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Quality improvement using a masking technique of ammonia odor
from fermented skate and evaluation of its microbial safety
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SUMMARY

Fermented skate (Raja Kenojei) is a favorite traditional food in the South Western
area of Korea. The skate contains urea and TMAO, and their precursors, making
ammonia and TMA during fermentation. The fermented skate especially have a
unique ammonia-like flavor. The flavor is preferred to only a few lover of skate
muscle, but women and young people who are sensitive to the odor from it
Recently, the consumption of fermented skate has decreased. The objective of this
study is to reduce ammonia-like odor from fermented skate using organic acids and
to evaluate its microbial safety.

Fermented skate muscles were sprayed with 20 mL of acetic acid (3, 5, 7%), and
citric acid (3, 5, 7%) for 30 second. All skate muscles were individually placed in
Whirl-Pak bags and stored at 4°C. Color value, texture, pH, TMA and ammonia-type
nitrogen content were measured and microorganisms (mesophiles, psychrophiles, gram
negative bacteria, coliforms and lactic acid bacteria) were counted, and sensory
evaluation of fermented skate muscles were conducted during storage. The control, the
treated with distilled water showed higher pH value than one treated with organic
acid did. L* value and hardness increased with increasing concentration of organic
acids. But a* and b* value were not significantly different among the samples. TMA
decreased with increasing concentration of organic acids, but it was not significantly
different after storage for 9 days. Ammonia-type nitrogen, favoring ammonia-like,
decreased with increasing concentration of organic acids, but ammonia-type nitrogen
increased with increasing storage time after 6 days. In sensory evaluation, fermented
skate treated with 7% citric acid had higher than the others did. Mesophile and lactic
acid bacteria counts of the organic acid-treated were lower than control. But
psychrophile counts were not significantly different between treatments and control
and Gram negative bacteria and coliform counts of control were lower than those of
treatments.

In conclusion, 7% citric acid solution among organic acid solutions was the best to

reduce ammonia-like odor. And, microbiological study support that there is not any



problems on microbiological safety for consumption of the fermented skate. Sensory
evaluation based on ages of fermented skate treated with organic acids might be

needed in the future.
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(b—a) x Dx Fx 100
Sample 25 % (g)

TMA (mg%) = 0.14 X

a: E238 249 0.0IN NaOH A A =%

b: Blank testol] A1 2] 0.01N NaOH &A%

F: 0.0IN NaOH<¢] factor

0.14: 0.0IN NaOH 1mLel] “¢3ste A A (mg)
D: 3 Auj4

3) GEUYote] A T

dzole) A4 FF ZX 2 indophenol-blue® (3)2 A&ate] 243tk A8 10 g
2 100 mLe] 942 £388 & 1837 o384 Zolxw 250 mL7} H5 & ZH5Z A 435
3 ol & £33t oy X (Whatman No. 2)2 73 3, 7 oAS A gdo=z sgr|
Ztzke] Alg 9 0.1 mLo| AS N7} BEA-S 22 2 mLA Hof 37T A 2083 vH-&-A121
%, 630 nmol| A FHE=E FHs T XEFHFA2 ammonium sulfateE 0-200 pygo 2 o
Ado g sAste] o & WHoE FAEE ZH5t A A

A £9: Phenol 10 g3} sodium nitroprusside dihydrate 0.05 g& FH{F5E o83}

1000 mL2 A&
B &<: Na,HPO;-12H,O 9 g, NaOH 6 g 12|31 NaOCl 10 mLE SFFE ©]-83}

1000 mLZ A&

4 Folo #5H 5EAS Hrtey] st A3 g HA =S AR A4
J 108 st AR F AsHAAE AASAH. Bt E

NAE F7HEHF FrPEH 55 A8 AR 734 715 A= @)l et A8
ow HrierE Z 9 (appearance), A Z(color), 27 (texture), F(taste), FAHl 7]
T % (overall acceptability)e= ‘7 ti©3] Ft}, 6: REo 2 £}, 5 o7t £, 4 FAE
BAE ¥ 3 4 ok 2 RFe® v, L e 4 o A5E JI9stA &l
) Al (off-odor, ammonia-like odor)E ‘7: ti©3] 73t} 6: HE o2 7}, 5 7 7

O
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S, 4 AT kST 9T}, 3: o7k oFsbl, 2 HEO T okaic), 1. tiwhd] okslty
o HA5+E 7IdsHA ST

R AE S 4 Fold rAEsty A &<l

54 Folo] AR RAFE 24517 A3, pour plate FHE)L $851d 2H3Y
t}. 2tz Aol wEk £4 Fo 10 g& 2 E Stomacher bag(Bagfllter 400 S)el|
by 085% Az ES4 90 mLoZ 343 t}S Stomacher machine(Sibata Scientific
Technology LTD., Japan)ol A 287t #43} &tHth. QA Al s A 5HE H39)
3 Aste] AP o] && AT T I-(mesophiles)= plate count agar(Difco, Detroit,
USA)E ©]§3ted 37ColAl 48A17F st AHE FEYE AFsiden, A2d
(psychrophiles)& 4CoA 747 v}t ASgstdet. 2g]la o) - (coliforms)-2
violet red bile agar(Difco, Detroit, USA)E ©]-&3}a] 37Tl A 24A3t wljekste] A3}
91, 184 (Gram negative bacteria)& crystal violet®} 2,3,5-triphenyltetrazolium
chlorideE 3 7}3} tryptic soy agar(Difco, Detroit, USA)-& o]-&3}o] 20°C | A 484] 7 Hj
st Algstgtt. 28la 4t (lactic acid bacteria)2 lactobacilli MRS agar(Difco,
Detroit, USA)E ©]§-3}o] 30Cel|A] 48A12F vl st A3t

(One-Way ANOVA)d| 9Jsf %
Duncan®] AFEAA L AT
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A 28 AR A

1.

F714F Ad 4 Fole F4 54
-TERS
1) #74 HE 54 Fold Ax

%A Folol §74Hs Aelste 4TAAM AFSAE Wl A L2 Table 1
o Yttt S/ A 4 Tl KU1 A AT 2F AR
6~9U# 7tA = Lol A Z7F 2 FA=HT7 A% 12~159 Ao 2534 2
28E AEdS HYow, AR F thERT9 Lt A Z7]o 64.45+3.0100 4
A7 159 A 59.83+1.68% 7% 24P AT Aol AF 7] 64.94+1.92¢ 4
A 159 A 64442352 W Ao viF ¢ & PAe&E B4 ada =
A A g g el et v E 7% Fask HEgk xele] L2 62.80+3.48
oA AA 159 A 6217+1.83%8 & WIS Ho|x Fgrth 1T s 24
o] TV} BAFE 4 ToY L2 I FolA e AFS EHA, AT
& AN FE7F FolEFE fFoHoE 234 FoiAle A¥FS Bk
Table 2& &4 Fold #7138 Xt 4TAA ARsIAS W 4% azgks
el e, gz agke AF %7 0.02+0.79%) A A=A 154 &} 0.06+0.90
oz AR 7] wEkA {FoHQ AolE HolA gkgtont, 3% 4 Al
APl e A 27)0 -014+0784 A AF 159 & 141+03582 ZFR F
ThetR o, 3% x4k AHEE Aot Zo] IR Aol AR 7|Zte] 2
of el we} agkel 2FH FTUistATh g1 5% A AT 54 Fol9 a

ol & T 2 Y AL Aol vl o @e g vEHdt 54
Fold f714hs Mt 4ToA AdeAes o S8 bk, S AT
£A] Tole A Z7]o 11.18+1.56904 AF 1549 & 13.77+1.322 Z3FH =
7}et s, 3, 5% &AF Ad AT 3% FAAL A AT dAME A%
717ke] Ao Ao we} g4 Frteke A3dE B ATHTable 3). Zrgal A
Zz2re] BTl IESE 4 Foj9 bR & WHIE HolA ¥ker}, A
st AL FEVF o ¥ A A4 Fo)Y b HA doiAe AFS
Hach 53] 5, 7% FAL HEg AT o & #HAEE B 422
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Table 1. Changes of L* value of fermented skate treated with organic acids during storage at 4C

Storage period (days)

Treatments
0 3 6 9 12 15
Control 64.45+3.01°%  64.44+1.85*%° 66544293  63.82+1.644¢  63.33+4.69°% 59831168
3% AA 62.11+1.41N 59.73+0.23° 60.41+0.62° 61.44+2 34° 62.03+0.39° 61.98+1.20%°
5% AA 63.12+2.925 63.07+1.62° 63.10+1.17°9  6337+1.04B*  64.14+1.33%° 62.63+1.40%°
7% AA 64.94+1 92™° 63.77+1.73° 64.18+1.02° 64.07+2.13% 67.04+2.112 64.44+2 35
3% CA 62.44+2 73N° 62.21+0.46% 62.26+0.26" 63.72+1.96™ 61.44+1.28° 62.27+0.34%°
5% CA 63.03+3.08° 67444229 6420412825 6521422748 635211208 62642057
7% CA 62.80+3.48° 63.47+050%°  66.36+2.88°%  67.99+1.214° 652721848 2 17+1.83%°

AA, acetic acid; CA, citric acid.
Values represent means of three replicationststandard deviations.
Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).
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Table 2. Changes of a*

value of fermented skate treated

with organic acids during storage at 4T

Storage period (days)

Treatments
0 3 6 9 12 15
Control 0.02+0.79"™  -0.03+0.08" -1.06+0.74° -1.08+0.45™ 0.02+0.17° 0.06+0.90"
3% AA -0.14+0.78 037+0.85%%%  024+0315%  044+039%"“  1.15:0.33%™ 1.41+0.35"
5% AA -0.18+0.19* 2.1620.76™ 032£0.27%  -141:0.62°%  086+1.06"°  -1.10+0.54%™
7% AA -0.65+0.53" 055£034%"  .013:043%  -0.08+0.49°°®  0.28+0.70°“"  0.56+0.64*"
3% CA 024+045"  0.02+0.18%%® 0.06£0.34"  -0.15+0.28%%"  _0.69+058""  -0.98+0.31°%
5% CA -0.28+0.20%° -0.69+0.29"° -0.20+0.29 0.06+0.31%*° -0.07+0.14%°  -0.09+0.13%%
7% CA -0.52+0.58™° -0.63+0.55" -0.22+0.30° -0.54+0.36™ -0.39+0.56" -0.40+0.08°

AA, acetic acid; CA, citric acid.
Values represent means of three replicationststandard deviations.
Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).
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Table 3. Changes of b* value of fermented skate treated with organic acids during storage at 4C

Storage period (days)

Treatments
0 3 6 9 12 15
Control 11.18+1.56"™ 11.27+0.61%  12.86+059*%  1354+1.04®  13.08+0.66"5® 13.77+1.32
3% AA 11.17+1.12° 10.02+0.25° 10.80+0.48°™°  11.84+0.37°°™  12.70+0.33F®  13.04+0.40%*°
5% AA 10.90+0.62° 11.74+1.75"®  11.91+1.25°%  14.02+0.99*° 13.61£1.39%%  13.19+1.28"P°
7% AA 12.08+1.16™° 11.95+0.76 12.68+0.56 11.75+0.73¢ 11.59+1.45° 11.04+1.56"
3% CA 11.15+1.82% 10.44+0.91 12.54+0.49° 12.11+1.23% 12.57+0.49% 12.44+1.20%
5% CA 11.75+1.117%° 10.75+2.06 10.31+0.76° 9.93+1.13¢ 9.30+1.23° 9.22+1.34°
7% CA 10.91+0.784P 11.79+0.84* 11.41+1.554 9.52+0.72% 9.32+0.72% 9.13+0.77%

AA, acetic acid; CA, citric acid.

Values represent means of three replicationststandard deviations.

Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).
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82.47+4.070] 3 AF

5 949 Aolg molx @gorh, 7% 2 AL 54 Folgh 7% 7

7 A AT S BAtH(Table 6). 1831 HEd f7]4te] FrdaE 2 3}
ol HolA &ttt A Fold fUIAE AHEste 4TA ARZstAA FA g
A& Table 79 YAt SR/ A 54 Fold HAE A %719
96.79+13.730) 31 A A 159 & 92.72+1.84% A A|7to] olAf=2 AL 937

o f714 A
stel 4T AFHEA YT ALY Gtk A9 mE A TlA A
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Table 4. Changes of hardness of fermented skate treated with organic acids during storage at 4C

Storage period (days)

Treatments
0 3 6 9 12 15
Control 182.47+4.07°Y  186.28+7.15°°"  185.05+6.73° 191.84+834%P% 199434296  198.36+8.314%
3% AA 291.13+8.14% 295724823 295274334  300.50+4.73*™  302.71+4.04*"  301.33+3.38"™
5% AA 306.09+5.51"  304.44+8.87" 298.28+9.65°  301.76+3.56" 304.92+1.81° 305.74+6.48
7% AA  32487+2401™°  32661+1592°  331.02+24.72°  324.37+11.83"  32831+3.73*  316.79+5.64°
3% CA 180.43+8.09%  183.39+584™  195.89+13.89% 228.64+21.14%% 221.75+1216%7  222.47+15.76"°
5% CA 183.46+20.46°"  190.23+11.32°  22140+16.31%! 22045+16.30*  207.45+6.07*%<  209.65+2.25"%
7% CA 221.00+8.68  22822+694°  248.16+7.53%™  262.89+8.04"°  246.94+11.26"% 252.71+19.70""

AA; acetic acid, CA; citric acid.

Values represent means of three replicationststandard deviations.

Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).

_28_



Table 5. Changes of springiness of fermented skate treated with organic acids during storage at 4C

Storage period (days)

Treatments
0 3 6 9 12 15
Control 0.76+0.07"°" 0.79+0.10° 0.74+0.10° 0.77+0.10™ 0.76+0.07* 0.74+0.08™
3% AA 0.71+0.01™ 0.69+0.09°° 0.68+0.06™ 0.72+0.04 0.70+0.09%° 0.67+0.06
5% AA 0.73+0.07™° 0.65+0.08% 0.68+0.03* 0.69+0.08 0.64+0.03° 0.66+0.05
7% AA 0.76+0.05" 0.67+0.06™ 0.66=0.05B" 0.65+0.06° 0.69+0.04*™*  0,70+0.02*"
3% CA 0.70+0.11™ 0.69+0.09" 0.68+0.02%° 0.67+0.06 0.70+0.06™ 0.67+0.04
5% CA 0.72+0.03"™ 0.68+0.04 0.69+0.06° 0.65+0.06 0.66+0.03% 0.70+0.01
7% CA 0.72+0.05% 0.63+0.02%° 0.62+0.01%° 0.68+0.06"®  0.68+0.06*™"  0.68+0.03*°

AA; acetic acid, CA; citric acid.

Values represent means of three replications+standard deviations.

Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).
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Table 6. Changes of cohesiveness of fermented skate treated with organic acids during storage at 4C

Storage period (days)

Treatments
0 3 6 9 12 15
Control 0.51+0.02"°" 0.52+0.05™ 0.50+0.03™ 0.50+0.03" 0.49+0.02™ 0.50+0.01™
3% AA 0.50+0.03"° 0.57+0.05° 0.51+0.05 0.53+0.03° 0.50+0.09 0.55+0.07°
5% AA 0.52+0.05™" 0.59+0.03" 0.52+0.12 0.57+0.05% 0.59+0.05 0.58+0.03%
7% AA 0.51+0.07 0.61+0.00"™ 0.57+0.02* 0.60+0.04*%  057+0.04*®  0.59+0.03""*®
3% CA 0.48+0.03"" 0.58+0.06™ 0.60+0.04 0.59+0.09° 0.59+0.05 0.56+0.07*>
5% CA 0.47+0.06™° 0.56+0.01° 0.61+0.07 0.57+0.02° 0.61+0.03 0.54+0.04"
7% CA 0.47+0.10™° 0.52+0.03° 0.54+0.04 0.53+0.02° 0.55+0.01 0.54+0.04°

AA; acetic acid, CA; citric acid.

Values represent means of three replicationststandard deviations.
Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).

_30_



Table 7. Changes of gumminess of fermented skate treated with organic acids during storage at 4T

Storage period (days)

Treatments
0 3 6 9 12 15
Control 96.79+13.73%% 93.80+5.75° 96.79+13.73° 93.98+7.65° 95.46+4.38° 97.72+1 84
3% AA 174.04+3.45™°  173.21+3.52° 173.54+4.11° 172.52+1.65° 172.80+2.34° 174.59+5.80°
5% AA 180.36+11.68™°  181.19+14.07°  182.97+7.70° 176.75+5.86° 179.62+9.87° 178.56+6.47°
7% AA 196.43+6.77°%*  199.63+8.52° 197.06+7.14 195.45+5.91° 195.89+5.44° 199.83+3.51°
3% CA 75.43+6.84N 75.24+7.76 74.99+6.70° 71.23+432¢ 78.23+0.99° 76.26+3.61°
5% CA 100.21+7.66™  103.19+2.70° 100.93+2.10° 100.37+7.51°  100.82+2.90% 98.86+2.95°
7% CA 103.21+829™  104.66+5.77¢ 103.20+8.14° 103.41+7.57° 106.32+4.19° 102.61+5.75°

AA; acetic acid, CA; citric acid.

Values represent means of three replications+standard deviations.

Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).
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Table 8. Changes of chewiness of fermented skate treated with organic acids during storage at 4T

Storage period (days)

Treatments
0 3 6 9 12 15
Control 54.24+10.17"%  63.59+3.24™ 59.41+2.36° 63.88+6.56"™ 63.11+5.76" 60.39+1.02"
3% AA 57.69+6.50™2*  70.93+16.50 68.03+£1.90? 61.23+5.76 68.94+7.58 60.49+8.62
5% AA 74.16+6.10" 68.03+6.39%  7247+4.69°%  66.06+7.78"" 65.81+7.28"8 61.48+3.045
7% AA 62.63+12.74N%¢  66.40+3.69 68.28+5.40° 64.25+3.55 67.89+3.55 66.93+8.39
3% CA 51.62+5.81N 57.24+2.93 59.94+6.70? 57.00+4 48 66.26+4.48 60.91+13.29
5% CA 64.74+11.95™°%¢ 67 68+2 46 67.50+8.947 66.04+6.14 62.53+6.14 72.53+6.19
7% CA 69.09+2.56752P 65.11+8.27 68.65+10.11%° 64.82+2.63 68.91+2.63 63.92+5.14

AA; acetic acid, CA; citric acid.

Values represent means of three replicationststandard deviations.

Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).
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Table 9. Changes of pH of fermented skate treated with organic acids during storage at 4C

Storage period (days)

Treatments
0 3 6 9 12 15
Control 9.17+0.00 9.17+0.00* 9.16+0.00™ 9.16+0.01 9.15+0.00° 9.14+0.00™
3% AA 9.07+0.01%" 9.06+0.00> 9.05+0.00° 9.05+0.01<° 9.05+0.00° 9.04+0.00°°
5% AA 9.05+0.01"¢ 9.04+0.00* 9.02+0.01° 9.00+0.01°% 9.00+0.01" 8.98+0.01%
7% AA 9.03+0.004 9.02+0.01% 9.00+0.01<° 8.95+0.01" 8.92+0.01% 8.92:+0.00%
3% CA 9.06+0.01"¢ 9.05+0.00% 9.04+0.01° 9.03+0.01< 9.02+0.01 9.02+0.00
5% CA 9.05+0.01"¢ 9.05+0.01*¢ 9.03+0.01™ 9.01+0.00< 9.00+0.01<™ 9.00+0.00"
7% CA 9.04+0.01*° 9.03+0.01% 9.00+0.01° 9.00+0.01° 8.98+0.01"¢ 8.98+0.017°

AA; acetic acid, CA; citric acid.

Values represent means of three replicationststandard deviations.
Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).
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Table 10. Changes of TMA of fermented skate treated with organic acids during storage at 4TC

Storage period (days)

Treatments
0 3 6 9 12 15
Control 142.80+5.22°%*  14504+5.60°* 146.16+3.56°™*  147.95+1.69°  150.64+1.40%  157.81+2.05*
3% AA 7784+472%°  111.44+4.95%®  134.96+331°°  131.60+1.69°°  133.62+2.10*°™  133.50+2.134%
5% AA 22.96+3.38 57.68+2.54% 133.84+6.41°°  132.05+2.69*°  133.84+3.18*™  135.41+1.34%%
7% AA 16.24+3.70 352843565  12936+6.06%"  128.46+3.31%°  129.36+3.08°  129.36+2.42%°
3% CA 8243+1016%°  107.86+2.42%°  133.84+4.77%°  137.42+0.67*°  136.98+2.54""  142.35+3.70%°
5% CA 20.72+4.11%° 55.89+7.12°°  129.136+5.04%  130.70+2.02°%  136.08+1.78%%"  137.87+1.03*°
7% CA 14.67+3.70° 33.94+356%%  120.176+3.94%  128.24+1.40%  13227+3.03%%*  132.94+2.72A%

AA; acetic acid, CA; citric acid.

Values represent means of three replicationststandard deviations.

Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).
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Fig. 1. Changes of ammonia-type nitrogen content of fermented skate treated

with acetic acid during storage at 4T
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Table 11. Changes of appearance evaluation scores of fermented skate treated with organic acids during storage at 4T

Storage period (days)

Treatments
0 3 6 9 12 15
Control 410+1.10%  4.40+0.84*°  450+0.85"" 4.70+0.95% 2.20+0.63% 1.90+0.57%
3% AA 4.10+0.88* 4.10+0.74%° 3.80+0.63" 3.7040.67°%  3.60+0.84"% 3.00+0.94
5% AA 4.00+1.05%° 4.60+1.17%°  4.60+1.07°%°  410+0.99***  3.30+1.06°" 2.60+0.97°°
7% AA 4.70+0.82* 4.60+0.974% 4.90+0.99* 4.70+0.67" 2.70+0.82%° 2.70+0.95%°
3% CA 3.90+0.99" 3.80+1.14° 4.00+0.94%% 4.60+0.524 2.70+1.06%° 1.90+0.99%
5% CA 4.10+0.74%° 4.60+0.84™"  4.20+0.92% 4.60£0.97 3.30+1.06™ 2.00+0.94°°
7% CA 4.60+1.26" 5.20+0.63% 420+0.92°*  450+0.85"%  3.40+097°°  2.80+1.03%"

AA; acetic acid, CA; citric acid.

Values represent means of three replications+standard deviations.

Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).
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Table 12. Changes of color evaluation scores of fermented skate treated with organic acids during storage at 4C

Storage period (days)

Treatments
0 3 6 9 12 15
Control 3.90+0.994 4.30+0.82%° 4.00+1.05*° 4.30+0.95% 2.10+0.88" 1.90+0.57°™
3% AA 410+0.99%%  3.90:+0.74*"°  4.00+0.82"% 4.50+0.82 3.30+0.95%" 2.30+0.95°
5% AA 3.60+1.074% 4.40+1.07*° 4.00+0.67°™  3.90+0.99%°  320+1.14°° 2.50+0.97°
7% AA 4.70+0.95% 4.30+0.82%° 4.20+0.79"° 420+0.92%°  2.90+0.74™" 2.30+0.95"
3% CA 3.60+1.07° 430+0.95*%  410+0.88*% 4.60+0.84%° 2.50+1.08°™ 2.60+0.97°
5% CA 430+0.67°%°  470+0.67°°  430+0.67°%  3.60£097°°  2.90+1.29°%*  2.40+0.84°
7% CA 4.30+1.255° 5.20+0.63% 5.20+0.79" 4.50+0.854% 3.60+0.97° 1.80+0.79°

AA; acetic acid, CA; citric acid.

Values represent means of three replicationststandard deviations.

Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).
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Table 13. Changes of off-odor evaluation scores of fermented skate treated with organic acids during storage at 4°C

Storage period (days)

Treatments
0 3 6 9 12 15
Control 2.20+0.63% 3.40+0.84% 3.70+0.95%° 5.00+0.8242 4.90+0.74"" 5.50+0.85""
3% AA 2.00+£0.67"® 3.30+0.677° 4.00+0.94°P2 420+0.795°>  4.90+0.74"8% 5.50+0.85%%
5% AA 2.30+0.67 4.10+0.99% 3.80+0.63% 3.90+0.74%* 5.50+0.714% 5.70+0.674%°
7% AA 1.50+0.53"° 2.50+0.85<° 2.70+0.82°¢ 3.60+0.705 5.90+0.74%° 6.40+0.70%2
3% CA 2.40+0.52 4.00+0.67 3.90+0.74% 4.60+0.842% 4.60+0.844% 4.90+0.74%¢
5% CA 1.80+0.79<® 3.50+0.85% 3.40+0,975° 4.00+0.67%* 5.50+0.974° 5.90+0.74%%
7% CA 1.50+0.71° 2.30+0.82°° 2.20+1.03P¢ 3.10+0.745¢ 6.20+0.7942 6.40+0.524

AA,; acetic acid, CA; citric acid.

Values represent means of three replications+standard deviations.

Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).
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Table 14. Changes of ammonia-like odor evaluation scores of fermented skate treated with organic acids
storage at 4TC
Storage period (days)
Treatments
0 3 6 9 12 15

Control 6.10+0.57 5.80+0.63% 5.30=0.67%° 5.70£0.67°%  570+0.67°%  560+0.974P
3% AA 5.60+0.52% 5.70+048" 5.80+0.63" 5.00+0.82°°®  4.80+0.79% 5.70+0.95*
5% AA 5.7040.67°°  5.60+0.52°% 4.90+0.57™ 5.40+0.84"P 4.80+0.79" 5.60+0.84*
7% AA 4.20+0.79% 2.50+0.97° 2.60+0.84% 3.10+0.99% 4.70+1.34P° 5.50+0.97%
3% CA 5.60+0.70"  4.20+1.14°¢  4.80+0.63*"®  400+1.15¢  4.90+0.74* 5.20+1.03*
5% CA 5.20+0.63%°  4.90+0.74*"  4.80+0.63"% 4.10+1.29°" 4.70+0.67°% 5.30+0.95%
7% CA 5.20+0.79" 2.00+0.94™ 2.00+0.94™ 4.30+1.16*" 4.80+0.92*" 5.00+0.82*

AA; acetic acid, CA; citric acid.

Values represent means of three replications+standard deviations.

Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).
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Table 15. Changes of taste evaluation

scores of fermented skate treated with organic acids during storage at 4C

Storage period (days)

Treatments
0 3 6 9 12 15
Control 4.00+0.824 4.30+0.67"° 3.90+0.88"° 4.50+0.85" 2.80+0.79% 2.20+0.79%%
3% AA 3.50+0.85%" 3.60+0.97% 4.60+0.97%° 4.00+0.82"% 3.20+1.03%° 2.20+0.63%
5% AA 3.80+0.79%%° 4.00+0.824° 4.10+0.99* 4.50+0.9742% 2.90+0.88" 2.40+0.70%°
7% AA 3.90+0.88°*° 5.20+0.63"% 5.70+0.82"° 4.90+0.88%® 4.50+0.85° 1.90+0.74°°
3% CA 3.40+1.265 4.10+0.74"% 4.50+0.85"" 4.10£0.884% 2.70+1.16°>° 2.20+0.63*"
5% CA 2.80+1.03% 5.40+0.70% 4.30+0.95™ 5.0040.674% 2.90+0.74 2.00+0.94"*"
7% CA 3.00+0.82°P*  5.70+0.95%% 5.90+0.74" 5.00+0.94% 3.80+1.23< 2.70+0.95™

AA; acetic acid, CA; citric acid.

Values represent means of three replicationststandard deviations.
Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).
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Table 16. Changes of overall acceptability evaluation scores of fermented skate treated with organic acids
storage at 4T
Storage period (days)
Treatments
0 3 6 9 12 15
Control 4.00+0.674° 4.10+0.74"° 3.70+0.67%¢ 4.00+0.674° 2.80+0.79%P 2.90+0.74"
3% AA 430+0.70%"  4.60+0.70*° 4.60+0.70"° 4.80+0.924°° 2.60+0.70%° 2.20+0.92%°
5% AA 420092  4.20+0.63%° 4.50+1.08"° 5.00+0.82% 3.30+0.95™ 2.10+0.88°
7% AA 5.00+0.94" 4.70+0.82* 4.90+0.74*" 4.40+0.844% 2.90+1.37%° 1.50+0.71°°
3% CA 430+0.70%  4.60+0.70™° 4.80+0.63*° 4.80+0.794% 2.70+1.34%° 2.30+0.95%°
5% CA 440+0.70°°  4.70+0.82% 4.90+0.74*" 4.80+0.924% 3.20+0.92%° 2.50+0.97"
7% CA 5.00+0.82™ 5.80+0.79™ 6.00+£0.67 4.80+0.92%° 2.20+1.14° 1.60+0.84

AA; acetic acid, CA; citric acid.

Values represent means of three replicationststandard deviations.
Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).
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Table 17. Changes of mesophilic counts of fermented skate treated with organic acids during storage at 4C

Storage period (days)

Treatments
0 3 6 9 12 15
Control 6.26+0.05"" 6.15+0.00™ 6.37+0.01° 6.51+0.01> 6.48+0.01" 6.50+0.01"
3% AA 6.25+0.04° 5.02+0.03%° 4.81+0.09% 5.58+0.03% 5.59+0.03% 5.60+0.02%
5% AA 6.25+0.01¢ 5.52+0.02% 5.92+0.03% 5.10+0.14%° 5.33+0.01% 5.81+0.72%
7% AA 6.27+0.01° 5.61+0.08" 5.45+0.034° 5.42+0.204 5.52+0.01%¢ 5.48+0.02
3% CA 6.22+0.00" 4.04+0.06™ 5.54+0.09 5.27+0.05™ 5.35+0.04" 5.35+0.01%°
5% CA 6.25+0.08% 4.95+0.24% 5.59+0.11%" 4.48+0.04% 4.63+0.00* 4.60-+0.02
7% CA 6.25+0.04¢ 5.45+0.04™ 5.46+0.01%° 4.54+0.01% 4.60+0.02 4.57+0.02*

AA; acetic acid, CA; citric acid.

Values represent means of three replicationststandard deviations.
Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).

._50_



Table 18. Changes of psychrophilic counts of fermented

skate treated with organic acids during storage at 4T

Storage period (days)

Treatments —
0 3 6 9 12
Control 5.63+0.03"™ 5.67+0.014 5.86+0.0044 6,470,075 5.87-0.02¢
3% AA 5.62+0.13° 5.11+0.30% 5.21+0.00°%  5.49+0.01B%* 5.63+0.01°"
5% AA 5.66+0.01* 5.90+0.15" 5.89+0.08% 5.91+0.02% 5.93+0.01%
7% AA 5.61+0.05° 5.90+0.16°° 5.86+0.04B°% 545012 5.68+0.044P
3% CA 5.62+0.01™ 5.66+0.37%° 5.66+0.01™ 5.48+0.22" 5.73+0.02°
5% CA 5.63+0.01™° 5.37+0.32°" 5.48+0.01%° 5.41+0.18 5.41+0.02°
7% CA 5.64+0.11°° 5.81i0.09ab 5.73+0.14% 5.61+£0.03°

AA; acetic acid, CA; citric acid.

Valucs represent means of three replicationstutandard deviations.

Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).

_51_.

5.58+0.11%

15

5.88+0.02"
5.62+0.01°°
5.96+0.01%
5.64+0.01°%
5.74+0.01°
5.45+0.01°

5.62+0.04°




Table 19. Changes of coliform counts of fermented skate

treated with organic acids during storage at 4C

Storage period (days)

Treatments
0 3 6 9 12 15
Control 1.54+0.094™ 2.06+0.03% 2.11+0.05% 2.30+0.06*" 2.32+0.00% 2.35+0.04%
3% AA 1.53+0.04% 1.54+0.09 2.37+0.01B 2.34+0.08"* 2.37+0.01B%Y 2.4610.06°™
5% AA 1.59+0.08* 2 46+0.02% 2.40+0.00% 2.43+0.028* 2.46+0.04% 2.47+0.06%F
7% AA 1.4940.02% 1.54+0.09% 1.75+0.07* 1.74+0.014° 2.26+0.08 2.35+0.01<
3% CA 1.51+0.02% 2.10+0.02" 2.39+0.01¢¢ 2.41+0.00°P% 2.46+0.04P 2.43+0.02°P
5% CA 1.54+0.12% 2.32+0.03% 2.47+0.03% 2.41+0.12% 2.46+0.09" 2.49+0.00°*
7% CA 1.55+0.01* 2.49+0.0254 2.50+0.05" 2.47+0.06™ 2.51+0.00% 2.54+0.01%

AA; acctic acid, CA; citric acid.
Values represent means of three replications+standard deviations.
Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).
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Table 20. Changes of Gram negative bacterial counts of fermented skate treated with organic acids during storage at 4T

Storage period (days)

Treatments
0 3 6 9 12 15
Control 2.11+0.00*™ 2.10+0.02*™ 2.31+0.05™ 3.33+0.04 3.29+0.05™ 3.32+0.03%
3% AA 2.10+0.02% 2.06+0.03* 2.48+0.03" 3.38+0.09%° 3.51+0.01% 3.56+0.09*
5% AA 2.11+0.05* 2.16+0.02" 2.41+0.05" 3.47+0.03" 3.58+0.06" 3.59+0.02"
7% AA 2.16+0.02% 2.36+0.03" 2.38+0.03%*" 3.45+0.01% 3.48+0,03° 3.51+0.03<°
3% CA 2.22+0.15" 2.27+0.33% 2.50+0.02" 3.47+0.01% 3.52+0.04™ 3.64+0.01
5% CA 2.17+0.18" 2.33+0.07 2.48+0.01% 3.3240.16™" 3.37+0.04™° 3.56+0.02"
7% CA 2.24+0.14% 2.23+0.00% 2.38+0.05*° 3.27+0.02% 3.24+0.09™ 3.37+0.01%

AA; acetic acid, CA; citric acid.

Values represent means of three replicationststandard deviations.

Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).
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Table 21. Changes of lactic acid bacterial counts of fermented skate treated with organic acids during storage at 4C

Storage period (days)

Treatments
0 3 6 9 12 15
Control 2.51+0.01* 2.58+0.05 2.32+0.00% 3.78+0.02% 3.74+0.01% 3.64+0.05""
3% AA 2.64+0.01°° 2.74+0.01%" 3.09+0.04™ 3.65+0.05% 3.66+0.01° 3.63+0.01°
5% AA 2.62+0.13%% 2.51+0.16™ 2.33+0.04™ 3.76+0.01% 3.73+0.02™ 3.70+0.13°
7% AA 2.54+0.05 2.66+0.01° 2.75+0.08%° 3.53+0.03% 3.65+0.02%° 3.68+0.07°
3% CA 2.66+0.05" 2.79+0.00* 3.01+0.05™ 2.55+0.10" 3.38+0.02% 3.59+0.04°
5% CA 2.73+0.034 2.59+0.06™ 2.40+0.02 3.51+0.02% 3.58+0.07"° 3.69+0.04°
7% CA 2.77+0.02% 2.74+0.04% 2.48+0.01* 3.41+0.15% 3.61+0.02° 3.66+0.01°

AA; acetic acid, CA; citric acid.

Values represent means of three replications+standard deviations.
Dissimilar capital alphabets within the same row are significantly different (p<0.05, Duncan’s multiple range test).

Dissimilar small alphabets within the same column are significantly different (p<0.05, Duncan’s multiple range test).
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N 7 %

Appendix A.l. Changes of ammonia-type nitrogen content of fermented skate treated with acetic acid during storage at 4C

=
=

Storage period (days)

Treatments
0 3 6 9 12 15
Control 142.80+5.22 145.04+5.60 146.16+3.56 147.95+1.69 150.64+1.40 157.81+2.05
3% AA 77.84+4.72 111.44+4.95 134.96£3.31 131.60+1.69 133.62+2.10 133.50+2.13
5% AA 22.96+3.38 57.68+2.54 133.84+6.41 132.05+2.69 133.84+3.18 135.41+1.34
7% AA 16.24+3.70 35.28+3.56 129.36+6.06 128.46+3.31 129.36+3.08 129.36+2.42




Appendix A.2. Changes of ammonia-type nitrogen content of fermented skate treated with citric acid during storage at 4C

Storage period (days)

Treatments
0 3 6 9 12 15
Control 142.80+5.22 145.04+5.60 146.16+3.56 147.95+1.69 150.64+1.40 157.81+2.05
3% CA 82.43+1016 107.86+2.42 133.84+4.77 137.42+0.67 136.98+2.54 142.35+3.70
5% CA 20.72+4.11 55.89+7.12 129.136+5.04 130.70+2.02 136.08+1.78 137.87+1.03
7% CA 14.67+3.70 33.94+3.56 120.176+3.94 128.24+1.40 132.27+3.03 132.94+2.72
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