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Background and Objectives: Research has focused on utilizing marine
bioactive compounds such as peptides, polyunsaturated fatty acids
(PUFAs), and pigments as therapeutic agents through their incorporation
into supplements, medicinal compounds, or functional foods. However,
certain physicochemical properties such as its instability, poor water
solubility, bitter taste and possible degradation during digestion have
hindered their wide spread use. Therefore, the present study aimed to
overcome these challenges through an innovative approach by developing a
functional supplement powder using the technique of nanoliposomal
encapsulation of fish protein hydrolysate (FPH), fish oil (FO), and shrimp
lipid extract (SHE). The nanoliposomes were coated with whey protein
concentrate (WPC) and chitosan (CS) in mono/bilayer, and composite
forms. Subsequently, the effect of storage duration on the physicochemical
properties and oxidative stability of the produced functional supplement
powders was investigated.

Materials and Methods: In this study, a functional supplement powder
containing fish oil and shrimp lipid extract in a ratio of 1:0.1% (w/w),
along with a 1% (w/w) solution of fish protein hydrolysate was prepared
using the encapsulation technique of nanoliposomes. The prepared
nanoliposomes were coated with whey protein (WPC) and chitosan (CS) as
mono/bilayer and composite forms, then dried by a freeze dryer for 72
hours. Analysis of proximate compounds, solubility, primary oxidation
compounds and color evaluation of the treatments were investigated during
0, 1, 2, and 3 months of storage at 4 °C.

Results: According to the results, the type of coating, storage time and
moisture level showed a significant effect on the physicochemical
properties and oxidative stability of the treatments (P<0.05). With
increasing storage time, the amount of ash, moisture, solubility, primary
oxidation compounds, and brightness index of the treatments significantly
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increased, while the amount of protein, fat, and redness index significantly
decreased (P<0.05). Chitosan monolayer treatment and bilayer (WPC/CS)
treatments showed the highest and lowest amount of changes in
physicochemical properties and oxidative stability, respectively. Therefore,
bilayer treatments provided better protection than other treatments.
According to the results, the presence of WPC as a wall compound had a
favorable effect on the physicochemical properties of the treatments, while
the presence of chitosan in combination with WPC as bilayers had a
protective effect on the core materials and the oxidative stability of the
treatments during storage time.

Conclusion: Therefore, encapsulation of marine bioactive compounds in
liposomal carriers and coating them with whey protein as a mono/bilayer
could be a useful approach to protect sensitive compounds in food products
or as a nutritional supplement powder during storage.
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1- Fish protein hydrolysate
2- Shrimp lipid extract
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Table 1. Treatments: Functional supplement powders produced from nanoliposomes containing fish protein
hydrolysate (FPH), fish oil (FO), and shrimp lipid extract (SHE) coated with various layers of whey protein

concentrate (WPC) and chitosan (CS).
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Figure 1. Changes in moisture content (A), protein (B), ash (C), fat (D), and solubility (E) of functional
supplement powders over a 3-month storage period at 4 °C.
The values represent the means of three replicates. Significant differences among treatments with different
coatings are indicated by letters A-F (P<0.05), while significant differences among treatments over the storage
period are indicated by letters a-d (P<0.05).
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Table 2. Changes in brightness level of functional supplement powder containing fish protein hydrolysate, fish
oil, and shrimp lipid extract coated with various biopolymers during 3 months of storage at 4 °C.

SIS 0les /e

3 2 1 0

Storage time /Treatment
79.63 £ 0.09%° 78.4+0.23%8 76.17£ 037" 73.3+0.23% (WPC) + LP (FPH-FO-SHE)
78.3+0.11% 77.53 £0.14® 76.1 4 0.23°B 73.84£ 0219  (WPC+CS) + LP (FPH-FO-SHE)

79.00 £ 0.12%° 77.83 +0.18%8

70.7 + 0.26%° 69.73 + 0.23%

87.3+0.32% 86.73 £ 0.5

77.13 £ 0.15"8
65.97 £ 0.75°C

85.1+0.17°*

75.03 +0.47®  LP (FPH-FO-SHE) (WPC/CS)+

63.3+0.31°P (CS) + LP (FPH-FO-SHE)

82.33 + (.58 (WPC) + LP (FPH-FO)
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Table 3. Changes in redness level of functional supplement powder containing fish protein hydrolysate, fish oil,
and shrimp lipid extract coated with various biopolymers during 3 months of storage at 4 °C.

SIS 0les /e

3 2 1 0

Storage time /Treatment
8.87+ 0.27°C 9.93+0.27"® 12.47 £ 0.38 13.03+ 0.275¢ (WPC) + LP (FPH-FO-SHE)
9.97+0.23B 10.47 + 0.26°8 12.67+ 0.17°8 13.57+0.27®  (WPC+CS) + LP (FPH-FO-SHE)
10.13 + 0.23%¢ 10.3£0.1°8 12.03+£0.37"®  12.27+0.23*  LP (FPH-FO-SHE) (WPC/CS) +

12.83 +0.18%

2.4+ 0.03°°

14.13 £0.19°

2.87+0.23

16.23 +0.27*

6.2+ 0.1°C

17.77 + 0.23* (CS) + LP (FPH-FO-SHE)

6.57+ 0.27°° (WPC) + LP (FPH-FO)
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Table 4. Changes in yellowness level of functional supplement powder containing fish protein hydrolysate, fish
oil, and shrimp lipid extract coated with various biopolymers during 3 months of storage at 4 °C.

3

2

1

SIS Ol ol
Storage time /Treatment

0

21.53 £ 0.24%
21.47+0.27%
21.73£0.27%®
27.23+ 0.27*

17.53 &+ 0.23%°

21.73 £ 0.27%®
21.47+0.27%
21.93 +0.07*°
28.13+0.07*

18.27 £ 0.27€

18.93 +0.13%®
19.53 + 0.07°®
19.07 + 0.27°®
21.7+0.5"

17.24+0.1°¢

18.87 + 0.07° (WPC) + LP (FPH-FO-SHE)

18.43+0.23®  (WPC+CS) + LP (FPH-FO-SHE)
19.07+0.27°°  LP (FPH-FO-SHE) (WPC/CS) +
21.43 +0.67% (CS) + LP (FPH-FO-SHE)

17.03 £ 0.27°° (WPC) + LP (FPH-FO)
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Figure 2. Changes in the level of conjugated bonds in functional supplement powders over a 3-month storage
period at 4 °C.
The values represent the means of three replicates. Significant differences among treatments with different
coatings are indicated by letters A-F (P<0.05), while significant differences among treatments over the storage
period are indicated by letters a-d (P<0.05).
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