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ARTICLE INFO ABSTRACT

Horse mackerel and Atlantic mackerel are species often imported and sold in Benin in frozen form. This study aimed to evaluate the
impact of the break in cold chain on the technological and organoleptic qualities of these fish in south Benin. Thus, it was carried out
from June to December 2016 in the Department of Atlantic and Littoral. For the study, fish samples (120 Atlantic mackerel and 120
Horse mackerel) were taken for laboratory analyzes. It appears that the weight of the whole fish, the weight of the eviscerated fish and
the weight of the remains were significantly higher for the breaks of 6 hours than for the breaks of 3 hours and 12 hours. The fillet
weight of fish at 6 hours (140.49) of cold break was significantly higher than that at 3 hours (1129) of cold break. No influence of break
in cold chain was observed on the yield, fillet yield, water content and pH. Whatever the break duration, the different weights recorded
were significantly higher in Horse mackerel than in Atlantic mackerel. The various weights recorded in Atlantic mackerel with 3 and 12
hours of break were higher than those recorded with 6 hours of break. The red index was higher for the 6 hours of break than for the 12
hours of break (P<0.05). The break duration had significantly influenced the freshness state of skin, eye, back muscle, abdominal wall,
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spine and organ color (P<0.001). The break in the cold chain alters the technological and organoleptic quality of fish.
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INTRODUCTION

Fish is the main animal protein source for the populations (Okpanachi et al.,
2018). While Benin's population is growing (10,000,000 inhabitants in 2014), the
cover of animal protein needs is in deficit. Facing this situation, in 2015, Benin
imported 81,327 tons of frozen fish, dominated by Horse mackerel, Atlantic
mackerel and Sardinella (FAO, 2017). Thus, in order to ensure the quality
integrity of these fish, conservation by continuous cold is indispensable. The
conservation methods used are freezing, refrigeration and ice preservation
(Gandrota et al., 2012; Tolstorebrov et al., 2017; Lanlan et al., 2017). These
methods preserve the freshness state, nutritional qualities and taste properties of
fish and aim to extend their shelf life (Nalan and Pilar, 2015; Varghese and
Mathew, 2016).

However, when fish are poorly preserved or undergo break in the cold chain, they
are likely to favor pathogenic micro-organisms development or toxins production
(ANSES, 2010; Simoes, 2016) and provoke inconveniences, in particular to the
food industry sector. The prolonged storage of cold-stored fish can degrade cell
walls, cause weight loss and promote proteins denaturation. The freshness state,
vitamins and nutritional value of these fish are also altered. These various
deteriorations are the cause of three major mechanisms: cellular autolysis,
microbial growth and oxidative reactions (Ghaly et al., 2010; Sharifian et al.,
2014). Thus, the quality of imported frozen sea-fish (Scomber scombrus,
Trachurus trachurus), which already undergo relatively long storage before being
discharged into local markets, is questioned (Abubakar and Uzairu, 2015;
Kabamba, 2016). This depends on the storage temperature and storage duration
as well as on the freezing technique used (Popelka et al., 2012). In addition to
the dubious quality of these fish, in Benin, the surveys carried out by Bocodaho
(2015) and Gnimavo (2015) on frozen fish imported in Benin revealed that the
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storage temperature is not constant during storage in fish-shops of Cotonou
(98%) and Abomey Calavi (78%). This break in the cold chain is provoked for
several reasons including the power cut due to generators failure and the
consumer electricity high price. According to Moons (2016), any liquid having
undergone this break in the cold chain is likely to present risks to the consumer
health. In general, changes that occur during the storage limit these fish use as a
raw material for the processing sector or as a food for the consumer (Bou
m‘handi et al., 2015).

In order to improve these fish quality, several studies were carried out on their
microbiological quality during smoking (Degnon et al., 2012, 2013, Chabi et al.,
2014; Kpodekon et al., 2014) and preservation (Wabi, 2010). Apart from the
microbiological quality, no study was carried out on the impact of break in the
cold chain on the technological and organoleptic qualities of frozen fish, despite
the frequent power cut registered In Benin. The objective of the study is to
evaluate the impact of break in the cold chain on the technological and
organoleptic qualities of Atlantic mackerel (Scomber scombrus) and Horse
mackerel (Trachurus trachurus) in south Benin. These two fish species were
chosen because of their high frequency in households’ consumption in south
Benin.

MATERIAL AND METHODS

Study area

The data collection on the impact of break in the cold chain on the technological
and organoleptic qualities of Atlantic mackerel (Scomber scombrus) and Horse

mackerel (Trachurus trachurus) in south Benin was carried out from June to
December 2016 in the Township of Abomey Calavi.
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This Township is located at 12 meters of altitude between 6° 26' North latitude
and 2° 21' East longitude. It is in the Atlantic Department, South of Benin and
bounded to the North by the Township of Z¢, to the South by the Atlantic Ocean,
to the East by the Township of S6-Ava and Cotonou, and to the West by the
Township of Tori-Bossito and Ouidah. The climate is of the subequatorial type
characterized by two rainy seasons and two dry seasons. The Township has two
bodies of water, Nokoué Lake and Cotonou Lagoon, a sea front juxtaposed to
Cotonou Lagoon, marshes, streams and swamps. These bodies of water offer the
Township a very lively artisanal fishing activity. The township has also several
local markets (Kpota, Glodjighé, Akassato, Zinvié¢ and Z¢). The Kpota market
has an embankment where caught fish in the Nokoué Lake are regularly sold. In
this market fish are marketed whole or processed. Fish processing is of artisanal
type. Once the cold chain break tests performed, the data on the technological
and organoleptic parameters were collected and analyzed at the Laboratory of
Animal Biotechnology and Meat Technology of the Department of Animal
Production and Health of the Polytechnic School of Abomey-Calavi of the
University of Abomey-Calavi.

Experimental procedure and samples

A total of 120 Atlantic mackerel (Scomber scombrus) and 120 Horse mackerel
(Trachurus trachurus) were sampled for the assessment of the effect of break in
cold chain on these fish quality at the laboratory. These fish were sampled at the
Food Products Distribution Common Agency in Cotonou, at the supply place of
wholesalers and retailers. They were then transported to the laboratory in a cooler
at 4° C in accordance with the 1SO 7218: 2007 standard. Two preservation
methods were tested: freezing (-18° C) and refrigeration (+4° C).

Several fish batches were formed: the batchl: intended for refrigeration didn’t
undergo power cut during the experimentation, it is the control batchl; the batch
2: intended for freezing didn’t undergo power cut during the experimentation, it
is the control batch 2; The batches 3, 4 and 5: intended for refrigeration,
underwent respectively power cuts of 3 hours, 6 hours and 12 hours per day for 3
days each; The batches 6, 7 and 8: intended for freezing, respectively underwent
power cuts of 3 hours, 6 hours and 12 hours per day for 3 days each. For each
batch, according to the preservation mode and to the power cuts, ten (10) fish
were considered and this by species. The control batches that didn’t experience
power cut, received each 10 fish per species for each preservation mode.

The technological parameters measures were taken. The pH at 1h, 3h and 6h after
each break in the cold chain were taken over 3 days and this by batch. For the 3h
of break, only pH at 1h and 3h were taken.

The water content of fish fillets was determined according to the Codex Stan
167-1989 standard. The fish yield (eviscerated fish weight*100/ total weight of
whole fish) and filleting yield (fillet weight*100/total weight) were calculated.
Concerning the organoleptic parameters, the fish freshness state was assessed
according to the regulation 790/2005/EC, the color was taken according to
Mathis (2003) using a colorimeter (Konica Minolta CR-400 INC) where the red
index (a*), the yellow index (b*), the lightness (L*) were measured and the
chroma was calculated by the following formula: C* = (a* 2 + b* 2)12,

Statistical analysis

The Proc means procedure of SAS (2013) was used to calculate the averages of
the different technological and organoleptic variables. The General Linear Model
(GLM) procedure was used for the variance analysis and the variation sources
taken into account were fish species, power cut techniques, power cut duration,
and the interaction between species and power cuts. The F test was used to
determine the significance of each effect of the variance analysis model and
averages were calculated and compared by the student t test.

RESULTS
Technological characteristics of fish

Effect of species, preservation technique and break duration on the
technological characteristics of fish

The whole fish weight and the various organs/parts weight (eviscerated fish,
fillets, viscera) of Atlantic mackerel were significantly higher than those of Horse
mackerel (P<0.001). By contrast, Horse mackerel showed a higher yield than
Atlantic mackerel (93.75% vs 92.42%, P<0.001) (Table 1). The whole fish
weight, eviscerated fish weight, net weight, viscera weight and the remains were
respectively 405.99g, 373.63g, 183.84¢, 30.35g and 222.1g in Atlantic mackerel
against 178.38g, 167.56g, 73.13g, 10.82g and 105.25g in Horse mackerel. The
fillet yield was significantly higher (P<0.05) in Atlantic mackerel (45.85%) than
in Horse mackerel (41.17%) (Table 1). The water content was significantly
higher (P<0.01) in Horse mackerel (71.38%) than in Atlantic mackerel (65.55%).
This water content differs from one species to another (P<0.01) (Table 1). The
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pH values in Atlantic mackerel ranged from 6.13 to 6.24 and those in Horse
mackerel from 6.27 to 6.3. The pH of Atlantic mackerel decreased from 3h to 6h
of break in cold chain (6.24 to 6.13). By contrast, the one of Horse mackerel from
1h to 3h of break (6.3 to 6,27) and increased at 6h of break (6,29). No influence
of the preservation technique was observed on the whole fish weight, eviscerated
fish weight, viscera weight, remains, and water content. On the contrary, the
refrigerated experimental batch showed the best fish yield and the lowest fillet
yield. The different pH values were influenced by the preservation technique
(freezing and refrigeration). The highest pH values were found in frozen fish and
the lowest in refrigerated fish. Apart from pH6, which was higher (P<0.05) in the
refrigerated control batch than in the refrigerated experimental batch, no
difference was found between pH values in the same preservation technique
(Table 1).

The break duration influenced significantly the different weights (whole fish,
eviscerated fish, viscera, fillet and the remains). Thus, the whole fish weight, the
eviscerated fish weight and the remains weight were significantly higher
(P<0.05) for the 6 hours of break than for the 3 hours and 12 hours of breaks. The
viscera weight was significantly higher for fish with 6 hours and 12 hours of
break than with 3 hours of break. The fillet weight at 6 hours (140.40 g) of
preservation break was significantly higher than the weight at 3 hours (112 g) of
preservation break. By contrast, no influence of the break in the cold chain was
observed on fish yield, fillet yield, water content and pH (Table 2).

Organoleptic characteristics of fish
Variation of color according to the day, the species and the break duration

The color variability between day, species, and break duration is shown in the
Table 3. The lightness, the yellow index and the red index didn’t vary with the
break day. On the contrary, the chroma was higher on the days 2 and 3 than on
the day 1 (P<0.05).

The red index of Atlantic mackerel (Scomber scombrus) was higher (P<0.01)
than that of Horse mackerel (Trachurus trachurus). The same trend was obtained
for the yellow index and the chroma.

The lightness, yellow index and chroma didn’t vary with the break in cold chain
duration. However, the red index was higher (P<0.05) for the 6 hours of break
than for the 12 hours of break.

Whatever the day, the lightness, red index, yellow index and chroma didn’t
significantly vary from one species to another. The same trends were obtained for
these parameters according to the sex on the day 1 and to the break duration on
the day 3 (Table 4). By contrast, fish were lighter for 3 hours of breaks than for
12 hours of breaks on the day 1. The red index, yellow index, and chroma didn’t
significantly vary with the break duration on the day 1. On the day 2, the
lightness and red index didn’t vary with sex, while the yellow index and chroma
were significantly higher in the female than in the male. On the same day 2, the
lightness, the red index and the chroma didn’t significantly vary by the break
duration whereas the yellow index was lower for the 3 hours of breaks than for
the breaks of 6 hours and 12 hours. On the day 3, females were lighter than males
while the red index, yellow index, and chroma were higher in males than in
females (Table 4).

Assessment of the freshness state of fish

The preservation technique had no influence on the freshness state of the skin, the
eye, the gills and the abdominal cavity. By contrast, it highly influenced
(P<0.001) the freshness state of the back muscle, abdominal wall, spine and the
organs color. The back muscle of frozen fish and of refrigerated control batch
fish was firm, rigid and elastic, whereas the refrigerated experimental batch fish
had a dorsal muscle that decreased in elasticity. The abdominal wall was intact in
the frozen fish (control and experimental batches) and in the refrigerated control
batch fish, whereas it was less soft in the refrigerated experimental batch fish
(Table 5).

The break duration had no effect on the state of gills and abdominal cavity but it
has significantly influenced the freshness state of the skin, eye, back muscle,
abdominal wall, spine and of the organ color (P<0.001) (Table 6). With the
breaks of 3 hours and 12 hours, the fish skin was light without luster with slightly
unclear mucus and odor neither seaweed nor bad, while with a break of 6 hours,
this skin was light, shimmering without discoloration with aqueous and
transparent mucous and a seaweed odor. For the breaks of 3 hours and 6 hours,
the dorsal muscle was firm, rigid and elastic and became less elastic when the
rupture lasted 12 hours. The abdominal wall was intact for the breaks of 3 hours
and 12 hours but less soft for the break of 6 hours. The spine was slightly pink
with adhesions for the breaks of 6 hours and 12 hours while it was colorless and
broke down instead of being removed for the breaks of 3 hours. The organs color
was red masts for the breaks of 6 hours but bright red for the breaks of 3 hours
and 12 hours.




J Microbiol Biotech Food Sci / Assogba et al. 2019 : 8 (6) 1242-1248

Table 1 Effect of the species and preservation technigue on the technological characteristics of fish

Species Techniques o
Variation Source Trachurus TBF CBF CBR TBR Significance test
Scomber scombrus trachurus
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Species  Techniques
Whole fish weight (g) 40599 10437 17838 455 | 3045a 6070 277.2a 7470 2853a 14530 299.7a 157.8| x* NS
(Eg‘;'sceratw fishweight 37563 9842 16756 4464 | 279.9a 4840 2551a 6850 2642a 13350 280.7a 1474| .. NS
Fillets weight (g) 18384 4085 7313 1812 | 1331a 3460 1253a 2920 130.8a 6940  1259a 695 | wx NS
Viscera weight (g) 3035 919 1082 215 | 246a 1424 2205a 1292 2112a 1245  1897a 109 | x* NS
Remains (g) 2221 698 10525 2978 | 1714a 318 151.9a 504 1545a  80.1  1737a 904 | wx NS
Fish yield (%) 9242 19 9375 129 | 92.36b 344 92.23b 363 9278b 128  93.72a 0.88 | wx ok
Fillets yield 4585 503 4117 439 | 4345ab 506 46.18ab 748 45la 547  4141b  3.94 * o
Water content (%) 6555 645 7138 1086 | 67.67a 1428  72a 1356 702a 559  662a 1023 | ** NS
pH1 624 013 6.3 01 | 645a 012 634ab 012 626b 012 623 007 NS ok
pH3 624 014 627 011 | 6451 016 654a 018 622b 007  621b 008 NS -
pH6 613 019 629 015 | 63% 006 6452 008 62b 011  604c 014 NS ok

TBF : Tested Batch Freezing ; CBF : Control Batch Freezing ; CBR : Control Batch Refrigeration ; TBR : Tested Batch refrigeration ; SD : Standard Deviation ; pH :
Hydrogen potential. NS: P>0.05; *: P <0.05; **: P<0.01; ***: P<0.001; The averages of the same line followed by different letters differ significantly at the threshold

of 5%;

Table 2 Effect of cold chain break on the technological characteristics of fish

Break
Variation source 3h 6h 12h Significance test
Mean SD Mean SD Mean SD

Whole fish weight (g) 264b 102 341.7a 197.2 295.7b 121.4 *
Eviscerated fish weight (g) 247.7b 94.5 318.4a 184.8 275.5b 111.8 *
Fillets weight (g) 112b 53.4 140.4a 82.8 128.9ab 56.3 *
Viscera weight (g) 16.26b 9.52 23.29a 13.9 20.17a 10.44 *
Remains (g) 152.0b 51.0 201.3a 116.4 166.7b 66.8 b
Fish yield (%) 94.03a 1.56 93.11a 1.99 93.33a 1.16 NS
Fillets yield 41.11a 4.96 40.86a 3.75 43.28a 3.47 NS
Water content (%) 67.5a 15.4 64a 7.72 67.83a 7.93 NS
pH1 6.29a 0.13 6.28a 0.12 6.24a 0.09 NS
pH3 6.25a 0.11 6.19a 0.11 6.24a 0.08 NS
pH6 - - 6.11a 0.2 6.34a 0.01 NS

SD : Standard Deviation ; pH : Hydrogen potential. NS: P>0.05; *: P <0.05; ***: P<0.001; The averages of the same line followed by different letters differ significantly
at the threshold of 5%;

Table 3 Color variability between days, species and break duration

e L* a* b* Chroma
Variation source
Mean SD Mean SD Mean SD Mean sD
J1 43.68a 8.06 10.13a 412 10.49a 7.22 140.60b 194.10
Days J2 41.40a 7.58 8.37a 2.73 17.85a 3.64 204.760a 72.77
J3 41.66a 6.84 8.74a 2.74 17.54a 4.15 204.340a 77.62
Significance test NS NS NS *
Scomber scombrus 41.95 9.09 10.22 3.67 16.35 6.98 216.9 163.00
Species Trachurus trachurus 42.59 5.59 7.94 25 14.24 521 149.6 74.09
Significance test NS faied falad el
3 hours 41.71a 6.72 8.85ab 3.45 14.66a 6.73 174.40a 97.90
Break 6 hours 43.14a 6.81 9.99 2.64 17.05a 321 203.80a 65.30
duration 12 hours 42.90a 6.99 7.87b 2.68 15.69a 7.34 183.70a 109.60
Significance test NS * NS NS

L*: lightness; a*: red index; b*: yellow index; J: Day; SD: Standard deviation; NS: P>0.05; *: P<0.05; **: P<0.01; the intra-class means of the same column followed by

different letters differ significantly at the threshold of 5%;
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Table 4 Color variability of fish fillets by species, sex and cold break duration per day

Day 1
Variation source L* a* b* Chroma
Mean SD Mean SD Mean SD Mean SD

Scomber scombrus 42.69 10 12.34 3.89 11.55 8.83 188.2 259.90
Species Trachurus trachurus 44.68 5.44 7.93 3.04 9.44 5.06 93.1 64.70

Significance test NS NS NS NS

Female 43.51 17.25 6.57 4.06 12.74 17.94 251 557.0
Sexe Male 44.88 7.35 10.23 4 7.55 3.24 93.9 62.10

Significance test NS NS NS NS

3 hours 46.53ab 6.23 10.2a 4.88 7.42a 3.01 94.7a 81.90

i 6 hours 44.95a 7.58 10.96a 3.65 14.35a 2.68 172.5a 69.10

Break duration , \ ours 43.82a 594 854 283  7.3la 3.22 717a 40.70

Significance test * NS NS NS

Day 2

Scomber scombrus 4212 9.32 8.73 3.08 18.73 3.72 225.1 72.90
Species Trachurus trachurus 40.84 5.38 8.01 231 16.97 3.39 184.5 67.70

Significance test NS NS NS NS

Female 48.98 6.25 6.52 2.72 12.69 3.12 109.3 57.7
Sexe Male 40.21 8.93 8.11 2.76 18.46 3.52 213.3 67.7

Significance test NS NS ok faad

3 hours 38.68 5.55 8.33 2.26 17.73b 3.03 198.7 64.00
Break duration 6 hours 43.73 5.43 941 2.38 18.82a 2.94 228 68.9

12 hours 43.2 8.53 7.39 2.47 19.96ab 4.72 239.6 90.9

Significance test NS NS * NS

Day 3

Scomber scombrus 41.07 8.05 9.59 3.04 18.78 4.63 237.4 83.5
Species Trachurus trachurus 42.26 5.42 7.89 211 16.3 3.21 171.26 54.72

Significance test NS NS NS NS

Female 51.24 3.98 6.84 2.68 14 3.29 129.4 56.9
Sexe Male 40.1 7.1 8.69 3.09 19.11 4.43 234.8 81.9

Significance test * * * *

3 hours 39.92 5.92 8.01 242 18.81 6.3 230 934
Break duration 6 hours 40.73 7.09 9.61 1.31 17.99 2.15 211 47.7

12 hours 41.69 6.69 7.68 2.82 19.78 491 240 88

Significance test NS NS NS NS

L*: lightness; a*: red index; b*: yellow index; SD: Standard deviation; NS: P>0.05; *: P<0.05; **: P<0.01; ***: P<0.001; the intra-class means of the same column followed by different
letters differ significantly at the threshold of 5%;

Table 5 The technique effect on the freshness state of fish

Techniques
Variables TBF CBF CBR TBR Significance test

Mean SD Mean SD Mean SD Mean SD
Skin 2.86a 0.22 2.96a 0.10 2.07a 0.39 1.70a 0.59 NS
Eye 1.97a 0.09 2.06a 0.20 2.11a 0.75 2.08a 0.62 NS
Gills 2.33a 0.28 2.36a 0.23 2.55a 0.31 2.5% 1.29 NS
Back muscle 3a 0 3a 0 2.5ab 0.5 2.17b 1.13 e
Abdominal wall 3a 0 3a 0 2.66a 047  237b 0.72 oo
Abdominal cavity 2.91a 028 3a 0 3a 0 3a 0 NS
Spine 2.25b 0.39 2c 0 2.50a 0 2.32b 0.27 o
Organes color 2b 0 2b 0 2.33a 047 23la 0.54 oo
Peritoneum 2a 0 2a 0 3a 0 3a 0 NS
Total 24.66a 0.85 24.75a 0.47 25.29a 2.93 24.12a 4,54 NS
Mean 2.74a 0.09 2.75a 0.05 2.81a 0.32 2.68a 0.5 NS

TBF : Tested Batch Freezing ; CBF : Control Batch Freezing ; CBR : Control Batch Refrigeration ; TBR : Tested Batch refrigeration ; SD : Standard Deviation ; NS: P>0.05;
***: P<0.001 ; The averages of the same line followed by different letters differ significantly at the threshold of 5%;

1245



J Microbiol Biotech Food Sci / Assogba et al. 2019 : 8 (6) 1242-1248

Table 6 The break effect on the freshness state of fish

Break
Variables 3h 6h 12h Significance test

Mean SD Mean SD Mean SD Break
Skin 1.77b 0.7 2.57a 0.29 1.75b 0.81 ke
Eye 2.16a 0.38 2.42a 0.35 1.51b 0.35 ke
Gills 2.73a 1.82 2.73a 0.23 2.05a 0.22 NS
Back muscle 2.5a 0.94 3.00a 0 1.69b 1.25 el
Abdominal wall 2.28b 0.46 3.00a 0 2.38b 0.96 ool
Abdominal cavity 3.00a 0 3.00a 0 2.92a 0.27 NS
Spine 2.57a 0.18 2.14b 0.30 2.19a 0.25 ol
Organes color 1.92b 0.26 2.71a 0.46 2.00b 0 fael
Peritoneum 2.71a 0.46 2.71a 0.46 2.69c 0.48 NS
Total 24.32a 4.29 27.05a 1.67 21.25b 2.71 ool
Mean 2.70a 0.47 3.00a 0.18 2.36b 0.30 kol

SD : Standard Deviation ; NS: P>0.05; ***: P<0.001 ; The averages of the same line followed by different letters differ significantly at the threshold of 5%;

DISCUSSION

Effect of species, preservation technique and break duration on the
technological characteristics of fish

The difference between the whole fish weight, the various organs/parts weight
(eviscerated fish, fillets and viscera), the yields and the water content of Atlantic
mackerel and Horse mackerel is due to the genetic type.

Atlantic mackerel (Scomber scombrus) are generally large and fatty fish
(Alinasabhematabadi, 2015) and Horse mackerel (Trachurus trachurus) have a
fairly compressed elongated body with a wide head (FAO, 2018). The noted
differences in the various organs and yields are due to the whole weights
difference between the two species. This weight is higher in S. scombrus than in
T. trachurus. The remains of both species are very important in relation with the
whole weight and are a limiting factor for high fillet weights obtaining. Thus, S.
scombrus has a higher fillet weight than T. trachurus, which explains the higher
filleting yield of S. scombrus compared to T. trachurus.

In addition, morphometric parameters such as standard length, total length, body
perimeter, condition factor, and body shape influence different yields
(eviscerated, beheaded, and carcass). Studies on the carcass characteristics of
Labeo rohita (Sahu et al., 2013) and on those of Hypselobarbus pulchellus
(Raghunath et al., 2016) have shown that the fish body perimeter is a good
indicator to assess yields (carcass and filleting). In the current study, the round
body shape of Atlantic mackerel influenced the fillet yield compared to T.
trachurus of which the body shape is flat. Even the Toubiana (2016) studies on
the yield prediction of Dicentrarchus labrax reveal that fish with a small head
have a better fillet yield. In this study, S. scombrus have a small pointed head and
show a better yield than T. trachurus which have a wide head. Besides, the
differences in fillet yield may also be related to lower trimming losses (Bugeon
et al., 2008).

Alfaro et al. (2013) report for the same species a water content of 61-63% close
to 71.38 + 10% found in the current study. In Atlantic mackerel, weights ranging
from 318 to 556 g were reported by Fjermetad et al. (2000) and water contents
ranging from 65 to 78%, by Aubourg et al. (2005). The values reported in this
study are within the ranges reported by these authors. In addition, the frozen fish
showed a better yield and a higher water content than the refrigerated fish; this is
due to the storage temperature in both techniques because the break duration has
no influence on these two variables. According to Magnussen et al. (2008), the
lower is the storage temperature, the better is the yield.

The highest pH values were found in frozen fish because the freezing temperature
is lower (-18° C) than that of the refrigeration (+ 4° C) and allows fish to better
maintain their freshness state. Contrary to our study, Obemeata and
Christopher (2012) didn’t show this preservation technique effect (freezing and
refrigeration) on the pH until the 2nd week of preservation in Tilapia guineensis.
Even, Akter et al. (2014) observed a pH increase in frozen Pangasianodon
hypophthalmus at -20° C after 100 days. Alfaro et al. (2013) reported pH values
ranging from 6.2 to 6.9 in Atlantic mackerel (Scomber scombrus) kept at
temperatures ranging from 2 to 10° C and present no correlation with the
bacterial load growth. In addition, Aubourg et al. (2001) reported that pH is not
a good freshness state indicator.

The influence of the break duration on the whole fish weight, the eviscerated fish
weight and the remains weight is due to changes in the fish freshness state. Thus,
3 hours after the cold break, fish preserve better their states, 6 hours after, they
lose water (preservation ice water in particular) and consequently lose weight;
then 12 hours after the preservation, fish degradation begins and several elements
are already in decomposition (denaturation) and gases take form, which increases
the fish weight. In addition, during freezing, 95% of the fish composition water
freezes and the ice crystals formation damages the texture and is factor favoring
water and nutrients losses during freezing (FAO and OMS, 2012; Liu and al.,
2013; Sampels, 2014). Water losses are obtained in Epinephelus coioides fillets
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stored at +4° C (Sharifian et al., 2014) and in Chinese carp fillets
(Ctenopharyngodon idella) stored at -3° C (Liu and al., 2013). Also, weight
losses were registered in salmon (Salmo salar) eviscerated and refrigerated at
+4.5° C on the day 0 and after two days, the weight loss stabilized at about 2%
(Erikson and al., 2011). These water losses lead to pathogenic microorganisms’
development or toxin formation (Moons, 2016). The break in the cold chain
aggravates the water losses in the current study. However, according to Erikson
and al. (2011) the weight increase of preserved fish is unacceptable from a
commercial point of view.

Moreover, no influence of the break duration was noted on the pH which
confirms the hypothesis of Aubourg and al. (2001) according to which pH is not
a good freshness state indicator.

Effect of break in the cold chain on color and freshness state

The day of the cold break has no influence on the lightness, red index, yellow
index and chroma of fish (Horse mackerel and Atlantic mackerel). The works of
Hong and al. (1996) on Atlantic mackerel (Scomber scombrus) show no
variation in lightness, red index, yellow index and chroma during the first
experimentation week but from the 14th day, the flesh of these Atlantic
mackerels kept at -2° C was lighter, redder and yellower. Similarly, no difference
in color (L*; a*; b*) was observed in salmon fillets (Salmo salar) stored at +4.5°
C on the experimentation day 4, but the difference in color appears on the 11th
day (Erikson and al., 2011). The current study lasted only 3 days and doesn’t
show this influence.

The red index decreases with the break duration and this is characteristic of the
progressive deterioration of the freshness state. Thus, fish were lighter for 3 hours
of breaks than for 12 hours of breaks on the day 1. Similarly, Knockaert and al.
(2007) claim that usually, a raw fresh of fish fillet has a translucent appearance.
The lightness difference observed during a refrigerated storage makes the flesh to
become progressively milky and opaque. This phenomenon is probably due to
proteins denaturation. This denaturation has already been reported in most of the
preserved fish (Bratt, 2010) and in ling-cod fillet (Ophiodon elongates)
refrigerated at 2° C and frozen at 20° C (Duan and al. 2010). The freshness state
of the various organs didn’t vary from one species to another, and this shows that
the fish were subjected to the same experimental conditions.

The dorsal muscle and abdominal wall of the frozen fish and the control batch of
refrigerated fish showed a better freshness state than that of the refrigerated
experimental batch and this is justified by the storage temperature of each
technique. Indeed with refrigeration, the fish are kept at +4°C of temperature
whereas with freezing, they are kept at -18° C of temperature and so, they are
better preserved. This also justifies the difference in the abdominal wall that was
soft in refrigerated Atlantic mackerel while intact in frozen Atlantic mackerel.
The influence of preservation temperature on fish freshness state in general has
been reported by Duan and al. (2010) and particularly on Trachurus trachurus
by Alfaro and al. (2013). During refrigeration, the cold stops or slows down the
cellular activity, the enzymatic reactions and induces during the cold break water
losses. The muscular structures don’t toughen but soften when the temperature
increases with the cold break. The temperature variation at the cold break
explains the differences in the abdominal wall for each of the preservation
techniques. Obemeata and Christopher (2012) also reported this effect of
storage temperature on the freshness state of Tilapia guineensis. Indeed, the high
temperatures accelerate the fish degradation which is on the contrary slowed
down at low temperature. As a result, if the fresh fish is kept at a low
temperature, the quality loss is slow. The faster the low temperature is reached
during fish refrigeration, the more effectively the deterioration phenomenon is
inhibited (Shawyer and Medina Pizzali, 2005). Margeirsson et al. (2010a) and
Mai and al. (2012) confirm that at a temperature close to 0° C a high quality of
freshness state is obtained. The break duration has no effect on the gills and
abdominal cavity state because these organs are not superficial. In addition, the
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experimentation duration is relatively short (12 hours of break at the maximum)
and didn’t reveal the freshness state changes of these organs. By contrast, it
influences the freshness state of the skin, eye, dorsal muscle, abdominal wall and
spine which are superficial organs and therefore immediately subjected to the
environment influence. Thus, immediately after death, the fish muscle is
completely relaxed and the elastic and flexible texture usually lasts a few hours,
after which the muscle contracts (Bouazaoui, 2011). When it toughens, the body
stiffens up and the fish is then in rigor mortis state (Bouazaoui, 2011).

CONCLUSION

The impact of break in the cold chain on the technological qualities of Scomber
scombrus and Trachurus trachurus shows that the weight, yield and water
content of fish vary between the two species. The cold chain maintenance during
freezing guarantees a better fish freshness state. Preservation by refrigeration
deteriorates the fish freshness state and modifies the internal organs state
(abdominal wall, spine, and organs color). The red index and the yellow index of
S. scombrus are more affected than those of T. trachurus. The cold chain
interruption influences the fish quality. In general beyond the 3 hours of break,
the fish quality deteriorates. After 6 hours of the cold break, fish are more and
redder. On the day 2 of cold break and after 6 hours of time, fish lose their
sensory quality because of the flesh yellow index which is more affected.
However, fish evisceration prior preservation and continuous maintenance of the
cold chain would guarantee a high quality of the preserved and consumed fish in
Benin.
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