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Changes in Taste-active Components in Dried Horse Mackerel
by Cold Air Drying and Grilling
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360, Yoshioka, Toyama, Toyama 939-8153
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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.
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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 20C and 50C, respectively.
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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
. B Moisture (%) 71 (100) 67 (89) 64 (82) 62 (78) 57 (68)
i 2
Cold air drying at 0C oo (35) 1.5 1.7 1.8 1.9 2.2
Hot air drving at 50C Moisture (%) 71 (100) 68 (93) 63 (80) 59 (73) 47 (56)
JLarerea Salinity (%) 1.5 1.6 1.9 2.1 2.7
Results are expressed as mean (7=3).
Drying yield (%) is shown in the parentheses.
50C) (2 & 1 20 e & CHzlE S & 7Bk, A0 B W S A7z,

L O OZEALE Table 1R L7, RAOKSE, $Eik
B TL% 25 2 BRI, BIRERK T 67%, HUiE
BRIXT 68% L7 ), WK & b —KTF LEEOKSD L4 o
7. SEREEOKS BT E A LERBD LN or L
L, SERIBICIE, GRERER DKL 62% &7 o720
R LT, BURBIRIX TIZ 50% & 72 ), BURBZIRR OKS
PSR R AT 2 BRA A SN, S 51 20 BRI
&, HREIRIX DIKGME 5T% & 2o DR LT, B
MR TIZA7T% £, ZOEFPEAR L. 0 L) K
SOWAEFEE D OB L RS LTH D, 20 B
OEBE NI, BIREIRX TIL68% & 72D, BRERRE T
1 56% & ot —7, AR, KAOWAEEIK S
BRI X Tl 20 BERITRIC 27% & 7 o 72708, % REIER
T 22% 2 E B o7 ARG TH 6 R b 2
JREZIEREIT X B RADKS ORAENIL, SHR 5 HR% T
TRAEDN Dot HH LY B AR GRERE
0T, BEBEMYR) FHCTIT VETROKSE

64~63%-L T HDIZ SR ZE L -2 & 2E L TV 5.
SORRL . KRR THG SRS L 5~ T VET
B OGRS E: 64~67%) DEIRICEEL7-BeR (2~5 i) &
PHAD L, BEOWBIEREIL, AR VERSATYSE

3. ARERLLITIVETRODEKRKRSDEL

(1) #PRBEEYE DZAL

BRI D < 7 VR ORIRBEY E O & R E
EIRE T Table 2 1R L7z, WEERX TIE, HE, L
e 20 BRI AR E TREICE BRI 2 <, HEER 8 M
TR, TOMBICRERZ(LbRBOON Lo/, L
LEZRE 20 RERIfRICIE A 7 ¥ VR (IMP) & EVEREICED

L. A/ (HxR) SEVEBICHEMLL. T, RS
Yy (Hx) SREMERZR L2 SIS LT

EEZ X T, HiED SR 20 % CREICERER
BAIE e r o 728, Bl 2 RefifRIC 7 7= Vi (AMP) 28
BRI L7z, ¥l 5 RERIf21C1E IMP & & 05E B IS
AL, HxR & Hx EVERICHEM L7z, BWRICES T 5
IMP? IZOWCHROEREEZ MRS 5 &, w2 EMEE
TIREE R WD, BREZRX CTIIRR b K% E TICE
WA L, w2 20 BRI AR E O L) 72, Zhuckt
L, WJREZREEX CIIRZE 8 TR £ TIEB LAV S <, 2
JE 20 BRI AR L72As, HEBROEE® 6 S LA
LTV, WX oz 20 K% o IMP &m0z
10 5Ll LS o 72%%, EORVEEFZEEX IS IMP O B
METH 5 1lumol/g® BEDOEGEIIEAFL Tz, IMP



(21)

JRH - Ro% - wBEES O 7 T 0B 121

DHRIIE, FICHAFDOX 7 LFF ¥ —+ (EC 3135)
BLUOBMEARAT7 74—+ (EC3132) 7 H5+2% 2 &
BHOLNTWE, N2 &L~ T VO IMP 5 EEEE
(CHEER) ofEMEE, RSEEE & DI ER L T40CHHE
TIRKE % 5D, 20C LT TRIEEI RO THRVW2 o
&9 7% IMP 5B RGO REREMN < 7 ¥ ORI
P9 IMP ORICEEE RITL, BRFIEX TIE, &R
JRX LD D HER I IMP 2SR s h-b D&z sz,
INSORREIL, RBZEFIZBITSE<T V0 IMP O4
IRHREAVNS N & ZRUIEES OWMEY & X —FL
Tz, F70, Hx &, WRFEEREX T, 13 A LB
Y, BRRZEEX T 5 RIS L 7208, Zo&E
1T HxR ICHARTA b o7z, AFEHAO HxR O55FICIZ
FIAKRDEEEZTH LA ) VX7 L+ 5 —F (EC
3222) 7B5 L, HxR 7213 Hx OEBMOMEIEZ, 20
BEREROMEFICL 5% RES? I< 7 VIZBIT 5 HxR
IRBEFE RN E LTWA S e, Bk |2 Hx A%
HEVER Lo bDEEZ LN FICHEEZEX
DM S W T, Hx DAERESD LR, XA TF—
FRIGICEES T2 BIGHETH L) R—ADIFE A EERL
B Lz 5nh. L L, BYREZEX T 5 BRI
WAL, IxHGEVEBEICHENLTBY, VR—2&
BELWIMLZ™ ZEePEREIND. 0T, TOLEH %
iR CRENFMOEBRELIT- 28T, A4 95— FEIBIZ
L B BALAHEAT B AT BEMEARIR S 7z,

(2) FAA EEDZEAL

VRIPED) < T VART O FAA RO LR ER
8T Table 31278 L7z, FAA O#EL, 8208 20 BRI
FC, WREZEX CTIIRELRBILERE Lo 7278, BJE
WX TR RN 2@ A LN ) FREET S
Ty I VBT o, WXE SEEREPICKE 2L
ERS ol HEREZET2ALA =V, ) », 7
VT vBIYTO) U &R, BREZRXT
FEBERBENER S N o2, BURFEEX TIX, 79
S UNE MR, )Y e k) vt 20 B2 IC B IS
L7 F/2, ChoHKE2ETLE7 I BOAIES
W 2L, BAERK TIRZEHIVNES < 20 BEZTD
128 mg/100g |2 & & F o 7278, BUREZRIX Tl 5 B DU,
AEREICHEML, 20 BrRI#21213 265mg/100g 1ZE L 72 —
W, HEERERETLNY Y, AFF=v, AvEAfY Ly, 1
AV, T2 VTS5V BIVTLVEZ 0D O&E,
WAEZIRX T, 3L AEELL b o720y, BRI
TlE, AFF=, aAf U5k, N Y, fvn
AV, Tz VT TR BEMIEIL, TIVF=UA720
BMBICEZICHEINL:. $72, CNOEREZETSE TS
JBROGFTERE KT B L, GREEEIX CIREEIH NS L
20 BERIA T 59mg/100g 12 & & F o 7278, BURAEIRX T
1 8 MR LIRE, BEZEICHIINL, 20 EBRREIC IS BRI 0

4R 219mg/100g IE L7z, BUREZIEX T, b
HOT I BERSHEMLZERICOWTE, <7 VHAHIC
NEPHERZEINTWDE I T TV AP Eo7Tary—+¥
A, BYREZERIX OB AP OIREEAT 40T 123 L 72801 2
W DU, IR & TR\ 722 E D ER O
—OLREINDY, FHIRATH Y, SHBOWIEE
EL. INOEBEDT I ERASEE S BRI LI, B
L72ICH DS, BB ObE, #55 FE D%
WCHEIEIN 2 R & e odz, TOERE LTI, 58K
RIS, © AT U v RN L, M 20 BRIDIE, 1S
VEEBPBA LD EEZONSE. DL B ERFY
YENT VORI ORRE L TEEEIEIX T HxR 2 5 4
B L7210 K= 22 L) A 45— FRISAMEE X 720
RS R SN BBRFOL ATV ORIz DONT
X, LA I VEREOL ATV VHRBEZICL S X
FIVOEBPVIZEAIEDEZLNLD, LAFI VD
ERBNIZEAERD NG o/2Z 05, HZEDOILD
TREMEATE N EEZ T WD,

4. BEABLUOHEEEL HIETROREEIC L 3 2R

90

HIEE COMENP S, WEEZREX L, BUREERX &
I FEREET S IMP OBRAFENE L, EREET S FAA
DHEMEL D% MEMICH V), ZOZEIIEERER O &
EHICHHEFELERDZENHONE o L L, TED
WL, HEEEBE»S, —KT LEREOERE O
PEEPERTH IV? | ETETZ L3P BV, 22T,
TEZIRIX O 2 BERIHEIRA OB THIC DV T, JEBER O 2k
B % e B L & B2, Bz T 7.

(1) BAEREEEYE DZEAL
JERERTROARICE TN LMY S 2w pE i
T Table 4 \Z/R L7z, WX % REBERIZ THELT 5 &, IMP
aElE, WXL DREREROEE L L TR L7z,
DEFWRERX O L, BEE O GRERX O S 1%
WA H o 7z, F /2, BEEEH O HxR & Hx O & &2
XML, Zho0E R IFBEFERX D)%\ MEH
ZHolz. REBERTOBMIEEEY EOMBE 25 &, WX D
AT LD IMP &&I1CKEIZ 2 \V75, HxR &&1%, B
WX L) S BREBREX OB VL ERLTWEZ Eh
5, FRROGREEYE OSRE, BUREREX DT )5E
RPIHEAT LA Z LR EIND. FOME, BREIEX
THEIZAER L7z HxR 2B 12 Hx ICEfkLL, 208
EAWIML-ZEREZ SN Lo T, BREERX
WIEBETHEDO Y R—2 b Hx ICHBI L TE L ER L Tw
BHT0 2 L AR E NI,

(2) FAA&EDOZAL
REBERIOARNICE TNS FAA BB EBREERET
Table 5 1278 L7z, WX ZRERERITA CHENT 2 &, BURE
FEIX Tld FAA ORREIZHAENER LD, HEEEX



122 HAREGEFETHAEE 86358 35 2016431 (22)
Table 2 Changes in levels of ATP related compounds during drying
Cold air drying at 20C
Fillets Salted Drying time (h)
2 5 8 20
ATP 0.440.4*  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°> 0.9£0.8%  1.0£1.0® 1.0£0.3%°
AMP 1.8+1.88  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+0.1" 27.0£2.4*  26.4+£1.3® 15.7+1.5%
HxR 0.7£0.2¢ 1:24£0.0° 1.8+0.9¢ 3. 1:£0.2° 4.1£0.6° 10.9+3.3°
Hx 0.8+0.2% 0.8+0.2%  1.2+1.2¢% (0.8+0.5%  0.7%£0.1° 2.2+0.5%
Total 33.6x1.0 28.7£4.9 30.5%2.1 32.8+2.5 32.7+0.9 30.1+5.6
Results are expressed as mean=+SD (n=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+56 324+52 397+152 492454 461+178 493+49
Asparagine 0+0° 0+0° 0+0° g 0+0° 0+0°
O  Threonine 13£2 14+4 10+3 9+8 3 157
O  Serine 10432 44be 52be 3+3b° 243 61b°
Glutamic acid 30£1 34+2 337 18+1 28+24 16£1
O  Glycine 38+10° 31£11° 32+6° 4119 4x7° 376
O  Alanine 53+10¢ 47+10¢ 42+94 53+94 56+15% 62+6%
Citruline 4+1 3+0 4=+1 3+1 4+1 3+0
@® Valine 1334 1624 131 21e4be 1545 141
@ Methionine 444 0+ 50 1243b¢ 44 6+0
@ Isoleucine g2be 6+2° 92be 15120 9+3bc Ge-gbe
@ Leucine 1142%4 6+3¢ 1124 24504 16754 143
Tyrosine 0£0° 0+0° 0+£0° 62 624 92
@® Phenylalanine 00 00 00 10+8P¢ 63 8+1°
Ornithine 5+5 0+0 414 10£9 62 13+4
Lysine 524202 552320 41+16% 73421 78247 73370
Histidine 1063£150 757+107 892+46 818129 848+62 704+144
@® Arginine 0=0° 0+0P 0=0° 1142° 9+5P 8+2P
O  Proline 3+6 0+0 1£2 10+11 0+0 8+8
Total 16311917 1296148 1501+134*> 1629+189%® 1596+186%" 1498+118™
O  Subtotal” 11823 96174 91+21¢ 11694 105204 128410%
@® Subtotal™ 38£8° 28+4°¢ 39+4° 9349Pb¢ 60=£20° 59+9¢
Results are expressed as mean+SD (z=3).
Different letters (a~d) in the superscript indicate significant difference (p<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,
CHMMERER LR S IRERT /M VBT BROATRE, BREERK (201me/100g) AR

DOEROZEALIZWIX & D/ E oz, BETRLAHKS
FUOEHREETAT I/ BoSFEZRETA L, MKXT
REGTALERE o7, BEHEOHKEZET ST 3

X (170mg/100g) & I L TR WM iR Lz, 72,
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of salted horse mackerel (u mol/g of dry meat)

Hot air drying at 50T

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
0.9+0.9%¢  1.241.2% 1.0£1.0°*¢  0.5%0.5° <0.05
0.4=+0.4%¢ 0.2+0.14 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° 4.2+0.7° 11.1%0.6? <0.001
28.2+0.2 33.4%4.4 32.8+1.4 29.24+0.5 >0.05

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

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

Hot air drying at 50C

Drying time (h) ANOVA(P)
5 5 8 20
519+64 590%170 507469 554415 <0.001
0+0° 0=0° 0=+0 3+]12 <0.001
74 12+10 21+10 18+15 >0.05
5+1b° 54be 90 17k 92 <0.001
19%5 33%19 215 33+3 >0.05
3445P 42+3° 43+10° 75462 <0.001
6134 99=+15P 86+15°° 1384102 <0.001
3+0 4+0 4+1 3+1 <0.001
161 26+4b¢ 3112 42442 <0.001
F1ed 12+30¢ 194920 24+43 <0.001
9+1be 17 47 2k 1450 24+52 <0.001
14+2¢4 318 40222 6082 <0.001
6+1cd 17+2° 184220 22442 <0.001
6x1° 17427 194820 29452 <0.001
4+4 13+11 9+3 11+1 >0.05
37+10% 6142470 1254892 99+14%° <0.05
949495 993+234 917+165 748438 >0.05
5+1P 15+5%® 2841920 39=+42 <0.001
3+3 6+5 32437 17+3 >0.05

1704£128" 1994+367%  1951+412%  1958+80% <0.001

110114 16410 191 +492° 265462 <0.05
57+7° 11824b¢ 158483 219+27° <0.05

arginine (@)

FIVR, AT FRBOETICE DV HBEI NP L SN EPERO-DEZRA bNRE. DT LT,
EAONTBY, BAEZRRO) PV LeAF Vv ERO BREBRROBBEOBENSELL, &l (&f) 27T
B, WREMRX & HARTE AR LAY R—RW 0 & p* % kT 5 & SRR (b* E=1693+1.74) 2548,
DETHEL DAL T — FRIGA, KEEE (N#) ICX 0 RE HRE 0" E=1274115) X0@Eho722 kb b X
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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 10 min. (u mol/g of dry meat)

Cold air drying at 20C for 2h

Hot air drying at 50C 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 0.38+0.20®®  0.2940.02°®  0.43%+0.11*>  0.58+0.17% 0.12+0.04>  0.47%+0.13®>  <0.05
IMP 33.17+0.98* 27.25+0.2° 28.82+0.67° 26.72+0.57° 27.0140.19° 23.00+1.25¢ <0.001
HxR 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%® 0.9840.51>  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 (z=23).
The same abbreviations are used as in Table 2.
SN KR TERD SN EFO e 25TV Od Luster ;
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LA, RWIFETIE, BT OAMEIIA~D ) v TIEmh N
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XEbizE AEROOLNT, BERAIHZOERZIIWX T
B ALENE P20, BERELEEIOKG ORI Bweetess ok
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Tl hEWnWeEEZ TV, Umami
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WEZJ:%[ZVC 2 HﬁFﬁﬂﬁziﬁ%é“@'t:‘:%‘uu <7J(]J 7f",‘j 68 %)) 75."):13 T T T T T 1
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Bt |2 B REEEA L 7245 R % Fig 4 1SR L7z, WEEEREX
i, HEZSEEICHE L, ) THRASRWEICH Y, Bk (B
WL E), BIK, A BREFMOMCTERICHE LWiER
Lotz TNHOERE LT, BYREEX TIE, HRniE
Hx 235 Hx" OEREDNS {, HEREET D 03H
bR & 555 B W REMEA S 51999 720, EEFERIX & g L
THW®RATED SN2 EDEZONL. Tz, HREZRX
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TRAA T FBICE B EHEREINLE ATV VEED
Z LW ISR bR, B AT Y V2o
TIBREDKFIC L VERIREME) ) TRET R, ERE
AL B REDH 090 F iz A A4 T — FRICOETIE,
HEk= S FHRZFOBEANHEY ZhbDZLhb,
BEEREX TIE, HER ) TREOE®RIFTH KL bz
ZENEZLNDL. BIROETIEFHES G0z, ZOR
KE LT, 7SRIVOETHOBISK T 5 BT SREMEA
HHIENEZOND. AESERERX CTHE LR
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DEMENEE T L EEZZ O, SHBOMEREE Lo,
RIFZEDFERH S, IR TORERRI BB X OREER
OREEMEWE & FAA IR Z K E (B LEE, BRED

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..

[, Dried with the hot air dryer at 50C for 2h and grilled for
10 min..

Results are expressed as the number of panelists (#=13).
** p<001 and ¥ p<0.05

BT 225 hor. 2O L, ETFROEERE
1, 72AEEOEERIRE OBRKEDOm 2T TR, B
OO IR E LI EEZRLTWA.

= #

LR L 7R T i D 2R OZALZH O 02T 572
o, 7 VR 20T REFEX) 72134 50C (BURi
JRIX) C 20 REfRZ B S8, FAA & BARREEEY) B DRERA
b B L7 ZofR, BJREEX T IMP 088 %
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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 20C

Hot air drying at 50C

Fillets Salted BIOVA

Pre-grilled  Grilled Pregriled  Grilled ®)

Taurine 276+43 273449 424129 40493 308+85 31838 >0.05
Asparagine 0£0 0£0 0£0 00 0£0 0+0 >0.05

O Threonine 10+13 10+7 14+12 32+6 24+21 25+9 >0.05
O  Serine 0+0 4%5 6+6 10+9 5+6 8+1 >0.05
Glutamic acid 44+5 28+5 46+5 5517 58+16 57+19 >0.05

O  Glycine 33+7 27+10 31+4 3246 30+11, 25+8 >0.05
O  Alanine 7520 52+13 104+21 109+20 96+31 8724 >0.05
Citruline 1+1 0+0 00 0+0 0+0 0+0 >0.05

@® Valine 17+6 152 43+15 46+12 6554 5743 >0.05
@® Methionine 6+2 T£1 13+4 14+5 12+6 1245 >0.05
® Isoleucine 9+3 7+3 26%6 27+5 41439 35430 >0.05
@® Leucine 14+4 8+3 367 38=+5 43+33 3925 >0.05
Tyrosine 4149 T4 9+3 11%3 7+2 8+2 >0.05

@® Phenylalanine F:th 5%1 11+4 13+4 10£5 142 >0.05
Ornithine 6+6 7+6 7£2 7+1 1249 9+7 >0.05
Lysine 119+1¢ 112+1¢ 194+12° 177+11° 256+172 186+16°  <0.001
Histidine 1073+ 862 803+73%  1030+170% 1146+252 10854992 794+12°  <0.001

® Arginine 3+5 9+6 15+11 17+10 19+12 16+8 >0.05
O  Proline 10+8 949 16+13 19+17 3023 24+16 >0.05
Total 1701£160P° 1472+142° 202542002 2156+139% 2102468 1713+143° <0.001

O  Subtotal* 127+38 102+14 170+17 201438 185+62 170+48 >0.05
@® Subtotal™ 3518 35+8 10223 109419 125+93 113%70 >0.05

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