Bull. Korean Fish. Soc. 11(1), 25—37, 1978 Frkak 11(1), 25—37, 1978

Aolel MAREAE I ¢ FM 3t
FHR® - HEESFETT - SHEY BAET - RAEY

STUDIES ON THE PROCESSING AND UTILIZATION
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summary

Since 1976 ~the catches of sardine increased rapidly in.Korea... However due to the poor facilities
of preservation, most sardine landed was used only for fish,meal as feeds.

The aims of this study are to investigate  the processing of sardine as,a protein_concentrate and to
solve related problems under our particula;- circumstances.

Using the ethyl alcohol and isopropyl aleohol, the storage effect for further processing, the
optimum processing conditions of sardine protein concentrate and amino acid composition of the
product were determined. The utilization of sardine protein ,concentrate as a supplement of bread

and noodles was also studied.

Chopped sardine meat could be stored in isopropyl and ethyl alcohol without significant
deterioration as a raw material for the further processing. High quality sardine protein concentrate
could be produced by the method, that is five times five minutes extraction with isopropyl or ethyl
alcohol at 80°C under adequate mixing. In the first step of the extraction, the solvent was added as
much as 10 times the sample amount and the equal volume of additional solvent was also used faor
the second to fifth step extraction.
~ In the products extracted using isopropyl alcoholand ethyl alcohol, the yields of sardire protein
concentrate were 21.2% and 20.3% respectively, and the dry basis contents of protein in the two
products were 80.52% and 75.8%, the lipid being 0.229% and 0.279 respectively.

Isoproyl alcohol was superior to ethyl alcohol for the extraction of fresh sardine.

In amino acid composition of sardine protein concentrate, no difference was found between the
products of isopropyl and ethyl alcohol extraction except a little difference in the amount of amino

acid between them.

In the supplementation of bread and noodles, taste panel showed that supplemented bread and

noodles were well accepted when 8% of wheat flour was replaced by sardine protein concentrate.
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Table 16] 4 9} 7to] jpspel 944 2l ihete Aol
B TSt St oy, M-SR ERA, -
YO, INTHE D TS At & ZkEo]
AA Role] S FAMEHE wol FMH = I
£ Tigele}l. zelmz o] HojE & MRS frfle

24 PRy er MY + A Hike Haske
4 HERTEE FAR SedeillAE RERE)

e oF & WIS MME el AR
Table 1.

Aol #Y MAMES 259 24, HkR
(1932)e)) A i3 MEEA o 29 MmAam Wil
9] Jie Table 29} e}l & Aol w12 kN
o} MApel AR s Rol Bw, F—fifkd] A=
Rl P9l ol robm dlqich. —fiez
e B W3l TRESfte] FEmBnel
ax, Jolv 2~3%, AojEs 2~12%, do:
0.4~14%% W& 9l - WEhrl wissEz A=k
(BFer5 1976). Hashish3-(1966) 2 gammaf {5#}
REMAH 2 CTCRE T Aolele] fEHEse )
e 9% Bitshe] gammafit KigHkigle CTC
Amacle g7k WeolA AT FkF A g siek
= d4eh. ELT(1955)e CTCzH  Hojge)

hepeE MFEslel=md 20ppme] A4 Aoz 30474

Annual catches of sardine since 1970

Year 1970 1971 1972 1973 1974 1975 1976 1977
Catches(®%) 101 138 315 3,689 194 3, 555 11,154 50,299
ol EEiE ey welm Sleich. 28z Aoy B

Table 2. The ratio of dark muscle to the -
‘ ordinary muscle from various
kinds of fishes

Fish Ratio of dark muscle
Sardine 31.1

b Mackerel 18.1
Yellow-tail 16,4
Herring 19.5
Saury 23.5
Spanish mackerel 4.5
Dog shark 6.9

CTC 10ppm & Afiche 5~15% felikzs 5
oA 2RI E2FYE A Aol 10% ool A
olglo) BuLE wh& 4 ks BIU5(1958)9) ik
% glt}. Cheftel(1965)-& marine sardine, Clupea
harengus, F o) WP FMA WEE ohodEd,
maring sardine Bz & #fro] o}F] X i
ol a3 RS AWEld R, MEREIAE
B, %, WI MR, fo.xol #Esiela ata}.

BIE AR A& FH5-(1977)0] AHofel o] #Hifys
2 &) Ee) B3 ®RBT Witz

*1,

Table 3. Chemieal composition of sardine fish meal

(£/100 £)

[[))rlg‘c'iic(t)ifon Moisture E;‘:ge nril;(r)éiélen Ash Ph%scp_:l&orlc Salt Sand Color
Korea 11.0 8.7 9.3 14,2 5.8 1.2 0.2 yellowish brown

2 8.7 7.7 9.7 13.8 6.0 0.9 2.2 %

” M4 1.7 9.0 183 5.8 1.2 1.7 s
Hokkaido(Japan) 8.9 14.2 9.7 12,4 5.0 1.1 1.8 z

3 9.3 7.7 9.1 ~— 55 0.3 1.4 pale yellowish brown

2 8.7 4.1 1.1 13.8 4.8 0.4 1.0 yellowish brown
Myagi(Japan) 12.9 12.2 9.6 — 4,7 0.7 1.0 %

2 9.9 9,2 9.1 — 5.4 0.4 2.6 - pale brown
Nagasaki(Japan) 9.8 11.6 9.0 — 4.8 1.1 1.3 z

< 10.0 8.8 9.7 — 4.5 1.5 0.4

—_— 90 —



Fole] MEREAR MT 2 FlH 2% PR

BE Bl &fs 9= e dabE o ke
b2 pisr-& 2l Table 33 =, [FE&R 4%
8 Bee % UG, 1949). oE fBE W
FEMER B ol hA R 1950ERAE Ml &
e wEstd Al ferien FAlste = #iR7)
fra) = gkel

o oqerbA Mgkl Waes e ke
MG TES s o) ERpaRl A R R RLse
Fikol PHEEE i}, 19614F o} ) Boll A A9 ks
o At BPE@ IRl Fish Protein Concentrate
FPO) et= 9L A&37 =Hdlm, EiFde
Marine Protein Concentrate(MPC)gl 93 & 23
ek

FPCCERABIMAFOE kst o M
B R 9 fokelch. FHRstEzA Bl
zeHel vhE ST RBAeSS AT & Ax R
Sl Atgte] frAlE] A e WEs 5 de M
Holeh, sS4 odestA Kol BEAQ =W 2%
bRl A PHEER AR Kk mwWad
ispropyl alcohol(IPA)-§ A}-8-5}o] iifd SELFH Widi
Mg g ey, EER FERREEs 90°CLT
oA et JyEkel (il 1969).

Anonymous(1961) = PIME-E Erd Holzla 4y
FPCE MmTste] HMEAMGACl 80%9 e 9¢
T A2 ks Fob AlNE fifier HAslcln
alolvh. g Brown$-(1969) Hurhigpe Aol &
IPAZ A filfste] FPCE Miher A& Wy 408
of Jfslelm shgl o}l

Aolel & —0f ZHiPkel =, BRHCT e Fo}
fEReoE ol ske] whel Wolxlmm fEmEA ALY
syl = Mol Bk A FojgE -8 FE
R 2 st RSk slet HEpige=4l fr
kel sl n Flol & AHoj® MERBMAMNE M
T3k fg M, WSS obR) :ERER 2
Bx oy MAMAME W I+ ¥ w9 MW
HmRBRE skl

MH B K&

L # #

kL 18.5~20.0 cm, KT 93~113 g5] & Aols
SR el 21 WA
ste] —30°CH piel MRl T Yrsael 4t

Sardinops melanosticta T

Askg .

2, FEA Bl u8 B

SRE DTS BRSO o BEE Folo e
200 g4 tj;Zﬁ_l 42 el Q3 949 ethyl aleohol ®
90 isopropyl alohol(IPA)—f}:Z}Z} 200 ml =3 400
mig g e B, BAE B Smel kel Fu
FRT AW, MBNMHESH, pHy 20=3
9 BMes Wirstgieh. '

SRMAT : BT BET F EEMOE 4028
et RGN ERKE 360 mijngle]  waring
blender2 4 90BN #MEUEAZ 10 ~10-5E
A FEfEsld el W WakEhe standard plate
count agar(Difco)& fifsle] kel whal iEjes)
=z 1giox FiTzlgel. %32 35°C40.5°Cel 4]
48151, 20°C+0.5°Cel A 96WENG Jedtalsd v}

ERMERERe FE MR AT A,
1960) 0.2 Jiirstel .

QOEZRE | BRI FHAl dlste] o 1/24t9)
SERTEHE Eke] BiAE o3 dlelz4 Bhiisk
ok M g ARA b MIRE 0.25 24
RiFreted Wipstho g 2.9=202 Jsrsiglel

PH : ghfest glffel o 3bef [fte] ZEHKRE msk
o fo LM pH meterz# Jes)adv).

3. »oje| ;ATZaHel mIrEHol 2

i

ks FHE Ak golist o} 0.3 mm
hole plate & 7#]-¢ chopper@ FiFgel £]-8- 100 g 2=
200 g4 Fig. 13} 22 = Eetiad ¥a, FORHR
dl ste] ethyl alcohol == IPAE  JIERIE{L)
we} 2fE~10f5(EM ¥ 24) Emeta, 97~98°C
KLt A 80°C2 i3, BTl —mmE fk
g} t}-g- Biichner funnelo] HiTEya4t No.22 4 3¢
Warislolel, e T ALl A Rsld B
3 o5 Aoly] FPC MF oz dholel. 29z 1k
BRyE vhg3 e FEen skl

Koy HMEHLe g, HAME semi-micro
Kjeldahlz:o g, MRTe- Soxhletihom, 2¢ o K4y
& gRmIbken wiketg vt

—_—9 7 —



MR - Aot .

MOTOR

Fig. 1. Apparatus of solvent extraction.
(1) thermometer (2) agitator
(3) cooler (4) water bath

4. o2l ¥REAHS oin| kR MK

otel . & A AR SR : A= FPC 0.05
g% YiFrsbe) ampoulesl] @z 6NTERE 20 mlE st
o BEEA AL ohg BETA A #3 vhp- 110°C sand
batholl 4 248518 K4 #E A 2wt Ik E S
glass filterz %3 ©}-& 50 ml vlo]Ad| &
okl A RS BrFska ule) A Fo] el
#eta v i AKE 2wl Z19-& whe}t sk B4
EEAZ = WS 3m Kok HAsl Az=AA
pH 2.2 T4 4 il e & %o 25 mlz g o8 o}
¥ > MUK AVTTTRRLR shelet

ot0) R84 47 : Spackman$ (1958)9] Hike] =gt
Amberlite CG-1208{8 2% & {FII= v i H
oy it (JLC-6AH, No.310)=24 447l e}

EeX
k=2

5. Ho{elMkmane MAR%

2 th Iy AL
3%, 5%, 10%

J,0s
1625 WRmakel frod & sk, w1 2)13he) FPCo)

9
I

0 B e R B e

FAETE - SR - BAE - RAT

B3 HEERE BRG F, 4% 20 ARe %
Q) EwE metm whA meke) o iR RfiE 9
& 9 yeast BEEW & ek whEsld 4 shortening
oilg 234 matglvl. 1040 WEG %, 35°Cel) A
T05M ) FE3EA 7 vk 100 g% 1h3ro] Bal/f oven
o Yo}, 200°Ce)A] 1541 Kikiistgl o}
HO{2|FPCE Fingt S8 : 0 7H2d) 3 ol
FPCH #2 1%, 3%, 5%, 10% 9 15% yinske]
B—A HIAA F, AWE B B st 10
2ERENES AMBHE v}
& L3X1.0mm §7] 2 < J0om ol 2 w48 Wo}
Higshe] 43 whigle), ‘
fru) ¥ F40] (EBURS HHFHES WIne Sk
I zbm, AR W o Aske Bertrandpho® W4
Mohrh o & gfita)el v},
| frhetdE fURizel w2 109 2) panel member
5 Mmskel fa, AL, ok, HUROEED 2 IB108
o281 fahes [k E.

1, A R

SRS PR Brk® ke, 9% ethyl
alcohol % 902 IPA«] 2z grifshe] el MBri
el T Rl Tl AW, RN EE, pH o
7159 2.exgtd MEE fHe Table 494 v}
ethyl alcohol = IPAc] iBgisr 5 24B:fo) &2
WD A A 35T A s A2 20Tl A K%k
T Arc @l oF 12z Ade) FEH @ iE
e ol HE EReE Wa glen, IPAY ethyl
alcoholn v} Ao <7k BRIk KR E viehy gl o).
el TR REEEE Bl &= TPAg) ethyl alcohol
25 yimat el Aol 55C ¥ 20Tl A Kk
3 3 =R g 300 BT Mshech
FEFEVEIC s 2 pHE ethyl alcohol ¥ IPA
FEAH F 7)ol REOT S, Mo R RS

of Xof WEel MI(alA ik v A ek 2

V6 AL TNE

Ao ges g IKN E o MAbskE b
Fyol  gllek Bl kel f5HLAL mlSte] ool ethyl

aleohol 3= IPAs] pESalm 2l 1)) DL BEE
AR RL SULBOH S X wesket e B 4 Ll
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;Table 4.7 Changes in viable cell count, volatile basic nitrogen, pll and iodine value of
: chopped raw sardine duringf solvent immersing storage at room temperature

volme iime(day. Moo VAN gy lodine
o material ) 35°C (38 rs) 26°C (96 hrs) _

Raw 0 5. 0% 10¢ 8.0x 104 3.2 7.0 179

1:1 1 8.5x10° 1.9x104 13.9 6.9 180

( 1:2 1 8. 2x10? 2. 2x104 14.4 6.9 178

1:1 3 500 ‘700 13,3 16,9 176

1:2 3 <300 700 "13.9 - 1 6.9 178

1:1 7 <300 <300 15.4° 7.0 177

1:2 7 <300 <300 13.3% 7.0 179

EA L 14 13 <300 * <300 13.6 6.9 170

1:2 13 <300 <300 13.7 6.9 176

1:1 19 <300 <300 1’6‘.5% 6.9 168

1:2 19 <300 <300 4.1 6.9 170

1:1 32 <300 <300 14.0° 7:0 165

‘ 1:2 32 <300 . <300 1.4 i 7.0 166

RO 1 «1.0x104 1. 5x104 15.1 6.9 ';1'803

‘1:2% . 1. 0x 104 2. 9x104 14.9 6.9 g3l

1:1 3 100 400 15,6 6.9 182!

1:2 3 400 . "<300 157 6.9 184

1:1 7 <300 <300 15.6 7.0 L 179

IPA |l 1:2 7 <399 <300 15.5 37.0 180

1:1 13 <300 <300 14.3 6.9 177

1:2 13 <300 <300 13.7 6.9 174

1:1 19 <300 <300 15.3 6.9 170

1:2 19 <300 <300 16.0 6.9 170

101 32 <300 s <300 15. 3 7.0 170

12 32 <300 <300 15.6 6.9 168

EA : ethyl alcohol, TPA: isopropyl “alcohol

2. o2l REAEL ToEmIES

Fig. I3} 22 ffR flilidEE  (EMste EHRd
B 100 g% 9 @ 80T ethyl alecohol =& IPAS l
mskel fHigMy ez FipsPdA, &gl A.80TE
MEFEA 7 el A) —SEBEHY Hhiler B HUER3AE No. 2%

44 Biichner funnel2 4 p3ikis)a ?jééi‘f%lj(l

ol A iztRelgle.

Y
7

Table Seff A 2 nhe} 3kol  AWHIENY 304y 7-x] &=
IETS) Milidtel %4 Rinsl vk fxwrel 5404 hing
of W htol Hirdi=lar, = LIE MY 404y 242} 20
Lestolm SO ML WTTLLel 136 DLL& 23

Table 5. Effect of extraction time on the
lipid extraction

Extraction time Remaining lipid in dried

(min.) filter cake (%)
5 16.4

10 15.5

20 14.3

30 . 13.2
40 13.0

tA Falgdc}. 2yl =2 ethyl alcohol = IPA #i
M =5 LSS s5re2 ehqlvh. #5-(1968)=

—_20 —
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(st 2nd 31d 4%h Sth it 2nd 3rd Ath S

EXTRACTION
Fig. 2. Fat remaining in sardine protein
concentrate after first, second, third,

fourth, and fifth extraction with 90%

isopropyl alcohol and 9424 ethyl alcohol.

(A):isopropyl alcohol, (B): ethyl aleohol,
initial fat content of raw: 30.69% dry

basis.

I A S e o Ao TEH - o g
WS ST omslel A IS s BE
<} IPA % ethyl alcohol filytist M5l MMEAH
& ipiddkite = Ak 0.22% ¥ 0.27%3%
e}z IPARNE w2 IRFE il /L" Fig.
33 zbo]l IPAE 90%7F MitshiRko) 744 E9k=, 70
% LT B oA Ad sl 1‘"‘4 ML
g, 60% LT+ Ao izl v s=slgle), =
% Fig. 40] 4 wn) ethyl alecohole] yiprel] w2 Kl
Mz T W wobalel wak 87T flshiRe
A A gl firye) ¢l vk, Dambergs(1965)+= IPA
= 70~80% 7L WREFTHUE #R7F hErgel k¥ b=z
skl el A TTH F5A AE g A= 90% <o)
T0~80u) e} BRELHLZIA AL 9k © Eohd.
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Fig. 3. Fat extractive efficiencies of isopropyl
alcohol in mixtures with water.

30
o9
o’,o"d
Q"
'l' o
20 I
@ i
2 o
m /!
» 0/
o ’
o '.'
R o
. 0o+
[
b S
[P
1 l‘ 1 'R Il .1 1 - | 1

06 15.25 34 445362 72 81 91 100
WATER IN SOLVENT (%,V/V)

4. Fat extractive efficiencies of ethyl alcohol
in mixtures with waler,
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Table 6. Moisture and lipid - content of sardine FPC -prepared by different extraction’
condition with isopropyl alcohol (IPA) -

Concentration Amount of added solvent to

Moisture Lipid(g/100¢)

of IPA Bt Sra iy O (@100 i e basis  + Dry basi
909 10 6.77 4.06 4. 36
% 10-5 4.48 2. 10 2.29
2 *¥10-5-5 9.30 0.97 1.07
2 10-5-5-5 5.37 0. 47 0.50
2 10-5-5-5-5 9.15 0.16 0.18
7 10-10-10-10-10 2.59 0.21 0.22
2z 9-9-9 5.18 0.76 0.80
7 8-8-8 5.49 0.63 0. 66
z 7-7-7 5.85 0.32 0.34
s 6-6-6 6.19 0.58 0. 62
s 5-5-5 5.91 1.23 1.31
» 4-4-4 5.79 1.69 1.79
z 9-4.5-4.5 5.75 0.33 0.35
% 8-4-4 6.06 0.55 0.58
P 7-3.5-3.5 4.59 0.77 0.80
2 6-3-3 4.33 4.19 4.38
2 5-2.5-2.5 4.34 1.66 1.73
7 4-2-2 5.25 2.26 2.39
s 3-1.5-1.5 5.20 8.14 8.59
% 2-1-1 6. 92 10. 97 11.79
81% 10 4,02 26. 62 27.74
2 10-5 6. 07 4.81 5.12
% 10-5-5 8.33 0.63 0. 69
% 10-5-5-5 5,42 0.68 0.72
72% 10-5-5-5 5.03 22.05 23.28
63% 10-5-5-5 3.65 35.42 36.76
* 1st extraction (raw material:solvent=1:10)
2nd 2 ( % : 4 =1:5)
3rd 2 ( 2 : 4 =1:5)

el i, BOstel ol g EAlel YRinat H abiim

#®

iy
.

Ir e

-

W& de MES MRS TR b

M= Table 6,75 zrc}. Table 654 74 2
ethyl alcohol, IPA =5 1m#HliHd & FE) o 8
o} 10f%4ke) WIS nste] 80°Cell A} 54U HhMLS-
PRitask kel b A TERIES st | rEklek 2k

ht-g- mshe

Vithlile) oF b8 Jf-e 4 ol BT

shold o IPAKUE AL M IRe) it

it o = 0.229;, ethyl alcoholfiifligt & 0.27%

B4 AR £ kel 212t

#5-(1968)-& =], ¢ 5 IPAR Hli3g
S 80°Coll A 540010, 2/ Hhilistd FPCE @& +
Avls sl edl, Folel o A& SMAhHE okl B
7o FPCE Q-8 & g+ #5IE dgisl. =9
Mmillisw e 885 (1968)0] iEd whsh o)
ethyl alcohol®n v} IPAY} S-43}4ic}
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Table 7. Moisture and lipid content of sardine FPC prepared by dificrent extraction

condition with ethyl alcohol

Concendeation AN O Sipwine ntraction Mobture . LindGg/it0) L
(1st-2nd-3rd-4th -5th) © Wet basis Dry basis
942 10 4.58 11,66 12.22°
> 10-5 3.13 10.12 10.45
o 10-5-5 5. 81 4.19 4.45
P 10-5-5-5 3.75 0.56 0.58
P 10-5-5-5-5 4.54 0.46 0.48
o 10-10-10-10-10 3.31 1 0.26 0. 27
P 9-9-9 3.78 0.52 0.54
v 8-8-8 5.91 0.59 0. 62
P 7-7-7 6.07 4.46 4.92
P 6-6-6 5.65 1.63 1.6Y
> 5-5-5 7.51 2.88 311
P 4-4~4 6.35 6.08 6. 49
P *9-4,5-4.5 6.11 2.20 2.34
P 8-4-4 7.12 2,33: 2.50
9 7-3,5-3.5 4.86 5.22 5.49 -
P 6-3-3 7.3% 6.86 7.40
P 5-2,5-2.5 6. 38 11,71 12,50
o 4-2-2 6. 42 16.04 17,14
p 3-1.5-1.5 6.77 16. 44 17.63
P 2-1-1 7.21 20. 67 22.29
85% 10 9,06 (5. 47 17.12
p 10-5 . 6. 90 10.77 11.57
P 10-5-5 5.64 8.91 9.63
o 10-5~5-5 5.23 8.14 8.59
759% 10-5-5-5 4.87 19.70 20.71
65% 10-5-5-5 8.93 20, 04 22,34

* 1st extraction (raw material:solvent=1:9)
2nd  » ( z : 2 =1:4.5)
3rd  ~ ( z t o =1:4.5)

LILES &Rz sl A olu] Wkt ot Mg
He pSHE BURtel dlstel 909 IPA m 949

ethyl alcohol& 1005t nalked fi[1abul 4] 80°Cojl 4]
5M HLNES RWEE & = Akhislel A e m
& HEAIE oy BN ST B A
olgivh. eoleh A MR/ THA MR Aeid
FPCel e ¥ fumpisr & Table 83 zbel.

Table 8014 nwl fae IPAMLE Ae 21,2

9, ethyl alcoholifish AL 20.3% 24 A9 2
ko, MEEALte IPARNY AL 80.5%,
ethyl alcoholffifl{st R & 75.8% 24 9 Ztw,
Ie7ie IPAHhK FPCE 0.22%, ethyl alcoholfiith
FPC= 0.27%2A REaat= vldlqgde)l. WHEY
el &SI A ke IPAM) FPCL ethyl aleohol
il FPCre) % gber.

Table 89 #4t Brownz Miller(1960)7} 3fivh
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Table 8. Chemical composition and yield of FPC prepared from sardine

IPA Ethy! alcohol
extraction extraction
Yield ) 21.2 ' 20.3
Organoleptic test - creamy white, no odor graysh white, no odor
Volatiles (moisture) (%) 2.6 4.5
Protein 3] 80.5 75.8
Lipid . (% 0.2 0.3
Ash %) . 14.4 14.5

wid ol el & FEzd ubE FPCe A9 vlxd) ReHURR & Table 99} zbe}. o}w] ML & 3 &
ria R gl o}, ethyl alcoholfifilly FPCs} IPA#IIH

3. WO Riget Fojaippee  TTORT A A & HRCl A

OO ‘- RR¥A X
IPAHiHy FPC9 ethyl alcoholfify FPCe] o=

Table 9. Amino acid composition of FPC prepared from sardine

Amino acid IPA extraction Ethy! alcohol extraction
mg/100g mg/lgN g/100g protein mg/100g mg/lgN g/100g protein

Lysine 1115.6 505.7 8.09 . 5352.6 585.7 9.37
Histidine 2096. 2 162. 9 2.61 1715.4 187.7 3.00
Arginine 4351.0 338.0 5.41 4183.2 457.8 7.32
Aspartic acid 7620. 2 592.0 9.47 6813.4 745.6 11.93
Threonine 4009. 6 311.5 4.98 3316.3 362.9 5.81
Serine 3019. 2 234.6 3.75 ) 2740.9 209.9 4.80
Glutamic acid 11293. 3 ' 877.4 14.04 . 9646.5 ' 1055.6 . 16. 89
Proline 1822.1 141.6 2.26 ©3936.1 430.7 6. 90
Glycine 4278.8 332.4 5.32 4352.9 476.3 7.62
Alanine 4692.3 364.5 5.83 4371. 4 478.3 7.65
Valine 4745, 2 2904.0 4.70 4386. 1 480.0 7.68
Methionine 1942.3 150.9 2.41 2320.3 253.9 4,06
Isoleucine 4201.9 236. 4 5.22 3681.5 402.9 6.45
Leucine 6692, 3 510.9 A 8.32 5998. 2 656. 3 10.50
Tyrosine 2346.2 182.3 2,92 2408. 9 263.6 4,22
Phenylalanine 3134.6 234.5 3.90 3024.9 331.0 5.30

Table 100]4 xel Aoj# FPCe lysinefite
WA Jeskel U R m, wFiohe e ALK
22 nyl Qoje] FPCxe 43t A el £410] o Table 11, 12¢} 2 MAKKER H o7 FPCE iR
52 Aoy FPCE FMez 43 RAMNA-L ¢ Mt fro ¥ 48 Wilstel —EN-L MY
4 gluh. Hole] FPC obu] ke fg HULES W5-(1968)0) &G4 Table 13 W 1dsh gbel. zelm 0] 1Y0G
gt 02 FPCe oful:fe kst vl £slalsh.  BAGR4H Table 15, 1691 4] 9} 2] Hole) FPCel 75

4. Ho{2| FPCe| MARE
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Table 10. Comparison of essential amino acids content of FPC prepared from sardine,

milk, whole egg, wheat flour and rice (mg/1gN)
FPC

Amino acid whole egg**  Milk** wheat flour** Rice**
IPA EA* .

Isoleucine - 236 403 428 T 407 262 322
Leucine 520 656 ' 565 620 42 535
Lysine 506 586 396 T 496 126 236
Phenylalanine 244 331 368 311 322 307
Tyrosine 182 264 274 323 - 174 269
Methionine 151 254 196 154 78 142
Threonine 312 363’ 310 292" 174 241
Valine ' 294 480 460 440 262 . 415
Tryptophan — — 106 90 69 65

*  Ethyl alcohol
*% Quoted from “amino acid contents of foods” (M.L.Orr and B.K, Watt, 1957)

Table 11. Basic formulation for the preparation of the bread

Sample No. FPC(g) Wheat flour(g) Yeast(g) Salt(¢) Sugar(gd Shortening(g) Water(mi)

Control 0 100 2 2 4 4 62
A 1 99 2 2 4 4 62
B 3 97 2 2 4 4 62
C 5 95 2 2 4 4 62
D 10 90 2 2 4 4 62
E 15 85 2 2 4 4 62
Table 12. Basic formulation for the preparation of the noodles
Sample No. FPC(g) Wheat flour(g) Salt(g) : Water(ml)'
Control 0 100 3.6 33
A 1 99 3.6 33
B 3 97 3.6 . 33
C 5 95 3.6 33
D 10 90 3.6 33
E 15 85 3.6 33
mitel FUR 7hFel dEle] 1~3%d w7} M 4ltel x MEmeRn $43lmn fruor} F

WA, sk, AL Y WISl Zeres], FPC ol FelE FPCH 1~3% RIE ifinsle 24 ngiry
WGl %L W 2 Wl Fe il SRl MIHMRE U F AE AR Arh
ﬁj[]ﬁ]-?] ol = i@tk wholl 4Bl W Nikkila$-(1976)-2- Arabic bread9} Indian bread
of 82 IPA FPCY-ethyl alcoholfilifl} FPC (puri)ell FPCE 10% #slol & SRl 4alo] ¢l
7k 71«1 vlzekgl et A zke IPAfY FPCo 942k wla sfishgles] RITRAR B2 FPCY A4+
& Holgleh 3% stel Eingd + A3+
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Table 13. Chemical composition of bread containing FPC*

Chemical ‘A B C D E
. .+ Control
composition EA [IPA EA IPA EA IPA EA [IPA EA IPA
Moisture ) 38.5 34.7 32.3 35.7 33.5 36.8 32.2 26.0 29.9 25,3 31.1 '
Protein 9.0 10.0 10.5 10.7 11.2 12.3 13.3 17.0 15.8 19.4 17.7
Lipid 2.7 3.1 3.3 2.7 3.0 3.0 3.3 "31 34 3.0 3.1
Ash 1.5 1.6 1.7 1.7 1.7 1.7 1.8 2.4 2.2 2.8 2.7
Starch 42.2 44.4 45.5 43.1 44.3 41.2 43.8 45.7 43.4 43.8 40.9
Sugar : 2.1 2.4 2.4 2.1 2.3 2.0 2.4 2.4 2.6 2.6 2.5
EA : Addition of FPC prepared by means of ethyl alcohol extraction
IPA : Addition of FPC prepared ty means of IPA extraction
* : See table 11.
Table 14. Chemical composition of noodles containing FPC*
Chemical A B C D E
Control
composition ' EA IPA EA IPA EA IPA EA IPA EA 1IPA
Moisture - 12,6 12,2 11.7 12.4 11.8 12,3 12.3 12.5 12.4 12.6 11.9
Protein 13.3 13.9 13.9 . 15,1 15.0 16. 7_ 18.1 20.1 20.0 23,7 23.6
Lipid 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3. 0.3 0.2 .3
Ash 3.8 3.9 3.8 4.0 4.1 4.2 4.3 4.6 4.8 5.1 L1
Starch . 62.1 61.3 61.6 60.9 59.9 58.9 58.0 55.9 54.9 52.0 53.3
Sugar 3.6 3.5 3.5 3.7 3.4 3.6 3.5 3.7 3.4 3.6 3.5

EA : Addition of FPC prepared by means of ethyl alcohol extraction
IPA : Addition of FPC prepared by means of IPA extraction
* : See table 12.

Table 15. Sensory evaluation of bread that is supplemented with sardine protein

concentrate : .
Sample No. * Color Taste and odor Texture Quality evaluation
Control yellowish white superior superior suitable
A |ipa :: ; Z ;
B H:If\‘l. dark y(;llowish white gogd go//od ::
c {Fﬁ grayisll/ yellow fai,f . fa/i,r unsui/t’able
D [ ﬁ%\ grayis}; brown infirior to/t/xgh ::
B HE[;}/\ dark g;ayish brown Z Z Z

* : See table 11.

EA : Addition of sardine protein concentrate that was prepared by means of ethy! alcohol extraction

extraction
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Table 16. Sensory evaluation of noodles that is supplemented with sardine protein
concentrate
Sample No. * Color Taste and odor Texture Quality evaluation
Control white superior superior suitable
EA 2 % 2 z
{IPA z 7 ” P
EA pale grayish white good good %
[IPA o 7 2 2
- (EA grayish white P fragile unsuitable
¢ {IPA 2 2 2 z
EA gray fair 2 %
D {IPA 2 7’ ” 2
EA dark gray inferior 7 2
E {IPA 2 2 2 2
* : Ssee Table 12,

EA : Addition of sardine protein concentrate that was prepared by means of ethyl alcchol extraction

IPA : Addition of
extraction
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