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Quality stability and utilization of sardine protein concentrates were investigated.

pH, water activity and amino-nitrogen contents of autoclaved and boiled products were
little changed during the storage of 60 days. Available lysine contents of the both products
at the initial stage of storage were 5.58¢/16g-N and 5.69¢/16¢-N, respectively. But the
available lysine contents and digestibility of the both products decreased slightly with inc-
reasing of storage time.

Lipophilic and hydrophilic brown pigment formation of the both products increased du-
ring storage of 60 days, but peroxide value(POV) and thiobarbituric acid(TBA) value dec-
reased.

Total amino acid contents of the both products were in the range of 88.99~89.90g/16g-
N, and the predominant ones were glutamic acid, aspartic acid, leucine and lysine.

From the sensory scores of model snack, it is concluded that the sardine protein
concentrate can be used as a source material for snack.
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Table 1. Ingredients for the processing of sardine po-

wder-starch pastes @
Ineredient. I il | v v
ngredients (0%)* (64%) (U3%) (231%) (333%)

FPC** 0 6.0 125 190 250
Potato starch 1000 9490 875 810 750
Soybean protein 100 100 100 100 100

Salt 25 25 25 25 25
Sugar 60 60 60 60 60
podim 06 06 06 06 06
GDL™ 13 13 13 13 13
Onion powder 0.5 0.5 05 0.5 0.5
Water(nl) 800 80 %0 950 1000

* g FPC/g starchX100
** FPC; Fish protein concentrate
*** G.D.L.; Glucono-delta-lactone

pH % ofojx=&Aol MEE: pHe AlE 10g9) 10
vl o] AFFFE 718le] waring blender® 3
3}3t pH meter(Fisher model 630) & &R 40
o, ol =A A= Spies?t Chamber(1951)9] &4
WHoll whe} v g 3T,

TFAoto|eate] Mk AlE 50mgE  ampoulel
23 6N HCl 2miE 7}3te] B-8F 1109 sand
batholl Al 24A1%F 7he R3] shdcth 23l glass
filter® oj@ata 79t 7Axste] HCIE A A o
& B 10miE sty oA 3 dasta T4t
Fd(pH 22) 02X 25mi= ATt o] AR
< #89] Spackman 5(1958) 9] g wa} o}n
LAk ZE B V)(LKB 4150-0) 4 A5

TREM O RE iysine?| =X FREAHL o)

3 Conway unit(87mm i.d.)E Al&3h= 7h & 3to]

B89 SAYHCMR &, 1980002 FA3Y T,
& lysine 1-Fluoro-2,4-dinitrobenzene(FDNB)

AL8-3H= Booth(1971)9] We] wa} Alg
03¢& utee] Y= S2ETetxzd Hstn 8%
NaHCOs(w/v) £ 10mlZ 7}3lx A FDNB &
A (0.4m! FDNB/15m! EtOH) & 7}sted SioA 2
AIZE AHEA]A DNPEHSE & 8& $Z(water bath)
Al A ol er-&& AA, ¥Z3t ek thAl 81N HCI 30
mlE 74t W78 FAA Y 3 11008 248
sand batho| Al 16A13t 7FE8A1A o X (What-
man No. 541) 2 o73le] 250mi= BE3tg).
9 &dg vl gl AP A Bl 47 2ml 3
3t WA BAEHE oEoH = s5mi2 53 F
e U228 % $Z(water bath) A A A3
3 Yzet4deh ©]& phenolphthalein &9 A
°fo 2 3t FZAo| vtetd wW7tA] NaOH £
(120g/D) % 7} -2 carbonate buffer(pH 8.5) &4
2mlE 7}83l <] 7)o methyl chloroformate 0.01m!
& ¥u AgsA Ags F AAAFA gz kg
A7l & 7] HCl 0.75miZ 7}3kaL oel2 5
ml2 43] FZ3 -8 Fo dHEZE $£Z(water
bath) ol A A AsI5L IN HCIEA 10ml A43H51
o A48 AEH A BEAS 435mmolH TS
& &333 A9} BY §3EE 73 lysined ¥%
Z2 3] g-DNP-lysine ¥F&23% 73 Az F
g ol g3l KA lysinee A FsIHTH

Mxol EH: Axe JANAA(BLE, AFE
t: model ND-1001 DP) & A&3le] A|Fo Mz
o g La(Fx), agh(AA%) 2 vl (Fa )&
233

TBA(thiobarbituric acid)at X DiAMSIEe| &
d: TBA# S A8 208 A% 3o Tarladgis
5(1960) 9] +%7] FFHE A5}, Hatst
%2 ACACH(1975) 9 wet ZA3A, A
Y AAZeaTe) AEHF 05~10¢ FH3ke] acetic
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% 23 KI&AS S /b8t A 7128 A%
Azl 5 2 EEo] 1% AR &L AAfoz
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Table 2. Conditions for GLC analysis of fatty acids

Shimadzu GC-7AG

Giass column(3.1m X3.2mm id.)
packed with 15% DEGS on
shimalite AW(60~80mesh)

Instrument

Column

Column temp. 195C
Injection temp. 250C
Detector temp. 250C, FID
Carrier gas Nitrogen(35mi/min)
Chart speed 2.5mm/min
25 o na

NEZE EREM: nedtARAEWA) 7 &

AYAF(B)Y AR ARAE HEFY 48 F
ZZd249 & F9Y(PET/AL foil/CPP: 5um/15
wn/70m) o Zvzh AF 2 | EFste] 42(25
2064 AgF AEY 2 W3E HEIY

1) pH ¥ olo|cAABEe| MaE: RS AFE
o pH ¥ olrlx=AA %3l W= Table 33 2
ot 27 AYAEQA) ¥ ASHYAEB Y
A 2L ofu[ = HAAHIFLS 70.1mg/100g Z 68.7
mg/100gol1 A3, A 60U AN 22t 73mg/100g
2 7Img/100gF =2 4L AZF dud e
Ao dofulx] ekgred, wd AAE FrIvyg 2
AFER AFS opnx=F2ggete AY ze)7}
AA AFF F AFE B5F pH Hile A9 ¢
dov, FVNER =L AFER AELAE pH ¥
27t Al flol A 60Y Fob A3

2) TREM FET lysineETd U A5E9 B
B AREF TEEA, F4 lysine £ 48859 ¥
3} Table 4 2 Fig. 1of Yl =R &AL
AEWQL), (B) =5 T34 @A Qo] 044~046
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Table 3. Changes in NH>~N and pH of sardine protein concentrates during storage at 25+ 2C

Storage days NH,~N(mg/100g) pH |
Aa) Av) B(a) B(v) AGa) A(v) B(a) B(v)
0 70.1 68.7 7.75 777
20 70.5 70.8 69.2 69.0 7.73 777 7.76 7.78
40 71.2 71.6 70.2 70.5 7.70 7.70 7.72 7.74
60 72.8 731 714 717 7.67 7.72 7.68 7.73

Legends are the same as shown in Fig. 1 of the previous paper.
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Table 4. Changes in water activity and available lysine content of sardine concentrates during storage at

25+2C

Water activity
Storage days

Available lysine(g/16g-N)

Aa) A(v) B(a) B(v) Ala) A(v) B(a) B(v)
0 045 0.46 5.58 5.69
20 044 045 045 044 5.27 541 5.30 548
40 0.46 045 046 045 501 531 511 5.35
60 0.45 0.46 045 045 4.89 5.18 493 520
Legends are the same as shown in Fig. 1 of the previous paper.
AR mdA APA A5 2889 d3te gl 3) AMx Y Wz o) His}h A4F L27HEA
ddxn #9o™, amino-carbonyl ¥go2 §&E FA) ¥ AHAEF®BY ¥z Ag ¥ ARl
lysine®] ZAasYvhal s W3l Table 5, 6% 2T Mz SloiNE AF
#Aglel BxLi)E AZFE i FasAL, F
6 AMe(agh) 9 FAEGIT ST 7k B0
< gl Ak P A4 R £84 2UE BF AT
= Byl EAEAs, ABEAT AFol da F71Zo F
= Atv)
4 B(a) Table 5. Changes in color value of sardine protein
= 1Ty AfR) concentrates during storage at 25+2C
S .
Storage days
.8_ Color Products g Y
3 76 value 0 20 40 60
= . , A(a) 687 671 657 652
0 20 40 60 L Alv) 679 674 666
B(a) 67.7 668 654 652
Storage days B(w) 672 66.7 663
Fig. 1. Changes in the in vifro protein digestibility of X 18 25 392 52
sardine protein concentrates during stroage at AW 21 25 36
25£2¢C. 2 B(a) 10 18 26 37
A(v); vacuum packing product of autoclaved sar- B&) 17 24 31
dine protein concentrate
A(a); air packing product of autoclaved sardine A(ag 218 225 231 233
protein concentrate b Aly 220 226 230
B(y); vacuum packing product of boiled sardine B(a) 209 215 223 228
protein concentrate B(v) 212 222 226
B(a); air packing product of boiled sardine pro- Legends are the same as shown in Fig. 1 of the

tein concentrate

previous paper.

Table 6. Changes in brown pigment formation of sardine protein concentrates during storage at 25+ 2C

Lipophilic brown pigment

Hydrophilic brown pigment

Storage days T VT A B@ | BW) A@ AW  B@  BW
0 0.18* 0.16 0.03 0.02

20 0.39 0.25 0.33 0.24 0.07 0.05 0.07 0.04

40 0.54 0.38 0.48 0.24 0.10 0.08 0.08 0.07

60 0.67 048 0.60 0.40 0.14 0.10 0.12 0.09

* Optical density at 430nm
Legends are the same as shown in Fig. 1 of the previous paper.
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Table 7. Changes in fatty acid composition of total lipid of sardine protein concentrates during processing and

storage at 26+ 2C

(area %)
Fatt ” R Cooking 0 60
atty acids aw
y A B A B A A B@ BW
14:0 6.8 6.1 6.7 6.9 6.9 74 7.1 7.1 7.2
15:0 0.7 0.7 0.7 0.7 0.7 0.6 0.5 0.6 0.6
16:0 19.8 20.9 225 22.9 227 244 239 250 242
17:0 11 11 1.0 1.1 1.1 10 0.9 1.0 0.8
18:0 3.7 4.7 3.9 4.5 5.0 6.2 58 6.7 6.0
20:0 0.5 0.5 0.5 0.5 05 0.6 0.5 0.6 0.6
22:0 0.9 0.7 0.7 0.6 0.7 0.9 0.6 0.7 0.6
Saturates 335 34.7 36.0 372 376 411 393 417 40.0
16:1 94 8.8 84 8.5 85 9.6 9.7 9.2 95
18:1 9.6 10.9 9.7 12.0 12.0 124 12.0 12.3 12.3
20:1 25 25 29 24 22 2.0 2.0 21 1.7
Monoenes 215 22.2 21.0 229 22.7 240 23.7 23.6 235
18:2 2.8 3.0 33 3.9 40 2.6 2.8 2.7 2.7
18:3 2.8 3.0 2.7 3.3 31 3.2 29 3.3 3.2
18:4 0.3 0.2 04 04 0.3 0.1 0.3 0.1 0.2
20:4 4.3 4.1 3.7 4.2 4.3 4.2 4.0 4.3 4.1
20:5 155 14.2 142 119 11.8 11.0 11.3 10.6 11.2
22:2 2.0 1.8 15 2.0 24 2.0 2.0 1.9 2.1
22:4 04 0.3 0.3 0.3 04 04 04 04 04
22:5 24 21 2.2 1.9 1.8 1.7 1.8 1.6 1.8
22:6 145 144 147 120 116 9.7 115 9.8 10.8
Polyenes 450 43.1 43.0 399 39.7 349 37.0 34.7 36.5
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Legends are the same as shown in Fig. 1 of the previous paper.
Table 8. Amino acid contents of raw sardine and sar-  Phenylalanine  4.84( 48)  250( 28) 259( 29)
dine protein concentrates Total 100.24(99.9)  88.99(100.0) 89.90(100.1)

(g/16g-N, dry basis)

. . . Products

Amino acids Raw sardine ) ®)

Lysine 1047(104)* 642( 72) 669( 74
Histidine 506( 50)  409( 46) 418( 46)
Arginine 6020 60) 385( 43) 401( 45
Aspartic acid  1319(132)  876( 98) 840( 9.3)
Threonine 512051  471( 53) 493( 55)
Serine 363( 36) 438( 49) 465( 52)
Glutamic acid  1094(109) 13.11( 147) 13.62( 152)
Proline 481( 48)  395( 44) 394( 44
Glycine 433( 43)  441( 50) 456( 5.1)
Alanine 6.79( 68) 586( 66) 624( 69)
Valine 352( 35 5320 60) 548( 61
Methionine 326( 33) 327C 37) 349( 39
Isoleucine 529( 53) 453( 51) 4070 45)
Leucine 952( 95) 887( 100) 7.87( 88)
Tyrosine 345( 34)  496( 56) 518( 58)

Products(A and B) are the same as shown in
Fig. 1 of the previous paper.
*. Percentage.
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FE= Table 103 2o ZL A AE(A) 2 A & HFE dHod, 29E Ade] ARAHQ o
2AYAZF(B)E 143% A7t Az 2WE  L£39AA B o AFEG £ A5HA 294 &
o dELAYAAZT(O)E 64% HA7et Az ol FF GWAS Hi AFd A7, eIy
293 ¥4 A4S dUch #9 w5 A HAANFAE AEA A 143%7AA FJE F
ZA7F A Fo] crispness, ¥, FA 2 TEHbIA UE ez AAHAUTG
Table 9. Properties of sardine powder-starch pastes
Swellin SFS* Rehydration  Foamin Moisture(% )
Products ratio & Color (min) (gec. statusg Pre-frying Post-frying
1 5.0 yellow 30 20 regular 11.0 55
(0%)
(©* 30 slightly 30 20 irregular 125 58
yellow
I A 4.0 slightly 30 30 regular 109 6.0
brown
(64%) (B) 4.0 slightly 30 30 regular 115 6.1
brown
© 30 yellowish 30 30 irregular 115 6.2
brown
I (A) 4.0 slightly 30 30 irregular 122 6.2
brown
(14.3%) (B) 40  _slightly 30 30 irregular 118 6.0
brown
© 25 yellowish 20 30 irregular 10.5 58
brown
'8 (A 30 brown 20 40 irregular 10.8 6.7
(231%) B 30 brown 20 40 irregular 115 6.2
© 20 slightly 20 40 irregular 12.0 6.0
brown
v (A 3.0 darkish 15 40 irregular 10.8 6.0
brown
(333%) (B 3.0 darkish 15 40 irregular 111 5.8
brown

* SFS; Stability of foamed structure
I, II, I, N, V: refer to the comment in Table 1
** Products(C, A and B) are the same as shown in Fig. 1 of the previous paper.

Table 10. Sensory evaluation of sardine powder-starch pastes

Mean score*

Sensory I 11(6.4%) 1 (14.3%) V(231%) V(333%)

attributes  (g%) (C)** (A) (B) © A ® < QA ® © A ®
Crispness 43 35 38 38 27 32 33 23 25 28 17 15 15
Taste 42 30 37 35 22 32 30 17 18 17 18 15 17
Odor 40 33 28 27 28 25 25 25 20 18 22 17 15
q:cigiance 42 33 34 33 25 30 30 22 22 20 18 16 16

*1~5 scales: 5; very good, 4; good, 3; acceptable, 2; poor, 1; very poor
I, 1, I, ¥V, V: refer to the comment in Table 1
** Products(C, A and B) are the same as shown in Fig.-1 of the previous paper.
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