KOREAN J. FOOD SCI. TECHNOL. Vol. 42, No. 4, pp. 438~444 (2010)

B

wgHEEd

-

QY
Fok, ek 4]

KOREAN JOURNAL OF
SHR AIZE NI SIIX]

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology
EAM
1o

A

-

Physicochemical Changes in Fermented Skate (Raja kenojei)
Treated with Organic Acids During Storage
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Department of Food Science and Technology, Institute of Agricultural Science and Technology, Chonnam National University
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Abstract Fermented skate has a unique ammonia-like flavor. The flavor is preferred by a few lovers of skate muscle,
while women and young people may be sensitive to the odor. Organic acids were used to reduce the ammonia-like odor
in fermented skate and to investigate the physicochemical properties. Fermented skate muscles were sprayed with 20 mL
of acetic acid or citric acid (3, 5, and 7%) for 30 seconds and stored at 4°C for 15 days. The physicochemical properties
of organic acid-treated fermented skate were investigated during storage. The control, which was treated with distilled
water, showed a higher pH value than the samples treated with organic acids. The L* value increased with increasing
organic acid concentration, while the a* and b* values were not significantly different among the samples. The
trimethylamine (TMA) decreased with increasing in the organic acid concentration, but it was not significantly different
after 9 days of storage. Ammonia-type nitrogen and ammonia-like flavoring, decreased with increasing in the organic acid
concentration, whereas ammonia-type nitrogen increased with a storage period more than 6 days. In conclusion, fermented
skate treated with 7% citric acid was the best treatment to reduce the ammonia-like odor.
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Table 1. Changes of pH of fermented skate treated with organic acids during storage at 4°C

Storage period (days)
Treatments
0 3 6 9 12 15
Control 9.174+0.00* 9.17+0.00™ 9.16+0.00% 9.16+0.01* 9.154+0.00<* 9.14+0.00"*
3% AA 9.07+0.014 9.06+0.00%° 9.05+0.00° 9.05£0.01° 9.05+0.00° 9.040.00"
5% AA 9.05+0.01*¢ 9.04+0.00% 9.02+0.01¢¢ 9.00+0.01P% 9.00+0.01™ 8.98+0.01%
7% AA 9.03+0.00% 9.02+0.015" 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+£0.014¢ 9.03+0.01%¢ 9.01£0.00% 9.00+0.01¢™ 9.00+0.00™
7% CA 9.0440.01%¢ 9.03+0.01"¢ 9.00+0.01 9.00+0.01¢ 8.98+0.01"° 8.98+0.01"
AA, acetic acid; CA, citric acid.
Values are mean=SD (n=3).
Different capital letters within the same row are significantly different (p<0.05).
Different lowercase letters within the same column are significantly different (p<0.05).
Table 2. Changes of color values of fermented skate treated with organic acids during storage at 4°C
Storage period (days)
Color  Treatments
0 3 6 9 12 15
Control 64.45+3.017% 64.44%1 85" 66.54+2.93" 63.82+1.64"5 63.33+4.69"5 59.83+1.68"
3% AA 62.11£1.41™8 59.73+0.23¢ 60.41£0.62¢ 61.4442.34° 62.03+0.39° 61.98+1.20®
5% AA 63.1242.92N8 63.07+1.62° 63.10+1.17>¢ 63.37+1.04B" 64.14+1.33® 62.63+1.40%
L* 7% AA 64.94+1.92™ 63.77£1.73° 64.18+1.02%¢ 64.07+2.13% 67.04+2.11° 64.444+2.35°
3% CA 62.4442.73N8 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" 67.44+£2.29" 64.20+1.28"Bbe 65.2142.2748® 63.52+1.20%* 62.64+0.57°®
7% CA 62.80+3.48" 63.47+0.50" 66.362.88"5 67.99+1.21% 65.27+2.18"5 62.17+1.835®
Control 0.02:£0.79™5™ -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°¢ 0.37+£0.85%B¢< 0.24+0.315< 0.44:£0.39"B< 1.15+0.3348 1.41£0.35%
5% AA -0.18+0.19* -2.16+0.76% -0.32+0.274 -1.412£0.62% -0.86+1.06" -1.100.54"B
a* 7% AA -0.65+0.53" -0.55+0.345® -0.130.435¢< -0.08+0.495¢ 0.28+0.70%" 0.56+0.64""
3% CA -0.24+0.458 0.02+0.18B 0.06+0.34" -0.15+0.28"8 -0.6940.585< -0.98+0.31°%
5% CA -0.28+0.20"8 -0.69+0.29% -0.200.29" 0.060.314 -0.07+0.14* -0.09+0.137
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
Control 11.18+1.56"™ 11.27+0.61°™ 12.86+0.59"% 13.54+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"Ct 12.7040.3345 13.04+0.40"
5% AA 10.90+0.62" 11.74+1.75%8 11.91£1.2548® 14.02+£0.99"* 13.61£1.39" 13.19+1.2848®
b* 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+1.82N 10.44+0.91 12.54+0.49* 12.11£1.23% 12.57+0.49® 12.44+1.20®
5% CA 11.75€1.11™ 10.75+2.06 10.31£0.76° 9.93+1.13¢ 9.30+1.23° 9.22+1.34°
7% CA 10.91£0.78"8 11.79+0.84* 11.41£1.55%® 9.52+0.72% 9.3240.72% 9.13+£0.77%

AA, acetic acid; CA, citric acid.
Values are mean+SD (n=3).
Different capital letters within the same row are significantly different (»p<0.05; NS, not significant).

Different lowercase letters within the same column are significantly different (p<0.05; ns, not significant).
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Table 3. Changes of hardness of fermented skate treated with organic acids during storage at 4°C
Storage period (days)
Treatments
0 3 6 9 12 15
Control 182.47+4.07% 186.28+7.155 185.05+6.73% 191.84:£8.344B¢¢ 199.43+2.96* 198.36+8.314%
3% AA 291.13+£8.14" 295.72+£8.2348 295.27+3.3448° 300.50:4.734B° 302.71+4.04* 301.33+£3.38"
5% AA 306.09+5.51N5® 304.44+8.87° 298.28+9.65" 301.76+3.56" 304.92+1.81° 305.74+6.48"
7% AA 324.87424.01%*  326.61+15.92° 331.02+£24.72° 324.37+11.83" 328.3143.73° 316.79+5.64"
3% CA 180.43+8.09% 183.39+5.84%¢ 195.89+13.89" 228.64+21.14M 221.75+12.16™ 222.47+15.76
5% CA 183.46+20.46% 190.23£11.32%¢  221.40+16.31* 220.45+16.30* 207.45+£6.074%%  209.65+2.2548«
7% CA 221.00+8.68° 228.22+6.94°¢¢ 248.16+7.5348 262.89+8.04 246.94£11.26%%  252.71£19.70*°
AA, acetic acid; CA, citric acid.
Values are mean=SD (n=3).
Different capital letters within the same row are significantly different (»p<0.05; NS, not significant).
Different lowercase letters within the same column are significantly different (p<0.05).
Table 4. Changes of springiness of fermented skate treated with organic acids during storage at 4°C
Storage period (days)
Treatments
0 3 6 9 12 15
Control 0.760.077™ 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+0.065* 0.66+0.05B™ 0.65+0.068 0.69+0.0445 0.70+0.02"8
3% CA 0.70+0.11N 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+0.025° 0.62+0.01%° 0.68+0.06"2 0.68+0.06"5 0.68+0.03"8

AA, acetic acid; CA, citric acid.
Values are meantSD (n=3).

Different capital letters within the same row are significantly different (»<0.05; NS, not significant).
Different lowercase letters within the same column are significantly different (p<0.05; ns, not significant).
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Table 5. Changes of cohesiveness of fermented skate treated with organic acids during storage at 4°C

Storage period (days)
Treatments
0 3 6 9 12 15

Control 0.51+0.02N5™ 0.5240.05™ 0.50+0.03™ 0.500.03" 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° 0.610.00*8° 0.57+0.02* 0.60£0.044B 0.57+0.04"8 0.59+£0.034B=
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 are meantSD (n=3).

Different capital letters within the same row are significantly different (»p<0.05; NS, not significant).

Different lowercase letters within the same column are significantly different (p<0.05; ns, not significant).

Table 6. Changes of gumminess of fermented skate treated with organic acids during storage at 4°C

Storage period (days)
Treatments
0 3 6 9 12 15

Control 75.43+6.84N% 75.24+7.761 74.99+6.70" 71.23+4.32¢ 78.23+0.99¢ 76.26+3.61¢
3% AA 174.0443 45N 173.21£3.52° 173.54+4.11° 172.52+1.65° 172.80+2.34° 174.59+5.80°
5% AA 180.36x11.68™° 181.19+14.07° 182.97+7.70° 176.75+5.86° 179.62+9.87° 178.56+6.47°
7% AA 196.43+6.77N% 199.63+8.52° 197.06+7.14* 195.45+5.91° 195.89+5.44° 199.83+3.51*
3% CA 96.79+13.73"% 93.80+5.75° 96.79+13.73¢ 93.98+7.65¢ 95.46+4.38¢ 97.72+1.84°
5% CA 100.21£7.66N 103.19+2.70¢ 100.93£2.10° 100.37+7.51°¢ 100.82+2.90% 98.86+2.95¢
7% CA 103.21+£8.29N¢ 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 are meantSD (n=3).

Different capital letters within the same row are significantly different (»<0.05; NS, not significant).
Different lowercase letters within the same column are significantly different (p<0.05).
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Table 7. Changes of chewiness of fermented skate treated with organic acids during storage at 4°C
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Storage period (days)
Treatments
0 3 6 9 12 15
Control 54.24+10.17"5 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"5" 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+6.394" 72.47+4.69"5 66.06+7.78"8 65.81+£7.28%" 61.48+3.04°
7% AA 62.63£12.74V5  66.40+3.69 68.28+5.40° 64.25+3.55 67.89£3.55 66.93+8.39
3% CA 51.62+5.817 57.24+2.93 59.9446.70™ 57.00+4.48 66.26+4.48 60.91+13.29
5% CA 64.74£11.958®  67.68+2.46 67.50+8.94™ 66.04+6.14 62.53+6.14 72.5346.19
7% CA 69.0942.56N%" 65.11+8.27 68.65£10.11™ 64.8242.63 68.91£2.63 63.92+5.14
AA, acetic acid; CA, citric acid.
Values are meantSD (n=3).
Different capital letters within the same row are significantly different (»p<0.05; NS, not significant).
Different lowercase letters within the same column are significantly different (p<0.05; ns, not significant).
Table 8. Changes of TMA of fermented skate treated with organic acids during storage at 4°C (Unit: mg/100 g solid)
Storage period (days)
Treatments
0 3 6 9 12 15
Control 715.12426.10%*  692.72+27.98 739.13+18.165P*  754.56+8.625 775.80+7.20% 812.71£10.574
3% AA 399.28+23.60° 557.20+24.77% 675.73£16.914° 671.16+8.627° 688.12£10.57"*  687.55+10.99*%
5% AA 121.52+£16.91¢ 278.32+12.72%¢ 663.16+32.69*° 673.44+13.71%° 689.28+16.36""  697.35+6.92
7% AA 73.36£18.51¢ 169.68+17.785 651.74£30.91""  655.17+16.91* 666.20+15.86" 666.20+£12.48"¢
3% CA 412.16+50.80° 539.28+12.11% 682.58+24.314° 700.86+3.434° 705.43+13.10%° 733.11£19.06"°
5% CA 103.60+20.52¢ 279.44+35.61¢ 658.59+£25.725° 666.59+10.28"5  700.81+9.16"% 710.04+5.28%¢
7% CA 71.84+£12.15™ 162.96+17.70% 612.90+20.08%¢ 654.02+£7.13%° 681.20£15.61°  684.66+13.99%

AA, acetic acid; CA, citric acid.
Values are meantSD (n=3).
Different capital letters within the same row are significantly different

(9<0.05).

Different lowercase letters within the same column are significantly different (p<0.05).
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Fig. 1. Changes of ammonia-type nitrogen content of fermented skate treated with acetic or citric acid during storage at 4°C.
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