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This study was carried out to prepare powdered smoked-dried mackerel which can be used as a soup
base, and to eXxamine storage stability and the taste compounds of products. Raw mackerel are filleted,
boiled for 10 minutes and pressed to remove lipids, and then soaked in extract solution of skipjack meat.
This soaked mackerel are smoked 3 times to 10-12% moisture content at 80°C for 8 hours. And the
smoked-~dried mackerel were pulverized to 50 mesh. Finally, the powdered smoked-dried mackerel were
packed in a laminated film bag(PET/AL foil/CPP : 5 pm/15 um/70 um, 15x17 cm) with air(product C),
nitrogen(product N) and oxygen absorber(product 0), and then stored at room temperature for 100
days. The moisture and crude lipid content of powdered smoked-dried mackerel was 11.3-12.3%,12%,
respectively, and water activity is 0.52-0,56. And these values showed little changes during storage. The
pH, VBN and amino nitrogen content increased slowly during storage. Hydrophilic and lipophilic brown
pigment formation showed a tendency of increase in product(C) and showed little change in product(N)
and (0). The TBA value, peroxide value and carbonyl value of product(N) and (0) were lower than
those of product (C). The major fatty acids of products were 16:0, 18:1, 22:6, 18:0 and 20:5, and
polyenoic acids decreased, while saturated and monoenoic acids increased during processing and storage
of products. The IMP content in products were 420.2-454.2mg/100 & and decreased slightly with sto-
rage period. And major non-volatile organic acids in products were lactic acid, succinic acid and a-keto-
glutaric acid. In free amino acids and related compounds, major ones are histidine, alanine, hydroxy-
proline, lysine, glutamic acid and anserine, which occupied 80.8% of total free amino acids. The
taste compounds of powdered smoked-dried mackerel were free amino acids and related compounds
(1,279.4 mg/100 g), non-volatile organic acids(948.1 mg/100 g), nucleotides and their related compounds
(672.8 mg/100 g), total creatinine(430. 4 mg/100 g), betaine(86. 6 mg/100 g) and small amount of TMAO.
The extraction condition of powdered smoked-dried mackerel in preparing soup stock is appropriate at
100°C for 1 minute, Judging from the results of taste and sensory evaluation, it is concluded that the
powdered smoked-dried mackerel can be used as natural flavoring substance in preparing soups and
broth.
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Fig. 1. Flow sheet for the processing of powdered smoked-dried mackerel.
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Fig.2. Gas chromatogram of methyl esters of stan-
dard non-volatile organic acid mixture.
1. lactic acid, 2. oxalic acid, 3. malonic
acid, 4. fumaric acid, 5. succinic acid, 6.
itaconic acid, 7. myristic acid(internal stan-
dard), 8. malic acid, 9. a-ketoglutaric
acid, 10. citric acid, 11. pyroglutamic acid.
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Table 1. K-value of standard organic acids

Organic acid K-value®
Lactic acid 0.1029
Oxalic acid 0.1990
Malonic acid 0.2198
Fumaric acid 0. 3980
Succinic acid 0.3514
Itaconic acid 0. 2398
Malic acid 0. 2567
a-Ketoglutaric acid 0. 1825
Citric acid 0.1920
Pyroglutamic acid 0.0571

a) This value is calibration coefficient when
myristic acid was used as internal standard

material.
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Table 2. Proximate composition, pH, volatile basic nitrogen(VBN) and salinity of raw
mackerel and powdered smoked-dried mackerel
(g/1002)
Proximate composition
pH VBN Salinity
Moisture Crude lipid Crude protein Crude ash (mg/100g)
Raw mackerel 74.7 3.5 19.6 1.3 6.26 14.5 0.56
Product 11.5 12.0 73.0 3.2 5.94 76.2 0. 69

Table 3. Effect of soaking in extract of skipjack meat on quality of powdered smoked-

dried mackerel

POV cov TBA value NH:-N Sensory evaluation®
(meg/kg) (meg/kg) (0.D) (mg/100g) Taste Flavor
Controlb) 51.37 33.92 0. 425 61.5 3.7 3.5
Product(C) 34. 66 29.13 0. 390 69.5 4.3 4.0

a) 5 scale: 5; very good, 3; acceptable, 1; very poor, significant in 5% level

b) refer to the comment in Fig. 1.
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Table 4. Changes in moisture content and water activity of powdered smoked-dried mac-

kerel during storage

Moisture content( %)

Water activity

Storage day

C N 0 C N 0
0 11.5 11.5 11.5 0.54 0.54 0.54
50 12.1 12.3 12.0 0.56 0.54 0.54
100 11.4 11.8 11.3 0.53 0.53 0.52

Legends are the same as shown in Fig. 1.

Table 5. Changes in pH, volatile basic nitrogen (VBN) and NH.-N of powdered smoked-

dried mackerel during storage

pH VBN(mg/100g) NH,-N(mg/100g)
Storage day
C N 0 N 0 c N 0
0 5.94 5.94 5.94 76.2 76.2 76.2 69. 1 69. 1 69.1
50 5.92 5.96 5.95 81.3 80.6 79.9 71. 4 72.8 72.3
100 5.93 6.01 5.98 84.1 82.1 81.5 73.9 75.9 76.1
Legends are the same as shown in Fig. 1.
Table 6. Changes in color value of powdered smoked-dried mackerel during storage
Storage days
Color value 0 50 100
c N 0 C N 0
51.4 50.0 51.2 51.2 49.8 50.6 50.5
a 5.4 5.2 5.3 5.2 5.7 5.2 5.0
b 19.3 19.8 19.6 19.4 20.2 19.7 19.5
AE 49.2 50.7 49.8 49.3 51.1 50.6 50.3
Legends are the same as shown in Fig. 1.
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Legends are the same as shown in Fig. 1.
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Legends are the same as shown Fig. 1.
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Table 7. Changes in fatty acid composition of powdered smoked-dried mackerel during

processing and storage

(area %)
Storage days
Fatty acid Raw mackerel 0 50 100
C N 0 Cc N 0
14:0 3.6 3.4 4.9 4.3 4.2 4.7 4.2 4.5
15:0 0.8 0.7 1.3 1.0 1.1 1.3 0.7 1.4
16:0 22.0 23.5 23.1 21,5 21.7 25.4 23.6 23.2
17:0 1.0 1.1 1.3 1.3 1.3 1.1 0.8 1.1
18:0 7.4 6.4 6.6 6.7 7.1 7.6 6.7 7.9
20:0 0.4 0.4 trace 0.1 trace trace 0.1 trace
Saturates 35.2 35.5 37.2 35.0 35.4 40.1 36.2 38.1
16:1 5.2 5.2 7.5 7.0 7.1 7.8 7.0 7.1
18:1 20.3 22.5 24.5 24.0 24.3 28.1 27.5 26.7
20:1 1.4 1.8 1.6 1.9 1.9 1.0 1.7 2.0
Monoenes 26.9 29.5 33.6 32.9 33.5 36.9 36.2 35.8
18:2 2.6 1.2 1.9 2.6 3.3 1.9 2.0 2.1
18:3 3.8 3.9 3.4 4.0 4.2 3.4 3.9 3.6
18: 4 0.3 0.3 trace trace trace trace trace trace
20: 4 4.0 4,1 3.4 4,2 4.3 3.4 3.7 3.2
20: 5 6.4 6.6 6.7 6.7 6.2 5.6 6.0 6.0
22:2 1.5 1.5 0.9 0.7 0.7 trace 0.7 0.2
22:5 1.8 1.8 0.7 0.9 0.9 0.6 0.6 0.7
22:6 16.9 15.6 12.2 13.0 11.6 8.1 10.9 10.3
Polyenes 37.9 35.0 29.2 32.1 31.2 23.0 27.8 26.1
Legends are the same as shown in Fig. 1.
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Table 8. Changes in nucleotides and their related compounds of powdered smoked-dried
mackerel during processing and storage

(mg/100g, dry basis)

Storage days

Raw mackerel 0 50 100
C N 0 C N 0
ATP trace — — — — — —_ —
ADP 10.9 2.2 trace trace trace trace trace trace
AMP 64.0 66.3 70.3 68.4 68.6 76.4 65.6 66.6
IMP 554.4 454.2 428.2 439. 8 444.0 420.2 437.8 438.2
Inosine 102.3 116.7 113.8 115.3  130.8 103.7 110.1 113.6
Hypoxanthine 14.2 33.4 34.0 39.7 33.0 24.3 26.7 24.9
Legends are the same as shown in Fig. 1.
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Fig.5. High performance liquid chromatograms of ATP and its related compounds of standard

mixture and product(C).

Table 9. Non-volatile organic acid contents
of raw mackerel and powdered
smoked-dried mackerel

(mg/100g, dry basis)

Organic acid Raw mackerel Product
Lactic acid 968.8 (95.4)3 902.2 (95.2)
Oxalic acid 1.6 (0.2) 0.7 (0.1)
Malonic acid 0.4 (0.1 1.2 (0.1)
Fumaric acid 1.6 (0.2) 1.0 (0.1)
Succinic acid 3.2 (3.1) 28.3 (3.0)
Itaconic acid 0.7 (0.1) 1.3 (0.1)
Malic acid 1.2 (0.1) 3.5 (0.4)
a-Ketoglutaric acid 8.7 (0.9) 8.6 (0.9
Citric acid 0.8 (0.1 1.2 (0.1
Total 1, 015. 0(100.0) 948.1(100.0)

a) % to total non-volatile organic acids.

ketoglutaric acid 7} 8.6mg/100 g ol gith. ol &
FrlAte] ekHom Mol AFY siEd =X
719% Aor AAAL FH/I4 TFL 257t
1,015.0mg/100 g o] &l 3, A|Eo] 948.1mg/100 g
024 AFAZT od Zhstgderl oA
Fe R AzAAE AT Tsuyuki 5 Bu"
v Fo] B, BFAELFE=AZTL YEAS
AmdFow FA FAA

FAAAEZTY RU14AFAE AR $3Ase f7)4k
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ol FFste] AFA FHA Ak@)E Z
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Table 10. Contents of free amino acids and
related compounds of powdered
smoked-dried mackerel

(mg/100g, dry basis)

Konosu 5292 7}x o 3218 IMP 2 fEotvlxAt
9 BuEH Asted felotlnAe AFoRE A
o) ¥ (fER)ELA) ak IMP 8} &SR Bt 4TR
37k 25 s

N EYpRmol Ot R Table 11d] dEIF
o % FALTHIIAEY T AT A
$E dehislsh TEl$TFITATY g2

Table 11. Taste compounds of raw mackerel
and powdered smoked-dried

mackerel (mg/100g, dry basis)
Compound Raw mackerel Product(C)®
Free amino acids and
related compounds 3,735.0 1,279.4
Nucleotides and their
related compounds 745.8 672.8
Non-volatile organic acids 1,015.0 948.1
Total creatinine 672.2 430.4
TMAOQO 24,7 16. 4
TMA 7.0 4.9
Betaine 90.5 86.6

Compound Content
Phosphoserine 3.8 (0.3)™
Taurine 214.7 (16.8)
Phosphoethanolamine 0.9 (0.1
Urea 14.5 (1.1
Aspartic acid 55 (0.4)
Hydroxyproline 48.9 (3.8
Threonine 23.8 (1.9)
Serine 14.4 (LD
Glutamic acid 32.8 (2.6
a-Aminoadipic acid 1.8 (0.1
Proline 13.2 (1.O)
Glycine 17.1 (1.3)
Alanine 38.4 (3.0
a-Aminobutyric acid 1.3 (0.1)
Valine 16.8 (1.3)
Methionine .0 (0.3)
DL~Allocysthathione 1.4 (0.2)
Isoleucine 12.2 (0.1)
Leucine 27.4 (2.1)
Tyrosine 9.2 (0.7
Phenylalanine 13.2 (1.0
B~Aminoisobutyric acid 2.3 (0.2)
7-Aminobutyric acid 1.0 (0.1
Ethanolamine 4.4 (0.3
Ammonia 24.8 (1.9
DL~Allohydroxylysine 5.6 (0.4
Ornithine 8.7 (0.7
Histidine 641.8 (50.2)
Lysine 34.9 2.7
Anserine 21.9 (1.7)
Carnosine trace
Arginine 18.7 (1.5)
Total 1,279. 4(100.0)

a) % to total free amino acids and related
compounds.

£ = 0] .ﬁ-a}o]—u]_},—_x} 2 g 31_;,]33;}_53%3] z,zé,g
Table 103} Zch, F15o] Eubp g x Zo 4] gheke] vk
2 o}u] i A}-e histidine o] 641.8mg/100 g 2.2 A )
8] 50.2%% aAAsPgoed thEoZ taurine 214.7
mg/100 g (16.8%), hydroxyproline 48.9mg/100
£(3.8%), alanine 38.4mg/100g(3.0%), lysine
34.9mg/100 g(2.7%), glutamic acid 32.8mg/100 g
(2.6%) T anserine 21.9mg/100 g(1.7%) Solgl 2
H ol o] AAY 80.8%F AAstAck ol E otnl
XA Aol R o e s Bl a5 Edes
=9} 5re] zglo] ZA PR AR AzhE =0,

a) refer to the comment in Fig. 1.
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2ol &% ALY
9 el o %EMZ\“

5 & gelEig-ge st R
2% 9 ol% AFAL T AT Tabe‘ 126 viek
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Ads 447 Adstd Ee A& 4% F Frtshd
22272 5°C 32417}, 25°C 204)7, 60°C 14]7k,
100°C 137k w|G-(E) 2 100°C 5%7 wlgoz
stgich. Table 120] vebfiulel zbo] 2 F2z 76
A otulxeA 4, AvA(RHKE)E 2= IMP, AMP
9 2040 £5%0F vRe] nRALTYFSEZE
FEZ 3l de i 100°Cl A 18459 w2
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Table 12. Changes in extracts of powdered smoked-dried mackerel corresponding to

extraetive conditions?

(mg/100ml)

Sensory evaluation®)

Extractive condition NH,-N iMpP AMP Total-N
Taste Flavor
5°C, 32hrs 12.2 17.1 0.5 36.5 3.2 2.5
25°C, 20hrs 15.5 14.4 L9 42.0 3.5 2.7
60°C, 1lhrs 18.9 313 1.6 47.0 4.0 3.5
100°C, 1min 27.0 34.4 1.0 68.2 4.2 4.2
100°C, 5min 27.0 34.5 2.2 69.0 4.2 4.2

a) Extractive content in 4% solution of powdered smoked-dried mackerel soup.

b) Insignificant in 5% level,

2 o

YA 4G R 251E ARz Sy
2 AR S 36 gm ST JE=
o] 8% 4 Y= LFAERFH-ZE Axsy] T
AZ2A 9 ol TEAY ABPA AR 9
ol st AEsy

AF2AL 2EE Y 2 ukEe] 95°C e g4
FolA 1087 45T e st AdPeiAs
i FolA sE2 AR s 1AL 80°CHA
8417 7 D QFE 334 dsled FEETo
ok 10~12% = =2 3o 50mesh =7 & 3
PET/AI foil/CPP(5 um/15 um/70 um, 15% 17 cm) =
FAEFUA ARF FASS 24 LAWY T
A% BEAR FE BALAT FYTAS A7
oz AFY FAUIE AN AR F+ 9
Aot @ ABAZA AdBlAGA2EF] A
AR gonA AzxF Aasts oA g AEH
Mg FAAR & AR

FEo| iz 2L 11,.3~12.83%, =%

oft
ol

Auk 12.0%, Zwd 73.0%, 323.2% 9 418
AL 0.52~0.568 W EAN AAF A Wit ¢
A3, AZY pH, FUAESAE R oAt E
A g7 zke] ARG web Iy Friste Aol
ok, AAF AT F44 ¢ A4 AdEE F

AZTAAZC)Y A% St A Jehiy A

YN

£ABEAAFNOI 0} F A 29 24 F(0)
Ag wsbl dgdw, SHSER HEedg
TBAGE 23% A3 AFMD 2 (D A%F A
YA sEA0E o4 BF otk AFY F
8TA A ulAre 16:0, 18:1, 22:6, 18:0 1 20:5
Solged AFAZ 2 A%F EJALL i 2
% 4, TR Y Rrqad 24ue 3ot
gh nERTFeAFY FaF R4 Bolen

significant 1% level.

FAE = IMP Y kS 420.2~454.2mg/100 g ©.
24 ARF A RasE APl FLETH
WFA f-7] AFL lactic acid, succinic acid, a-ketoglu-
taric acid 5.2 & &8 77 902.2mg/100 g, 28.3
mg/100g B 8.6mg/100g o] Girk. o] & e] malic acid
5 658 fr]4bo] MF el dgch AFY
Frelobuical @ HFeA3gHEe] z4L histidine o
641.8mg/100g 2.2 7}& wEsky, alanine 214.7 mg/
100 g, 48.9mg/100 g, ol&e]
lysine, glutamic acid ¥ anserine F-o] =A% 80.8

€ AR aslgrszy g1 AL
%* 71E2 2 feletrlmal W glal #gtEe] 1,279.4
mg/100 g, E3IA 7] Ako] 948.1mg/100 g, AAL
el B 672.8mg/100 g, & creatinine o] 430.4 mg
/100 g, betaine 86.6mg/100g % w©]¥Fe] TMAO =

hydroxyproline ¢]

¥l YL TEEZ $HEA BB FE2
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