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ABSTRACT 14 

 15 

In the present study, the use of a rapid portable system based on impedance 16 

spectroscopy to assess fish freshness has been tested. The evolution of different 17 

physical and chemical parameters (moisture, fat, pH and TVBN) and impedance 18 

measurements (modulus and phase at different frequencies) of six different batches 19 

of sea bream (Sparus aurata) were analysed. Impedance spectroscopy was able to 20 

classify raw matter in 6 groups according to differences in composition, and also to 21 

classify samples put in storage for a period of time between 0 and 15 days in 22 

different groups according to the freshness degree. Finally, a model obtained from 23 

Partial Least Squares predicted with high accuracy TVBN values, one of the most 24 
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usual parameter to assess shelf life period of fish samples, confirming the potential 25 

application of the impedance spectroscopy for monitoring sea bream freshness. 26 

 27 

Key words: Sea bream; Fish; Freshness; Impedance spectroscopy; Non-destructive 28 

sensor; PLS regression   29 

 30 
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1. Introduction  32 

Freshness, defined as the degree of deterioration suffered by fish due to the action of 33 

endogenous autolytic enzymes and/or the development of a diverse flora of 34 

contamination is considered to be one of the most important parameters of fish in 35 

most markets (Olafsdóttir et al., 1997). Fish and fishery products are usually highly 36 

perishable food products whose freshness and quality rapidly decline post-mortem. 37 

As a result of this spoilage, volatile compounds (trimethylamine, ammonia, 38 

mercaptans, ...) appear, providing fish odour, softening the muscle, oxidizing lipids 39 

and hemoproteins and changing the colour of the meat (Pascual-Anderson, 2000). 40 

Due to the importance of monitoring fish freshness during the commercialization and 41 

consumption of fish, a myriad of different enzymatic, physical and physiological 42 

analytical methods have been developed to measure modifications in the 43 

characteristics of the fish. However, these methods are tedious, destructive, requiring 44 

highly skilled operators and time-consuming (Barat et al., 2008). These drawbacks 45 

imply that these methods are unsuitable for in situ fish quality control.  46 

Accordingly, development of rapid, low-cost and non-destructive methods for 47 

monitoring freshness has been one of the most interesting research fields of food 48 

industry in last years. Among various alternatives, impedance spectroscopy appears 49 

to be an emerging technique with great potential in food quality control. In this 50 

sense, impedance has been successfully applied to control fruit ripening (Bauchot, 51 

Harker, & Arnold, 2000), determine water and salt levels in different food product 52 

(Masot et al., 2010), control ham meat quality (Oliver et al., 2011) or detect additives 53 

in water or beverages (Zia et al, 2013). 54 
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In fishery products, assessing fish body composition has been the traditional usage of 55 

impedance. Duncan et al. (2007) described a method based in bioimpedance to assess 56 

body composition in cobia. Composition of other species, such as tuna (Willis & 57 

Hobday, 2008), grass carp and tilapia (Zhang, Shen, & Luo, 2010) and catfish 58 

(Bosworth & Wolters, 2001) have also been studied. Regarding food process 59 

monitoring, Rizo et al., (2012), employed an impedance spectroscopy system for on-60 

line monitoring of the salting-smoking process of salmon. In the same year, 61 

Fernandez-Segovia et al. (2012) employed impedance spectroscopy to differentiate 62 

between unfrozen and frozen-thawed salmon. There is also research into the 63 

application of impedance measurements for evaluation of fish quality (Chevalier, 64 

Ossar, & Ghommidh, 2006) and freshness. Zhang, Shen and Luo (2011), employed 65 

impedance to estimate freshness of grass carp, finding a good correlation between 66 

impedance measurements and total aerobic count, total volatile basic nitrogen and 67 

sensory assessment.  68 

However, despite the importance of the described works, studies evaluating the 69 

possibility of assessing the freshness of the fish over the days after slaughter by 70 

impedance spectroscopy are preliminary and need to be confirmed with deeper 71 

research on other species (Zhang, Shen, & Luo, 2011). In the same line, development 72 

of portable non-destructive devices based on impedance spectroscopy fish freshness 73 

monitoring would be an important advance for industry, governments and 74 

consumers. 75 

The objective of this study is to evaluate the feasibility of an easy-to-use system 76 

based of Impedance Spectroscopy for rapid evaluation of sea bream freshness. 77 
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Materials and methods 78 

2.1. Fish samples 79 

Cultured gilthead sea bream (Sparus aurata) with a size of 400-600 grams provided 80 

between February and July from two different suppliers were employed. The first 81 

group of samples was obtained directly from a fish farm located in the eastern coast 82 

of Spain (Mediterranean Sea, Spain). Samples were slaughtered by immersing in ice-83 

cold water (hypothermia) and delivered to the laboratory in insulated polystyrene 84 

boxes containing ice within 2 h of harvesting. It was considered that these samples 85 

had the highest freshness that could be expected from a fish, and therefore were 86 

considered the controlled group (C). The second group of samples was purchased 87 

from a local supermarket in Valencia (Spain). Sea breams came from a fish farm set 88 

in-shore area in the region of Lagonisi (Greece). In contrast to C, there was no 89 

information available about background of fish samples (feed composition, handling 90 

or transport conditions) and were labelled as commercial not controlled group (NC). 91 

However, a freshness guarantee was provided by the seller.  92 

Upon arrived at the laboratory, fish from two groups, were individually weighed. The 93 

weight value of whole fish was 561±28 g and 565±30 g (Mean± SD) for C and NC 94 

groups, respectively. Subsequently, sea bream were beheaded gutted, washed and 95 

filleted. Fillets were placed individually in sterile bags of polyamide-polyethylene 96 

1920-1960 (Verpackungen GmbH, Sulzberg, Germany), which were heat sealed and 97 

stored under refrigeration (4 °C) for a total of 15 days. Samples were analysed at 0, 98 

1, 3, 5, 7, 9, 12, and 15 days of storage. Three different fillets were used at each 99 

sampling point and all the analyses were performed in triplicate (n=9). 100 

 101 
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2.2 Physicochemical determinations 102 

Moisture and lipid content were determined according to the AOAC methods 650.46 103 

and 991.36 (AOAC, 1997), respectively. Total Volatile Basic Nitrogen (TVBN) was 104 

assessed by steam distillation according to the method described by Malle and Tao 105 

(1987) and expressed as mg N/100 g of muscle. pH measurement was made using a 106 

pH meter (Crison Basic 20 +, Crison Instruments SA, Barcelona, Spain) with 107 

puncture electrode (Crison 5231) being applied directly to the fish flesh in six 108 

different locations on the fillet. 109 

 110 

2.3 Electronic system 111 

The system and sensor for measuring impedance in fish samples was developed by 112 

the Instituto de Reconocimiento Molecular y Desarrollo Tecnológico (IDM) at the 113 

Universitat Politècnica de València (UPV) (Masot et al., 2010). The measurement 114 

system applies an electric signal to the sample and measures its response to 50 115 

frequencies from 1Hz to 1MHz.  116 

The sensor employed in this study was a double electrode. This electrode was made 117 

of two stainless needles (Ø = 1 mm, L = 15 mm) fixed on a non-conducting support 118 

and disposed in parallel with a distance of 10 mm. The impedance measurements 119 

were carried out by inserting the sensor into the sample at an angle of 45º to the 120 

muscular fibres of the fish. The penetration depth of the electrode into the sample 121 

was constant in all analyses. Measurements were performed on samples taken from 122 

chilled chamber keeping the samples on an ice-bath. Temperature was taken during 123 

the impedance measurements, maintaining the same in 8.0±1.5 ºC. 124 

 125 
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2.4 Data analysis 126 

An analysis of variance (One-Way ANOVA) was conducted for each evaluated 127 

parameter, to test whether there were significant differences between the samples. 128 

Physicochemical parameters were considered as dependent variables in these 129 

analyses and storage time was the factor in these analyses. The LSD procedure (least 130 

significant difference) was used to test for differences between averages at the 5% 131 

significance level.  132 

The ability of impedance spectroscopy to classify samples according to groups, 133 

batches or storage time from impedance data was studied by a discriminant analysis. 134 

A PLS method was employed to estimate physical-chemical parameters studied in 135 

the samples from impedance data (modulus and phase). For the study, samples were 136 

divided into two groups for the PLS model development. The first group of samples 137 

(training set) was used for the establishment of the regression model with a full 138 

cross-validation, and was made up of 66 % of the sample measurements. The second 139 

one (external validation set) consisted of 33% of the samples and was used to 140 

validate the PLS model. The square of the correlation coefficient (R
2
) were used to 141 

indicate the model quality.  142 

Statistical treatment of the data was performed using the Statgraphics Centuriun XV 143 

(Manugistics Inc., Rockville, MD, USA).  144 

 145 

  146 
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3. Results and discussion 147 

3.1 Physicochemical parameters  148 

Moisture, lipid content, TVBN as well as pH values of cultured gilthead sea bream 149 

fillets of different batches and origin groups at day 0 of the study are shown in Table 150 

1. 151 

 152 

Table 1. Physicochemical parameters in sea bream form the different origin groups 153 

(S: supermarket, F: fish farm) (average value and standard deviation, n=3) 154 

Origin 

group 

Batch 

Moisture  

(g/100 g) 

Fat 

(g/100 g) 

TVBN 

(mg N/100 g)  

pH 

C 1 68,94±3.37
a 

10,43±1.5b
ab

 18.96±0.08
a
 6.02±0.07

a
 

C 2 69,93±0.96
a
 11,30±1.03

a 
18.80±0.00

ab
 6.02±0.05

a
 

C 3 69,84±0.43
a
 9,58±0.21

a 
18.89±0.16

b
 6.08±0.06

a
 

NC 1 72,78±1.34
b
 5,97±1.15

c
 16.08±1.04

c
 6.20±0.05

b
 

NC 2 73,21±2.00
b
 5,39±0.09

c
 16.93±1.94

bc
 6.31±0.05

c
 

NC 3 73,32±0.60
b 

7,07±0.54
c 

19.47±1.06
a
 6.10±0.06

d
 

  *** *** * *** 

 155 

Values with different letters in the same row are significantly different at p-value  156 

* 0.05>p>0.01; *** p<0.001 157 

 158 

Data obtained in the physicochemical characterization of samples belonging to 159 

groups C and S at the day 0 of the study are consistent with data obtained for farmed 160 

sea bream by other authors (Alasalvar et al., 2001; Cakli et al., 2007; Orban, Sinesio, 161 
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& Paoletti, 1997). Lipid content of F samples was higher than S samples, with 162 

correspondingly lower moisture content. This was probably due to differences in 163 

composition in the feed supplied in both farms, since different batches from the same 164 

fish farm did not differ among them. There is evidence that proximate composition 165 

of muscle and fat deposition is affected by feeding characteristics of the fish, 166 

although, in many cases, relations among dietary and quality parameters seem to be 167 

rather complicated (Grigorakis, 2007). 168 

Samples from different batches of the same origin group do not differ significantly in 169 

moisture, fat and pH. However, statistically significant differences between fish 170 

groups were found in TVBN content. Variation in this parameter is related to the fish 171 

non-protein nitrogen content which in turns depends on type of fish feeding and 172 

environmental factors, among other factors such as season of catching or fish size or 173 

in the stage of degradation (Goulas & Kontominas, 2007). For this fish species, a 174 

wide range of TVBN contents in fresh fish can be found in the literature (between 175 

15.9 to 26.0 mg N/100 g at day 0 of storage (Kyrana, Lougovois, & Valsamis, 1997). 176 

TVBN content in freshly caught fish is typically between 5 and 20 mg/100 g, 177 

whereas levels of 30-35 mg/100 g are generally considered as the legal limit for fish 178 

stored in ice (EEC, 1995). All samples were below this acceptability limit for 179 

consumption at the time of analysis. As it can be observed, TVBN content in F 180 

samples was similar for all the batches analysed, mainly due to samples were 181 

analysed at the same post-mortem time; however, samples purchased at the 182 

supermarket post-mortem time and handling conditions cannot be exactly controlled. 183 

Samples from F supplier showed similar pH near to pH=6.0 in all the analysed 184 

batches, indicating the freshness of the sample. pH values of samples from S supplier 185 
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were higher than F samples, and also differed among batches (p <0.001). These 186 

differences in the pH could be explained by the frequent oscillation in pH values of 187 

depending on season, species and other factors (Cakli et al., 2007), but also could be 188 

due to a lower initial freshness of the samples.  During the storage period values of 189 

pH increase as consequence of the production of basic compounds such as ammonia, 190 

trimethylamine as well as other biogenic amines by fish spoilage bacteria (Goulas & 191 

Kontominas, 2007). 192 

Throughout refrigerated storage, moisture, fat, pH and TVBN content for each batch 193 

were determined. There were no significant differences (p <0.05) for the moisture 194 

and fat parameters during the period of refrigerated storage (data not shown).  195 

pH values increased progressively during the storage period from pH 6.0 to 6.2 in the 196 

fillets of C group and from pH 6.2 to 6.4 in fillets of NC group, maintaining samples 197 

from NC group higher values. 198 

Changes in TVBN content, a parameter widely used as an indicator of fish spoilage, 199 

along the study for sea bream fillets are shown in Fig. 1. TVBN values remained 200 

stable during the first days of study for two groups, being these values slightly higher 201 

for F samples. From day 5 of storage, this content increased progressively, being the 202 

increase more pronounced for S samples.  Also, two batches belonging to NC group, 203 

exceeded the limit of acceptance for the TVBN set by the European Union (EEC, 204 

2005) for fresh fish of 35 mg N/100 g fish (horizontal line in Fig. 1). Due to samples 205 

of C group maintained the freshness along the 15 days of storage meanwhile samples 206 

of NC group lost the acceptance criteria of commercialization and consumption in 207 

the first week of storage according to values of TVBN a hypothesis about a different 208 

freshness degree of samples belonging to different batches of NC group was 209 
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formulated. These differences in the initial freshness of NC samples could be due to 210 

a longer-than-declared storage period before the sale of the samples or due to a 211 

systematic breakdown of the cold chain in all of the batches during transportation 212 

from the farm to the supermarket. 213 

 214 

 215 
Fig. 1. Evolution of values (Mean± SD; n=3) of total volatile basic nitrogen (TVBN) 216 

in samples of sea bream form different origins (C and NC) and batches (batch 1 (●), 217 

2 (■), and 3 (▲)), for 15 days storage at 4 ºC. Upper areas of horizontal line are 218 

unacceptable.  219 

  220 

3.2 Impedance spectroscopy measurements 221 

Impedance measurements were taken on fresh sea bream from both populations. 222 

Modulus and phase impedance spectra of sea bream are shown in Fig. 2.a and 2.b, 223 

respectively. Differences between different batches belonging to S and F origins 224 

were observed in both, modulus and phase. 225 

 226 
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 227 
 228 

Fig 2. Typical curves representing the module (a) and phase (b) of the impedance of 229 

the cultured sea bream analysed. 230 

 231 

3.2.1 Raw matter classification 232 

In order to determine the feasibility of the portable impedance equipment to classify 233 

fresh samples into the different batches, once known that different batches differed in 234 

the composition, a Discriminant Analysis (DA) was carried out using the 50 values 235 

of modulus and 50 values of phase at different frequencies. For the analysis, the 236 

number of batch was included as a factor and data of modulus and phase of 237 

impedance were considered the variables. 238 

Figure 3 shows the LDA plot. The first two functions allowed explain the 97.78% of 239 

the variance (F1 88.65% and F2 9.13%). Discriminant function 1 (DF1) determined 240 

the separation of samples in two regions concurring with samples C and S. Within 241 

each of these two regions the (DF2) allowed the differentiation between each of 242 

batches of both group of samples. 243 

a 
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 244 

Fig. 3.  Projections impedance values of sea bream samples at day 0 of storage in the 245 

space defined by the LDA discriminant function (DF) 1 and 2.  246 

 247 

These results are consistent with differences found initial composition of the 6 248 

batches analysed summarized in Table 1, where it was observed that samples 249 

belonging to C group were more homogeneous among each other than samples from 250 

NC group. 251 

 252 

3.1.2 Stored samples classification 253 

A LDA was used to assess the feasibility of impedance spectroscopy for monitoring 254 

sea bream freshness along 15 days of storage. LDA results for C samples are shown 255 

in Fig. 4a. The plot of the first two discriminant functions not only showed an 256 

excellent and clear separation of the samples according to the days of storage, but 257 

this classification also allowed the grouping of the samples in 4 areas according to 258 

storage days (0, 1-3, 4-9, and more than 10 days of storage). These 4 different areas 259 
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correspond with the 4 moments of change in a fish muscle during post-mortem 260 

storage defined by Caballero et al. (2009).  In the hours just after post-mortem (day 261 

0) muscle structure remains intact. From the next day (day 1-3), loss of fibre–fibre 262 

adhesions compared to muscle samples obtained at 0 h post- mortem is observed.  263 

Finally on day 4 myofibrils are slightly affected, and by 7 day muscle fibres start to 264 

detach from the myocommata (day 4-9). From 10 to 14 post-mortem days most of 265 

the myocommata has detached from fibres and muscle structure is evidently 266 

damaged. This excellent classification of samples according to days of storage and 267 

changes produced in the fish muscle confirm the feasibility of impedance to detect 268 

changes in the freshness of sea bream fillets. This proven ability of impedance to 269 

predict changes in the muscle integrity during storage, which is related with the 270 

freshness of the fish, may be explained by the increase in conductivity that occurs 271 

when metabolic products are released from the cells as a consequence of muscle 272 

microbiological or enzymatic degradation (Marshall & Wiese-Lehigh, 1997). 273 

The same analysis was performed in S samples. However in this case, the plot of the 274 

first two discriminant functions (Fig 4b.) only allowed differentiating 3 areas (0, 1-3, 275 

and more than 5 days of storage), so that the hypothesis of the lower freshness of S 276 

samples built by physicochemical values could be confirmed also by impedimetric 277 

analysis.  278 

 279 
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 280 

 281 

 282 

 283 

 284 

 285 

 286 

 287 

 288 

 289 

 290 

 291 

 292 

 293 

 294 

 295 

 296 

 297 

 298 

 299 

Fig 4. Projections of impedance values of sea bream samples along 15 days of 300 

storage in the space defined by the LDA discriminant function (DF) 1 and 2 for 301 

group F (a) and S (b).  302 

  303 
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3.5 Partial least squares regression for establishing relationships between 304 

impedance and control parameters 305 

Since the LDA analysis of the impedance data were able to classify samples 306 

according to the spoilage degree of the muscles, a PLS was used to predict days of 307 

storage and physicochemical values from the impedimetric data. Statistical models 308 

were tested for day of storage, moisture, lipid content, pH and TVBN. Table 2 shows 309 

the coefficients of determinations (R
2
) for both, calibration and validation, of 310 

selected models for each of the different measurement parameters.  The better 311 

correlation between measured and predicted values with the impedance 312 

measurements is obtained (Prediction R
2
=0.72) is achieved for TVBN values.  313 

Next to TVBN, moisture and lipid content, two of the most responsible components 314 

of current passage or obstruction through a sample, are the parameters for which a 315 

higher correlation is obtained are. The lesser correlation between these parameters is 316 

associated with the uniformity of these values among different samples. 317 

Figure 5 shows the experimental versus the predicted values by the PLS statistical 318 

model for the TVBN values and how a preliminary evaluation of the accuracy of the 319 

created prediction model can be made by visually inspecting the differences between 320 

the measured and the predicted values.  321 

  322 
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Table 2. PLS Results obtained in the Partial Least Regression (PLS). R
2
: Coefficient 323 

of determination. 324 

Parameter 

Number of PLS 

factors 

Calibration R
2
 Prediction R

2
 

Day of storage 10 0.54 0.33 

Moisture 8 0.62 0.53 

Lipid Content 8 0.66 0.59 

pH 7 0.45 0.38 

TVBN 8 0.79 0.72 

 325 

 326 

 327 
Figure 5.  Experimental versus predicted TVBN values by the PLS statistical model. 328 

 329 
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Keeping in mind that TVBN is one of the most important parameter to establish fish 330 

spoilage the potential usefulness of the impedimetric system and sensor developed at 331 

the UPV for monitoring sea bream freshness could be confirmed. 332 

 333 

 4. Conclusions 334 

Six different batches of sea bream fillets with two different levels of information 335 

available about background of fish samples (C and NC) have been analysed by 336 

means of physicochemical analysis and impedance spectroscopy. Initial differences 337 

in composition and freshness between controlled (C) and not controlled commercial 338 

(NC) samples were found, showing NC samples a lower shelf life.  339 

These differences in composition and freshness were easily predicted by the 340 

impedance system, so that fillets belonging to different batches at day 0 of storage 341 

and fillets with different degradation degree were easily classified. Furthermore, PLS 342 

statistical analyses allowed the creation of a model to correlate with the impedance 343 

modulus and phase data with the content of TVBN. Thus, the feasibility of the 344 

developed portable and easy-to-use impedance spectroscopy system for monitoring 345 

sea bream fillets freshness has been demonstrated.  346 

 347 
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