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Constituents of alginate-based active-intelligent films
	                                                             First layer                                         Second layer
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A, B, C, and D represent the films containing urea quantum dots, gelatin quantum dots, urea quantum dots and mucilage, and gelatin quantum dots and mucilage. SA, M, Gly, W, C3N4U, and C3N4FG are respectively the abbreviations of sodium alginate, mucilage, glycine, watercress, urea quantum dots, and fish gelatin quantum dots






















Table 2 a
Mechanical properties of alginate-based active-intelligent films 
	Mechanical Properties                        Treatments


	Thickness (mm)                                   Control                                        0.006 ±0.001

                                                              A                                                   0.0061±0.045                                                

                                                              B                                                   0.0059±0.071                                         

                                                              C                                                   0.006±0.053                                       

                                                              D                                                   0.0061±0.072


	Tensile strength                                   Control                                         14.86±0.87c
    
                                                               A                                                   52.7±1.93b

                                                               B                                                   52.7±2.07b

                                                               C                                                   62.8±1.41a

                                                               D                                                   62.8±1.82a


	Elongation                                            Control                                         29.4±2.57c

                                                               A                                                    30±1.06b

                                                               B                                                    30±1.3b

                                                               C                                                    35±1.11a

                                                               D                                                    35±1.04a



A, B, C, and D represent the films containing urea quantum dots, gelatin quantum dots, urea quantum                                        dots and mucilage, and gelatin quantum dots and mucilage. Data provided as mean ± standard deviation.                                      The significant difference is shown by superscript letters (P<0.05)













Table 2 b
Physical properties of alginate-based active-intelligent films 
	Physical Properties                              Treatments


	Moisture content (%)                                Control                                        13.8±0.87a

                                                                     A                                                   13.7±1.11a                                                

                                                                     B                                                   13.7±1.1a                                         

                                                                     C                                                   13.7±2.87a                                       

                                                                     D                                                   13.7±1.83a


	Solubility (%)                                           Control                                           93.6±2.57a
    
                                                                    A                                                     65.2±1.32b
 
                                                                    B                                                     65.2±1.32b

                                                                    C                                                     60±4.24c

                                                                    D                                                     60±5.04c


	Water permeability (g/m-2 s-1)                Control                                            2.6±0.17a

                                                                   A                                                      1.3±0.41b

                                                                   B                                                      1.3±0.7b

                                                                   C                                                      1.1±0.49c
  
                                                                   D                                                      1.1±0.47c


	Contact angle ( ֯ )                                    Control                                             43.8±3.27c
    
                                                                  A                                                       64.9±1.41b

                                                                  B                                                       65±1.27b

                                                                  C                                                       76.9±2.16a

                                                                  D                                                       77±2.12a



A, B, C, and D represent the films containing urea quantum dots, gelatin quantum dots, urea quantum dots and mucilage, and gelatin quantum dots and mucilage. Data provided as mean ± standard deviation. The significant difference is shown by superscript letters (P<0.05)







Table 3
Transparency and opacity of alginate-based active-intelligent films
	
Parameters
	

	

	
Treatments
	

	


	
	Control
	   A
	B
	C
	D

	
   Transparency

   Opacity
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A, B, C, and D represent the films containing urea quantum dots, gelatin quantum dots, urea quantum dots and mucilage, and gelatin quantum dots and mucilage


























Table 4
Colorimetry of alginate-based active-intelligent films
	
Treatments
	
   
	

	
Parameters
	
    
	
  

	

	
   L*
	
a*
	
    b*
	
    ΔE
	
  WI

	
Control

A

B

C

D
	
88±3a

54.1±2.43b

54±1.17b

53.9±1.23b

54.2±1.56b
	
1b

0c

0c

2a

2a
	
1.9±0.7b

40±1a

41±0a

40±1a

41±0a
	
10.9±1.43b

61±2.01a

61±2.03a

60.8±1.03a

60.7±0.03a
	
89±1.43a

38.3±1.21b

37.9±0.12b

38±1.13b

38.1±1.41b



A, B, C, and D represent the films containing urea quantum dots, gelatin quantum dots, urea quantum dots and mucilage, and gelatin quantum dots and mucilage. Data provided as mean ± standard deviation. The significant difference is shown by superscript letters (P<0.05)






















Table 5
Microbial indices of quality in trout fillets during 16 days of filled storage (CFU/g-1)
	                                                                                                               Storage duration (day)

	Parameters (bacteria)     Treatments                    0                          4                         8                        12                      16

	Total                                  Control                      1±0.76                  5±0.5                  7.3±1                  8.7±0                10.1±1                  
                                           
                                           A                                 1±0.5                   4±1                      5±0                     8.1±1                8.1±0

                                           B                                 1±0.76                 3.9±0.5                5±1                     8.1±0                8.7±0              

                                           C                                 1±0.73                 3.3±0.5                5.1±1                  8.6±0                8.6±1
                                           
                                           D                                 1±0.5                   3.2±0.1                5.1±0                  8±0.5                8.4±1


	Psychrophilic                   Control                       1±0.76                  4±0.5                  5±1                     6.1±0                7.7±1                  
                                           
                                           A                                 1±0.5                   3±1                      4.1±0                  5.4±1                6±0

                                           B                                 1±0.76                 3±0.5                   4±1                     5.3±0                6.1±0              

                                           C                                 1±0.73                 2.9±0.5                3.7±1                  4.9±0                5.5±1
                                           
                                           D                                 1±0.5                   2.7±0.1                3.5±0                  4.8±0.5             5.4±1


	H2S-producing                Control                       1±0.76                 3.8±0.5                5.6±1                   6.8±0               7.6±1                  
                                           
                                           A                                 1±0.5                   2.9±1                   5.3±0                   5.8±1               7±0

                                           B                                 1±0.76                 2.7±0.5                4.4±1                   5.7±0               7±0              

                                           C                                 1±0.73                 2.6±0.5                5.3±1                   5.6±0               7±1
                                           
                                           D                                 1±0.5                   2.4±0.1                4.4±0                   5.3±0.5            7±1



A, B, C, and D represent the films containing urea quantum dots, gelatin quantum dots, urea quantum dots and mucilage, and gelatin quantum dots and mucilage. Data provided as mean ± standard deviation. The significant difference is shown by superscript letters (P<0.05)












Table 6
Chemical indices of quality in trout fillets during 16 days of filled storage
	                                                                                                               Storage duration (day)

	Parameters                      Treatments                    0                          4                         8                        12                      16

	pH                                     Control                    5.6±0.08a            6.6±0.03a           8.1±0.009a           8.4±0.04a           8.8±0.04a                  
                                           
                                           A                              5.6±0.08a            6.3±0.2b             7±0.04b                7.5±0.009c         8.5±0.04b

                                           B                              5.6±0.08a            6.1±0.009c         6.6±0.06c             7.5±0.009c         8±0.04c              

                                           C                              5.6±0.08a            6±0.009c            6.2±0.01d             7.7±0.04b          7.8±0.09d
                                           
                                           D                              5.6±0.08a            6.1±0.009c         6.3±0.05d             7.4±0.08c          7.7±0.09d


	TVB-N                              Control                    17.6±1.24b          35±2.94a            65.6±4.18a            88.3±1.69a        120.6±0.47a                  
                                           
                                           A                              16.3±2.05b          23±1.41b            40.6±1.24b           65.6±0.47b         83±4.24b

                                           B                              20.6±1.24b          24.6±3.77b         38.6±1.24b           63.3±3.09b         84.3±5.43b              

                                           C                              12.3±1.24c          20.3±1.24b         32.6±1.47c            59±1.63bc          76.6±0.94c
                                           
                                           D                              14.6±0.94c          19.3±1.24b         32.6±1.69c            61.6±3.09c         76.3±0.47c



	PV                                      Control                   0.11±0.008b        0.86±0.01a         5.5±0.03a              8.5±0.03a           12.8±0.02a                  
                                           
                                           A                              0.11±0.008b        0.80±0.004b       3.4±0.01b              6.4±0.01b           8.3±0.005b

                                           B                              0.14±0.02a          0.81±0.009b       3.6±0.009b            6.6±0.009b         7.9±0.68bc              

                                           C                              0.11±0.004b        0.77±0.01c         3.1±0.77c              4.8±1.23d           7.4±0.68c
                                           
                                           D                              0.10±0.004b        0.77±0.008c       3.1±0.76c              5.7±1.22c           7.4±0.68c



	TBA                                   Control                   0.05±0.004a         0.28±0.05a         0.5±0.008a            0.87±0.01a         1.07±0.01a                  
                                           
                                           A                              0.05±0.004a         0.15±0.01b         0.3±0.02b              0.57±0.08b         1.02±0.001b

                                           B                              0.05±0.004a         0.15±0.01b         0.3±0.01b              0.58±0.08b         1.02±0.004b              

                                           C                              0.05±0.004a         0.14±0.007b       0.3±0.01b              0.53±0.008c        0.97±0.1c
                                           
                                           D                              0.05±0.004a         0.14±0.002b       0.2±0.01c              0.53±0.007c        0.94±0.06c


	FFA                                   Control                    0.7±0a                  0.92±0.04a          1.11±0.01a            1.3±0.02a           1.51±0.07a                  
                                           
                                           A                              0.7±0a                  0.87±0.004b        0.96±0.01b            1±0.01b              1.2±0.01b

                                           B                              0.7±1.11a             0.86±0.009b        0.97±0.01b            1±0.01b              1.1±0.009b              

                                           C                              0.8±1.11a             0.88±0.009b        0.96±0.01c            1±0.01b              1.1±0.04c
                                           
                                           D                              0.8±1.11a             0.88±0.004         0.98±0.02c             1±0.01b             1.1±0.004c



A, B, C, and D represent the films containing urea quantum dots, gelatin quantum dots, urea quantum dots and mucilage, and gelatin quantum dots and mucilage. TVB-N, PV, TBA, and FFA are respectively the abbreviations of Total volatile Basic Nitrogen, Peroxide Value, Thiobarbituric Acid, and Free Fatty Acids. Data provided as mean ± standard deviation. The significant difference is shown by superscript letters (P<0.05)



Table 7 A
The correlation between fluorescence and color changes with the level of bacteria in trout fillets
	Treatments                                              A                                     B                                    C                                    D


	Parameters                               R2             sig                  R2             sig                R2             sig                 R2             sig
  

	 Total                      PL            0.848          0.01              0.952         0.002            0.973          0.01             0.995          0.02
                                ∆E            0.739          0.01              0.956         0.002            0.993          0.00             0.995          0.02
       

	Psychrophilic         PL            0.917          0.00               0.975          0.008          0.981           0.00             0.979          0.00
                                ∆E            0.817          0.03               0.935          0.01            0.991           0.01             0.969          0.01


	H2S-producing      PL            0.953          0.01               0.947          0.013           0.945           0.00            0.966          0.00
                                ∆E            0.821          0.01               0.934          0.022           0.945           0.00            0.956          0.01
 


A, B, C, and D represent the films containing urea quantum dots, gelatin quantum dots, urea quantum dots and mucilage, and gelatin quantum dots and mucilage



Table 7 B
The correlation between fluorescence and color changes with the level of pH and chemical compounds in trout fillets
	Treatments                                              A                                     B                                    C                                    D


	Parameters                                    R2             sig                  R2             sig                R2             sig                 R2             sig
  

	 pH                         PL                 0.859          0.00               0.755          0.05            0.973           0.02             0.987          0.01
                               ∆E                 0.793          0.01               0.871          0.01            0.961           0.00             0.983          0.01
       

	TVB-N                   PL                 0.738          0.00               0.863          0.001          0.959           0.01             0.994          0.03
                               ∆E                 0.898          0.00               0.763          0.033          0.959           0.00             0.984          0.00


	PV                          PL                 0.855          0.01               0.955          0.01            0.933           0.01              0.957          0.00
                               ∆E                 0.835          0.00               0.951          0.01            0.964           0.01              0.977          0.00


	TBA                       PL                 0.873          0.01               0.905          0.005          0.943           0.00              0.958          0.00
                               ∆E                 0.895          0.01               0.92            0.013          0.971           0.00              0.98            0.00


	FFA                        PL                0.839          0.03               0.855           0.00           0.833            0.00             0.875           0.00
                               ∆E                 0.819          0.01               0.833           0.011         0.812            0.01             0.847           0.05



A, B, C, and D represent the films containing urea quantum dots, gelatin quantum dots, urea quantum dots and mucilage, and gelatin quantum dots and mucilage. TVB-N, PV, TBA, and FFA are respectively the abbreviations of Total volatile Basic Nitrogen, Peroxide Value, Thiobarbituric Acid, and Free Fatty Acids


