


 

165 
 

Table 60. Water content, V1 (%) of fish (F) and fish mixed with 5, 10 and 20 % salmon meal 

(SP5, SP10 and SP20). The second row gives the weight of the fish sample. The weight of the 

sample after 24 h in a heat cabinet (dry weight) is given in the third. 

 F SP5 SP10 SP20 

Weight of the fish [g] 3.8292 3.6919 3.8691 4.6546 

Dry weight of fish [g] 0.6741 0.7629 0.968 1.4228 

Water content, V1[%] 82.4 79.3 75.0 69.4 

 

 

I.2       Whey Protein Powder 

The weight of the sample before and after centrifugation, weight loss and water holding ca-

pacity of cod and cod mixed with 5, 10 and 20 % whey protein powder are given in Table 61. 

The water content of the fish used in the calculation of the WHC are given in Table 62. 
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Table 61. Water holding capacity (WHC) of cod (F1-F4) and cod mixed with 5 % whey pro-

tein powder (W1P5- W4P5), 10 % whey protein powder (W1P10- W4P10) and 20 % salmon 

meal (W1P20- W4P20). The second and third column contain the weight of the fish before 

and after centrifugation, respectively. Percentage weight loss due to centrifugation is given in 

the fourth column. These measurements were performed on cod filets that had been thawed, 

frozen, and then thawed again. The measurements were performed in quadruplicate. 

Sample 

Weight of 

the fish 

[g] 

Weight of 

fish after cen-

trifugation 

[g] 

Weight loss 

[%] 

WHC 

[%] 

Average 

WHC 

[%] 

SD 

F1 2.0070 1.0571 47.3 43.0 

44 1 
F2 1.9990 1.0516 47.4 43.0 

F3 2.2017 1.0621 47.5 42.9 

F4 2.0079 1.1058 44.9 45.9 

       

W1P5 2.1084 1.0889 48.4 39.1 

36 2 
W2P5 2.1258 1.0592 50.2 36.8 

W3P5 2.1043 1.0122 51.9 34.6 

W4P5 2.1002 1.0227 51.3 35.3 

       

W1P10 2.2096 1.1026 50.1 34.3 

34 3 
W2P10 2.1878 1.1326 48.2 36.7 

W3P10 2.2023 1.0381 52.9 30.7 

W4P10 2.2110 1.1135 49.6 34.9 

       

W1P20 2.4101 1.0579 56.1 21.3 

19 1 
W2P20 2.3003 0.9631 58.1 18.4 

W3P20 2.4166 1.0227 57.7 19.1 

W4P20 2.4147 1.0073 58.3 18.2 

 

 

Table 62. Water content, V1 (%) of fish (F) and fish mixed with 5, 10 and 20 % whey protein 

powder (WP5, WP10 and WP20). The second row gives the weight of the fish sample. The 

weight of the sample after 24 h in a heat cabinet (dry weight) is given in the third. 

 F WP5 WP10 WP20 

Weight of the fish [g] 3.4014 3.6432 3.6077 3.7846 

Dry weight of fish [g] 0.575 0.7528 0.8573 1.0872 

Water content, V1[%] 83.1 79.3 76.2 71.3 

  



 

167 
 

J.      Swelling Capacity  

The swelling capacity was defined as the amount of water taken up by the powder in mL per 

gram powder. In order to calculate the swelling capacity, it was necessary to measure the 

amount of water absorbed by the filter paper. Measurements for the amount of water in the fil-

ter paper are given in Table 63.  

 

Table 63. Amount of absorbed water in the filter paper. 

 Dry filter Wet filter  Absorbed water in the filter paper 

Weight [g] 0.3249 1.0376 0.7127 

 

 

Measured values and the calculated swelling capacity at 40 and 100 ºC for the herring protein 

powder and salmon meal are given in Table 64 and 65, respectively.  
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Table 64. Measured values and the calculated swelling capacity (mL water/g powder) at 40 and 100 ºC for herring protein powder. The average 

swelling capacity and the SD are also included.  

 40 °C 

 

100 °C 

 #1 #2 #3 Average SD #1 #2 #3 Average SD 

Powder [g] 5.0039 5.0097 5.0051 

  

5.0033 5.0019 5.0007 

  

Filter [g] 0.3250 0.3248 0.3260  0.3235 0.3251 0.3248 

Erlenmeyer 

flask [g] 
114.5379 124.1973 120.1390  124.1996 104.7872 138.8774 

Total amount of water [g] 20.0070 20.0212 20.0015  20.0744 20.0378 20.0356 

Erlenmeyer flask +  

water after filtration [g] 
121.1394 130.5834 126.4233  127.1897 108.2618 142.3514 

Water in Erlenmeyer flask 

after filtration [g] 
6.6015 6.3861 6.2843  2.9901 3.4746 3.474 

Water taken up by the 

powder [mL] 
12.69 12.92 13.00 12.87 0.16  16.37 15.85 1585 16.02 0.30 

Swelling capacity 2.54 2.58 260 2.57 0.03  3.27 3.17 3.17 3.20 0.06 
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Table 65. Measured values and the calculated swelling capacity (mL water/g powder) at 40 and 100 ºC for salmon meal. The average swelling 

capacity and the SD are also included.  

 40 °C 

 

100 °C 

 #1 #2 #3 Average SD #1 #2 #3 Average SD 

Powder [g] 5.0027 5.0046 5.0039 

  

5.0046 5.0018 5.0114 

  

Filter [g] 0.3235 0.3253 0.3260  0.3257 0.3240 0.3261 

Erlenmeyer 

flask [g] 
108.3509 109.5525 104.8087  124.1961 114.5388 133.2489 

Total amount of water [g] 20.0049 20.0249 20.014  20.0408 20.0019 20.0072 

Erlenmeyer flask +  

water after filtration [g] 
118.0227 119.2432 114.8291  131.9457 122.4502 141.4501 

Water in Erlenmeyer flask 

after filtration [g] 
9.6718 9.6907 10.0204  7.7496 7.9114 8.2012 

Water taken up by the 

powder [mL] 
9.62 9.62 9.28 9.51 0.20  11.58 11.38 11.09 11.35 0.24 

Swelling capacity 1.92 1.92 1.85 1.90 0.04  2.31 2.27 2.21 2.27 0.05 
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K.       Antioxidant Properties 

 

K.1  Dilution Series of Propyl Gallate  

As mentioned in section 2.2.9, a series of dilution was prepared from the propyl gallate stock 

solution, and the volumes of propyl gallate and methanol are given in Table 66. 

 

Table 66. Volumes of propyl gallate (stock solution) and 80 % methanol used in the prepara-

tion of the propyl gallate standard solution. 

Concentration [µM] 0 10 20 30 40 50 

Stock solution [µL] 0 10 20 30 40 50 

80 % methanol [mL] 10 9.99 9.98 9.97 9.96 9.95 

 

 

K.2 Whey Protein Powder   

Absorbance measurements, standard curve and the scavenging effect of propyl gallate pre-

pared for the determination of the antioxidant properties of whey protein powder, are given in 

Table 67 and Figure 49 and 50, respectively. The measurements of propyl gallate were used to 

check whether the absorbance measurements of the whey protein powder were within the 

standard curve.  

 

Table 67. Measured absorbance (OD 517 nm) for different concentrations of propyl gallate 

(uM) used to produce Figure 49. The measurements were performed in triplicates.  

Concentration 

[uM] 
0 10 20 30 40 50 

OD 517 nm 

0.751 0.543 0.325 0.146 0.039 0.035 

0.739 0.530 0.306 0.133 0.038 0.037 

0.746 0.534 0.307 0.121 0.039 0.036 

Average 0.745 0.536 0.313 0.133 0.039 0.036 
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Figure 49. Standard curve for propyl gallate. Absorbance at 517 nm as a function of propyl 

gallate concentration (µM). The regression line was found for the first four absorbance meas-

urement. The absorbance measurements were performed in triplicates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 50. Scavenging of DPPH free radicals (%) as a function of propyl gallate concentra-

tion (µM). The absorbance measurements were performed in triplicates. The values are given 

as (absorbance of blank – absorbance of propyl gallate)/absorbance of blank ·100%.   

y = -0,0206x + 0,7406
R² = 0,9982

0,0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0 10 20 30 40 50 60

A
b

so
rb

an
ce

 5
1

7
 n

m

Concentration [µM]

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40 50 60

Sc
av

en
gi

n
g 

ef
fe

ct
 [

%
]

Concentration [µM]



 

172 
 

The amount of whey protein powder dissolved in methanol, volume of extract, absorbance 

measurements and scavenging effect are given in Table 68.  

 

Table 68. Amount of powder weighed out, volume of extract, absorbance measurements at 

517 nm and scavenging effect against DPPH free radicals for whey protein powder in 80 % 

methanol. Absorbance measurements were performed in triplicates. 

  Protein concentration [%] 

  0.5 1 3 

Weight of powder [g]  0.0504 0.1038 0.2999 

Volume extract [mL]  10 10 10 
     

OD 517 nm #1 0.737 0.715 0.595 
 #2 0.723 0.683 0.562 

 #3 0.717 0.690 0.566 

 Average  0.726 0.696 0.574 

     

Scavenging effect [%] Average 2.6 6.6 22.9 

 

 

K.3 Salmon Meal   

The absorbance measurements of propyl gallate are given in Table 69. The measurements of 

propyl gallate were used to check whether the absorbance measurements of the whey protein 

powder were within the standard curve. The amount of salmon dissolved in methanol, volume 

of extract and absorbance measurements are given in Table 70 and 71. The antioxidant prop-

erties of salmon meal was investigated twice, but as seen from Table 70 and 71, the absorb-

ance increased where it should have decreased. Hence, it was not possible to calculate the 

scavenging effect of the DPPH free radicals.  
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Table 69. Measured absorbance (OD 517 nm) for different concentrations of propyl gallate 

(uM) for the first (Nr. 1) and the second (Nr. 2) time the antioxidant properties of salmon 

meal was investigated. The measurements were performed in triplicates.  

 Concentration 

[uM] 
0 10 20 30 40 50 

Nr. 1 OD 517 nm 

0.883 0.600 0.413 0.180 0.068 0.062 

0.881 0.586 0.422 0.182 0.072 0.066 

0.858 0.585 0.413 0.168 0.066 0.062 

 Average 0.874 0.590 0.416 0.177 0.069 0.063 

        

Nr. 2 OD 517 nm 

0.867 0.648 0.371 0.192 0.066 0.052 

0.863 0.638 0364 0.175 0.056 0.051 

0.852 0.623 0.359 0.162 0.056 0.054 

 Average 0.861 0.636 0.365 0.176 0.059 0.052 

 

 

 

Table 70. Amount of powder weighed out, volume of extract and absorbance measurements 

at 517 nm for salmon meal in 80 % methanol. Absorbance measurements were performed in 

triplicates. The values presented below are the measurements for the first investigation of the 

antioxidant properties of salmon meal.  

  Protein concentration [%] 

  0.5 1 3 

Weight of powder [g]  0.0508 0.1034 0.3012 

Volume extract [mL]  10 10 10 

     

OD 517 nm 

#1 0.778 0.913 1.643 

#2 0.747 0.892 1.617 

#3 0.751 0.906 1.612 

 

  



 

174 
 

Table 71. Amount of powder weighed out, volume of extract and absorbance measurements 

at 517 nm for salmon meal in 80 % methanol. Absorbance measurements were performed in 

triplicates. The values presented below are the measurements for the second investigation of 

the antioxidant properties of salmon meal. 

  Protein concentration [%] 

  0.5 1 3 

Weight of powder [g]  0.0500 0.1005 0.2996 

Volume extract [mL]  10 10 10 
     

OD 517 nm 

#1 0.774 0.865 1.434 

#2 0.749 0.623 1.418 

#3 0.744 0.619 1.411 

 

 

K.4 Additional Absorbance Measurements of Salmon Meal Extracts 

The absorbance of salmon meal in 80 % methanol at different wavelengths (400, 450, 517, 

570 and 734 nm) were measured with 96 % ethanol as reference, and the results are given in 

Table 72.  

 

Table 72. Absorbance measurements of different concentrations of salmon meal in 80 % 

methanol at different wavelengths with 96 % ethanol as reference.  

 Protein concentration [%] 

Wavelength [nm] 0.5 1 3 

400 0.092 0.156 0.322 

450 0.051 0.096 0.203 

517 0.029 0.050 0.082 

570 0.021 0.039 0.054 

734 0.018 0.019 0.037 
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L.       Digestibility  

The protein powders were digested with pepsin. Measurements and calculated digestibility of herring protein powder, salmon meal, whey protein 

powder with chocolate and neutral taste, together with casein are given in Table 73.  

 

Table 73. Measured values and calculated digestibility of herring protein powder (HPP), salmon meal, whey protein powder (WPP) with choco-

late and neutral taste, together with casein. Average digestibility and the SD are also given.  

Material Parallel 

Empty  

centrifuge tube  

[g] 

Centrifuge tube 

+ powder  

[g] 

Centrifuge tube +  

remaining powder after 

digestion and drying  

[g] 

Digestibility 

[%] 

Average  

digestibility 

[%] 

SD 

HPP #1 11.5755 12.0776 11.6154 92.1 

92.5 0.4  #2 11.5752 12.0761 11.6111 92.8 

 #3 11.7074 12.2095 11.7452 92.5 

        

Salmon meal #1 11.6260 12.1350 11.7657 72.6 

71.8 0.8  #2 11.4829 11.9900 11.6300 71.0 

 #3 11.6000 12.1080 11.7424 72.0 

        

WPP chocolate #1 11.5648 12.0654 11.5980 93.4 

93.6 1.1  #2 11.5245 12.0214 11.5502 94.8 

 #3 11.6985 12.1989 11.7349 92.7 

        

WPP neutral #1 11.5869 12.0989 11.5905 99.3 

99.3 0.1  #2 11.6963 12.1994 11.6999 99.3 

 #3 11.4816 11.9840 11.4847 99.4 

Continues on the next page     
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Continuation from the last page     

Material Parallel 

Empty  

centrifuge tube 

[g] 

Centrifuge tube 

+ powder  

[g] 

Centrifuge tube +  

remaining powder after 

digestion and drying  

[g] 

Digestibility 

[%] 

Average 

 digestibility 

[%] 

SD 

Casein  #1 11.6002 12.1046 11.6395 92.2 

91.9 0.6  #2 11.5328 12.0395 11.5717 92.3 

 #3 11.6317 12.1324 11.6755 91.3 
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M.       Sensory Analysis  

 

M.1  Questionnaires used in the Sensory Analysis  

It was performed a sensory evaluation based on a 9-point hedonic scale for the sensory attrib-

utes (appearance, smell, texture and taste) and a 5-point hedonic scale for the purchase intent. 

The questionnaires used in the sensory analysis of the bread rolls fortified with whey protein 

powder, herring protein powder and salmon meal are given in Figure 51, 52 and 53, respec-

tively. 
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Figure 51. Questionnaire used in the sensory analysis of bread rolls fortified with whey pro-

tein powder.  
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Figure 52. Questionnaire used in the sensory analysis of bread rolls fortified with herring pro-

tein powder.  
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Figure 53. Questionnaire used in the sensory analysis of bread rolls fortified with salmon 

meal.  
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M.2 Results from the Sensory Analysis 

Seventeen people participated in the sensory analysis of bread rolls mixed with whey and her-

ring protein powder, while eighteen participated in the sensory analysis of bread rolls mixed 

with salmon meal. The results from the analysis of bread rolls mixed with different concentra-

tions (0, 5, 10, 15 and 20 %) of whey protein powder are given in Table 74 and 75.  
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Table 74. The results from the sensory analysis of bread rolls mixed with different concentrations (0, 5, 10, 15 and 20 %) of whey protein pow-

der with respect to appearance, smell and texture.  

 Appearance 
 

Smell  Texture 

Participant 0 5 10 15 20 0 5 10 15 20  0 5 10 15 20 

1 8 7 5 8 6  9 9 8 8 7  7 8 4 2 2 

2 8 8 9 8 7  6 5 4 4 5  9 8 8 7 7 

3 8 7 7 6 5  8 4 7 4 5  8 7 5 5 5 

4 8 8 7 8 7  8 8 9 9 8  8 7 6 8 6 

5 9 8 8 8 8  9 7 7 7 7  8 8 4 3 2 

6 6 8 6 8 9  8 6 8 6 7  7 8 4 4 4 

7 8 8 8 8 8  8 8 8 8 8  6 7 6 7 7 

8 9 9 9 9 9  9 9 9 9 9  9 9 7 7 6 

9 8 9 8 8 9  8 9 8 8 5  9 9 8 7 6 

10 7 6 6 7 8  7 7 8 7 8  7 7 7 8 7 

11 8 8 8 8 7  8 7 7 7 7  7 7 6 6 5 

12 7 7 7 7 7  8 6 6 7 6  8 7 7 7 6 

13 8 8 8 7 7  8 8 8 8 8  8 7 7 7 7 

14 8 7 7 7 7  5 5 5 5 5  6 4 4 5 5 

15 8 8 7 7 8  7 6 5 5 5  5 5 4 3 3 

16 8 7 7 7 7  8 8 8 8 8  8 7 6 6 6 

17 8 8 7 7 6  8 8 7 7 7  9 9 5 7 7 

Average 7.9 7.7 7.3 7.5 7.4  7.8 7.1 7.2 6.9 6.8  7.6 7.3 5.8 5.8 5.4 

SD 0.7 0.8 1.0 0.7 1.1  1.0 1.5 1.4 1.6 1.3  1.2 1.3 1.4 1.8 1.7 
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Table 75. The results from the sensory analysis of bread rolls mixed with different concentrations (0, 5, 10, 15 and 20 %) of whey protein pow-

der with respect to taste, purchase intent and total score. 

 Taste  Purchase intent  Total score 

Participant 0 5 10 15 20 0 5 10 15 20  0 5 10 15 20 

1 7 8 4 3 4  3 4 2 1 2  34 36 23 22 21 

2 3 5 4 6 8  2 3 2 4 4  28 29 27 29 31 

3 8 4 6 5 4  5 2 3 2 2  37 24 28 22 21 

4 7 7 4 5 8  4 4 2 3 4  35 34 28 33 33 

5 9 9 5 5 5  5 5 3.5 3.5 3.5  40 37 27.5 26.5 25.5 

6 5 8 5 6 5  4 5 3 3 4  30 35 26 27 29 

7 8 8 8 7 7  4 4 4 4 4  34 35 34 34 34 

8 9 9 8 7 6  5 5 5 5 5  41 41 38 37 35 

9 8 9 7 7 7  5 5 4 4 4  38 41 35 34 31 

10 6 5 7 7 7  4 3 4 4 4  31 28 32 33 34 

11 7 6 7 6 7  4 4 4 4 4  34 32 32 31 30 

12 7 3 5 6 4  4 2 3 3 2  34 25 28 30 25 

13 7 8 8 8 7  4 4 4 4 4  35 35 35 34 33 

14 5 4 4 3 3  3 2 3 2 3  27 22 23 22 23 

15 5 5 4 5 3  4 3 2 2 2  29 27 22 22 21 

16 7 7 7 6 5  4 4 3 3 3  35 33 31 30 29 

17 6 8 3 6 6  4 5 3 4 4  35 38 25 31 30 

Average 6.7 6.6 5.6 5.8 5.6  4.0 3.8 3.2 3.3 3.4  33.9 32.5 29.1 29.3 28.6 

SD 1.6 2.0 1.7 1.3 1.7  0.8 1.1 0.9 1.0 0.9  3.9 5.8 4.7 4.9 4.9 
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The results from the evaluation of bread rolls mixed with different concentrations (0, 5, 10, 15 and 20 %) of herring protein powder are given in 

Table 76 and 77. 

 

 

Table 76. The results from the sensory analysis of bread rolls mixed with different concentrations (0, 5, 10, 15 and 20 %) of herring protein pow-

der with respect to appearance, smell and texture.  

 Appearance 
 

Smell  Texture 

Participant 0 5 10 15 20 0 5 10 15 20  0 5 10 15 20 

1 4 3 3 3 2  9 2 2 2 1  7 3 2 2 1 

2 9 8 8 8 8  9 4 2 1 1  9 9 8 8 8 

3 8 7 5 6 6  8 2 2 2 2  8 7 7 7 7 

4 8 7 7 6 4  9 8 6 4 4  7 8 8 7 2 

5 9 7 7 7 7  9 7 4 4 3  8 9 9 7 7 

6 8 7 7 7 7  6 6 6 3 4  8 8 6 6 5 

7 8 8 8 8 8  8 8 8 7 6  8 8 8 8 4 

8 9 9 9 9 9  9 4 4 4 4  9 9 9 4 4 

9 9 9 9 8 9  9 4 3 3 4  9 9 9 8 8 

10 7 7 7 7 6  8 3 3 2 2  8 7 7 6 6 

11 8 8 8 8 8  8 6 3 3 2  7 7 7 6 7 

12 7 7 7 7 7  6 6 5 5 3  7 7 7 7 7 

13 8 8 8 8 8  8 8 8 8 7  8 8 8 7 7 

14 7 7 7 7 7  4 4 3 2 2  6 6 6 6 6 

15 7 7 7 7 7  6 5 3 5 3  6 5 5 5 4 

16 8 8 8 7 8  7 4 3 3 3  7 7 7 4 4 

17 8 6 9 8 7  8 8 8 6 4  8 8 7 7 5 

Average 7.8 7.2 7.3 7.1 6.9  7.7 5.2 4.3 3.8 3.2  7.6 7.4 7.1 6.2 5.4 

SD 1.2 1.3 1.5 1.3 1.7  1.4 2.1 2.1 1.9 1.6  0.9 1.6 1.7 1.6 2.0 
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Table 77. The results from the sensory analysis of bread rolls mixed with different concentrations (0, 5, 10, 15 and 20 %) of herring protein pow-

der with respect to taste, purchase intent and total score. 

 Taste  Purchase intent  Total score 

Participant 0 5 10 15 20 0 5 10 15 20  0 5 10 15 20 

1 8 2 1 1 1  4 1 1 1 1  32 11 9 9 6 

2 9 3 2 1 1  5 1 1 1 1  41 25 21 19 19 

3 7 2 1 1 1  4 1 1 1 1  35 19 16 17 17 

4 7 2 2 3 1  4 1 1 2 1  35 26 24 22 12 

5 9 4 3 3 3  5 2 2 2 2  40 29 25 23 22 

6 7 6 5 3 2  4 4 3 2 2  33 31 27 21 20 

7 9 8 4 4 3  5 4 3 3 2  38 36 31 30 23 

8 9 2 1 1 2  5 1 1 1 1  41 25 24 19 20 

9 9 5 4 5 5  5 3 2 3 3  41 30 27 27 29 

10 7 3 2 2 2  4 2 1 1 1  34 22 20 18 17 

11 8 6 4 2 1  4 3 2 1 1  35 30 24 20 19 

12 6 4 3 2 2  4 2 1 1 1  30 26 23 22 20 

13 8 7 7 6 6  4 4 3 3 2  36 35 34 32 30 

14 4 3 2 2 2  1 2 1 1 1  22 22 19 18 18 

15 5 5 3 3 3  4 3 2 2 2  28 25 20 22 19 

16 6 4 3 5 3  3 2 1 2 2  31 25 22 21 20 

17 7 4 4 4 3  4 4 3 3 3  35 30 31 28 22 

Average 7.4 4.1 3.0 2.8 2.4  4.1 2.4 1.7 1.8 1.6  34.5 26.3 23.4 21.6 19.6 

SD 1.5 1.8 1.6 1.6 1.4  1.0 1.2 0.8 0.8 0.7  5.1 6.0 6.0 5.4 5.5 
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The results from the sensory analysis of bread rolls mixed with different concentrations (0, 5, 10, 15 and 20 %) of salmon meal are given in Table 

78 and 79. 

 

 

Table 78. The results from the sensory analysis of bread rolls mixed with different concentrations (0, 5, 10, 15 and 20 %) of salmon meal with 

respect to appearance, smell and texture.  

 Appearance 
 

Smell  Texture 

Participant 0 5 10 15 20 0 5 10 15 20  0 5 10 15 20 

1 8 8 7 9 8  8 6 2 2 1  8 8 8 8 7 

2 8 5 5 5 5  8 4 4 4 4  7 4 5 5 5 

3 8 8 7 7 7  8 7 5 5 4  7 7 7 7 7 

4 9 7 5 5 5  8 5 2 1 1  8 7 7 7 7 

5 8 7 5 4 3  8 7 3 2 1  7 6 6 4 3 

6 8 8 8 8 8  8 8 7 3 3  8 6 4 4 6 

7 9 9 9 9 9  9 4 4 3 3  9 9 9 9 9 

8 8 6 6 6 5  7 7 7 4 3  6 7 4 4 4 

9 6 5 4 4 4  6 4 3 2 2  5 5 5 5 5 

10 8 8 7 7 7  8 8 7 5 5  8 8 8 8 8 

11 9 8 4 4 2  9 8 5 2 1  8 7 5 4 3 

12 8 8 8 7 6  7 7 6 5 3  8 9 8 8 7 

13 7 7 7 7 5  7 2 2 2 1  7 7 7 7 7 

14 8 7 7 6 4  7 4 3 3 4  7 7 4 4 4 

15 9 9 8 7 6  9 7 5 3 2  9 7 6 6 5 

16 9 9 9 9 9  9 8 6 4 2  9 9 8 8 8 

17 9 9 9 9 9  9 9 9 8 8  8 8 8 8 8 

18 7 7 6 4 3  6 5 4 2 2  7 6 5 3 3 

Average 8.1 7.5 6.7 6.5 5.8  7.8 6.1 4.7 3.3 2.8  7.6 7.1 6.3 6.1 5.9 

SD 0.8 1.2 1.6 1.9 2.2  1.0 1.9 2.0 1,7 1,8  1.0 1.3 1.6 1.9 19 
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Table 79. The results from the sensory analysis of bread rolls mixed with different concentrations (0, 5, 10, 15 and 20 %) of salmon meal with 

respect to taste, purchase intent and total score. 

 Taste  Purchase intent  Total score 

Participant 0  5 10 15 20 0 5 10 15 20  0 5 10 15 20 

1 8 3 2 1 1  5 2 1 1 1  37 27 20 21 18 

2 7 3 2 2 2  4 2 2 2 2  34 18 18 18 18 

3 8 4 2 1 1  8 3 2 1 1  39 29 23 21 20 

4 8 4 3 2 1  5 2 2 1 1  38 25 19 16 15 

5 8 4 2 4 3  5 2 1 2 1  36 26 17 16 11 

6 8 6 4 2 3  4 3 2 1 2  36 31 25 18 22 

7 9 4 3 3 2  5 2 2 2 1  41 28 27 26 24 

8 6 3 2 2 2  3 2 1 1 1  30 25 20 17 15 

9 6 4 3 2 1  4 2 1 1 1  27 20 16 14 13 

10 8 8 5 4 2  4 4 2 1 1  36 36 29 25 23 

11 8 7 4 2 1  5 4 1 1 1  39 34 19 13 8 

12 8 6 3 2 1  4 3 2 2 1  35 33 27 24 18 

13 6 2 2 1 1  4 1 1 1 1  31 19 19 18 15 

14 5 5 4 4 2  4 3 2 2 1  31 26 20 19 15 

15 9 8 4 3 2  5 4 3 2 2  41 35 26 21 17 

16 9 8 5 3 1  5 4 3 2 2  41 38 31 26 22 

17 9 8 8 7 4  5 4 4 3 2  40 38 38 35 31 

18 5 4 3 1 1  4 2 2 1 1  29 24 20 11 10 

Average 7.5 5.1 3.4 2.6 1.7  4.6 2.7 1.9 1.5 1.3  35.6 28.4 23.0 19.9 17.5 

SD 1.3 2.0 1.5 1.5 0.9  1.0 1.0 0.8 0.6 0.5  4.4 6.3 5.8 5.7 5.6 
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N.       Amino Acid Composition of Wheat Flour and Wheat Grain  

The proximate composition of wheat flour and wheat grain used in the calculations of the pro-

tein content of the bread rolls, are given in Table 80. The amino acid compositions are also 

included. Although it was wholemeal which was used in the bread rolls, the amino acid com-

position was not easily available. The amino acid composition of wheat grain was therefore 

used instead.  

 

Table 80. Proximate composition (%) of wheat grain and wheat flour (Rosell, 2011). 

 Wheat grain Wheat flour 

Energy (kcal) 329 364 

Total carbohydrate (g) 68 76.3 

         Dietary fibre (g) 12 2.7 

Total fat (g) 1.9 1 

         Saturated fat (g) 0.3 0.2 

         Monounsaturated fat (g) 0.3 0.1 

         Polyunsaturated fat (g) 0.8 0.4 

Protein (g) 15.4 10.3 

        Amino acids    

             Tryptophan (mg) 195 127 

             Threonine (mg) 433 281 

             Isoleucine (mg) 541 357 

             Leucine (mg) 1038 710 

             Lysine (mg) 404 228 

             Methionine (mg) 230 183 

             Cysteine (mg) 404 219 

             Phenylalanine (mg) 724 520 

             Tyrosine (mg) 441 312 

             Valine (mg) 679 415 

             Arginine (mg) 702 417 

             Histidine (mg) 330 230 

             Alanine (mg) 555 332 

             Aspartic acid (mg) 808 435 

             Glutamic acid (mg)  4946 3479 

             Glycine (mg) 621 371 

             Proline (mg) 1680 1198 

             Serine (mg) 663 516 
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O.       Essential Amino Acid Content of one Bread Roll 

The essential amino acid composition of the protein powders (section 3.2) were used together 

with the amino acid composition of the wheat flour and wheat grain (Appendix N), to calcu-

late the content of essential amino acids in the dough. The formulation used for the different 

doughs were given in Table 7 (section 2.2.18). The content of the different essential amino ac-

ids (EAA) in the doughs was calculated according to Equation 10: 

 

𝐸𝐴𝐴 (𝑑𝑜𝑢𝑔ℎ) = 𝐸𝐴𝐴𝑤ℎ𝑒𝑎𝑡 𝑓𝑙𝑜𝑢𝑟 +  𝐸𝐴𝐴𝑤ℎ𝑜𝑙𝑒𝑚𝑒𝑎𝑙 + 𝐸𝐴𝐴𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑝𝑜𝑤𝑑𝑒𝑟              (10) 

 

The content of the different amino acids in one bread roll was found by dividing the values 

calculated with Equation 10 by five, since five bread rolls were made from one dough.  

 

The content of the different EAA in one bread roll baked with different concentrations of 

whey protein powder, herring protein powder and salmon meal are given in Table 81, 82 and 

83.  

 

Table 81. The content of the different essential amino acids (EAA) in one bread roll added 

varying amounts (0, 5, 10, 15 and 20 %) of whey protein powder. 

 Protein powder concentration [%] 

Essential amino acid 0 5 10 15 20 

His 0.08 0.09 0.10 0.11 0.12 

Ile 0.12 0.17 0.22 0.27 0.32 

Leu 0.24 0.32 0.39 0.47 0.55 

Lys 0.09 0.17 0.25 0.34 0.42 

Met 0.05 0.07 0.09 0.10 0.12 

Phe + Tyr 0.27 0.31 0.34 0.38 0.42 

Thr 0.10 0.16 0.22 0.28 0.33 

Trp 0.04 0.04 0.04 0.04 0.04 

Val 0.15 0.19 0.23 0.27 0.31 

Total EAA  1.1 1.5 1.9 2.3 2.6 
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Table 82. The content of the different essential amino acids (EAA) in one bread roll added 

varying amounts (0, 5, 10, 15 and 20 %) of herring protein powder. 

 Protein powder concentration [%] 

Essential amino acid 0 5 10 15 20 

His 0.08 0.10 0.11 0.13 0.15 

Ile 0.12 0.19 0.25 0.31 0.37 

Leu 0.24 0.36 0.49 0.61 0.74 

Lys 0.09 0.19 0.29 0.40 0.50 

Met 0.05 0.08 0.10 0.12 0.15 

Phe + Tyr 0.27 0.36 0.45 0.54 0.63 

Thr 0.10 0.15 0.21 0.27 0.32 

Trp 0.04 0.04 0.04 0.04 0.04 

Val 0.15 0.22 0.29 0.35 0.42 

Total EAA  1.1 1.7 2.2 2.8 3.3 

 

 

Table 83. The content of the different essential amino acids (EAA) in one bread roll added 

various amounts (0, 5, 10, 15 and 20 %) of salmon meal. 

 Protein powder concentration [%] 

Essential amino acid 0 5 10 15 20 

His 0.08 0.08 0.09 0.10 0.11 

Ile 0.12 0.14 0.15 0.17 0.18 

Leu 0.24 0.26 0.29 0.32 0.35 

Lys 0.09 0.12 0.16 0.20 0.23 

Met 0.05 0.07 0.08 0.09 0.11 

Phe + Tyr 0.27 0.30 0.32 0.35 0.38 

Thr 0.10 0.12 0.14 0.16 0.18 

Trp 0.04 0.04 0.04 0.04 0.04 

Val 0.15 0.17 0.19 0.21 0.22 

Total EAA  1.1 1.3 1.5 1.6 1.8 

 

 


