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As a method of utilization of sardine, the processing conditions of the sardine sauce extracts
and the taste compounds of products were investigated. To prepare the sardine sauce extracts,
chopped sardine was mixed with 1% onion powder, 1% garlic powder, 1% red pepper powder,
10% koji and 50% water, and then hydrolyzed under different conditions of hydrolysis. The
optimum conditions for hydrolysis were 55C, 6 hours, pH 6.5—70. After hydrolysis, the
hydrolysates were heated at 100C for 20 minutes with 5% soybean protein isolate for
inactivation of enzymes and improvement of bitter taste of the hydrolysates. Finally, 10% salt
was added to develop the characteristic taste of sauce extracts.

The major taste compounds of the products were free amino acids, non-volatile organic acids
and nucleotides and their related compounds. The major free amino acids in the products were
arginine, histidine, lysine, glutamic acid, phenylalanine, leucine and alanine. The contents of
these free amino acids were in the range of 68.2% to 69.9% of the total free amino acids of
products. The major non-volatile organic acids in the products were lactic acid and a—
ketoglutaric acid which occupied more than 95% of total non-volatile organic acids. The contents
of free amino acids, non-volatile organic acids and nucleotides and their related compounds
were not changed during storage. Total creatinine, betaine and TMAO were seemed to act an
auxiliary role in taste of the products. Judging from the results of chemical experiments and
sensory evaluation, the product prepared with koji and soybean protein isolate was excellent

as seasoning materials.
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Table 1. Recipes for the rapid sardine

sauce extracts (&/1002)

Additives Products

Cc* A B
Chopped sardine 100 100 100
Koji 10 10
Onion powder 1 1 1
Garlic powder 1 1 1
Red pepper powder 1 1 )
Water 50 50 50

* Refer to the comment in Fig. 1
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Raw sardine

Chopping

T
Adding the spices
+Koji(10%) + Water(50 %)

1
Adding the spices
+Koji(10%) + Water(50%)
Onion powder 1%
[Garlic powder 1%

T .
Adding the spices
+ Water(50%)

Onion powder 1% Onion powder 1%
[Garlic powder 1% [ Gariic powder 1%

der 1% Red der 1%
Red pepper powder 1% ed pepper powder 1% Red pepper powder 1%

|

Hydrolysis Hydrotysis
(B5C, Bhrs) (55C, 6hrs)

} |

Inactivation Adding the soybean protein
{100%C, 20min} isolate (5%)

Inactivation
(100C, 20min)
J
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Filtration
Evaporation

Adding the salt(10%)

|

sauce extracts
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Fig. 2. Influence of temperature on the hydrolysis
of the product (C), (A) and (B). Sample code
refer to Fig. 1.
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Fig. 3. Influence of time on the hydrolysis of the
product (C), (A) and (B). Sample code refer
to Fig. 1.
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Tabel 2. Sensory evaluation of the sardine sauce
hydrolysate by adding soybean protein
isolate

Soybean protein isolate (%)
0 1 3 5 7
21 29 39 47 47
* Scale (bitter intensity)

5 . imperceptible, 4 - slightly bitter,

3 moderately bitter, 2 : very bitter,

1:

9
4.7

Sensory score*

extremely pronounced.
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Tabel 3. Proximate composition, pH and salinity of
the raw sardine and each product

(g/100g)
Components Raw Products
sardine  C* A B

Moisture 715 55.5 54.1 524
Crude protein 15.1 21.8 23.6 22.7
Crude lipid 7.8 19 13 1.2
Crude ash 47 173 16.5 164
Carbohydrate 09 35 45 73
Salinity 0.2 15.1 159 153
pH 6.25 6.05 5.83 5.85

* Refer to the comment in Fig. 1.
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Tabel 4. Changes of L, a, b, and AE value of each
product during storage

Pro- Color Storage days
ducts  value 0 10 20 30 60
L 15.2 154 15.7 155 155
c* a 23 2.7 2.9 2.5 24
b 6.1 5.7 54 59 55
AE 748 751 750 752 749
L 15.1 153 15.1 148 151
A a 24 2.1 2.1 2.3 2.5
5.5 5.2 53 54 5.5
AE 781 778 785 789 780
L 15.8 15.6 155 154 153
a 2.6 24 24 2.8 29
B b 5.7 5.7 54 5.5 52
AE 785 785 783 768 771

* Refer to the comment in Fig. 1.
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Table 5. Changes of amino-nitrogen content of each

product during storage

(mg/100g)
Storage Raw Products
days sardine C* A B
40.3

0 154.3 200.1 231.3

10 153.5 2015 233.2

20 155.1 203.1 235.3
30 154.1 201.1 232.7
60 158.6 202.3 233.6

* Refer to the comment in Fig. 1.

Table 6. Changes of pH of each product during

storage

Products

Storage days

C*

A

0 6.05
10 5.98
20 6.05
30 6.01
60 598

5.83
5.73
5.87
5.79
5.82

5.85
5.80
5.79
583
583

* Refer to the comment in Fig. 1.
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Table 7. Changes of viable cell counts of each
product during storage

Storage days

Viable cell counts/g

C*

A

B

0
10
20
30
60

NV
NV
NV
NV
NV

NV
NV
NV
NV
NV

NV
NV
NV
NV
NV

* Refer to the comment in Fig. 1.

NV I Not detected or less than 30 colonies in a
plate 1m! of sample

Table 8. Changes of free amino aicd contents of each product during storage

(mg/100g)

Amino

Storage days

acid

0

30

60

C*

A

B

C

A

B

C

A

B

Asp 61824
Thr  825( 3.3)
Ser  885( 3.6)
Glu 189.8( 7.7)
Pro 321( 13)
Gly 413( 17)
Ala  144.4( 5.8)
Cys  425( 17)
Val 123.8( 5.0)
Met 108.1( 4.4)
Ilu  103.1( 4.2)
Leu 189.8( 7.7)
Tyr 103.1( 4.2)
Phe 150.3( 6.1)
His 301.4(12.2)
Lys 2269 9.2)
Arg  4844(195)

91.3( 3.3)
825( 3.1)
111.8( 4.1)
239.8( 8.9)
33.1( 1.2)
413( 1.7)
123.8( 4.6)
41.3( 1.6)
123.8( 4.6)
82.5( 3.1)
103.1( 3.7)
190.2( 7.0)
123.8( 4.6)
143.2( 5.3)
361.2(13.4)
2975(11.0)
531.3(19.7)

113.8( 4.0)
85.0( 3.0)
100.2( 3.5)
295.5(10.3)
384( 1.3)
20.5( 0.6)
165.5( 5.8)
42.5( 1.5)
170.2( 5.9)
92.8( 3.2)
782( 2.7)
132.2( 4.7)
135.0( 4.7)
188.2( 6.6)
361.0(12.6)
305.0(10.6)
544.4(19.0)

62.3( 2.5)
81.5( 3.3)
87.9( 3.5)
1904( 7.7)
335( 1.4)
44.3( 1.8)
143.2( 5.8)
38.7( 1.5)
121.3( 4.9)
106.9( 4.3)
105.3( 4.3)
189.7( 7.7)
101.9( 4.1)
151.4( 6.1)
303.1(12.3)
2271 9.2)
485.1(19.6)

92.3( 34)
83.0( 3.0)
1109 4.1)
228.4( 84)
354( 13)
41.7( 15)
1259( 4.6)
40.9( 1.5)
126.7( 4.6)
83.7( 3.1)
104.3( 3.8)
190.7( 7.0)
125.7( 4.6)
147.1( 54)
363.7(13.3)
298.1(10.9)
533.7(19.5)

1152 4.0)
86.7( 3.0)
100.0( 3.4)
293.7(10.2)
394( 1.4)
196( 0.7)
167.4( 5.8)
409( 1.4)
172.1( 6.0)
90.7( 3.2)
76.8( 2.7)
134.4( 4.7)
135.7( 4.7)
187.7( 6.5)
365.4(12.7)
305.1(10.6)
547.1(19.0)

63.7( 2.5)
835( 3.3)
88.7( 3.5)
192.3( 7.7)
315( 1.2)
41.3( 1.7)
147.7( 5.9)
394( 16)
125.7( 5.0)
111.5( 4.4)
1117( 4.5)
189.7( 7.7)
101.3( 4.1)
155.7( 6.2)
308.3(12.3)
222.7( 8.9)
491.1(19.6)

93.3( 34)
851( 31)
111.3( 4.1)
229.5( 84)
374( 14)
45.3( 1.6)
126.7( 4.6)
41.3( 1.5)
127.3( 4.6)
85.5( 3.1
105.1( 3.8)
191.3( 7.0)
127.4( 4.6)
149.9( 5.5)
364.3(13.2)
293.1(10.7)
533.1(19.4)

116.1( 4.0)
85.5( 3.0)
1111 39)
294.3(10.2)
374( 12)
35.1( 1.2)
163.3( 5.6)
45.3( 1.5)
1724( 59
85.5( 3.0)
68.7( 2.4)
1231( 4.3)
145.7( 5.1)
183.4( 64)
366.7(12.7)
305.3(10.6)
549.1(19.0)

Total 2473.8(100)

2700.8(100)

2868.4(100)

2473.6(100)

2732.3(100)

2877.9(100) 2511.8(100)

2747.3(100)

2888.0(100)

* Refer to the

** % to total amino acids

comment in Fig. 1.
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Table 9. Changes of non - volatile organic acids contents of each product during storage (mg/100g)

non - volatile Storage days
organic acids 0 30 60 L
C* A B C A B C A B

Lactic acid 3121802/ 3076(799) 30L1@805) 3101(793) 3079(791) 3051(805) 3172(791) 31348  3121(802)
Oxalic acid 0301 030D 020D 05 01) 07( 02) 11( 03) 0X 02) 14( 04) 08( 02)

Malonic acid ~ trace trace trace trace trace trace trace trace trace
Fumalic acid ~ trace trace trace trace trace trace trace trace trace
Sucnic aid  74(19) 60(16) €016 812D 7419  9X25 924 832D 7720
Malic acid trace trace trace trace trace trace trace trace trace
aRdode 69 en 6607 GA13) 179 6LAIGD  6OAITY G166 G163
Citric acid trace trace trace trace trace trace trace trace trace

Pyroglutamicacid 34(09) 2707 20 05) 45 12) 35 09) 19 05) 34( 09) 44( 1) 51( 13)
Total acid  3889(100) 3349(100) 3740(100)  3908(100)  3890(100)  3786(100)  4008(100)  3930(100)  389.3(100)
* Refer to the comment in Fig. 1.
** % to total non-volatile organic acids

Table 10. Changes of nucleotides and their related compounds of each product during storage

(mg/100g)
Nucleotides Storage days
and their 0 30 60
related
Compounds c* A B C A B C A B
ATP 3.2 2.9 2.7 34 2.8 25 31 29 21
ADP 49.5 54.3 51.3 50.3 51.2 51.7 494 53.8 52.1
AMP 189 18.0 184 19.2 18.2 18.8 191 179 177
IMP 72.8 7.7 72.9 735 73.2 72.8 70.7 72.1 719
Inosine 55 53 4.7 54 52 4.8 53 50 53
Hypoxanthine 96.8 93.1 91.8 98.6 94.7 92.3 97.2 934 92.9
Total 246.7 2453 241.8 2504 2453 242.9 2448 245.1 242.0

* Refer to the comment in Fig. 1.
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= e AZ@WS B AZFORS B4 1 & ARASFE succinic acid} pyroglutamic acid 7}
ol Wth Abe et al. (1979)2 =12t AHRA " F HEHU o859 *WPOI el Ay
o4& e W ZRAE HUIFeZA frelotn] & fajolmxte] ZrAnl WntEn 231E o)
=AF o] gttty Bud v vk ARH F 0 o AT uto) A *4&1%} o & BZrEoh(keR,
A AFolA kol B FobnitE arginine,  1984). A FE AP E AT Table 10914 & &
histidine, lysine, glutamic acid, phenylalanine, leu- &) ErE WEly} glal AT 7o) gEkxlo)le
cine @ alanine5 9] 7Fold o™ F Al otn| st Aol gldeh
gt 15 W2 AF ) A 2 BN 44 A% A AFAA hypoxanthineo] FFel 91.
68.2%, 69.9%, 69.6%F AL o]& frelotr=  8-986mg/100ge WHE 7HF W} yFo=
Aol HulA w Fako @ m o] Ho} A|E ure]  IMP, ADPY £ollth 53] IMPE kA HuA
A P Aoz Yzt BIRgFI)Ae F °ﬂ EHfSHH olm] @& Huvt 9loH glutamic acid$}
2ko] W3l Table 99 &t} frelotul ity FESH e A5Ee] A
2 Zﬂ% B AAE gk wsteE A9 gisih E}‘ﬁ Zol 88 A glol(Konosu et al., 1960) A& 2
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Table 11. Changes of taste compounds of each product during storage (mg/100g)
Storage days
Components 0 30 60
C* A B C A B C A B
Free amino 24738 2700.8 28684 2473.6 2732.3 28779 2511.8 2747.3 2888.0
acids
Non - volatile 3889 3849 374.0 390.8 389.0 378.6 400.8 393.0 389.3
organic acids
Nucleotides
and their rela- 246.7 2453 2418 2504 245.3 2429 244.8 245.1 242.0
ted compounds
Betaine 46.8 46.7 47.1 474 47.2 47.3 476 47.1 47.5
Total creatinine 2123 2314 1721 221.1 224.7 181.6 2253 226.1 178.4
TMAO 11.3 124 13.1 10.2 13.1 15.3 131 12.7 14.1
TMA 49 4.8 53 5.1 49 4.3 4.7 4.6 4.7
* Refer to the comment in Fig. 1.
Table 12. Results of sensory evaluation of the =728 A= Table 129 2o} A gok H7be
sardine sauce extracts AECE o, WA, A2 D 2Pty 2E ol
- A 3L ‘J‘.Q_ RS 33 X
Products Taste Odor Color Overtaalllmaeccep TAZ@ o we FH2 A0 A 2
YuiFed RS 92 AFBYE AF@E %, 9
C* 31 31 31 3.0 Al Y g A 253 HHE do] AEB)7F
A 39 4.1 42 38 NAzug @ 929 Aaay 713 Aigsigs=
B 4.5 4.3 4.2 44 AES Bk

* Refer to the comment in Fig.l
5: very good, 4;good, 3; fair, 2; poor,
1; very poor

Score ©
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F Au el #oste
& Table 11°] YEM A AAFNA o5 A

s3Ee] ARF e A gk AFF A A
£ 9] betaine$ FS 46.7-47.6mg/100g2) HAF L
Fcreatinine TS 172.1-2314mg/100gS] B =
AEB)7E AF (O (AR Th thAd 2otk TMAOS
TS 102 -14.1mg/100ge] HH 2 12 o] w¥t
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TMAOZ A%k ©ak-g W+ betaine (Bf 25,
1976) ol Axel o BzHoz Hdslget
F4%rt
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