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Abstract

Storage characteristics of fresh and thawed sliced raw fish (flounder and rockfish) washed in different solutions
(tap water, A; jade water, B; 0.2% chitosan-ascorbate (CA), C; 0.03 ppm ozone water, D; 1.5% vinegar containing
jade water, E; 1.5% vinegar and 0.2% CA containing jade water, F) at 10°C were investigated. Changes in pH
and acidity of thawed sliced raw fish (TS) during storage were lower than for fresh sliced raw fish (DS). The

total microbial content (log cfu/g) of A stored for 3

days in DS was 6.7 (which represented an increase of 1

log cycle compared with day zero), but was 5.50 in B, 3.23 in C, 490 in D, 240 in E and 1.77 in F , the
latter similar to counts at day zero. The degree of microbial contamination of DS and TS followed the order F
>E>D>C>B>An flounder, and F > E > C > D > B > A in rockfish. In general the hardness and
chewiness of TS was less than for DS. While the effect of CA on TS texture was not significant in flounder,
the effect showed in rockfish. For DS, the appearance in B, C and D was relatively good, as was freshness.
Fishiness of flavor was in the order A > B > F > E > D > C. Overall acceptability of flounder and rockfish
treated with C was better than treatment with the other washing agents. For TS the appearance of flounder and
rockfish were good in B and C. The freshness of flounder and rockfish were in the order of D > C > B > A
>E>Fand D >C>B>A>E > F, respectively. Fishiness of the flavor of sliced raw fish was lowest in

D, which also provided the best overall acceptability.
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Table 1. Changes in pH of fresh and thawing sliced raw-fish washed by different methods during storage at 10C

Fresh sliced raw-fish

Thawing sliced raw-fish

Treatments” Storage days Storage days
0 3 1 2 3
Flounder
A 6.150,05*” 6.240,05" 627+0.06' 5.94+0,05° 6.07+0.06' 6.04£0.04'
B 6.17+0.07° 6.23:0.04° 6.30+0.04' 6.19+0.04' 6.08+0.04' 6.08+0.05"
C 6.18+0.06" 6.27+0.07" 6.30+0.04' 6.07+0.07° 6.10+0.07 6.09+0.03"
D 6.19+0.06" 6.26+0.07" 6.37£0.04" 6.15+0.05" 6.08+0.04' 6.13+0.06'
E 5.5540.05° 5.49+0.06° 5.4410,05° 5.07+0.06° 5.0840.05° 5.1840.04°
F 5.48+0.05° 540,05 5.3840.05° 5.2740.03 5.1040.05° 5.1120.01°
Rockfish
A 6.34+0.04° 6.42+0,03" 6.72£0.03" 6.27+0.03" 6.30:0.01° 6.39+0.01°
B 6.35+0.06" 645+0.07" 6.74+0.04 6.28+0.02" 6.32:0.04° 6.36+0.02"
C 6.42+0.09° 6.45+0.09" 6.58+0.08° 6204004 6.22+0.03° 6.23+0.04°
D 6.41+0.09° 6.49+0.09" 6.77+0.08" 631+0.04' 6.42+0.05" 6312001
E 5.80:0.08° 5.83:0.09° 5.87:0.10° 5.63£0.05° 5.570.06° 5.64+0.03°
F 5.96:0.09° 5.99:0.10° 6.06+0.09° 5.93+0,03 5.8740.07" 5.8640.03'

" Abbreviations: A; washed with tap water, B; washed with jade water, C; washed with 0.2% chitosan-ascorbate(CA) solution, D; washed with ozone water(0.03 ppm), E; washed

with 1.5% apple vinegar containing B, F; washed with 0.2% CA and 1.5% apple vinegar containing B.
Values are mean + SD of triplicate determinations. Different superscripts within a column(a-b) indicate significant differences at p<0.05.
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Table 2. Changes in acidity of fresh and thawing sliced raw-fish washed by different methods during storage at 10°C

Fresh sliced raw-fish

Thawing sliced raw-fish

Treatments” Storage days Storage days
0 3 6 1 2 3
Flounder
A 0.06+0.03°? 0.15+0.02° 0.13+0.01° 0.11£0.02" 0.11:0.01° 0.100.04*
B 0.16+0.01° 0.18+0.01° 0.14+0.01° 0.08+0.01° 0.10+0.02° 0.10£0.02%
C 0.08+0.02° 0.13+0.00° 0.11£0.02° 0.11£0.03" 0.11+0.02° 0.100.00°
D 0.04+0.02° 0.12+0.02° 0.13+0.03° 0.11£0.02" 0.12+0.03" 0.110.02%
E 0.2240,03" 022+0.02" 025+0,03" 0.14£0,03° 0.16:0.01° 0.18£0.01°
F 0.23+0.01* 0.23+0.01° 0.27+0.02° 0.11x001* 0.1340.02" 0.13+001°
Rockfish
A 0.07£0.02" 0.09:0.01° 0.06£0.02" 0.070.01° 0.07£0.03" 0.07£0.02°
B 0.05£0.00° 0.08£0,02" 0.07£0.03" 0.07£0.022" 0.08£0.01° 0.07+0.04°
C 0.0620.02" 0.08:0.00° 0.08£0.02" 0.0920,00° 0.08£0.02° 0.0920.03"
D 0.06£0.03® 0.08+0,04" 0.07001° 0.0920,02° 0.08£0.01° 0.0920.01°
E 0.1120.04° 0.130.02° 0.13+0.03° 0.09+0.03° 0.09+0,02° 0.10£0.02°
F 0.09+0.02° 0.12£0.00° 0.11£0.02° 0.07+0.00° 0.08+0.00° 0.08+0.01°
USee Table 1.

Values are mean £ SD of triplicate determinations. Different superscripts within a column(a-c) indicate significant differences at p<0.05.
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Fig. 1. Changes in total microbe of fresh sliced raw-fish washed
by different methods during storage at 10C.

Abbreviations: See Table 1.
Values are mean + SD of triplicate determinations. Different superscripts within a
column(a-e) indicate significant differences at p<0.05.
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Fig. 2. Changes in total microbe of thawing sliced raw-fish washed
by different methods during storage at 10C.

Abbreviations: See Table 1.
Values are mean * SD of triplicate determinations. Different superscripts within a
column(a-e) indicate significant differences at p<0.05.

BA 2] ol A& 5.50 log cfu/g, CH oA 3.23 log cfu/g,
DA 2|9 A= 4.90 log cfu/g, EA2]ol M= 2.40 log cfu/g,
FA 2 AME 1.77 log cfyg® A2 &3o] Hlate] 7h431A
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Table 3. Texture of fresh sliced raw-fishes washed by different
methods stored for 3 days at 10C

Treatments” (Xllggé;’d;l:/scsmz) Coh&(s%eness Spri?qgoi)ness Chezxéi)ness
Flounder
A 3295029 55.19:2.69"  589243.13%  229.67+31.94°
B 3.16:033% 5957306 6227:297"  17232:2328°
C 294:022°  55.18:321° 54901325 167.78+29.76°
D 3824035 5386:298" 55901316 1723422212
E 435:025'  65.87:346"  68.80:4.01"  447.00:36.48"
F 417:028°  57.10:3.11°  56.65:342% 2125322511
Rockfish
A 383£034°  57.67:308"  66.78+2.74"  176.64425.00°
B 3101022 56.112371" 53614269  238.04£26.58"
C 4314036  61.724394° 6327411  245.03:29.74'
D 3176022 62.08+403" 61054397 1743122238
E 476040° 59544359  69.49+4.08"  249.95+27.81°
F 5458035 66.75+401°  56.0043457 185.66+1931"
USee Table 1.

Values are mean + SD of triplicate determinations. Different superscripts significant
differences at p<0.05.

Table 4. Texture of thawing sliced raw-fishes washed by different
methods stored for 3 days at 10°C
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Table 5. Sensory evaluation of fresh sliced raw-fishes stored for
3 days at 10T

Treatments”
B C D E F
AP 695:030Y 7026033 835:048 776:035° 5200031 545:03%°
FRY 670:040° 7226048° 80420407 7450030 437:020° 4562025
Fomdr FE 5594017 473403 360:02" 362:022° 4062019 4132021
ST 275:012° 260:013° 287:014° 2681018 548:030° 5234037
0" 528:030° 723037 760:039° 751038 433:026 406028
AP 67403 691:035" 8141042 755:036" 503:034' 527:0%0"
FR O 651:043° 7042034 780:031° 726:040° 4142020 429025
Rockfish ~ FF 535:029" 454:024 339:020° 3412047 382:03" 397:036"
ST 25040200 2561016 2644019 2454015 5254036 506035
0A 507403 701:036 7454036 728:041° 411:025 387:018°

2 Abbreviations: AP; appearance, FR; freshness, FF; fishy flavor, ST; sour taste, OA;
overall acceptability, treatments; See Table 1.

*'The sensory attributes was evaluated from very poor(1 point) to very good(® points).
“The sensory attributes was evaluated from very low(1 point) to very strong(9 points).
Values are mean + SD of triplicate determinations. Different superscripts within
a column(a-d) indicate significant differences at p<0.05.

Sample  Atribute”

Table 6. Sensory evaluation of thawing sliced raw-fishes stored

) Hardness ~ Cohesiveness  Springiness Chewiness q
Treatments (x10°dynefem’) %) @ © for 3 days at 10C :
Flounder Sample Attribute” Trams
A 3774034 57914277 56.00:2.97°  307.73:17.56" B C D E F
B 486+029°  58.66+293  62.08+301° 399.98+19.41% AP 620:076% 6601042 630:084 660:129° 220076 200:094
C 4424031° 62844305 61.42+339" 392.69+18.71™ R 480tL15° 525:050° S31£140° 638111 40012000 3.67:189°
D 591037 5153#3.11°  54.93+278°  433.52:22.13° Fomder FE  340t156 3055150 358129 306:L160 3698221 4002048
E 799:049"  50.1842.64°  64.50:3.11'  573.00:2421° ST 15040410 1564052 2304178 275:1708° 375194° 4834076
F 4284036 59.88+3.09"  50.65+324™ 362.26+18.65° 087 450t150% 550:132™ 688:165° 800:LOC° 5854304 350+L50°
Rockfish om0 5106 ST 4kl AP 540007 5502235 5550200 2502238 3408216 263:L18°
A 28404 1.94%2.66 8312.78"  462.84%23.17
W03 S0 5106 SISnianes FR O 388:06F 425:087 431H090° 4350:L000 3302250° 3332257
B 6.50£0.35° 10+2.49" 72947, 18.22+27.03°
. . \ Rockfih  FF 330:076° 3706107 263:106" 215:096° 467:008° 300:0.83°
C 5824039 47804253  53.824305° 393.81+16.85° | . ; ) b
, . . N ST 1504058 1504058 150+058° 150:058° 400:2.92° 488226
D 561025 52654308  54.84+2.98° 418.98+25.07 . . . . . \
it ol Gisadd 00508 0A 475035 530141 STLTF 630:141° 400:212° 300:001
E 11430, 9243, 183 02428,
b . b b 12 Abbreviations: AP, appearance, FR; freshness, FF; fishy flavor, ST; sour taste, OA;
F 9.98+0.46 54.81+2.61 58241351°  776.67+24.41 overall acceptability, treatments; See Table 1.
Uee Table 1 he sensory attributes was evaluated from very poor(1 point) to very good(© points).

Values are mean * SD of triplicate determinations. Different superscripts significant
differences at p<0.05.

“%e sensory attributes was evaluated from very low(1 point) to very strong(9 points).
9Values are mean + SD of triplicate determinations. Different superscripts within
a column(a-c) indicate significant differences at p<0.05.
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