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Changes in Taste-active Components in Dried Horse Mackerel
by Cold Air Drying and Grilling

Yasuyuki Harada™ and Tooru Ooizumi’

! Food Research Institute, Toyama Prefectural Agricultural, Forestry and Fisheries Research Center,
360, Yoshioka, Toyama, Toyama 939-8153
? Department of Marine Bioscience, Faculty of Biotechnology, Fukui Prefectural University,
Obama, Fukui 917-0003

Taste-active components in dried horse mackerel prepared by cold air drying at 20C (CAD) were compared to
those by hot air drying at 50C(HAD). The content of inosine monophosphate in dried horse mackerel by HAD was
significantly smaller than that by CAD. On the other hand, the contents of bitter-taste components including
hypoxanthine, valine, and leucine in dried horse mackerel by HAD were greater than those by CAD. Next, the two
kinds of dried horse mackerel prepared by CAD or HAD for 2 hours were grilled and the changes in taste-active
components were investigated. As a result, free amino acids, lysine, and histidine in dried horse mackerel by HAD
were decreased to a greater extent by grilling than those by CAD. Conversely, the content of hypoxanthine in
grilled-dried horse mackerel by HAD was greater than that by CAD. Sensory evaluation rated grilled-dried horse
mackerel by CAD as sweeter and more acceptable than that by HAD. These results indicated that the differences in
taste-active components of dried horse mackerel prepared by CAD and HAD were closely related to the sensory

evaluation results and that the dried product by CAD was preferred to that by HAD.

(Received Aug. 13,2015 ; Accepted Oct. 26, 2015)
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Fig. 1 Temperature changes of atmosphere in cold and hot air dryer during drying of salted horse mackerel
The set temperatures of the cold (@) and the hot (O) air dryer were 20T and 50T, respectively.

50 -+

20 =

Relative humidity (%)

10 ~

40
30

0 T T T T

0 2 4 6 8

T T T T T 1

10 12 14 16 18 20

Drying time (h)

Fig. 2 Humidity changes of atmosphere in cold and hot air dryer during drying of salted horse mackerel
The set temperatures of the air dryers and the symbols were the same as in Fig. 1.
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Fig. 3 Temperature changes of the center of fish flesh during drying of salted
horse mackerel by the cold air and hot air drying

The set temperatures of the air dryers and the symbols were the same as in Fig. 1.

Table 1 Changes in moisture and salinity during drying of salted horse mackerel

Drying time (h)

2 5 8 20
. . . Moisture (%) 71 (100) 67 (89) 64 (82) 62 (78) 57 (63)
2

Cold air drying at 20C o 1 o (%) 1.7 1.8 1.9 2.2

. . Moisture (%) 71 (100) 68 (93) 63 (80) 59 (73) 47 (56)
Hot air drying at 50T Salinity (%) 1.6 1.9 2.1 2.7
Results are expressed as mean (z=23).
Drying yield (%) is shown in the parentheses.
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Table 2 Changes in levels of ATP related compounds during drying

Cold air drying at 20T

Fillets Salted Drying time (h)
2 5 8 20
ATP 0.4+0.4*  0.240.0°®  0.2+£0.0®® 0.2+0.0®®  0.0%0.0° 0.0+0.0°
ADP 1.3+1.4%  1.0%1.0%  0.9+1.0%° 0.920.8%c  1.0x1.0%c  1.0%0.3%c
AMP 1.8+1.8%  0.9+0.9° 0.8+0.8*  0.8+0.8°  0.7£0.1°  0.3%0.0°
IMP 28.5+1.5° 24.3+4.3% 256+0.12® 27.0+2.4% 26.4*1.3> 15.7x1.5%
HxR 0.7£0.2°  1.2%0.0° 1.840.9° 3.1+0.2¢ 4.1%£0.6° 10.9%3.3
Hx 0.8+£0.2%¢ (.80 2% 1.2+1.2°%  (.8+0.5%  0.7+0.1° 2.2+£0.5%
Total 33.6+1.0  28.7+4.9 30.5%2.1 32.842.5 32.7%0.9 30.1+5.6

Results are expressed as mean+SD (z=3).
ATP, adenosine triphosphate ; ADP, adenosine-5" -diphosphate : AMP, adenosine-5 -monophosphate :
Different letters (a~e) in the superscript indicate significant difference (»<<0.05) in the same row.

Table 3 Changes in free amino acids composition during drying

Cold air drying at 20C

Fillets Salted Drying time (h)

2 5 8 20

Taurine 323+56 324452 397+152 492454 461+178 49349
Asparagine R 0£0° 0+0P 0x0P 0£0P 0£0P°

O  Threonine 13%2 14+4 10+3 9+8 342 15%1
O  Serine 10+3% VELS 52be 3+3be 243° 610
Glutamic acid 30+1 3442 33+7 18+1 28+24 16%1

O  Glycine 38+10° 31+11P 3246° 41+12° 44470 37+6°
O  Alanine 53+104 47+104 42+94 53%94 56+15% 6264
Citruline 4+1 3+0 4+1 3+1 4+] 340

® Valine 13+3 16+2% 13+1 2144 15+5% 14+1%4
@®  Methionine 4=+4°4 0+0% 5+0°d 124 3bc 4444 6+0%d
@® Isoleucine 8+ 2bc 6+£2° 9 20c 154120 9+3pc 9+2bc
® Leucine 1142¢d 634 112 24+ 5bed 16704 14+3
Tyrosine 0=0° 0x0° 0=x0° 6204 64204 9=+20d

@  Phenylalanine 0%0° 0=0° 0£0° 108 6+3° 8+1°
Ornithine 5+5 00 44 10+9 6+2 13+4
Lysine 524222 5542320 41+16% 73+£21% 782420 73+3%
Histidine 1063+150 757107 802+46 818+129 84862 704+144

® Arginine R 0x0° 0£0° 11+2b 9+5P 8+2>
O  Proline 3+6 00 1%2 10+11 0=+0 88
Total 1631+£191% 1206+148>  1501+134%° 162941897 1596+186%° 1498+118%°

O  Subtotal* 118+23¢ 96174 91+21¢ 116+9¢d 105+2004  128+10°¢
®  Subtotal™ 38+8° 28+4¢ 39+4° 93+gbe 60£20° 59+9¢

Results are expressed as mean=+SD (z=3).
Different letters (a~d) in the superscript indicate significant difference (»<0.05) in the same row.

*Subtotal of free amino acid exhibiting sweet taste, threonine, serine, glycine, alanine, proline (O)

**Subtotal of free amino acid exhibiting bitter taste, valine, methionine, isoleucine, leucine, phenylalanine,

TIEEIMERZR L2, I EREZET LI NVY I VBRWD
DEBODEBME L b/hSHh ol BIETRLUHEKS
SUEREZETHTIVBROEFELRE TS L, AXT
RELGEAERRS hlpoleh, BEROH®KEET L7 3

JBOAREIE, BREEX (201mg/100g) PSR
X (170mg/100g) & HE L TR S VM E R L. 77,
VO ERAF TV OERIE, BAZER TEERICED
L7z, BRERR CREMIVNEhorz, YTV ERR
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of salted horse mackerel (u mol/g of dry meat)

Hot air drying at 50C

Drying time (h) ANOVA(P)
2 5 8 20
0.0£0.0®®  0.0+0.0®  0.0+£0.0®  0.0%0.0°® <0.05
0.940.9%°  1.241.2®  1.0+1.0% 0.5%0.5° <0.05
0.4+0.4%%  0.2+0.1¢ 0.2+0.1¢ 0.0£0.0¢ <0.001
21.0+1.0>  13.1%0.4° 6.9+1.8¢ 1.1%0.2¢ <0.001
5.0+0.6° 16.3%+3.7* 20.5+2.3%  16.4*0.8 <0.001
0.8+0.1%  2.6%0.3° 4.24+0.7° 11.1%0.6 <0.001
28 2+0.2 33.4%4 .4 32.8+1.4 29.240.5 >0.05

IMP, inosine- 5" -monophosphate ; HxR, inosine ; Hx, hypoxanthine

of salted horse mackerel (mg/100 g of dry meat)

Hot air drying at 50T

Drying time (h) ANOVA(P)
2 5 8 20
519+64 590+170 507+69 554+ 15 <0.001
0£0° 0+0° 0+0 3%1° <0.001
7+4 12+10 21+10 1815 >0.05
5+1b¢ 5+4Pc 907 17422 <0.001
19+5 33+19 21+5 33+3 >0.05
34+5P 49+3P 43+10° 75462 <0.001
6143 99+15° 8615 138+10° <0.001
3+0 440 4+1 3+1 <0.001
16+1¢ 26+ 4b¢ 311220 42+4° <0.001
7414 12430 19492 24442 <0.001
9+1bc 17 435 21+14% 24+5° <0.001
1424 318k 4042220 60+8* <0.001
61 1742° 18+2% 22442 <0.001
6x1¢ 17 23k 19+8%® 20+52 <0.001
444 1311 9+8 111 >0.05
371070 61242 1254892 99+14% <0.05
949495 993234 917+ 165 748+ 38 >0.05
5x1° 15+5% 2841920 39+42 <0.001
3+3 6£5 32437 17+3 >0.05

1704£128%° 19944367 1951+412%  1958+80° <0.001

110+11%4 164£10%¢ 191 £49%° 265+62 <0.05
57+7¢ 118£24b¢ 158 =832 219272 <0.05
arginine (@)

FIUE, AT FREOEITICLVEBEINEDD & ENLPP ZERBERO—DEEZ LN ZOZ LT,
Z26NTEY, BEEBRROYV VYV ELAF TV UVERD BAEBRROEBREEOBENELL, &R (BE) 25R7T
BAE, GREBRREHNTE AR LAY R—-R0® % p* % BT 2 L BAERERX (b* H=1693£174) 2%/
DOBICHEE DA 45— FRIGHS, B (N3 Ick o BHEX (0*E=1274%15) LV B, b bR
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Table 4 Change in levels of ATP related compounds in semi-dried salted horse mackerel by drying for 2h and
subsequent grilling for 1) min. (u mol/g of dry meat)

Cold air drying at 20T for 2h

Hot air drying at 50T for 2h

Fillets Salted ANOVA(P)
Pre-grilled Grilled Pre-grilled Grilled
ATP 0.00=£0.00 0.00=£0.00 0.00=0.00 0.00£0.00 0.00£0.00 0.00%£0.00 >0.05
ADP 1.51+0.08%  1.19+0.07%® 0.80+0.18°  0.87+0.23° 1.43+0.03  0.89%0.10°  <0.001
AMP 0.384+0.202® 0.29+0.02®® 0.43+0.11* 0.58%0.17° 0.12+0.04>  0.47+0.13%® <0.05
IMP 33.174+0.98% 27.25+0.2°  28.82+0.67° 26.72%0.57° 27.01+0.19> 23.00+1.25¢ <0.001
HxzR 0.55+0.08°  0.74+0.11°  1.89%0.51°  4.14+0.13° 4.30+0.91°  7.02+1.02° <0.001
Hx 0.73+0.87°  0.66+0.1° 0.49£0.09°  0.95+0.11%® 0.98+0.51%®  2.14+0.67° <0.05
Total  36.34%0.69% 30.13+0.41° 32.43+0.31° 33.26+0.56° 33.83+0.91° 33.52+1.3° <0.001
Results are expressed as mean=SD (n=3).
The same abbreviations are used as in Table 2.
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Sensory score

Fig. 4 Sensory evaluation of grilled semi-dried horse
mackerel

M, Dried with the hot air dryer at 20C for 2h and grilled for
10 min..

(1, Dried with the hot air dryer at 50T for 2h and grilled for
10 min..

Results are expressed as the number of panelists (#=13).
** <001 and * p<0.05
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Table 5 Changes in free amino acids composition in semi-dried salted horse mackerel by drying for 2h and

subsequent grilling for 10 min. (mg/100 g of dry meat)

Cold air drying at 20T

Hot air drying at 50T

Fillets Salted ANOVA
Pre-griled  Grilled Pre-grilled  Grilled )

Taurine 276143 273+49 424+129  404+93 308+85 318+38 >0.05
Asparagine 0+0 0x0 00 0£0 0+0 0+0 >0.05

O  Threonine 10+13 10+7 14+12 32+6 24421 2549 >0.05
O  Serine 0+0 4+5 6+6 1049 5+6 8+1 >0.05
Glutamic acid 4445 28+5 46+5 55+17 58+16 57+19 >0.05

O  Glycine 33+7 27+10 31+4 32+6 30+11 25+8 >0.05
O  Alanine 7520 52+13 10421 109420 96431 87424 >0.05
Citruline 1+1 0+0 0+0 00 0+0 00 >0.05

@ Valine 17+6 15+2 43+15 46+12 65 +54 57+43 >0.05
@®  Methionine 62 7+1 13+4 1445 12+6 12+5 >0.05
@® Isoleucine 9+3 7+3 26+6 27%5 41439 3530 >0.05
® Leucine 14+4 8+3 367 38+5 43+33 39+25 >0.05
Tyrosine 4+2 7+4 9+3 11+3 7x2 8+2 >0.05

@® Phenylalanine 3*5 5hx1 11+4 13+4 10+5 11+2 >0.05
Ornithine 6+6 746 742 7+1 12+9 9+7 >0.05
Lysine 119=+1° 112+1° 1944120 177+11° 256+172 186+16°  <0.001
Histidine 1073862 89373 1030170 1146+25° 1085£992 794+12°  <0.001

®  Arginine 3+£5 9+6 15%11 17%10 19£12 168 >0.05
O  Proline 108 949 16+13 19+17 30+23 2416 >0.05
Total 1701160 1472+142° 2025+200°° 21561307  2102+68%° 1713+143*° <0.001

O  Subtotal* 127+38 102+14 170+17 201+38 185+62 170+48 >0.05
® Subtotal™ 35+18 35+3 102+23 10919 125+93 11370 >0.05

Results are expressed as mean*SD (n=3).
The same abbreviations are used as in Table 3.
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