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2 Determination of pH in pre rigor fish muscle – method matters

3

4

5 ABSTRACT

6 The determination of post mortem muscle pH are often carried out in studies on how pre-

7 slaughter handling influences the development of rigor mortis and the quality of the fish 

8 products. The analysis might be performed by inserting a pH-electrode into the intact flesh or 

9 using a suspension containing a minced muscle sample. Although it has been known for a long 

10 time that mincing muscle tissue accelerates glycolysis and breakdown of ATP, more recent 

11 studies quite commonly determine pH after mincing pre rigor muscle without including an 

12 enzyme inhibitor that arrest glycolysis. This may have resulted in anomalously low pre rigor 

13 muscle pH.  The aim of the present work was compare the two methods of pH determination in 

14 pre rigor fish muscle and to highlight the importance of including the enzyme inhibitor when 

15 homogenizing pre rigor fish muscle prior to pH analysis.           

16
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25 Introduction

26 Post mortem muscle pH is often determined during the conversion of muscle to meat 

27 since both the pH value at the time of slaughter, the subsequent rate of decline in pH and the 

28 ultimate pH post rigor will affect the quality of the meat (Lawrie and Ledward, 2006). In farmed 

29 fish, the determination of post mortem (pm) muscle pH have commonly been carried out in 

30 studies on how pre-slaughter handling influences the development of rigor mortis and the 

31 quality of the fish products (Kristoffersen et al., 2006; Lerfall et al., 2015; Mørkøre et al., 2008; 

32 Robb et al., 2000; Rucinque et al., 2018; Sigholt et al., 1997; Wilkinson et al., 2008).

33 The measurements of pH in pm muscle are often done by inserting a pH-electrode 

34 directly into the flesh (e.g. Bagni et al., 2007; Erikson and Misimi, 2008; Jerrett and Holland, 

35 1998; López-Luna et al., 2014; Mørkøre et al., 2008; Morzel et al., 2003; Roth et al., 2012). 

36 Alternatively, a muscle sample is homogenized in an aqueous liquid or a minced sample may 

37 be mixed with a liquid and the pH determined in the suspension by an ordinary pH-meter (e.g. 

38 Álvarez et al., 2018; Andersen et al., 1997; Ayala et al., 2010; Bensid et al., 2014;  Bugeon et 

39 al., 2003; Chang and Wong, 2012; Einen and Thomassen, 1998; Boyd et al. 1984; Fan et al., 

40 2008;  Li et al., 2015; Li et al., 2017; Matos et al., 2010; Noori et al., 2018; Sigholt et al., 1997; 

41 Wang et al., 2018). When this latter method was established many decades ago, it was 

42 recommended to mince pre rigor muscle in the presence of mmol/L concentrations of sodium 

43 iodoacetate to block the glycolysis by complete inhibition of glyceraldehyde-3-phosphate 

44 dehydrogenase (Bendall, 1973; Lawrie, 1953; Padieu and Mommaerts, 1960). The inclusion of 

45 this enzyme inhibitor during the homogenization is necessary when determining the pH in pre 

46 rigor muscle since the mincing process accelerates glycolysis and breakdown of ATP and ADP 

47 (Hamm and van Hoof, 1971; Newbold and Scopes, 1971; Nowlan and Dyer, 1974). This 

48 knowledge appears in many cases to have been lost on the way since several of the more recent 

49 studies cited above are examples of publications where pH were determined in minced fish 
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50 muscle in the pre rigor state without including sodium iodoacetate. This may probably have 

51 resulted in erroneously low pH value early post mortem due to the accelerated glycolysis. 

52 The aim of the present work was compare the two methods of pH determination in pre 

53 rigor fish muscle and to highlight the importance of including the enzyme inhibitor when 

54 homogenizing pre rigor fish muscle prior to pH analysis.              

55

56 2. Materials and methods

57 Six non-starved farmed Atlantic salmon (Salmo salar L.) and six wild Atlantic cod 

58 (Gadus morhua L.) which had been caught alive by demersal seine and fed frozen capelin and 

59 herring, were obtained from the Aquaculture Research Station, Tromsø. The average weight of 

60 the salmon and cod were 1.23 kg and 8.35 kg, respectively.   The fish were carefully netted and 

61 killed by a blow to the head and since it was important to start the pH determinations as soon 

62 as possible post mortem, the fish were not bled prior to the analyses.   The right side was 

63 deskinned and two muscle samples of 25 g were excised from the loin part of each fillet. One 

64 tissue sample was added an equal volume of 0.15 mol/L KCl and the other 0.15 mol/L KCl 

65 containing 5 mMol/L sodium iodoacetate (Sigma-Aldrich, Steinheim, Germany) and minced 

66 using an Ultra Thurrax (IKA T25B, IKA Werke GmbH, Germany) for 2 x 10 s at room 

67 temperature. 

68 The pH was also determined in the intact loin part of the left fillet of fish by inserting 

69 the pH electrode into the muscle through an incision in the skin. A new incision was made at 

70 each measurement. The pH both in the homogenates and the intact muscle were determined 

71 using a WTW 330/Set-1 pH-meter (Wissenschaftliche-Technische Werkstätten, Weilheim, 

72 Germany) equipped with a double pore glass electrode (Hamilton Bonaduz AG, Bonaduz, 

73 Switzerland) and the first recordings were performed 5 - 10 min post mortem. The 

74 measurements carried out from 0 to 60 min pm were performed at the aquaculture station. The 
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75 fish were then gutted, iced in boxes and transported together with the homogenates to the 

76 Norwegian College of Fishery Sciences were the fish and the homogenates were stored in a 

77 cold room (4 ⁰C) during the subsequent pH determinations.   

78

79 3. Results and discussion

80 The post mortem pH of the salmon muscle determined by inserting the electrode into 

81 the intact flesh showed a stable value of around 7.2 during the first hour (Fig 1A). Eight hours 

82 pm, the pH had declined to 6.7 and an ultimate pH of approximately 6.2 - 6.3 was reached at 

83 around 28 h pm (Fig 1B). These changes in salmon muscle pH post mortem are similar to those 

84 observed by others (Mørkøre et al., 2008).

85 The minced pre rigor salmon muscle homogenized with 0.15 mole/L KCl containing 5 

86 mmole/L sodium iodoacetate and in 0.15 mole/L KCl only, had both a pH of 6.8 immediately 

87 after mixing (Fig. 1A). No change in the pH occurred in the presence of iodoacetate during the 

88 subsequent storage for 46 hours showing that the inhibitor completely blocked the glycolytic 

89 process (Fig 1A and B)  as described in the previously cited publications from more than 40 

90 years ago. The pH of the muscle suspension containing only 0.15 mole/L KCl showed however 

91 a decline to about 6.6 and 6.5 after 20 and 60 min pm, respectively (Fig 1 A). No further 

92 reduction in muscle pH was observed demonstrating that the ultimate pH found by using the 

93 stick electrode was not achieved in the suspensions. This could be due inactivation of glycolytic 

94 enzymes and the dilution of the minced muscle tissue. When compared with the  stable pH 

95 observed in the intact muscle during the first hour post mortem, the pH decline in the muscle 

96 minced in the presence of an equal volume 0.15 mmol/L KCl only, confirms that the mincing 

97 process accelerates glycolysis and ATP breakdown. Mincing the salmon muscle with an equal 

98 volume of 0.15 mole/L KCl containing 5 mmol/L iodoacetate gave pH value at time 0 which 

99 was about 0.3 pH-units lower that was recorded using the stick electrode (Fig 1A). This could 
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100 possibly be explained by the accelerating effect of mincing on the rate of glycolysis and the 

101 time elapsed before complete inactivation of glyceraldehyde-3-phosphate dehydrogenase. 

102 Mincing destroys the structural integrity of the muscle cells leading to a closer contact between 

103 enzymes, substrates and activators and thereby increased rates of glycolysis and ATP 

104 hydrolysis. The elevated concentration of freely distributed calcium is believed to be a major 

105 contributor to the increased rates (Cohen, 1987; Jeacocke, 1984; Nowlan and Dyer, 1974).

106 The results obtained with Atlantic cod (Fig 2A and B) were similar to the ones found 

107 for Atlantic salmon. The initial pH of 7.0 in minced cod muscle at time 0 min was approximately 

108 0.2 units lower than found using the stick electrode.  In the sample homogenized with an equal 

109 volume of 0.15 mole/L pH was reduced to 6.9 within 20 min with no further reduction during 

110 the subsequent storage of the homogenate for 46 h. As with the salmon, there was no change in 

111 pH in the cod homogenate containing iodoacetate from time 0 min to the end of the storage 

112 period of 46 h. When inserting the electrode into the intact cod muscle, a constant pH of about 

113 7.2 was recorded the first 8 hours pm. Then it declined to 6.6 and 6.4 after 22 and 28 h, 

114 respectively. An average ultimate pH of 6.3 was found 46 h pm, confirming that the cod used 

115 in this experiment had been well fed (Kristoffersen et al., 2006). 

116 Muscle tissue in rigor mortis or post rigor have no glycolytic activity and the pH value 

117 should therefore not be dependent on method used.  We determined the muscle pH in a farmed 

118 salmon fillet stored in ice for 76 h and found a value of 6.3 independent of using a stick electrode 

119 or measuring in homogenate made with an equal part 0.15 mole/L KCl (results not shown).

120

121 4. Conclusions   

122 The results clearly show that the pH of a pre rigor fish muscle should be determined by 

123 inserting the pH electrode into the intact fillet. Mincing of muscle in an equal volume 0.15 

124 mole/L KCl accelerates the rate of glycolysis leading to an erroneously low pH early post 
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125 mortem. Including sodium iodoactate, an inhibitor of the glycolytic enzyme glyceraldehyde-3-

126 phosphate dehydrogenase, in the KCL solution effectively blocks the glycolysis.  However, the 

127 mincing process even in the presence the enzyme inhibitor, results in a lower initial pH 

128 compared to value found by measuring directly in the intact tissue.  

129   

130 References

131 Álvarez, A., Fontanillas, R., Garcia-Garcia, B., and Hernández, M.D. 2018. Impact of dietary 

132 oil source on shelf-life of gilthead seabream (Sparus aurata). J. Aqua. Food Prod. Tech. 

133 27: 680-697. 

134 Andersen, U.B., Thomassen, M.S., and Rørå, A.M. 1997. Texture properties of farmed rainbow 

135 trout (Oncorhynchus mykiss): Effects of diet, muscle fat content and time of storage on 

136 ice. J. Sci. Food Agric. 74: 347-353.

137 Ayala, M.D., Abdel, I., Santella, M., Martínez, C., Periago, M.J., Gil, F., Blanco, A., and 

138 Albors, O.L. 2010. Muscle tissue structural changes and texture development in sea 

139 bream, Sparus aurata L., during post-mortem storage. LWT-Food Sci. Technol. 43: 

140 465-475. 

141 Bagni, M., Civitareale, C., Priori, A., Ballerini, A., Finoia, M., Brambilla, G., and Marino, G. 

142 2007.  Pre-slaughter crowding stress and killing procedures affecting quality and 

143 welfare in sea bass (Dicentrarchus labrax) and sea bream (Sparus aurata). 

144 Aquaculture. 263: 52-60.

145 Bendall, J.R. 1973. Postmortem changes in muscle. In: Structure and function of muscle. 

146 Bourne, G.H. (Ed.) Academic Press, New York. pp. 243-309.

147 Bensid, A., Ucar, Y., Bendeddouche, B., and Özogul, F. 2014. Effect on icing with thyme, 

148 oregano, and clove extracts on quality parameters of gutted and beheaded anchovy 

149 (Engraulis encrasicholus) during chilled storage. Food Chem. 145: 681-686.

Page 6 of 13

URL: http://mc.manuscriptcentral.com/wafp  Email: mtvandersea@gmail.com

Journal of Aquatic Food Product Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

7

150 Boyd, N.S., Wilson, N.D., Jerrett, A.R., and Hall, B.I. 1984. Effects of brain destruction on post 

151 harvest muscle metabolism in the fish kahawai (Arripis trutta). J. Food Sci. 49: 177-

152 179. 

153 Bugeon, J., Lefevre, F., and Fauconneau, B. 2003. Fillet texture and muscle structure in brown 

154 trout (Salmo trutta) subjected to long-term exercise. Aquaculture Res. 34: 1287-1295.

155 Chang, H-C., and Wong, R-X. 2012. Textural and biochemical properties of cobia 

156 (Rachycentron canadum) sashimi tenderized with the ultrasonic water bath. 2012. Food 

157 Chem. 132: 1340-1345.

158 Cohen, P. 1987. Molecular mechanisms involved in the control of glycogenolysis in skeletal 

159 muscle by calcium ions and cyclic AMP. Biochem. Soc. Trans. 15; 999-1001. 

160 Einen, O. and Thomasssen, M.S. 1998. Starvation prior to slaughter in Atlantic salmon (Salmo 

161 salar). II. White muscle composition and evaluation of freshness texture and colour 

162 characteristics in raw and cooked fillets. Aquaculture. 169: 37-53. 

163 Erikson, U., and Misimi, E. 2008. Atlantic salmon skin and fillet color changes effected by 

164 perimortem handling stress, rigor mortis and ice storage. J. Food Sci. 73: C50-C59.

165 Fan, W., Chi, Y., and Zhang, S., 2008. The use of a tea polyphenol dip to extend the shelf life 

166 of silver carp (Hypophthalmicthys molitrix) during ice storage. Food Chem. 108: 148-

167 153.

168 Hamm, R., and van Hoof, J. 1971. Influence of grinding of beef muscle on the break-down of 

169 adenosine triphosphate and glycogen post mortem. Z. Lebensm. Unters. Forsch. 147: 

170 193-200.

171 Jeacocke, R.E. 1984. The control of post-mortem metabolism and the onset of rigor mortis. In: 

172 Recent Advances in the Chemistry of Meat. Special publication No. 47. Bailey, A.J. 

173 (Ed.) The Royal Society of Chemistry. London. pp. 41-57.  

Page 7 of 13

URL: http://mc.manuscriptcentral.com/wafp  Email: mtvandersea@gmail.com

Journal of Aquatic Food Product Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

8

174 Jerrett, A.R., and Holland, A.J. 1998. Rigor tension development in excised, “rested”, “partially 

175 excerised” and “exhausted” Chinook salmon white muscle. J. Food Sci. 63: 48-52.

176 Kristoffersen, S., Tobiassen, T., Steinsund, V., and Olsen, R.L. 2006. Slaughter stress, 

177 postmortem muscle pH and rigor development in farmed Atlantic cod (Gadus morhua 

178 L.). Int. J. Food Sci. Tech. 41: 861-864.

179 Lawrie, R.A. 1953. The onset of rigor mortis in various muscles of the draught horse. J. Physiol. 

180 121: 275-288.

181 Lawrie, R.A., and Ledward, D.A. 2006. Lawrie`s meat science. 7th ed. Woodhead Publishing 

182 Ltd. Cambridge, UK. pp. 128-156.

183 Lerfall, J., Roth, B., Skare, F.E., Henriksen, A., Betten, T., Dziatkowiak-Stefaniak, M.A., and 

184 Rotabakk, B.T. 2015. Pre-mortem stress and subsequent effect on flesh quality of pre-

185 rigor filleted Atlantic salmon (Salmo salar L.) during ice storage. Food Chem. 175: 157-

186 165.

187 Li, K., Luo, Y., and Shen, H. 2015. Postmortem changes of crucian carp (Carassius auratus) 

188 during ice storage. Int. J. Food Prop. 18: 205-212.

189 Li, Q., Zhang, L., Lu, H., Song, S., and Luo, Y. 2017. Comparison of postmortem changes in 

190 ATP- related compounds, protein degradation and endogenous enzyme activity of 

191 white muscle and dark muscle from common carp (Cyprinus carpio) stored at 4 °C. 

192 LWT- Food Sci. Technol. 78: 317-324. 

193 López-Luna, J., Torrent, F., and Villarroel, M. 2014. Fasting up to 34 °C days in rainbow trout, 

194 Oncorhynchus mykiss, has little effect on flesh quality. Aquaculture. 420-412: 63-70.

195 Matos, E., Goncalves, A., Nunes, M.L., Dinis, M.T., and Dias, J. 2010. Effect of harvesting 

196 stress on selected flesh quality criteria of gilthead seabream (Sparus aurata). 

197 Aquaculture. 305: 66-72.  

Page 8 of 13

URL: http://mc.manuscriptcentral.com/wafp  Email: mtvandersea@gmail.com

Journal of Aquatic Food Product Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

9

198 Mørkøre, T., Mazo, P.I.., Tahirovic, V., and Einen, O. 2008. Impact of starvation and handling 

199 stress on rigor development and quality of Atlantic salmon (Salmo salar L.). 

200 Aquaculture. 277: 231-238.

201 Morzel, M., Sohier, D., and Van der Vis, H. 2003. Evaluation of slaughtering methods for turbot  

202 with respect to animal welfare and flesh quality. J. Sci. Food Agric. 83: 19-28.

203 Newbold, R.P., and Scopes, R.K. 1971. Post-mortem glycolysis in ox skeletal muscle: Effects 

204 of mincing and dilution with or without addition of orthophosphate. J. Food Sci. 36; 

205 209-214. 

206 Noori, S.M.A., Khanzadi, S., Fazlara, A., and Najafzadehvarzi, H. 2018. Effect of lactic acid 

207 and ajwain (Carum copticum) on the biogenic amines and quality of refrigerated 

208 common carp (Cyprinus carpio). LWT-Food Sci. Technol. 97: 434-439.

209 Nowlan, S.S., and Dyer, W.J. 1974. Effect of mincing on glycolytic activity in prerigor Atlantic 

210 cod (Gadus morhua) muscle stored in ice or frozen. J. Fish. Res. Board Can. 31: 473-

211 476.

212 Padieu, P., and Mommaerts, W.F.H.M. 1960. Creatine phosphoryl transferase and 

213 phosphoglyceraldehyde dehydrogenase in iodoacetate poisoned muscle. Biochim. 

214 Biophys. Acta. 37: 72-74. 

215 Robb, D.H.F., Kestin, S.C., and Wariss, P.D. 2000. Muscle activity at slaughter: I. Changes in 

216 flesh colour and gaping in rainbow trout. Aquaculture. 182: 261-269.

217 Roth, B., Grimsbø, E., Slinde, E., Foss, A., Stien, L.H., and Nortvedt, R. 2012. Crowding, 

218 pumping and stunning of Atlantic salmon, the subsequent effect on pH and rigor mortis. 

219 Aquaculture. 326-329: 178-180. 

220 Rucinque, D.S., Watanabe, A.L., and Molento, C.F.M. 2018. Electrical stunning in pacu 

221 (Piaractus mesopotamicus) using direct current waveform. Aquaculture. 497: 42-48.

Page 9 of 13

URL: http://mc.manuscriptcentral.com/wafp  Email: mtvandersea@gmail.com

Journal of Aquatic Food Product Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

10

222 Sigholt, T., Erikson, U., Rustad, T., Johansen, S., Nordtvedt, T.S., and Seland, A. 1997. 

223 Handling stress and storage temperature affect meat quality of farmed-raised Atlantic 

224 salmon (Salmo salar). J. Food Sci. 62: 898-905.

225 Wang, F., Zhang, H., Jin, W., and Li, L. 2018. Effect of tartary buckwheat polysaccharide 

226 combined with nisin edible coating on the storage stability of tilapia (Oreochromis 

227 niloticus) fillets. J. Sci. Food Agric. 98: 2880-2888.

228 Wilkinson, R.J., Paton, N., and Porter, M.J.R. 2008. The effects of pre-harvest stress and harvest 

229 method on stress response, rigor onset, muscle pH, and drip loss in barramundi (Lates 

230 calcarifer). Aquaculture. 282: 26-32.

231

Page 10 of 13

URL: http://mc.manuscriptcentral.com/wafp  Email: mtvandersea@gmail.com

Journal of Aquatic Food Product Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only

11

232 Figure 1

233 Development of pH in pre rigor Atlantic salmon (n = 6) muscle determined after mincing 

234 with an equal part 0.15 mole/L KCl-solution with (●) and without (○) sodium iodoacetate. 

235 A: First hour after slaughter. B: Until 46 h after slaughter. Muscle pH determined by 

236 inserting a pH electrode into the intact muscle (Δ). Symbols and bars represent, respectively, 

237 mean and standard deviation. 

238 Figure 2

239 Development of pH in pre rigor Atlantic cod (n = 6) muscle determined after mincing with 

240 an equal part 0.15 mole/L KCl-solution with (●) and without (○) sodium iodoacetate. A: 

241 First hour after slaughter. B: Until 46 h after slaughter. Muscle pH determined by inserting 

242 a pH electrode into the intact muscle (Δ). Symbols and bars represent, respectively, mean 

243 and standard deviation. 

244

Page 11 of 13

URL: http://mc.manuscriptcentral.com/wafp  Email: mtvandersea@gmail.com

Journal of Aquatic Food Product Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review OnlyFigure 1

A

B

Page 12 of 13

URL: http://mc.manuscriptcentral.com/wafp  Email: mtvandersea@gmail.com

Journal of Aquatic Food Product Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review Only
0 20 40 60 80

6.4

6.6

6.8

7

7.2

7.4

7.6

Time [min] after slaughter

pH

0 5 10 15 20 25 30 35 40 45
5.8

6
6.2
6.4
6.6
6.8

7
7.2
7.4
7.6

Time [h] after slaughter

pH

Figure 2

A

B

Page 13 of 13

URL: http://mc.manuscriptcentral.com/wafp  Email: mtvandersea@gmail.com

Journal of Aquatic Food Product Technology

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60


