120 days of storage. The unfrozen water of Mf with SCH and glucose were increased and
reduced moderately during frozen storage. The finding revealed that SCH attributed to the
retardation effect on freeze-induced denaturation of Mf by stabilizing hydrated water
molecule surrounding the Mf. [Chapter 4]

The SC and SCH (5.0% dry weight/ wet weight) were added to lizardfish surimi, and it
was frozen and stored at -25°C for 6 months to evaluate freeze-induced protein denaturation.
Changes in total Ca-ATPase activity and the amount of unfrozen water in samples were
periodically determined during frozen storage. The surimi containing SC showed the same
freeze-denaturaion rate (Kp) as the surimi without cryoprotectants (control), and the amount
of unfrozen water was lower than that of control. However, surimi containing SCH showed
Kp values equal to surimi containing sucrose or glucose and greatly lower than the control,
and the amount of unfrozen water was increased compared to control. The results revealed
that SCH retarded the effects on freeze-induced denaturation by stabilizing the hydrated water
molecules that surround the protein. [Chapter 5]

The effect of SC and SCH on the surimi properties was assessed base on gel forming
ability and characteristic during frozen storage at -25°C for 6 months to evaluate freeze-
induced protein denaturation. The gel strength values of surimi containing SC and SCH lower
than that of the control. However, the gel strength of the control and surimi containing SC
decreased markedly after freezing and storage. The surimi containing SC exhibited relative
gel strength values to its initial value higher than that of the control throughout the storage
period, indicating that the control had denaturation rate faster than surimi containing SC. The
gel strength values of surimi containing SCH decreased 10-14% of its initial value after
freezing, similar as sugars (glucose and sucrose), and then gradually decreased up to 180 days
of storage. The water holding capacity in surimi containing SC significantly decreased up on
the storage period, whereas surimi containing SCH and sugars gradually decreased. The
whiteness and pH of all samples were not effect by adding both SC and SCH. The finding
revealed that SCH could be used as cryoprotective in frozen surimi. [Chapter 6]

The present finding, it is concluded that shrimp chitin hydrolysate stabilize the three-
dimensional structure of protein through bound water construction in the hydration sphere of
protein and thereby suppress the dehydration and freezing-induced denaturation of lizardfish
protein. Therefore, the chitin hydrolysates derived from shrimp waste offer advantages in
reduction of sweetness, calorie and have potential applications as highly functional additives
(denaturant and cryoprotectant substance) against the myofibrillar protein denaturation in
food processing and preservation.



