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ABSTRACT
In this study,the changes in biochemical, sensory properties and discolorationof gray mullet, kept at room
temperature, were investigated. For this purpose, gray mullets, kept at room condition for 36 hours, were
analyzedhourly with sensory and color analysis from five different parts of fish and TVB-N analysis were
carried out every four hours and was compared with color change of these parts.According to the results of
these analysis, color analysis values were compared with sensory and chemical analysis values changes
hourly.While the same fish sample was wused for sensory and color analysis. For TVB-N
analysiswasuseddifferentfishsample.According to the results of chemical analysis, While the TVB-N value were
found as 16.92+0.12 mg/100g at the beginning of the experiment, it was were found as 35.93+0.16 mg/100g at
the end of 36" hours, exceeding the consumable limit value.As forresult of the color analysis, the color analysis
values, measured from eye of gray mullet were found asL *: 47.06, a*: 5.54, b*: 6.58 and L*: 55.99, a*: 2,73,
b*: 8,23 at the beginning and end of the experiment, respectively.The values measured from the gills at the
beginning and end of the experiment were determined as L™: 25,63, a": 19,91, b™: 1,21 and L": 32,16, a": 10,53,
b": 3,14, respectively.In the sensory analysis performed by the panelists, the mullet was evaluated on the basis
of color, smell and overall appearance.Having taken high-score, gray mullets at the beginning of trial was
determined as inconsumable by taking low scores at the end of 12" hours. This study is a model study.
Therefore,more comprehensive research can be done by establishing experiments with different fish species and
in different environments. Literature may gain new information comparingly color analysis with quality
analysis.
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I. INTRODUCTION
There are a number of factors that affect the quality of fish. In the course of periods from hunting to transporting
to consumers, factors such as interruption of cold chain, storage yard, hygiene, packing and physical impacts
considerably affect the quality.
Fishes have an easily degradable structure due to limited number connective tissues and high water content in
their organisms. As a consequence they have to held under preservation after prey. Also, due tothey are rich in
respect to unsaturated fatty acids, these fatty acids are eventually oxidized in the presence of oxygen, and affect
the quality of fishes afterwards they give rise to undesirable changes such as altering taste, tissue structure,
release of gases and discoloration [1].
Fresh fish has a bright skin, not collepse and not matte eyes, firm flesh, red gills and smells like a sea. The flora
in intestines of fish and the slick layers of the fish surface is caused by the breakdown of the fish. In
consequence of these changes occur in the structure of fish appears nitrogenous compound and takes place
products, emitting unwanted malodor to surrounding, such as the amine component, trimethylamine, ammonia,
sulfur compounds, mercaptans and indole[2].
The most noticeable criterion by the consumer when purchasing aquatic products is usually the product's color.
Products looking bright or eye-pleasing attract more attention of consumer. This visual evaluation may be
misleading due to external factors such as ambient light and fatigue. Color measuring devices are available for
accurate detection. Thus, color measurement devices may offer more reliable results for the color quality of
products. Colors can be practically measured by means of CIE(Commissioninternationale de 1’éclairage) a
standard method. Color of a food is expressed with L*, a* and b* parameters [3]. L* value indicates the
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changes in luminosity of colors. As the Values approaches near 100, correspond to maximum luminosity and as
the values approaches near 0, correspond to dark (black) colors. The other values and corresponding colors are
as follows: a*(+) —red, a*(-) green, b* (+) yellow and b*(-) blue[4].

This is a model study. This study was carried out to determine the relationship between the shelf life and the
discoloration of the mullet stored in room conditions. It is aimed to making a sensory, chemical and color
analyzes of mullet fish, kept at room conditions for 36 hours, at certain hours compare color change with other
quality analyzes.

I1. MATERIAL AND METHODS
15 Gray mullet (Mugilcephalus L. 1758)obtained from the fish market in Sinop province were brought to the
laboratory, storing under cold conditions; and were kept at room temperature. In order to determine both the
changes in its qualityand its shelf life at room temperature; sensory and color analyzes were performed every
hour, and TVB-N analysis were carried out every 4 hours in the course of 36 hours. While a different fish was
used for each TVB-N analysis, the same fish was analyzed for color and sensory analyzes. TVB-N values were
carried out according to the Liicke-Geidel method [5]and the results were given as mg/100g[6].
The Color analysis was done with Minolta CR- 400 Chronometer according to the CIE scale(Commission
internationale de 1°éclairage). The values were given as L™ a” b". Measurements were made by calibrating the
color device from the calibration table to measure the color of the five parts of the fish, including the eye, qill,
skin, flesh and ventral surface.White plate of the device was used for calibration [7].
For sensory analysis of gray mullets were selected 5 experienced panelists.In the sensory analysis performed by
panelists on an hourly basis and they were evaluated by giving a score between 0 and 10 in terms of color, smell
and overall appreciation (1-2: not consumable 3-4: bad, 5-6: consumable, 7-8: good, 9-10: excellent). The
sensory analysis is modified fromUnliisayin and Erdilal [8]statisticalanalyseswereperformedbyMinitab 17
statisticalsoftware(Minitabinc. StateColloge, PA). [9]

I1l. RESULTS
On the purpose of determine the chemical quality of the gray mullet whichkept in room temperature, TVB-N
analysis was performed every 4 hours.According to the results of chemical analysis, TVB-N value, which was
16.92+0,12 mg/100g at the beginning of the experiment, was found as35.93+0,16 mg/100g subsequent to 36
hours, exceeding the consumable limit value (p <0,05). Thereresultsareshown in Table3.1.

Table3.1.Theresults of TVB-N analysis

Hour TVB-N (mg/100g)
Begining of experiment 16,92+0,12"
4™ 19,92+0,38%
g 18,700,250
120 17,85+0,17%
16" 21,31+0,92°
20" 23,35+0,60%
240 25,26+1,02°
28" 28,33+0,60°
32t 31,69+0,46°
36" 35,93+0,16°

Values are shown as mean tstandard error

a,b,....e|: Within the column, values with different letters are significantly different (P<0.05).

As a result of keeping of the gray mullet at room temperature, images of takes place deterioration
phasesingeneral appearance at the beginning, the 12" and the 36™ hoursof the experimentwere shown in Fig.
3.1, Fig. 3.2, and Fig. 3.3 respectively.
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Figure3.1.General appearanceof graymullet at thebeginning of experiment

Figure3.2.General appearanceof Graymullet at the 12" hour

Figure3.3.General appearanceofGraymullet at 36™hour

During the experiment by performing color analysis on the gray mullet, the color differences was
computationally expressed.Throughout the experiment, measurements were made every hour from the 5
different parts of the fish, including the ventral surface, head, gill, muscle and skin.The results of color analysis
are shown in Table 3.2.In general, it is necessary to evaluate the changes in fisheries as blackness-whiteness
(L).At the beginning of the experiment, the L value was decrease from 50.66 to 36.96 at the end of the
experiment, that is, the loss of quality was began and the meat color was stared to blacken.Redness of gills was
the most obvious freshness criterion. The a* value indicating redness was determined at the beginning and end
of the experiment as; 19.91 and 10.53 respectively. According to color and TVB-N analysis results when the a *
value falls below 11 in the gills, It is possible to express that the gray mullet cannot be consumed. At the same
time, the b* value in the Table 3.2 does not seem to give a clearly result in terms of quality.

Table3.2.Thereresultsof coloranalysis (L:0 black, L:100 white, a"(+) red, a (-)green, b™ (+) yellow, b™ (-)blue)
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Exye Gill FishMeat VentralSurface
Hour L a b* L a” b* L a b* L a” b" a”
Begining | 47.06 | 554 | 6,58 | 25.63 15,91 1.21 5066 [ 204 | 279 9846 | 030 [ 7.0 0.05
1= 4919 | 144 | 222 | 2427 | 190% | 0.36 4309 | 285 | -2.12 9758 | -1.31 | 6,19 0.77
204 4501 | 221 | 330 | 2827 | 20895 | 0,09 4278 | 177 | -3.21 59731 | 078 [ 8,79 0.46
3rd 4146 | 3,17 | 399 | 2346 | 1915 | 1,23 4300 | 226 | 324 9716 | 043 [ 485 0.41
4% 4528 | 163 | 2,51 2936 | 1915 | 0.64 4371 | 278 | -3.73 0843 | -1.74 | 6,28 0.61
s 5169 | 1.82 | 414 | 3145 | 1352 | 2.01 40,19 | 5,15 | -2.03 G808 | -1.82 [ 533 -0.29
61k 5073 [ 266 | 320 | 3521 1208 | 158 43590 | 376 | -2.84 0001 | 099 [ 308 0.13
Tth 4878 | 225 | 2.21 3522 | 1308 | 508 4419 | 365 | 1,38 0545 | 031 | 304 028
g 4287 | 203 | 297 | 3467 | 1361 6.35 4255 | 513 | -0.21 5478 | 036 | 5.68 0.32
9k 4922 [ 219 | 477 | 27,15 | 1865 | 1,11 41,17 | 1,18 | -1.99 98,79 | -1.60 16 0,18
10 42,14 | 206 | 3,72 | 27 12.80 | 3.39 4473 1,55 [ -0.34 95,59 | 063 | 6,20 -0.34
11'® 4642 | 2,16 | 367 | 27, 12,34 | 3.60 4226 | 2,12 | 067 95,51 | -1.14 | 5,17 0,38
12% 4872 [ 107 | 415 | 24, 14.63 0.86 43,12 | 235 | 044 9462 | 043 [ 5,58 0.94
13 4715 | 104 ] 345 : 1290 | 3.20 46,84 | 1,86 | 060 03,73 | 0,05 4.54 1.05
14 3646 [ 1,19 | 368 J 12,73 | 466 43,82 | 249 | 006 9176 | 048 | 440 0.69
15 4468 | 112 | 333 22| 1438 | 6,58 4580 | 280 [ 126 0365 | 031 [ 354 0.55
16 5018 [ 395 | 6,04 | 2030 | 2287 | 0,54 4200 | 632 | 140 01,22 | 047 | 447 0.01
17 5387 [ 1.81 | 6,19 | 2800 | 1565 | 409 4275 | 6,36 | -1.37 8708 | 0,07 4.13 0.03
18% 4845 [ 154 | 489 | 2098 | 1464 | 3.44 4350 | 531 | -1.19 E0.55 | 044 [ 425 0.24
19% 3370 [ 235 | 6,12 | 3104 | 1441 6.29 4309 | 504 | -0.89 90,36 | 047 | 426 041 13
20 4402 1 332 | 269 | 2170 1678 | 1.71 4161 | 232 | 072 00,82 | 090 1.88 061 95
21+ 4804 | 257 | 304 | 2512 | 143534 ] 148 4407 | 420 [ 0,13 50,74 | 04 2.76 -0.30 .
22ad 4305 | 219 | 484 | 2765 | 1412 | 2.60 43,13 | 3.82 | 0,12 8091 | 048 | 2.75 0.74 X
23 48,13 | 248 | 280 | 3476 | 1051 0.62 4395 | 548 | 088 90,18 | <047 | 249 048 493
24tk 4708 | 3685 | 7.72 | 2217 | 1880 | 220 4350 | 360 | 200 03,71 | -101 [ 205 0.25 3.33
25 50,19 [ 3,11 | 531 3044 | 1401 2,00 4460 | 333 | 1,34 0234 | 097 | 341 0,07 2.13
26 5233 [ 360 | 782 | 33.1 1575 | 7,12 4448 | 385 [ -1.51 53.01 | -1.01 [ 3,65 0,12 3.30
27 4472 1 193 | 417 | 3534 | 1564 | 861 4390 | 292 | -0.92 92,32 | -0,97 | 3.88 037 3.95
28® 3197 [ 274 | 824 | 3721 | 2126 | 2,78 4212 | 235 [ 341 9043 | 040 [ 5.16 -0.49 0,52
29t 4508 | 255 | 7.22 | 3820 | 1509 | B 86 4224 | 269 | -228 8769 | 0,60 3.26 0,73 -1,70
30 4861 164 | 526 | 3842 | 1403 0.98 4242 | 274 | -1.81 8851 | 072 [ 384 068 -0.94
31= 5075 [ 224 | 532 | 3826 | 1445 | 1003 | 4253 | 217 | -1.82 86.05 1.29 3.31 0,78 0.36
32sd 4805 | 421 ] 335 | 34.13 1138 | 064 4406 | 108 | -0.84 8756 | -1.52 | 6,19 037 -1.61
33 46,76 | 241 | 288 | 3514 | 1163 2,12 43,88 | 105 | -0.11 26,68 1,02 | 7.63 0.13 -1.34
341 4165 | 1,15 | 352 | 33.33 1177 [ 1,16 4307 | 168 | -0.48 26,84 | -1.91 [ 6,54 -0.09 -3.14
35 50,54 | 204 | 7,77 | 3320 | 10,84 | 2,55 38.61 147 | -0.41 2439 | -1.91 | 6,71 0,11 2,74
36 5599 | 273 | 823 32,16 | 10,53 3.14 36,96 [ 1,15 | 046 8711 ] 187 [ 64 -127 3.66

In L*, a* and b* values, measured in fish fillets are observed fluctuations. While the L* (luminosity) value was
46,66 at the beginning, it decreased to 36,96 at the end of 36" hours as well as the luminosity wasdecrease.
While the a* (redness) value in the gills was 19.91 at the beginning of the experiment it decreased up to 10.53 at
the end of the experiment; due to this reason, the red color of gills decreased in parallel with spoilage. At the
beginning and end of the experiment, measured of, the positive a* and negative b* values shows a red and blue
colors respectively.Inprogress of time, the darkness of these colors increased later on decreased.

Five panelists were selected for sensory analysis of the gray mullet and sensory analysis was performed every
hour.Panelists were asked to give score 0-10 points in terms of color, smell and general appearance of the fish
(1-2: not consumable 3-4: bad, 5-6: consumable, 7-8: good, 9-10: excellent).
Thepanelistswerestatedthatthefishwas in a goodquality at thebeginning, it startedtodry at 3™hours, theeye hole
occurto form at 4™hours, it beganstink at 5"hoursandthegillsturnedintofrompinkcolortoredcolor at 7"hours. They
was reported that the gray mullet cannot be marketed anymore and lost entire quality at 12" hour of sensory
analysis.Results of the sensory analysis are indicated in Table 3.3.

Table3.3. Thereresults of sensoryanalysis

Hour Color Odour General appearance
Begining of experiment | 9,10+0,10° 9,3040,12° 9,00+0,00°
1% 9,10+0,10° 8,90+0,10" 8,90+0,10°
2™ 8,50+0,16%® 8,40+0,10% 8,20+0,12°
3 7,90+0,10™ 7,90+0,10% 8,00+0,00°
4" 7,80+0,12™ 7,60+0,10° 7,70+0,12™
50 7,30+0,12% 6,90+0,10° 7,20+0,12%
6" 6,90+0,10% 6,20+0,12 6,80+0,12%
70 6,30+0,12° 6,00+0,00" 6,50+0,22°
g™ 5,50+0,22" 5,20+0,129 5,90+0,10"
gt 5,30+0,12 4,30+0,20" 4,90+0,10°
10" 4,400,199 3,30+0,12" 4,00+0,00"
110 3,70+0,20° 2,00+0,16’ 2,90+0,19'
120 1,40+0,24" 1,00+0,00F 1,10 +£0,10’

Values are shown as mean *standard error
a,b,..e|: Within the column, values with different letters are significantly different (P<0.05)

Results of thesensory, chemicalandcoloranalysis of thegraymullet at thebeginningandend of theexperiment

(36"hours) areshowncomparatively in Table3.4.

Table3.4. Comparison of sensory, chemicalandcoloranalysisresults

[ Time

(L &

[ b

| Color

| Odour

| General appearance | TVB-N mg/100
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Begining of experiment | 46,66 2,04 | -2,79 9,10+0,10 | 9,30+0,12 | 9,00+0,00 16,92+0,12
12 46,26 2,12 | -0,67 1,40+0,24 | 1,00+0,00 | 1,10+0,10 17,85+0,17
36" 36,96 1,19 | -046 | - - - 35,93+0,16

The values corresponding to the L*, a* and b* indices at the beginning are (46,66), (2,04) and (-2,79)
respectively. Butthis values was reached (46.26), (2.12) (-0.67) at the time when the fish was spoiled (12" hour)
in terms of sensory quality.

When the fish were decomposition in the sense of chemical quality (36 hours), L*, a* and b* values was
reached (36,26), (1,19) and (-0,46) values respectively. Images at the beginning, 12" hour (moment when it was
breakdown in terms of sensory quality) and at 36" hour (moment when it was breakdown in terms of chemical
quality) of the experiment are shown in Figure 3.1, Figure 3.2 and Figure 3.3, respectively.

It is thought that comparison of color analysis with sensory and chemical analyses provide a numerical idea with
regard to the shelf life and quality of the fish.

IV. DISCUSSIONS
TVB-N analysis was performed in our study to determine chemical quality of fish meat. Classification of quality
with TVB-N value in aquaculture varies with respect to the researchers. The results of this study were evaluated
according to [6]
According to the study result, the TVB-N value of 16,92+0,12 mg/100g at the beginning of the experiment was
found as 35,93 + 0,16 mg / 100g, exceeding the consumable limit value at the end of 36 hours.Nitrogen
compounds in fish meat were rapidly disintegrated by the effect of temperature and subsequently increased the
TVB-N value.
The increase in TVB-N value during storage was also detected in various investigators.In a study, Koralfumed
to gray mullet, and evaluated the changes in the chemical quality under room and refrigerator conditions.
According to determined TVB-N analysis results, fresh gray mullet samples was spoiled on 3™ day at room
temperature, while it was spoiled on 5th day in refrigerator. On the other hand, fumed gray mullet spoiled on 5"
day at room temperature and on 15" day in refrigerator. In this study reported that the TVB-N values increase
for each group [10].
Bahmani et al. [11]investigated that quality of mullet by keeping on the ice and in the refrigerator in their
study.Theyhavebeen reported that determined TVB-N values increased in both groups during the 16-day storage
period.
The color analysis showed that L*, a* and b* values were fluctuating in time. Increasingly negative (-) or
positive (+) values means that they are darkened. Whenexamining the color change of gills,it was found that
luminosity of L* value increased in time (from 25.63 to 32.16), at the beginning darkness of the a* (+ red) value
decreased in time (from 19.91 to 10.53), as for b* value, fluctuations observed while this values increased.
In addition to the five color measurement locations (eye, gill, fish meat, ventral surface and skin), color analysis
was also performed on the fish filet, according to this analysis, it was determined that, the value of L decreaseto
36.96 from 46.66 throughout the trial, was diminish brightness. As for the change in a * and b * values
indicates, they were showed that the meat turns yellow and dark over time. Increase and decrease in L*, a* and
b* values depending on the storage period were detected by a number of researchers.
Erkan et al. [12]investigated the effect of Modified Atmosphere Packing on breaded salmon marinade stored at
4°C. It was reported that the L* value in control group decreased with time, namely the meat became darker.
Cakli et al. [13]carried out color analysis on fishes during storage, and reported that the fishes became less
luminous, redder and more yellow. In a study performed on anchovy, Ki¢lkgilmez[14]found L* value of
control group as 45.89 on the first day and 38.91 on the last day after 18-day storage in refrigerator.
According to the sensory analysis, gray mullet spoiled at the end of 12" hour. Kose and Erdem[15]investigated
the quality change in anchovies stored at different temperatures (room temperature and refrigerator), and found
that the shelf life of anchovy was 2 days in refrigerator and 1 day at room temperature.

V. CONCLUSION

There is no study which determines the “Color-Quality” relation in fishery.In this preliminary study, the limit
and duration of sensory and chemical deterioration was determined and compared with changes in color
throughout this period. The quality of the mullet can be determined in a short time thanks to color analysis
which concluded in very short time and easy to applied. More comprehensive studies can be conducted with
different fish species in different processing methods. By courtesy of color analysis and other quality analyzes,
quality can be determined in a short time under all circumstances and contribution to the literature with new
information by comparison of color analysis with other quality analyses.
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